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WARRANTY

Andeen-Hagerling Incorporated warrants the AH 2500A to
be free from defects in materials and workmanship and to
operate within applicable published specifications for a
period of three (3) years from the date of shipment, provided
that it is properly used. This warranty does not apply
sealed devices which have been opened or to any item which
has been repaired or altered without our autherization.

During the warranty period, we will repair, or at our option,
replace any instrument which fails to meet its published spec-
ifications.

There will be no charge for parts, labor, or forward and returmn
shipment during the first three months of this warranty.

There will be no charge for parts and labor during the fourth
through thirty-sixth months of this warranty. Forward and
return shipping and insurance will be charged during this
period.

LIMITATION OF WARRANTY

THE FOREGOING WARRANTY OF ANDEEN-HAGER-
LING INCORPORATED IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED. ANDEEN-
HAGERLING INCORPORATED SPECIFICALLY DIS-
CLAIMS ANY IMPLIED WARRANTIES OR MER-
CHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE.

In no event shall we be Hable for special or consequential
damages (including loss of profits). If we are unable, within a
reasonable period of time, to repair or replace any product to
a condition as warranted, Buyer shall be entitled to a refund
of the purchase price upon return of the product, shipping
charges pre-paid, to us.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE THE BUY-
ERS SOLE AND EXCLUSIVE REMEDIES, ANDEEN-
HAGERLING INCORPORATED SHALL NOT BE LIA-
BLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCI-
DENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT OR ANY
OTHER LEGAL THEORY.
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DESIGN OF THIS MANUAL

This manual was writtten and formatted using FrameMaker
publishing software running on a network of Macintosh com-
puters. The schematics and block diagrams were drawn using
FlexiCAD software. Parts layout drawings and the exploded
view were created using Adobe IHustrator. The remaining
three-dimensional illustrations were done using Veilum. A
number of drawings combined results from several of these
software packages. The graphical specifications were com-
puted using a custom written contour plotting program run-
ning under MatLab software.

The style chosen for this manual contrasts significantly with
what is commonly found today, Many of today’s manuals put
very little content on each page and leave large open spaces
for notes or whatever. Unfortunately, many more pages are
then required to publish a given amount of material. Much
more turning of pages is also required to find anything.

In contrast, the AH 2500A manual style avoids wasting space
and pages. A two column format ensures that readability is
not lost. As a result, the entire manual fits in only one binder
instead of the three binder set that would be required other-
wise. We are especially interested in feedback about this style
issue.

FEEDBACK

We are always eager to receive praise and/or criticism about
this manual and product. It is your comments and sugges-
tions that have helped guide the content of this manual and
the design of the AH 2500A. We expect that this process will
continue with new products.

We are also very interested in hearing about new ways that
you have found to put the AH 2500A to use.

Please feel free to contact us by phone, FAX, or letter with
your suggestions, comments, criticisms and questions.



SAFETY PRECAUTIONS

The following safety precautions must be observed while
operating and servicing the AH 2500A;

= This instrument is intended for use by qualified person-
nel who understand electrical shock and other hazards
associated with electronic instrumentation. Failure to
observe these precautions and other cautions and warn-
ings in this manueal may violate design safety standards
and intended use of the instrument and may cause injury.
Andeen-Hagerling Inc. assumes no liability for the cus-
tomer’s failure to comply with these precautions,

* Operating the instroment with externally applied DC

Bias voltages can cause hazardous voltages to be present
at the input connections of the instrument. Be certain
that any external bias voltages are switched off and dis-
charged if necessary before fouching, connecting or dis-
connecting the input connectors.

For operator safety, the instrument cabinet should be
grounded. The 3-wire power line cord shipped with the
instrument provides this protection when plugged into a
properly grounded power receptacle. Do not attempt to

defeat the power cord grounding.

= Do not operate a damaged instrument. If there is any rea-
son to suspect the instrument is physically damaged, * Operating personnel must not remove the instrument
unplug the instrument and do not use it until safe opera- covers. Service and internal maintenance adjustments
tion can be verified by service-trained personnel. are 1o be made by qualified maintenance personnel.

Throughout this manual you will see certain safety related
messages. Their meanings are described below:

* Do not sebstitute parts or modify the instrument. Doing
s0 could violate built-in safety features.

WARNING !
WARNINGS call attention fo procedures or conditions that
could cause bodily injury or death.

CAUTION

CAUTIONS call attention to procedures or conditions where
damage to the instrument or irrecoverable loss of data could
OCCUF.

NOTE

NOTES call attention to important procedural details that
deserve special attention by the reader.
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Chapter 1

Description and Installation

This chapter introduces the major capabilities of the

AH 2500A capacitance bridge and summarizes its specifica-
tions. It also discusses basic installation and the GP1B and
serial interface options that are possible.

GENERAL DESCRIPTION

The AH 2500A Ultra-Precision Capacitance Bridge is an
extremely accurate and stable instrument used for precise
measurement of capacitance and loss!. The unparalleled
accuracy and stability is derived from the use of a carefuily
designed ratio transformer coupled with an extremely stable
fused-silica standard capacitor that is contained in an internal
temperature-controlled oven.

Measurements are made automatically, eliminating the cum-
bersome manual balancing previously associated with preci-
sion capacitance measurements. The bridge can be operated
as a stand-alone instrument from the front panel controls. It

can also be operated remotely from either of the built-in RS-
232 or GPIB remote device ports.

The AH 2500A is also available in an Option-E version
which offers higher precision and significantly enhanced cal-
ibration and verification features,

APPLICATIONS OF THE BRIDGE

The AH 2500A Ultra-Precision Capacitance Bridge is
designed to meet the critical requirements of the calibration
and research laboratory, as well as those of manufacturing
and incoming inspection where measurement precision is
important. Some common applications are:

» Calibration work including use as a transfer standard in
primary and secondary laboratories.

« Fuel gauge calibration.
« Measurements at cryogenic temperatures.

= Thermal expansion measurements for any type of matter,
particularly metals, but also non-metals.

s Liquid and vapor level measurements.

« AC resistance measurements to 1000 terachms.

1. The term “loss” is used to refer to the component of the imped-
ance which is 90° out of phase with respect to the capacitive compo-
nent. The AH 2500A can report loss in units of conductance,
dissipation factor, or serics or parallel resistance.

AH 2500A Capacitance Bridge

+ Displacement and strain measurements. Very small
changes in dimensions are measurable, approaching the
diameter of an atomic nucleus. {This is less than a mil-
Hionth of the wavelength of visible light.)

+ Quality and characteristics of any insulating medium
(solid, liquid or gas). The presence of contaminating
water is particularly easy to detect. See ASTM D150 and
D924,

= Research, development and production testing of capaci-
tance or ioss based sensors.,

* Measurement of pressures ranging from high vacuum to
high pressure.

There are many other applications to which the AH 23500A
has been applied and to which it could be applied.

FEATURES OF THE BRIDGE

The most important features of the AH 2500A are summa-
rized in the sections below.

Performance Characteristics

A summary of the AH 2500A specifications is given here.
Detailed specifications are given in Appendix C, “Perfor-
mance Specifications™.

« Accuracy of 5 ppm (or 3 ppm with Option-E)

+ Stability better than 1 ppm/year
{or 0.5 ppm/year with Option-E)

¢ TFrue Resolution of 0.5 attofarad (0.000 0005 pF) and
0.15 ppm (or 0.5 aF and 0.07 ppm with Option-E}

+ Reportable Resolution of 0.1 attofarad (107 pF)

» Temperature coefficient of 0.03 ppm /°C
{0.01 ppmy/°C with Option-E}

+ Measures extremely low loss down to a dissipation fac-
tor of 1.5%10° tan 8, a conductance of 3x107 nanosie-
MEns or a resistance up to 1.7x30° gigohms

» Operating frequency is 1.0000 £0.005% kHz

* Less than 0.5 second required for full precision mea-
surements.

* About 40 milliseconds required for repeated measure-
ments on the same sample

» Negative capacitance and loss ranges measure nega-
tive values to allow for unusual samples or three fermi-
nai networks

+ No significant zero offset
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+ Less than 15 minutes warm-op required after power-
on for full precision

= Quiet operation is the result of careful thermal design
which requires no cooling fan.

' Measurement Features

* Fuily self-contained — no extemnal standard or other
apparatus required for three-terminal measurements

o Three-terminal BNC connections minimize connector
costs and number of cables

* Two-terminal measurements of any ungrounded
device

« Commutation (test signal reversal) to minimize external
power line or other periodic signal pickup

* Autoranging — one button or command takes all mes-
surements

¢ Selectable measurement time to optimize speed vs.
noise trade-off

» Test voltage is settable to an upper limit

« Deviation measurements of capacitance, loss, or both,
expressed in absolute numbers or as percentages

« Zero correction of test fixture capacitance and loss
+ DC bias may be externally applied up to +100 volts

s Tracking mede can be entered automatically for
unknown impedances that start changing rapidly

+ Units of loss are reportable as conductance, dissipation
factor, or series or parallel resistance

Interface and Control Features

+« JEEE-488 interface included; external device can serve
as confroller or logger

= RS-232 interface included; external device can serve as
controller or fogger

+ Non-volatile memory, not DIP switches, used o store
interface set-up data

+ Flexible reporting formats for data to external devices

» Programmable commands can eliminate the need for
an external controfler

» Full or abbreviated commands and error messages in
English

» Large displays of capacitance and loss having variable
brightness and eight digits each

+ External trigger capability

» Parameter sets allow measurement settings to be stored
and recalled in groups '

» Sample switch port provides for automated switching
of unknown sample impedances
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Calibration and Test Features
= Automated internat calibration/verification

¢ Simple calibration/verification against an external,
traceable capacitor

= Automated ratio-transformer calibration/verification

with Option-E
« Fall report of all calibration points with Option-E
= Passcode hierarchy for calibration control

= Self-test diagnostics of processor on power-on

+ Non-volatile memory used to store virtually all calibra-
tion data; eliminates reliability problems associated with

trimmers

+ Comprehensive, operator initiated, diagnostic tests of

measurement circuitry

= Cable lengih compensation is available in the few
cases where this is desirable '

+ Oven not ready indicator shows when oven is not
warmed-up or ambient termperature is to0 hot or cold

PATENT INFORMATION

The AH 2300A is protected by U.S. Patent No. 4,772,844,
Foreign patents are pending,

REQUIREMENTS

Operating Environmental Requirements

Operating Temperature Range
(° to 45°C

Operating Humidity Range
0 to 85% relative humidity, non-condensing

General

Operation should occur in a non-corrosive
environment while adhering fto the operating
conditions above.

Storage Environmental Requiremenis

Storage Temperature Range
-40° to +75°C

Storage Humidity Range
0 to 60% relative humidity, non-condensing

General

Storage in a clean, non-corrosive environment
while adhering to the storage conditions above is
sufficient for short or long periods of fime.

AH 2500A Capacitance Bridge
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Figure 1-1 AH 2500A external dimensions

Power Requirements

Line Voitage
100, 120, 220 or 240 voits AC £10%

Line Frequency
48 to 440 Hz

Power Consumption
25 watts

PHYSICAL DESCRIPTION
Dimensions and Weight

Height
3.5 inches (.9 cmy)

Width

17 inches (43.2 cm) when bench mounted

19 inches (48.3 cm) when rack mounted

AH 2500A Capacitance Bridge

Depth

15 inches (38 cm) deep behind the front panel

17 inches (43.2 em) overall

Weight

18 pounds (8.2 kg).

Mounting

Hardware for rack mounting and a bail and feet for
bench top use are provided.

Safety
Designed in accordance with UL 1244, [EC348
and BS4743. See the safety messages sheet at the
front of this manual.

Radiated Emissions

Designed and tested to meet FCC and
VDE class A requirements,
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ITEMS USED WITH AH 2500A

items Furnished with the AH 2500A
The AH 2500A is shipped with the following items:
1. AH 2500A Automatic Capacitance Bridge.
Power line cord.

Rack mounting kit.

2
3
4. Certificate of calibration,
5. Passcode sheet.

6

Operation and Maintenance manual.

ltems Required for Operation and
Maintenance

The required items are listed in three groups. The verification
equipment list and the disassembly tools list stand by them-
selves. The maintenance and diagnostics list requires the
items in the first two lists also.

Equipment and Accessories Required for
Verification or Calibration

The following test equipment and accessortes are required to
verify or calibrate the AH 2500A:

1. 0.5 to 1600 pF three-terminal capacitance standard hav-
ing a traceable accuracy of 1 ppm. For Option-E
bridges, .5 ppm is recommended. Andeen-Hagerling
AH 1100/11A is recommended. See “Obtaining the
Capacitance Verification Data.” on page 9-9 for a dis-
cussion of what is appropriate.

2. Andeen-Hagerling DCOAX-1-BNC (or equivalent)
coaxial cable pair to connect to the device under test.

3. 1pFto! yF three-terminal, precision decade capacitor
{Option-E only).

4. AC resistance standard having a value of 10 kQ with an
accuracy at 1.0 kHz of 0.005% (0.0025% for Option-
E). See “Finding a Suitable AC Resistor Standard” on
page 9-16 for a discussion of what is appropriate.

5. Digital frequency meter with an accuracy of 0.001% at
one kilohertz

6. Digital multimeter with an AC voltage accuracy of 1%
and an input impedance of at least 10 megohms.

Tools Required for Disassembly and Reassembly

The following tools are required to disassemble and reassem-
ble the AH 2500A;

1. #2 Phillips head screwdriver.
2. Torque screwdriver set to 18 in-1b (200 N-cm) with #2
Phillips head adapter - Utica TS-30 {or equivalent).
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3. Right-angle torque wrench set to 18 in-lbs (200 N-cm)
with a #2 Phillips bit.

4. Right-angle torque wrench set to 75 in-1bs (800 N-cm)
with a deep 5/8 inch (16 mm) hex socket.

5. Integrated circuit insertionfextraction tool for 24 & 28-
pin 1C for replacing firmware.

6. Small diagonal cutter.

7. Soldering equipment.

Equipment and Accessories Required for
Maintenance and Diagnostic Testing

1. A5/64inch or 2 min hex key wrench for changing the
power line voltage selector setting.

2. Three-terminal, 1000 pF capacitor. If Option-E, use the
1 pF to 1 WF, three-terminal, precision decade capacitor
that is required for calibration.

3. Metered and current limited tab DC power supply vari-
able from 0-250 V.

4. BNC to dual male banana-plug cable to connect power
supply to a female BNC jack.

5. Triggered DC-50 MHz oscilloscope and probe

6. 2each BNC “T” Female/Male/Female connectors -
Pomona 3285 (or equivalent).

7. Male BNC to dual binding-post adapter - Pomona 1296
(or equivalent).

8. 508 BNC resistor terminator - Pomona 3840-50 (or
equivalent)

9. One 2 k€ and one 10 kQ 5% carbon resistor

UNPACKING AND INSPECTION

Your AH 2500A was carefully examined and tested before it
left the factory. If the shipping carton arrives in good appar-
ent condition externally, the bridge and accessories should ali
be present, undamaged and in good working order. Examine
the shipping carton for signs of visible damage. If the carton
shows signs of damage, ask that the shipper’s representative
be present as the carton is unpacked.

NOTE

We highly recommend that you save the original packaging

for re-shipment of the bridge should that ever become neces-

sarv. A substantial percentage of bridges shipped in packag-
ing other than the original are improperly packed. Many of
these are damaged as a result,

Unpack the bridge and check for damage such as scratches,
dents and especially cracked or broken front panel handles.
Verify that the items listed in “Items Funished with the AH

AH 2500A Capacitance Bridge
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2500A” on page -4 are all present. Additional iterns such as
a DCOAX-1-BNC coaxial cable may have been ordered.
Check the packing list that is in the pocket on the outside of
the shipping box fo see if such additional items should be
present.

Damaged Shipment Instructions

if the bridge is damaged, notify both the carrier and Andeen-
Hagerling. Andeen-Hagerling wiil arrange for repair or
replacement of the bridge while a damage claim is being pro-
cessed. Save the shipping carton and packing materials for
inspection by the carrier or to return the bridge if necessary,

WARNING !

If damage of any kind is visible or suspected, do not attempt
to operate the bridge until its safety can be verified by a qual-
ified technician.

INSTALLING THE BRIDGE

The AH 2500A is ready for benchtop use as shipped. it has a
bail on the bottom that can be swung down to raise the front
of the bridge to a more convenient operating angle.

The bridge can be converted for mounting in a standard nine-
teen inch equipment rack using the rack mounting hardware
kit supplied with the bridge.

Rack Mounting

To convert the bridge for rack-mounted operation, perform
the following:

1. Refer to Figure 1-2.

Figure 1-2 Cover plate removal

AH 2500A Capacitance Bridge

Figure 1-3 Rack mount adapter installation

2. Remove the screws holding each of the two small cover
plates and remove these plates.

3. Refer to Figare 1-3.

4. Attach each of the two rack mounting brackets using
two screws each from the hardware kit.

5. Remove the bottom feet and the tilt bail. Save the parts
in case you want to convert back to bench operation.

6. Install the bridge in the intended rack and secure with
four screws from the rack mount hardware kit.

Power Line Cord

The bridge is shipped with a power line cord appropriate for
its destination country. Since some countries do not have uni-
form power line connector standards, this line cord may not
always be correct. If not, replace it with one that is appropri-
ate for your location,

CAUTION

It is extremely important that the chassis grounds of all
equipment being interconnected be properly grounded
through the power cord of each piece of equipment. Ground
pins on power cords must never be cut off or otherwise
defeated. Failure to observe this will frequently cause RS-232
and GPIB ports to be damaged if these ports are
disconnected while the equipment is plugged in, Damage can
occur even if the bridge is not powered on. The failure results

from the ability of power line RFI filter capacitors to cause

an ungrounded equipment chassis to float to a voitage
midway between the voltages on the two input power lines.
This can put the chassis voltage at 50 to 120 volts above
ground (for line voltages of 100 to 240 volts) with enough
current capacity to be a shock hazard and to cause damage
to interface ports. (The AH 25004 does not use such filter
capacitors, but many other pieces of equipment de.)
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WARNING !

For operator safety, the bridge cabinet should be grounded.
The 3-wire power line cord shipped with the bridge provides
this protection when plugged into a properly grounded power
receptacle. Do not attempt to defeat the power cord ground-
ing.

Choosing the Proper Fuse

There are two fuse corrent ratings suitable for use in your
bridge. The correct {use rating depends on the power line
voltage that is to be used. The table below relates the power
line voliage to the correct fuse rating.

Table 1-1 Power line fuse ratings

Line voltage Fuse rating
100 or 120 0.5 A slo-blo (Littelfuse
VAC 313.500 or equivalent}
220 or 240 0.25 A slo-blo (Littelfuse
VAC 313.250 or equivalent)

CAUTION

The AH 25004 is shipped with a power line fuse that is
probably correct for its destination country. Since some
countries do not have uniform power standards, this fuse may
not always be correct. The fuse should be checked for the
proper rating in the table above before applying power.

WARNING !

Do not ever substifute a fuse having a larger current rating
than is indicated in the table. A significant fire hazard exists if
this warning is not heeded.

Changing the Fuse and Voltage Values

The AH 2500A incorporates a power line voltage selector to
quickly configure it for local line voitages. This is located in
the center of the rear panel as shown in Figure 1-8 on page
1-10. This voltage selector is set at the factory for the proba-
ble power line voitage for its destination country. Since some
countries do not have uniform power standards, this line volt-
age setting may not always be correct.

CAUTION

The voltage selector setting should be checked prior to
applying power to the bridge for the first time.
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1.

To change the fuse or voltage selector, proceed as follows:

Unplag the power line cord from its receptacle on the
back of the bridge. Slide the plastic fuse cover to the
right to expose the fuse and voliage selector circuit
board.

Rotate the black plastic fuse-pull toward you to remove
the fuse. This will expose a voltage value (100, 120,
220, or 240} on the selector circuit board. If the value is
your desired operating voltage, then the voltage is set
properly. i you don’t need to change the operating
voltage, skip to step five.

Remove the voltage selector circuit board with a 5/64
inch or 2 mm hex key wrench. This is done by putting
the end of the key into the hole in the circuit board and
using the bottom edge of the selector modale to pry the
board loose.

Select the desired voltage by orienting the circuit board
so that the desired voltage value is facing up and is on
the left side of the circuit board. Push the circuit board
firmly back into the fuse block. The desired operating
voltage value will be visible directly below the fuse.

Rotate the fuse-pull away from you, back into its nor-
mal position. Check the current rating of the fuse you
removed against the rating given in the table in the pre-
vious section. If the rating is correct, then re-install the
fuse by pressing it back in. If it is not correct, then
install a fuse having the correct rating. Slide the fuse
cover back over the fuse and plug the power line cord
info its receptacle. The bridge is ready to power on.

Chegking]Repiacing the Fuse

To check or change the fuse, proceed as follows:

Unplug the power line cord from its receptacle on the
back of the bridge. Slide the plastic fuse cover to the

right to expose the fuse.

Rotate the black plastic fuse-puli toward you to remove
the fuse. Rotate the fuse-pull away from you, back into
its normal position.

Check the current rating of the fuse you removed
against the rating given in the table in the previous sec-
tion. If the rating is correct, then use an ohmmeter to
check the continuity of the fuse. If it is continzous, then
re-install the fuse. If the fuse rating is not correct or if
the fuse is open, then install a new fuse having the cor-
rect rating. Note that the fuse must be a slo-blo type or
vou will have trouble with periodic fuse failures, Slide
the fuse cover back over the fuse and plug the power
line cord into its receptacle. The bridge is ready to
power on,
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REPAIR SERVICE

Andeen-Hagerling offers full repair and calibration services
for the AH 2500A. If you are uncertain as to whether your
bridge needs repair or not, refer to Chapter 9, “Verification/
Calibration” where you will find instructions about how to
verify your bridge's performance. If you are sure there is a
problem, but uncertain as to whether it might be repairable in
your own facility, refer to Chapter 11, “Diagnosis and
Repair”.

If you conclude that you need to return the AH 2500A to the
factory for repair or calibration, we ask that you follow the
simple procedure below:

1. Call or fax the factory to obtain a Return Authorization
number. You will be asked what needs to be done to the
bridge and whom to contact if further information is
needed by the factory. You will also be asked for the
five digit serial number of the bridge. This is found on
its back panel. The phone number to call is 216-349-
0370). The fax number is 216-349-0359.

2. Attach a tag or label to the bridge containing the Return
Aunthorization number, the name and address of your
person to contact for additional information, a phone
number and the work to be done.

3. Package the bridge as described in “Packaging for
Shipment” below.

4. Make two shipping labels. Pat one on the outside of the
carton and one on the inside. Ship the carton to the fol-
lowing address:

Andeen-Hagerling Inc.
31200 Bainbridge Road
Cleveland, OH, 44139-2231 US A,

5. It is suggested that you insure the bridge against ship-
ping loss or damage. Shipping problems are not cov-
ered under the warranty.

Packaging for Shipment

1f you need to ship the AH 25004, it is extremely important
that there be at least three inches {8 cm) of a compliant cush-
ioning material on ail sides of the bridge. The handles which
are part of the side castings are especially valnerable if
proper packing is not used.

To meet these requirements, a shipping carton that is much
larger than the bridge itself is required. Using a strong ship-
ping container such as a wood crate will not compensate for a
lack of adequate cushioning material on all sides. If you do
not have an adeqguate shipping container and compliant cush-
ioning material, you can obtain these things from Andeen-
Hagerling.

AH 2500A Capacitance Bridge

NOTE

We highly recommend that you use either the original pack-
aging or new packaging from Andeen-Hagerling for any
shipping of the bridge. A substantial percentage of bridges
shipped in packaging other than the original are improperly
packed. Many of these are damaged in shipping as a result.

Figure 1-4 AH 2500A foam inserts

If you use Andeen-Hagerling packaging, carefully press the
foam inserts onto each side of the bridge exactly as shown in
Figure 1-4. These may be a very tight fit. The bridge with
foam inserts then goes into the carton as shown in Figure 1-5.
The bridge can optionally first be sealed in a polyethylene
bag for protection against moisture.

Figure 1-5 AH 2580A packaging

Description and Installation 1-7
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Figure 1-6 AH 2500A connections to RS-232 devices

CHOOSING REMOTE DEVICE
COMMUNICATION OPTIONS

In addition to operation from the bridge's front panei the AH
2500A can be operated from a variety of other remote
devices ranging from simple dumb terminals to mainframe
computers. Connection to these remote devices can be
through direct connection to the device or can be indirect
using a modem and data communications lines. Connection
to the bridge is made through either the serial (RS-232 or cur-
rent loop) or GPIB (IEEE-488) parallel ports.

Serial Communication Options

The serial port allows many possible ways of communicating
with remoie devices. These options are shown schematically
in Figure 1-6. The arrows in the figure indicate that two of
the options will only collect data from the AH 2500A (using
its logging capability). The remaining five options atlow
remote control and data collection from the bridge. The
options shown are:

1-8 Description and Installation

A dumb video terminal. This is probably one of the
simplest devices to connect. It provides a very friendly
alternative to operation from the bridge's front panel,
but does not offer any storage capability.

A computer running terminal emulation software.
This method of operation is very similar to using a
video terminal except that the software will probably
allow you to save all communication between the com-
puter and the bridge. If you have used your computer o
access any dial-up computer services, the same soft-
ware should be able to access your AH 2500A. The sit-
uation is the same whether you are using a personal
computer or a large mainframe. Naturally, custom writ-
ten software will work also, but terminal emulation
software will work without modification.

A printing terminal with a serial interface. A print-
ing terminal is useful in much the same way as a video
terminal except that a printed record of all results is
produced. Since a printer may be much slower than a
video terminal, it is a good choice only when a printed
record is really desired.

AH 2500A Capacitance Bridge
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Figure 1-7 AH 2500A connections to GPIB devices

4. A serial printer. Any serial printer should work and
will allow producing a printed record of all front panel
operations. The AH 2500A's flexible logging options
are useful here.

5. A serial data logger. This is a less commonly avail-
able device, but is specifically designed to record data
in printed or magnetic form. Large amounts of data
may be recorded in magnetic form. Again, the AH
2500A's flexible logging options are useful here.

6.  An asynchronous modem up to 9600 baud. Connec-
tion to & modem allows operation with any of the previ-
ously mentioned devices over telephone lines.

7. A LAN interface. Serial port interfaces are now avail-
able for all common local area network standards. This
is another way to connect over larger distances to any
of the devices listed above.

The specifics of connecting and operating a remote serial
device with the AH 2500A are discussed in Chapter 7,
“Sertal/RS-232 Remote Operation”. Some serial ports can be
a chalfenge to make connection to due to a lack of standard-
ization. However, once connected, most serial links require
no programming to operate. The bridge is even easier to
operate this way than from the front panel.

GPIB Communication Options

If you wish to use the GPIB interface, you will find it is more
capable, more complex, and more difficult to leamn to use
than the RS-232 interface. It is not within the scope of this

AH 2500A Capacitance Bridge

manual to present a ttorial on the GPIB interface. Many dis-
cussions of the GPIB bus have been published. GPIB con-
trollers will often have good descriptions of the bus in their
manuals, See the very beginning of Chapter 6, “GPIB/IEEE-
488 Operation” for specific references.

The possible options available for operation of the AH
2500A with the GPIB are shown in Figure 1-7. The arrows in
the figure indicate that two of the options will only collect
data from the AH 2500A (using its talker-only and logging
capabilities). The remaining option allows remote control
and data collection from the bridge. The options shown

are:

1. A GPIB controller or a computer having a GPIB inter-
face. This is the mmost common way (o operate instru-
ments with the GPIB bus.

2. Alisten-only printer. Some printers (HP Thinkjet for
exammple) are available with GPIB interfaces. These are
very easy to connect to the AH 2500A. The AH
2500A's flexible logging options are useful here.

3. A GPIB data logger. This is a less commonly available
device, but is specifically designed to record data in
printed or magnetic form. Large amounts of data may
be recorded in magnetic form. Again, the AH 2300A's
flexible logging options are useful here.

The specifics of connecting and operating a remote GPIB

device with the AH 2500A are discussed in Chapter 6,
“GPIB/AEEE-488 Operation™.

Description and Installation 1-9
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Chapter 2

Basic and Initial Operation

This chapter is intended to be helpful if you are using the AH
2500A for the first-time. It covers familiarization and simple
single and continuous measurements using the front panel
keypad and default parameter sets. It then describes some
experiments to perform to help develop an intuitive grasp of
the basic measurement concepts of the bridge. If you are
already acquainted with the basic operation of the AH
2500A, you can skip this chapter.

SOME TERMINOLOGY

There are many terms that have been used to describe the
impedance to be measured that is connected to the AH
2300A. Some of the more common of these are: “unknown”,
“sample”, “unknown sample”, “unknown capacitance”,
“unknown loss”, “unknown impedance”, and “DUT”
(Device Under Test}). You will find these terms used inter-

changeably in this manual.

BEFORE APPLYING POWER

If the bridge is being installed for the first time, be sure that it
is correctly configured for the proper line voltage and has the
correct fuse installed. See the sections beginning with
“Choosing the Proper Fuse” on page 1-6 of Chapter 1,
“Description and Installation” to check for proper configura-
tion.

CAUTION

It is extremely imporiant that the chassis grounds of all
equipment being interconnected be properly grounded
through the power cord of each piece of equipment. Ground
pins on power cords must never be cut off or otherwise
defeated. Failure ro observe this will frequently cause RS-232
and GPIB poris to be damaged if these ports are
disconnected while the equipment is plugged in. Damage can
- occur even if the bridge is not powered on. The failure results
Jrom the ability of power line RFI filter capacitors to cause
an ungrounded equipment chassis to float to a voltage
midway between the voltages on the two input power lines.
This can pur the chassis voltage at 50 to 120 volts above
ground (for line voltages of 100 to 240 volts) with enough
current capacity to be a shock hazard and to cause damage
to interface ports, {The AH 25004 does not use such filter
capacitors, but many other pieces of equipment do. )

AH 2500A Capacitance Bridge

APPLYING POWER

Turn the power switch on the front panel to the ON position
and wait a few seconds for the words

(CPU EESE )
(PASSEA ]

to appear on the displays. During start-up, the bridge is per-
forming internal self-tests of its processor circuitry. The test
passed message appears when these tests are successful.

To make accurate measurements, you must ordinarily wait
until the OVEN NOT READY indicator stops blinking, but
for the following experiments, you may begin immediatelv.

KEYPAD AND DISPLAYS

Refer to the actual bridge front panel or to the front panel in
Figure 2-1 on page 2-3 in the discussion below.

Front Panel Display

The AH 2500A uses two eight-digit, seven-segment, LED
digplays to show measurement results and other information.
Front panel display resuits are often shown as seven segment
tetters as in the words L FUJ EESE FPASSEd. Notice that
“CPU tESt PASSEd™ has a mixture of upper and lower case
characters. This is necessary to be able to show letters using
displays with only seven segments and has no other signifi-
cance.

Capacitance and Loss Displays

© Most of the time, the upper seven-segment display shows the

measured capacitance resuit, usually in picofarads, with a
floating decimal point. The lower display shows the mea-
sured loss result in one of five units that you can select. These
are selectable with the UNITS command, an example of
whose use occurs later in this chapter in the section titled
“Measuring Loss™ on page 2-9. See Appendix A, “Command
Reference” for further details on how to use the UNITS com-
mand and any other command.

Both seven-segment displays are also used to show other
information and error messages. Most information that can
be sent to a remote device is also reportable on these dis~
plays. This is true even though a lne sent to a remote device
may have as many as 80 characters. Such longer lines are
reported on the front panel displays by dividing the informa-
tion on the line into smaller portions. These portions can then

Basic and Initial Operation 2-1



be shown one at a time on the front panel displays. Reporting
the contents of a line in this manner is like looking through a
window at the line.

For this reason, the term “window” is used in this manual to
describe the portion of a line currently being shown in the
displays. The term “line” is used to describe any information
shown on the front panel that is sent as a single line to remote
devices. Some lines are displayable on the front panel in a
single window, but others require as many as six windows,

Status and Units Indicators

To the right of the seven-segment displays are two groups of
four LED indicators. The upper group usually shows GPIB
interface status and intemnal oven status. The lower group
usually shows the current loss units.

The oven status indicator blinks on and off if the oven tem-
perature goes out of range. Blinking is normal for about 15
minutes after the bridge is first powered on, but can also
occur if the bridge is in an environment that is too hot or too
cold. Measurements can be made when this indicator is on,
but the calibration will not be accurate during such times.

Front Panel Brighiness

The brightness of the seven-segment displays and of the two
indicator groups 1o the right of the seven-segment displays is
controlled using the BRIGHTNESS command. Individual
brightness parameters for each display ranging from 0 (off)
{0 9 (brightest) are entered to control the display brightness.
Exampies of how to set the brightness of the front panel dis-
plays are given later in this chapter in the sections titled
“Qualifier Key Labels” on page 2-4 and in “Setting Display
Brightness — An Example” on page 2-4. See Appendix A,
“Command Reference” for a complete description of this
command,

Front Panel Keypad

The AH 2500A rnay be operated entirely from the front panel
using the keypad on the right side.

In this manual, front panel keys are indicated by enclosing
the key label name, such as [BRIGH NESS| or {[ENTER] within
a box. A given key can have as many as six different Iabels
printed on the front panel, but only one will be shown in the
box. Which label is recognized by the AH 2500A is deter-
mined by the context in which the label is used and that is the
label that will appear in the box.

The functions of the key iabels can be organized into six dif-
ferent groups. These groups are described in the next six sec-
tions below,
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Special Key Labels

The special key labels are [FUNC], [ENTER|, [CLEAR], [DEL].
i1].[»].{3 ] and [«]. Each of these keys performs a special
and unique function as described below.

The key (similar to a shift key) allows all other keys
to have at least one additional label. Labels printed on the
yellow background above a key require that the key
be pressed prior to pressing the desired key. Note that the
key is to be pressed and released before pressing the
key having the desired label. The key is different from
a shift key in this respect.

The key is used to terminate almost all commands. It
functions very similarly to the return key on a computer key-
board in this respect.

The key label is above the key and is thus
activated by the key sequence [CLEARL The clear
function simply aborts the current command entry sequence.
If yvou made an entry error, this allows you to start entering
another command sequence without completing the previous
one. An example is given in the section titled “Correcting
Erroneous Input — Examples” on page 2-4.

" The key is afso used to perform the DEVICE

CLEAR function by pressing [FUNC] [CLEAR| iFUNC] [CLEAR].
The DEVICE CLEAR function immediately aborts any cur-
rently executing command, command line or program. 1t is
explained in more detail in Appendix A, “Command Refer-
ence”’.

The key is used to delete the most recently entered digit
of a number. Each time it is pressed, it will delete the right-
most digit of any number being entered and shown on the
display. In a different context, this key also starts the
DELETE command. The two functions are unrelated.

The [+, [»], and [« | arrow keys are used to view dif-
ferent parts of what can be displayed on the front panel. The
front panel can display a list consisting of one or more lines
of data. Each line in the iist consists of one or more windows.
The [} and [ ¥] keys are used to move up and down through
the ines of the list. The and [ =] keys are used to move
teft and right through the windows on a given line. If there is
only one window, then these keys will have no effect. The
[« 1key will have no effect while the left-most window is
being shown. Similarly, the key will have no effect while
the right-most window is being shown. Pressing or
will initialize the display and inactivate the

arrow keys.

Some kinds of result lines "remember” the last window that
was being shown so that if that kind of resuit line is shown
again, the window last associated with that line will also be
shown. This 1s true of measurement, calibration and test
result lines. It is also true of the windows of a program that is
being shown. This feature allows you to select a window of
interest on a result fine. That window will then be shown
every time that kind of result line is shown.

AH 2500A Capacitance Bridge

{od



LOIMS 18MOd

pued Juoyy voOsT HY -7 omsiy

SAVIdSIA
AL

AvdA3M
AN

- 5401801pW
Feopul Aeidsip Jaoereyo wbie ‘reng
sSniels e
\.|.>J .\
™y 'd
LIV SIATINYS d31S SRONNILNGD T1oMS §8071
i i f 3 i 1 § SWHODID [
\\\\\ L Pl m@_ =@m o SWHOIN-53H3S [
TEVNALTY MovHL 1vAdIU/I53L  3LvHErVD W3S ALYIENGI0H ¢ NYLNCURYAISSIO
SLINN ouaz JDNFHITE  TYI0VHAI ISVHISSOT  HIG/IBNYD/dVD L SNENHSONYN I
3 i Y
wlmg_rl_@IQWUI@n [ s [P 19-39INVLIOVLYD
Ey:ilnl AVWNHOA SN HIHOT ANV 1TV EEVY/IHOLE AQYIH 10N MIAG - -
SYIE A FOVLTIOA MOHS 1EA/LIYH DN w NALST [T - ‘ ~ - —
3
onnuaoUH aw |Hce)] | H-HOOHES sonss £ nar o ...._
xii_!ai SSINLHDME HEAY SME 3vH GNva WYKSOHd L0F13S/d13H ~
FERN IDCIHE IINVLIOVIVI NOISIOIHA-VHLIN ZHYL V00§

Basic and Initiai Operation 2-3

AH 2500A Capacitance Bridge



Command Key Labels

The following labels are used as the first word of nearly all
front panel commands that the AH 2500A can execute:

SHOW
DEL

Most of these command labels can be followed by numeric

parameters and/or qualifying label words. All of these com-
mand lfabels require that the key be pressed to com-
plete the entry of the command key sequence.

Numeric Key Labels

These key labels are: [0, [ ]. 2], [31L[41 51 [B1].[7]
81 8], [»] These labels are alt on the black keys on the
right side of the keypad. These are used to enter numbers and
numeric parameters.

Qualifier Key Labels

The qualifier key labels are [CAP], [LOSS), [CREATE], [EDIT],
[GAUGE], [BASIC], [REPEAT], [SINGLE], [UNITS] and [HALT]. All
of these Iabels are used to follow certain command key labels
for the purpose of qualifying the command. For example, in
the key sequence [BRIGHINESS] [CAP] [ 8] [ENTER)], the [CAP]
qualifier causes the brightness setting to apply only to the
capacitance display rather than to both displays.

Some of these same qualifier labels are also used to start
commands. Likewise, some command key labels are also
used as qualifiers.

immediate-Action Command Key Labels

The immediate-action command labels are [LOCAL],
and {STEP;. These are commands that execute as soon as their
key is pressed. These commands accept no qualifiers or
parameters and are not terminated with the key.

2-4  Basic and Initial Operation

Reserved Key Labeis

The labels [HELP], [LABEL], {MENU], and [SELECT] are reserved
for future options.

ISSUING COMMANDS

The bridge will always accept commmands that are issued to it
when the display reads:

| rERdS }
L )

Most bridge commands are issued from the front panel by
pressing a command key (sometimes preceded by the
key) followed by a numeric parameter and terminated by
pressing the key. Notice that most of the front panel
keys have command names printed both above and below the
keys. To issue a command printed below a key, simply press
the key, enter a parameter (if any), and press the key.
To issue a command printed above a key, the key must
be pressed first. Then press the desired command key, enter

the parameter (if any) and press the key.

Setting Display Brightness — An Example

When using the BRIGHTNESS command, a number corre-
sponding to the desired brightness of the display needs to be
entered. To set the display for the minimum visible amount of
brightness, press [FUNG] [ERIGHINESS] [ENTER]. The
word rEHAdY will be dimly lit, indicating that the com-
mand was properly carried out. To show the maximum
brightness, press [FUNC] IBRIGHTNESS] [ 2 ] [ENTER]. The
word rEHdJY will now appear very bright.

Correcting Erroneous input — Examples

The key is used to correct errors while entering parame-
ters. Numbers that are entered from the keypad appear on the
lower display, introduced from the right-most digit position.
Enter the command [FUNC| [BRIGHINESS]
['87). (We are picking arbitrary nambers to partly fill the
display.) Do not press [ENTER]. You shouid see:

(Tbr. GHE )
[ 1234956 )

Now press six times and you will notice that the num-
bers are deleted one by one from right to left. Now press
one more time and notice that nothing happens. The
key cannot delete the word br: GHE  in the upper
display.

Suppose you would like to issue a command other than

BRIGHTNESS. Press and notice that
bri UHE isreplacedby ~EFRdY in the upper display.

The BRIGHTNESS command was not executed and the
bridge is now ready to accept a new command.

AH 2500A Capacitance Bridge

=3



Try entering [EUNC] [ERIGHTNESS] [ 6 ][ENTER!. The dis-
play will read:

(BAd FAr )

{ J

meaﬁing that the number 1{) was not an ailowable parameter,
Another command can be entered at this time or the
key can be pressed to make the dispiay show rEHgY.

Try entering [FUNC| [SPECIAL [ENTEH]. The display

will read;

(SYAEALS }
[ EI’I"D!’ ]

There is no special command numbered 55 so a syntax error
is reported. Another command can be entered at this time or
the key can be pressed to make the display read
rEAdY.

There are not many ways to cause a syntax error on the front
panel because pressing an unallowed command key usually
causes it to be ignered. For example, press
followed by any or all non-numeric keys other than or
[ENTEE]. Notice that none have any effect. Now press
and notice that the [AVERAGE TIME] [ 4 ] [ENTER]
commeand is accepted just as if no incorrect keys were ever
pressed.

Using Qualifying l.abels — An Exampie

Suppose you would like to dim the lower display relative to
the upper one. The and qualifier labels will
select the display to which the BRIGHTNESS command is
to apply. Issue the command [BRIGHTNESS] [LOSS]
[ENTER]. Notice that the lower display is now dimmer and
that the upper display is unchanged. Issue the command
[BRIGHTNESS! |[CAP| [ENTER] to make them equal again.

Exploring a List with the SHOW command

The SHOW command can be used to dispiay the values of
virtually all parameters that can be entered with the various
commands. Ia this example you will explore a fist that con-
tains the measurement related parameter lines. This listis
called the Gauge parameter set. The meaning of most of the
parameters that you will see is not important at the moment
and will be explained in later chapters. Issue the command
ISHOW| [GAUGE] [ENTER]. The display will show:

{ AL krnBEE ]
b

)

meaning that the Alternate parameter is set to . Now press
the { » ] key to see if there are any more windows to be dis-
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played for this line. Notice that nothing happens, meaning
that there is only one window to be displayed.

Now press the { ¥ | key. The display will show:

(RUEFACE )
M }

meaning that the Average parameter is set to 4. Press the
key again to see if there are any more windows to be dis-
played for this line. Notice that again nothing happens.

Use the [ ] key to continue through the list. Press the [» |
key after each step to see if the display will show more than
one window. After a few more sieps, you will reach a param-
eter line that shows the two windows below in the displays:

(Opoooonn |

[ 0Goagoog )

rEF

(40000060 |

This display first showed two numbess like those at the left.
Pressing the [= | key displays rEF fike that at the right
indicating that the numbers are reference values. Pressing the
[=] key again has no effect, but pressing the [+ | key causes
the left window to appear again. You can go back and forth
between these two windows in this manner.

Continue using the [ #] key, pressing the [ ] key after each
step fo see if the display will show more than one window.
After a few more steps, you will reach a parameter line that
shows the window below:

[ FEel an }
L ]

If you continue pressing the [ ¥ ] key at this point, nothing
happens because you are at the end of the list, indicating that
you have explored the entire Gauge parameter set. If you
press the key, the r EAdY prompt will appear in
the upper display and you are now aghle to enter another com-
mand. You can aiso get back to the r£FdY prompt at any
other time without stepping through an entire list just by

pressing the [ENTER] key.

Alternatively, if you don’t press the key you can con-
tinue to explore the list by pressing the [# ] key which will
cause the display windows to move backward through the
list.

The SHOW command is much easier to use on a remote

device. There, issuing the command is all that is needed to
show the entire list,
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Showing a Single Parameter Line

It is not necessary to step through a parameter list to find a
particular parameter line. Suppose the value of the Track
parameter is desired. Press [SHOW] [FUNC] [TRACK] [ENTER|
and see on the display:

[ Erfc )
g )

The {» ] key can also be pressed here to see if there are any
more windows in this line to display. All parameters that
have labels on the front panel keypad can be shown on the
front panei displays in this way.

Aborting Commands

Sometimes there is a need to immediately abort a command
that will take a long time o execute rather than to wait for it
to finish. The way in which this can be done will depend
upon whether the command to be aborted is a query com-
mand or not.

A query command is any command that produces a resulf
that can be sent to a remote device. All commands that take
measurements or that show parameter values are query com-
mands. Commands that only change parameter values are not
query commands. '

Any guery command may be aborted simply by issuing
another cormmand. This is called a “query interrupt”. Any
remaining results from the interrupted command are lost and
the interrupting command begins executing immediately. If
another command is issued while a non-query command is
executing, the interrupting command will not be executed
until after the non-query command is finished.

To abort a non-guery command, a DEVICE CLEAR com-
mand must be issued. (This will also abort query commands. }
On the front panel, this is done with the key sequence
[CLEAR] [FUNC] {CLEARL This sequence may be entered at any
time, even in the middle of entering another command. When
this is done, the front panel will display:

[dEUf;’:E
[e':i_E r )

You can try this by issuing a time delay. Enter
6]zl and observe a countdown timer on the
front panel dispiay starting with 300 seconds. Pressing ran-
dom keys on the front panel will not interrupt the timer. Now
if you enter [FUNC] [CLEAR] {FUNC| [CLEAR], the timer will
stop immediately. For more about this conunand see
“DEVICE CLEAR” on page A-15.
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MAKING SINGLE MEASUREMENTS

The AH 2500A has two measurement modes, the single mea-
surement mode and the continuous measurement mode.
When power is applied to a new AH 2500A, the bridge is in
the single measurement mode. Single measurements can be
initiated from the front panel, from a remote device or (indi-
rectly) from an externally supplied trigger pulse. In the single
measurement mode a new measurement is started from the
front panel each time the key is pressed.

Without attaching any capacitance or measurement cables to
the bridge, press the key. A BUSY message
appears briefly, followed by the measurement result being
displayed. For example:

I8

( -08ooooe

Opooog s )
]

Press the key again and see that the previous result
remains on the display until the new result is displayed. The
bridge displays bU5Y whenever a new measurement is
started and more than ten seconds have elapsed since the last
neasurement.

In reality, each measurement produces a result having two
windows such as:

aooa0n s )

. -0oaoooe ERE )

The [« ] and [ » | keys are used to move between the two win-
dows. The upper right window dispiays the sample number in
case a sample switch is connected. The lower right window
displays the AC test signal voltage that was actually used to
make the measurement.

With no measurement cables connected to the bridge, the
capacitance between the uncapped HIGH and I.OW connec-
tors on the rear panel is being measured. This capacitance is
shown in the left upper display and should be in the range of
+0.0000000 to +0.000003 pF. The left lower display shows
the loss which should be in the range of -0.000006 to
+0.000006 nS. When the AH 2500A 1s new, it will show loss
using units of nanosiemens after power-on. An example of
how to change the loss units is given in *Meascring Loss™ on
page 2-9,

You may want to take several single measurements to see the
change in the capacitance and loss. The variation in the read-
ings is caused mostly by externally generated noise entering
the uncapped LOW input terminal of the bridge. The source
of this noise is usually from nearby power lines and digital
instruments and cables.

AH 2500A Capacitance Bridge
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MAKING CONTINUOUS
MEASUREMENTS

The AH 2500A can be sef to perform continuous measure-
ments almost as easily as single measurements. When in con-
tinuous measurement mode. the bridge takes measurements
continually with a period that you specify until it is manually
halted. To initiate continuous measurements, press
[CONTINGOUS] [ENTER!L Notice that the displays show a new
pair of numbers about twice per second. If the LOW input
terminal was not deliberately left exposed (uncapped). there
miight not be enough noise 1o cause the displays to change
with each measurement. The CONTINUQUS command
makes it easy to quickly observe many readings and thus get
a feeling for the amount of noise being picked up.

The bridge remains in continuous measurement mode until a
key is pressed on the front panel. Pressing a key causes the
measurement in progress to be immediately aborted. After a
key has been pressed, the bridge waits for the rest of a com-
mand to be entered and then executes it. If the key is
pressed, the bridge will go back to single measurement mode
and take one reading. If any other command is issued, contin-
uous measurements will restart immediately following exe-
cution of the command. This allows issuing commands
without having to exit and re-enter continhous measurerient
mode.

MEASUREMENT EXPERIMENTS

This section describes some simple experiments that show
how to make actual measurements of capacitance and loss.
The high sensitivity of the AH 2500A and the meaning of
various error messages is demonstrated.

Equipment Needed for Experiments

To perform the experiments that are described next, you will
need a few commonly available items listed below.

+ Obtain or make two coaxial cables about one meter long.
They should have BNC connectors on one end and alli-
gator clips on the other end. Identify the cables by label-
ing them with an “H” on one of the cables and an “L” on
the other. The following manufacturer’s part numbers
shouid work: Pomona Models 4531-C-36, 4532-C-36 or
3187-C-36 or E-Z-Hook Part Numbers 1020XR-36,
1021XR-36, 1020XH-36, 1021 XH-36, 1029-36 or
1020M-36,

+ An ordinary capacitor with a value between 100 and
10,060 pF. A more stable type such as a mica is prefera-
ble to most ceramic capacitors.

+ Aresistor in the range of 10 kQ to MO

AH 2500A Capacitance Bridge

NOTE

The two coaxial cables recommended above are intended 1o
be used primarily for educational purposes. Cables that do
not make fully shielded connections should never, never be
used for high precision measurements.

A rule-of-thumb for electrostatic shielding is that if you can
see the wire or object that is intended to be shielded, then it
isn't. Furthermore, if there is only insulation or an
ungrounded conductor between you and the wire or object
then it isn’t shielded.

| didn’t realize that
f making unshielded

measurements with
our AH 2500R could
have such serious
consequences.

Figure 2-2 Possible effects of using imshielded
apparatus for precision measurements

Connecting the Test Cables

Connect the BNC plugs on the ends of your coaxial cables to
the connectors marked HIGH and 1L.OW on the rear panel of
the bridge. Connect the cable labeied “H” to the HIGH con-
nector and the cable labeled “L” to the LLOW connector. The
HIGH connector is an output that supplies a I kHz sinusoidal
test signal. The LOW connector is a sensitive input. Use a
table or a flat work surface to lay the cables on.

WARNING !
The AH 25004 normally drives the high terminal with an AC
signal. While the voltage level of this signal is not high
enough to cause serious harm, {15.0 volis RMS maximum), it
is enough to cause a mild shock, especially if one’s hands are
damp or wet.
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Demonstrating Noise Sensitivity

You can easily demonstrate that the LOW terminal is the ter-
minal most sensitive to noise and interference.

Start a continuous measurement as described earlier, Note the
capacitance reading resulting from the stray capacitance
between the HIGH and L.OW center conductor clips. Now
touch the bare center conductor clip of the HIGH cable.
Nolice that the capacitance measurement increases, but no
error message appears. Touching the bare clip makes your
body part of the HIGH side of the stray capacitor thereby
making the capacitor dimensions much larger and the capaci-
tance somewhat larger.

Now touch only the center conductor clip of the LOW cable.
You should see on your display the error message:

(AL an L )

é I nPuk J
or the message:

(ELCESS }

(O SE ]

These error messages indicate that too much noise is being
picked up and it is interfering with the measurements. Your
body is acting as an antenna. You have observed a very
important difference between the HIGH and LOW connec-
tions to the bridge. Awareness of this difference can be very
useful when designing, debugging or repairing capacitor fix-
tures.

If you now hold the bare coaxial cable shield clip of either
cable while touching the LOW center conductor clip, the
error message will probably go away. H it does not, you are
in a fairly noisy environment. Connected in this manner, your
body acts as a poor conductor which shunis most (but per-
haps not enough) of its picked-up signal to the shield clip.
You may want to verify that touching any screw on the case
of the bridge has the same effect as touching the shield clip.
(The same, that is, uniess your hand or body is also moving
closer to or further from a significant, nearby source of
noise.) You have demonstrated one way in which an
ungrounded connection can introduce noise into your mea-
surements.

Low Frequency Noise

The error message AL aon L | nFPulb  indicates that
low-frequency noise is being picked up. This s a condition
you might see if you are working in an area where there are
power lines close by.
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High Fregquency Noise

The conditions that generated the AL an & [ nPuk
error message, may also generatean ELLESS T[0! GF
error message. The ECLESS [T01 5E  message indicates
that high-frequency noise is being picked up. This situation
might occur if you are working in an area where computer
equipment is being operated.

Reducing the Effect of Noise -
Averaging Time

Put the cables in a stable position on your work surface.
Watch the capacitance and loss displays as measurements are
being displayed and note the most positive and the most neg-
ative value shown in each display over a period of several
minutes. Since a new AH 2500A has a default average time
of 4, these measurements were probably taken with that
value, To verify this, press [SHOW] |[AVERAGE TIME} [ENTER].
You should see AUE~HALE Y on the displays.

Now change the averaging time parameter to § by pressing
IAVERAGE TIME] IENTER]. This will cause each measure-
ment to take sixteen times longer than at averaging time 4.
Since noise is proportional to the inverse of the square root of
the measurement time, you will expect to see a factor of four
less noise in your measurements at averaging time 8,

Now again, watch the capacitance and loss displays as mea-
surements are being displayed and note the most positive and
the most negative value shown in each display over a period
of several minutes. The most positive value minus the magni-
tude of the most negative value should now be about one
foarth what it was previously for both capacitance and loss
results. You have demonstrated how the use of a longer aver-
aging time can reduce the uncertainty of your measurements
due to noise.

Demonstrating Measurement Sensitivity

Now, you will measure the capacitance hetween the two
clips. Leaving the cabies connected to the bridge, take the
HIGH and [.LOW center conductor clips of each cable and lay
them an inch apart on your work surface. Observe the mea-
surement results. (I you did the previous experiment, you
will want to restore the averaging time back to 4.)

Now move the clips slightly closer together and observe that
the capacitance increases. The closer together you move the
clips, the higher the capacitance value reads.

Now move the clips further apart. As you move the clips fur-
ther apart, the capacitance value decreases.

if you bridge the HIGH and LOW clips with your hand with-
out actually touching either clip or any other conductor, your
hand will serve as an intermediate conductor that wiil
increase the capacitance.

If you touch a ground or shield with one hand and put your
other hand between the HIGH and LOW clips, your hand

Al 2500A Capacitance Bridge
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will act as a shield. This will cause the capacitance to
decrease.

These crude experiments demonstrate basic issues that are
used to design precision capacitance measuring fixtures.
These experiments are easily extended to more sophisticated
configurations by constructing electrodes and shields from
whatever materials happen to be readily available in your
laboratory (or even in your kitchen).

Hard Measurement Errors

High to L.ow Shoris

While still making continuous measurements, connect the
clips of the center conductor HIGH and LOW cables
together. An error message showing:

oy ey

H ko L
Shar

hark

i

LT S—

-~

should appear, indicating that the HIGH terminal is shorted
to the LOW terminal.

High to Ground Short

Now connect the capacitor that you collected earlier between
the HIGH and LOW clips. Its capacitance and loss will be
displayed on the front panel. Now connect the clip of either
ground to the clip of the HIGH center conductor cable. An H
error message should appear in the extreme right-hand posi-
tion of the upper display as in the example below:

EEEEE
ECEEEED

The dead short that you have created will cause the capaci-
tance value to be seriously in error.

The H error message differs from most other error messages,
in that it is one of the few that are displayed beside a mea-
surement value. Rather than replacing the measurement, it
appears with it. The H error message indicates that the
impedance between the high center conductor and ground is
too low. The measurement value may have some signifi-
cance, but is asually not to be trusted.

Low to Ground Short

With the capacitor used in the previous experiment still con-
nected, connect the LOW center conductor clip to one of the
shields. You must do this without touching the LOW center
conductor with any other conductor (or vour fingers) that
might introduce noise. You should cbserve that the measure-
ment result does not change, nor is any error message
reported. If you keep the LOW center conductor shorted to
ground, you can even remove the capacitor entirely without
changing the results reported by the bridge. The bridge is
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unable to distinguish the situation where its LOW terminal
input is shorted to ground from the situation where the bridge
is perfecily balanced. In both cases, the bridge sees no signal
on its input. This is the most significant kind of external error
that can occur which the bridge is not always able to detect.

Now change the averaging time parameter to 7 by pressing
|AVERAGE TIME| IENTER| and repeat this experiment. You
will find that every time you short the LOW center conductor
to ground, the result of the next measurement will be the
erTOr message:

[ L oko Dnd ]
( Short ]

indicating that the I.OW terminal is shorted to ground. For
averaging times of seven or higher, a test is performed at the
beginning of every measurement that will detect a low-to-
ground short.

Measuring R, C and combined R and C

Measuring Capacitance

Connect the center conductor clips of the HIGH and LOW
coaxial cables to your capacitor of about 1000 pE With the
bridge still in continuous mode, record the measured capaci-
tance value.

Measuring Loss

Now remove the capacitor and connect the center conductor
clips of the HIGH and LOW cables to a resistor of approxi-
mately 100 kQ.

Since loss is currently being displayed in nanosiemens, and
the resistor value is in ohms, we want to change the loss units
to display in gigohms for comparison purposes. Use the
UNITS command to change loss units by pressing
[ENTER]. (The loss units parameters are numbered in the
same order that the loss units indicators on the front panel are
arranged.) Notice that the nanosiemens unit indicator turns
off and the gigohms unit indicator turns on, meaning that the
bridge is now displaying loss in gigohms. If your resistor is
100 k€2, the lower display will show approximately (.000100
GE2. Record the measured loss value.

Measuring Parallel Capacitance and Loss

Now connect the center conductor clips of the HIGH and
L.OW coaxial cables to both the resistor and the capacitor
connected in parallel. The displays should now read values
that are close to the values recorded when the parts were
measured individually. If this procedure were performed
more carefully and if the bridge was perfect, there would be
no difference in the individual versus combined readings. To
the extent that the procedure is carefully performed, itis a
demanding test of the bridge's capabilities.
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To perform the experiment more carefully requires that both
the capacitance and loss be recorded when each part is mea-
sured individually. The capacitances are added to get the
expected capacitance value for the combined parts. The
reciprocals of the resistances are added giving the reciprocal
of the resistance value for the combined parts. (This is where
the use of conductance units for loss measurements is prefer-
able since nanosiemens can simply be added just the way the
capacitance values are.)

Can you perform a similar experiment by combining the
parts in series rather than in parallel? (This is a less precise
experiment since there is a stray capacitance from the center
node that cannot be eliminated.)

Two- Vs, Three-Terminal Connections

All of the experiments described so far have been of the two-
terminal variety. The third terminal of a three-terminal device
is used to ground an enclosure around that device. The enclo-
sure contains the fields of the device and shields the device
from external fields. None of the components measured so
far have incorporated a three-terminal shield. As a result, you
observed that all of these experimental configurations were
very susceptible to externally generated neise and to changes
in position, orientation, and proximity to other objects. A
propeily constructed three-terminal device will eliminate all
of these effects. For a more detailed discussion of three-ter-
minal measurements, see “THREE-TERMINAL MEA-
SUREMENTS"” on page 4-2.

The AH 2500A can make floating two-terminal measure-
ments at least as well as any other instrument, but it is diffi-
cult to take advantage of the AH 2500A’s exceptional
precision unless measurements are made on three-terminal
devices. If a three-terminal fixed or decade capacitor and
cabling is available, another experiment can be performed to
show the enormous improvement that three-terminal devices
offer,

Connect your three-terminal capacitor to the HIGH and
1.OW connectors on the back of the AH 2500A using a
DCOAX-1-BNC or equivalent cable. With the bridge in con-
tinuous mode, observe the readings. Any respectable three-
terminal capacitor will produce readings with very litile ran-
domness. The least significant digit may hardly change at all.

Now iry to induce changes into the reading. Move your
hands in the vicinity of the cable and the capacitor. Touch the
cable and the capacitor. You should see no effect. Move the
cahle to other positions. This should have no effect. If it does,
the cable is probably defective. Try moving the capacitor to
different positions. This should not cause a change in the
readings if the capacitor is not bumped so as to change its
value slightly. Try moving the capacitor to different orienta-
tions. All but the highest quality standards will change
slightly as a result of orientation changes, especially capaci-
tors having a gas dielectric. However, the changes will be
fairly repeatable if the capacitor is handied gently. The noise
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level in the readings for all of these experiments should be
consistently low.

The experiments you have performed were infended to
improve your intuitive grasp of the sensitivity of the AH
2500A and of the importance of making three-terminal rather
than rwo-terminal measurements. Chapter 4, “Measurement
Essentials” discusses these and other measurement issues in
more detail.

AH 2500A Capacitance Bridge
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Chapter 3

Parameter and Program Files

Many of the AH 2500A's commands accept groups of various
numeric parameters. These parameters control the operation
of the bridge. For convenience, these groups of parameters
are collected into “parameter sets” to make it easy to change
the bridge quickly to a new configuration, especially after
power-on. Many of the parameter sets can be stored in per-
manent files within the bridge for later recall and use. This
chapter describes the various sets and files and the commands
necessary to change, show, store and recall them. To use the
AH 2500A with maximum efficiency, an understanding of
parameter sets and files is essential. However, the bridge is
easily used to make measarements with little understanding
of sets and files. Thus if you are a first-time user, you may
initially want to skip this chapter, but if you are a serious
user, you will eventually want to read it.

This is the first chapter having command examples and com-
mand syntax definitions for remote devices. Since remote
commuand entry is slightly different from GPIB versus serial
devices, it is described in those chapters, For more informa-
tion, see “REMOTE COMMAND ENTRY” on page 6-3 for
GPIB uvsage, “REMOTE COMMAND ENTRY” on page 7-8
for serial usage and the beginning of Appendix A, “Corn-
mand Reference” for the command description syntax,

FILES AND MEMORY

The concept of files as used in the AH 2500A is very similar
to that used by a computer. The main difference is that the
AH 2500A uses internal, non-volatile, writable memories
{EEPROM) rather than disks in which to store its files. Pro-
grams and all but one parameter set type can be stored in
these files. The working, writable memory of the bridge is
RAM, the contents of which are lost when power is lost. The
firmware that operates the bridge is located in permanent,
read-onty memory {(ROM or EPROM). Figure 3-1 helps to
visualize these memory types. The EEPROM files, ROM
files and current RAM contents are labeled in the figure.

PARAMETER SET TYPES

Listed below are the five types of parameter sets used in the
AH 2500A. You can change the parameters in the first four
directly. The first four can also be saved as a file; the last one
cannot be.

The Basic Parameter Set contains general information
about how the bridge is configured and how results are
reported.
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The Gauge Parameter Set contains information about how
capacitance and loss measurements are to be taken and how
results are represented.

The Baud Parameter Set contains information such as the
baud rate that is used to configure the RS-232 port.

The Bus Parameter Sef contains information such as the bus
address that is used to configure the GPIB port.

The Special Parameter Set contains some information that
identifies the bridge and its current condition and status. The
special parameter set contains either fixed information or
information which is maintained by the bridge. You cannot
directly change this information.

Current Parameter Sets

There is one current parameter set of each type (Basic,
Gauge, Baud and Bus) located in the bridge's RAM memory.
These sets are shown in Figure 3-1. Their contents are also
indicated in this fignre. When a command is issued that
changes a parameter, it is a parameter in one of the four cur-
rent parameter sets that gets changed. You issue commands to
set and modify the parameters contained in the current Basic,
Gauge, Baud and Bus parameter sets to meet your needs.
Bridge operations are directly controlled by the values of the
parameters in the current parameter sets. Since the current
parameter sets are stored in RAM, the contents are lost when
power to the bridge is removed.

Stored Parameter Files

The AH 2500A allows you to create multiple versions of the
Basic, Gauge, Baud and Bus parameter sets which are stored
as files. Storage in EEPROM memory prevents loss of the
contents of the parameter files when the power is removed.
Collections of parameters can be created and edited in the
current parameter sets, stored in a file and recalled back to
the same current parameter set. Stored parameter files must
be recalled before they will control the operation of the
bridge. Figure 3-1 shows examples of stored parameter files
and a store and recall operation. These operations are dis-
cussed in more detail later under “WORKING WITH FILE
CONTENTS” on page 3-9.
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Power-on Parameiter Files

When the bridge is first powered up, files of default parame-
ters are used to make measurements. The parameters can be
the factory-supplied default parameters or they can be param-
eter files of your creation. [f you are always satisfied with the
values in the default power-on parameter files, you may not
need to learn more about parameter files. Figure 3-1 shows
an example of what data is moved duoring power-on. See
“Using Power-on Parameter Files” on page 3-10 for more
information.

Current RAM
Contenis

BASIC SET
Brightness
Format
Format Special
Hold Special
Places

i . Sample Hold
O"”sf\g Test Format
' 2 Units

|  GAUGE SET |
Alternate

o -
% Average Time
<G Bias
¢
g Cable
Reference

4—52‘3“0;{% S“ Reference Format

Reference On
auge : £ . Tracking
[ Progiam 2| E2°48 90 ™ Voitage
| _Baud1 | g, Zero
%erop, Zero On
|_Empty |

ROM Files

EEPROM Files

Baud Rate
Program 107 Define
o Nremote
Nlockout

Logger Baud

BUS SET |
Bus Address
SRE Byte
Logger Bus

PROGRAM |

Figure 3-1 Pictorial conception of AH
2500A stored files, structare of current
parameter sets and typical operations
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PARAMETER SET CONTENTS

The contents of all parameter sets are listed below. The order
of the parameters shown below is the same as the order dis-
plaved by the SHOW command. The order is mostly atpha-
betical, but parameter groups having similar functions are
grouped together, See “Exploring a List with the SHOW
command” on page 2-5 for some examples of how to use this
command.

The sections below give a brief description of each parameter
or group of parameters. The description is followed by exam-
ples of the images of the parameters as the SHOW command
displays them on the front panel and on remote devices. The
examples use the parameter values in the default files stored
in the AH 2500A's permanent memory.

Some parameter groups have more than one window that can
be displayed on the front panel. The [« ] and [ %] keys are
used to move right and feft through these windows, The lists
show all the available windows side-by-side.

If a parameter group is modifiable, the command needed to
do so is given. This command can be looked up in Appendix
A, “Command Reference” where more information on the
parameters in the group wili be found.

Basic Parameter Set

The Basic parameter set contains the following parameters:

Brightness

The Brighiness parameters control the brightness of the froat
panel displays. The brightness of the capacitance and 1oss
displays can be controlled individually. The parameters are
modified using the BRIGHTNESS command. On the front
panel, [SHOW] IFUNC] [BRIGHTNESS] [ENTER] gives:

hei GHE ]
N }

i
(

On remote devices, %H B8R gives:

BERIGHTHESS C=% L=

wn

Format

The Format parameters contain information about which of
the various measurement-related types of information get
sent to a remote terminal or logging device. Changing the
format parameters does not affect the front panel displays.
The parameters are modified using the FORMAT command.
On the front panel, [SHOW] {FUNC] [FORMAT] [ENTER] gives:

For(1HE 1 CSLLUNLPF
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where the [« and [ ] buttons are used to move between the
Far (1AL display window on the left and the one on the
right which associates a single letter label with each format
bit on the lower line. On remote devices, &H FO gives:

FORMAT  SHF=8 CRP=1

N36=1

LO5=1
LBL=1

BLT=1
PUN=8 FFO=1

For more information, see “REMOTE DEVICE FORMATS”
on page 5-5.

Format Special

The Format Special parameter controls the numeric notation
of measurement results that are sent to remote devices, This
parameter is modified using the FORMAT SPECIAL com-
mand. On the front panel, [SHOW] [FUNC]| [FORMAT] [FUNC]|

SPECIAL} IENTER]| gives:

{ ForfiAt }
P OGPEL N

i J

On remote devices, SH FO SP gives:

FANT 3PEC H=§

For more information, see “Numeric Notation” on page 5-8.

Hoid Special

The Hold Special parameter controls the handling of external
trigger pulses that arrive when no HOLD 0 command has
been execuied fo receive them. This parameter is modified
using the HOLD SPECIAL command. On the front panel,
[SHOW] [FUNC] [HOLD! [FUNC! [SPECIAL] [ENTER] gives:

(CHOLd BufF )
[ )

On remote devices, 5H HO 5P gives:

HOLO SFEC TRIGBUF =1
For more information, see “Handling Unexpected Trigger
Pulses” on page 3-14.

Places

The Places parameters control the number of significant dig-
its of measurernent results that are displayed on the front
panel and which are sent to remote devices. These parameters
are modified using the PLACES command. On the front
panel, [SHOW| {FUNC] IPLACES] [ENTER] gives:

(PLACES )
(L9 L9 ]
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On remote devices, 5H FL gives:
FLACES C=9 L=9

For more information, see “Setting a Limit on the Significant
Digits” on page 5-1.

Sample

The Sample parameter indicates which sample number is
being measured when using a sample switch. The SAMPLE
command is used to select the sample number. On the front

panel, [EHOW] [SAMPLE} {ENTER gives:
(SANPLE

) )

On remote devices, 5H 38 gives:

SANFLE  HUMBER= 1

For more information, see Appendix D, “Sample Switch
Port”.

Sample Hold

The Sample Hold parameter is a defay time that occurs fol-
lowing each change of position of a sample switch by the
SAMPLE command. The SAMPLE HOLD command is

used to set this time. On the front panel, [SHOW] {SAMPLE
[FUNC] [HOLD| [ENTER] gives:

(ERAF AL )

i
odud L J

L

On remote devices, SH 38 HO gives:

SAMFPLE HLD DELRY=B .08 SEL

For more information, sce Appendix D, “Sample Switch
Port”.

Test Format

The Test Format parameters determine what conditions cause
the diagnostic self-tests to stop. They also determine which
test results are reported. They are modified with the TEST

FORMAT command. On the front panel,
[TEST] [FUNC] [FERMAT] [ENTER] gives:

(ESE FriE )
h0 e |

On remote devices, 5H TE Fi gives:
TEST FAMT HOC=B RPR=Z2

For more mformation, see “Selection of Options: the TEST
FORMAT command” on page 11-7,
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{Units

The Units parameter contains a value that specifies the units
in which measured loss values are displayed. It allows you to
choose one of five different measurement vnits in which to
display loss values. The UNITS command is used to change
the units. On the front panel, [SHOW] [UNITS] [ENTER] gives:

s ]

T J

On remote devices, SH UN gives:

HHITS L=

For more information, see “DECIDING WHICH UNITS TO
USE” on page 4-10.

Gauge Parameter Set

The bridge measures capacitance and loss using the parame-
ter values in the current Gauge set. These parameters deter-
mine what settings and features are used when each
measurement is made. Most of these parameters are dis-
cussed in Chapter 4, “Measurement Essentials”

Alternate

The Alternate parameter contains a value that indicates
whether the applied 1 kHz test signal alternation {commuta-
tion) is in effect and, if so, what alternation interval is being
used. You can specify alternation intervals in steps ranging
from one quarter second to sixteen seconds. The parameter is
modified using the ALTERNATE command. On the front
panel, [SHOW] [FUNC] [ALTERNATE] [ENTER] gives:

(ALErnREE )
LG )

On remote devices, SH AL gives:

FLTERMATE ALTERP=H
For more information, see “REJECTING INTERFERING
SIGNALS™ on page 4-8.

Average Time

The Average Time parameter contains a value that deter-
mines how many measurements are averaged to calculate the
final capacitance or loss measurement resuit that is displayed.
It is modified using the AVERAGE command. On the front
panel, [SHOW] [AVERAGE TIME] [ENTER]| gives:

—
g
S -
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Onremote devices, SH RU gives;

AUERAGE AUEREXF =4
For more information, see “MEASUREMENT SPEED VS.
MEASUREMENT FLUCTUATION" on page 4-5.

Bias

The Bias parameter contains a value that controls whether a
user-supplied external DC Bias voltage is connected through
the bridge to the device under test. If such a voltage is con-
nected, this parameter further specifies whethera 1 MQ ora
100 M£) internal series resistor is used to make the connec-
tion, This parameter is modified using the BIAS command.
On the front panel, [SHOW] [DC BIAS] [ENTER] gives:

([ de BIAS )
Lo )

On remote devices, 3H B1 gives:

OC EIAS EMRBLE=2
For more information, see “UNEKNOWNS WITH DC VOLT-
AGE” on page 4-13.

Cable

The Cable parameters contain four values that correspond to
the cable length, cable resistance, cable inductance and cable
capacifance of the test cable that is used to connect to the
device under test. All four parameters are used internally by
the bridge to provide automatic cable compensation in the
measured result. These parameters are modified using the
CABLE command. On the front panet,
[CABLE] [ENTER] gives:

(FAB LEn )

(a0 )

Pressing the [ 3 ] button gives:

(THE rE5 J
&E }

Pressing the [ ¥ ] button again gives:

(TAb Tnd )
C i )

Pressing the [ ¥ | button again gives:

(THR CHP
LT

L L N
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On remote devices, SH CAE gives:

CABLE LEHGTH= 1.88 1

CABLE RESISTAMCE M= 48.8 MO
CABLE THOUCTANCE /M= 1. 18  UH
CAELE CAPRCITAMCEAN= 78,8 PF

For more information, see “SOURCES OF ERRCR” on
page 8-4.

Reference / Ref Format / Ref On

Two of the Reference parameters are the values of capaci-
tance and loss that are subtracted from the measurernents
when reference result mode is enabled. A Reference Format
parameter determines whether the results are to be displayed
as an absolute deviation from the reference or whether the
results are expressed as a percentage deviation from the ref-
erence, There is also an indicator as to whether reference
mode is enabled or disabled. The Reference parameters are
modified using several forms of the REFERENCE com-
mand. On the front panel, [SHOW] IREFERENCE] [ENTER]
gives the two reference values as:

0044a5a0o
([ 00ooonon

rck

(rEF

(OpooocEn . |

Pressing the [¥] key then shows that reference percent mode
is disabled:

(FEF Frik ]
(0 Lo ]

Pressing the [ ¥ | key again shows that reference mode is dis-
abled:

{i'EFDﬂ }
(o L0 )

On remote devices, SH REF gives:

REFERENCE
REF FRHT
REF  OH

Bapaaas PF L=0.00068888 HI

C=8., 868
C=8 L=8
C=8 L=

For more information, see “RESULT MODES” on page 5-2.

Tracking

The bridge can be set to follow otherwise stable unknowns
that occastonally change at a rate much faster than normal.
The Tracking parameter contains a threshold value that is the
maximum rate of change allowed in the value of the
unknown sample before tracking mode takes over. This
results in occasional faster measurements af reduced accu-
racy. The tracking threshold is modified using the TRACK

AH 2500A Capacitance Bridge

command. On the front panel, [SHOW| [FUNC] [TRACK!}
ENTER] gives:

[_!:rﬂz: }
& ]

On remote devices, 5H TR gives:

TRACKIHG  THRESHOLDG=0
For more information, see “Auto Switching to High Speed”
on page 4-7.

Voltage

The Voltage parameter allows you to specify a maximum sig-
nal level to be applied. The bridge will measure the sample at
a voltage equal to or less than this maximum. The bridge will
report the actual voltage at which the measurement is taken.
The parameter is modified using the VOLTAGE command.
On the front panel, [SHOW] [VOLTAGE} [ENTER] gives:

(UOLERLE ]
e }

On remote devices, 3H U gives:

UELTRAGE HIGHEST= 15.8 L
For more information, see “VOLTAGE OF THE TEST SIG-
NAL” on page 4-12.

Zero [ Zero On

The Zero paramelers contain capacitance and loss values that
may be used to compensate for stray impedance in a test fix-
ture. There is also an indicator as to whether zero mode is
enabled or disabled. The parameters are modified using sev-
eral firms of the ZERQO command. On the front panel,
1SHOWI [ZERO] [ENTER] gives:

(ghopogon ) [ PEAE

gacoooan { a0oooonl J
Pressing the [ 3] key then shows that zero mode is disabled:

i
(

On remote devices, SH £ gives:

el oanm E

)

0y

ZERD
ZERAD OH

C=0 ABR0ABES FF L=0, 00000000 HE
chl=a

For more information, see “COMPENSATING FOR STRAY
FIXTURE IMPEDANCE” on page 4-12,
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Baud Parametier Set

The Baud parameter set contains all the parameter definitions
related to operation via the serial port. All the serial parame-
ters are discussed in Chapter 7, “Serial/RS5-232 Remote
Operation”.

Baud Rate

The Baud Rate parameters contain fundamental communica-
tions settings such as the baud rate that are used in conjunc-
tion with the serial port. The parameters are modified using

the BAUD command. On the front panel, [SHOW] [FUNC
BALD] [ENTERI gives:

[ bAUd ]
(9RIDB DY ]

(FEEFLSFE |
TN

On remote devices, SH BALl gives the entire Baud parame-
ter set of which the first line is:

BRUD HAATE=9% DTE=1 PAR=8 LEH=3

TP=1 FIL=8 ECH=1

Only the first two digits of the rate are shown. For more
information, see “SERIAL COMMUNICATION PARAME-
TERS” on page 7-6.

Define

The Define parameter specifies which ASCII control charac-
ters are used for interactive editing via the serial port. The
choice of characters is modified using the DEFINE com-
mand. On remote devices, SH DEF gives:

ERASE="U DEL=DEL BACKSP="H
OCL= "E TERM=PRINTER

DEFINE

For more information, see “Correcting Typing Errors” on
page 7-10.

Nremote

When set, the Nremote parameter largely disables front panel
{local) control of the bridge. The NREMOTE and LOCAL
commands may be issued from the serial port to change this
parameter. The button will reset this parameter. On
remote devices, SH HREEM gives:

HEEMOTE STHTE=8

For more information, see “LIMITING FRONT PANEL
ACCESS” on page 7-11.

Nlockout

When set, the Nlockout parameter forally disables front panel
(local) control of the bridge when the Nremote parameter is
also set. The NLOCKOUT command may be issued only
from the serial port to change this parameter,
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On the front panel, [SHOW] [FUNC] [BAUD| [ENTER] followed
by [ 3] gives:

( alocouk ]
( SEALE O ]

On remote devices, SH MLOCK gives:

HLGCKOUT  STATE=8
For more information, see “Selecting the Serial Control
States” on page 7-12.

t.ogger Baud

The Logger Baud parameter determines whether results cre-
ated in response to front panel commands are sent to the
serial port. It also provides some control over what kind of
resuits are sent. The Logger Baud parameter is modified with
the LOGGER BAUD command. On the front panel,
[FUNC] iLOGGER] [ENTER] gives:

{

]
L
{ r
[

00 bAYd ]
anktnt O }

On remote devices, SH LOG gives two lines, the first of
which is:

LOG BAUD COHTEHT=A

For more information, see “SERIAL DATA LOGGING” on
page 7-13.

Bus Parameter Set

The Bus parameter set contains all the parameter definitions
related to operation via the GPIB port. All the GPIB parame-
ters are discussed in Chapter 6, “GPIB/IEEE-488 Operation”.

Bus Address

The Bus Address parameters contain fundamental communi-
cations settings that are used in conjunction with the GPIB
port. The parameters are modified using the BUS command,
On the front panel, [SHOW] [FUNC] [BUS] [ENTER] gives:

(05 Addr | [ PriGLELP )
P8 nop ) [ 0@ ooo )

On remote devices, SH BU gives the entire Bus parameter
set of which the first line is:

£
£1

BUS ADRS FRI=28 ZEC=

TOH=8 LFT=& FRF=d

e
L

For more information, see “BUS CONFIGURATION
PARAMETERS” on page 6-1.
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SRE Byte

The SRE parameter byte contains the GPIB service request
enable mask. This mask determines which of the bits that are
set in the GPIB device status register can cause a service
request to occur. You can modify the GPIB service request
enzble mask using the SRE command, and thereby deter-
mine which bridge conditions or events can cause GPIB ser-
vice requests to occur. On the front panel,
followed by [ gives:

[ beF ]
c00Dooooo ]

(0 E-PULD
(0 00o0Goo

L W—

On remote devices, SHOW SRE gives:

SRE MAU=0 EXE=8 ROY=8 POH=A
URG=8 CHE=A OHF=8

For more information, see “Service Requests” on page 6-7.

Logger Bus

The Logger Bus parameter determines whether results cre-
ated in response to front panel commands are sent to the
GPIB port. It also provides some control over what kind of
results are sent. The Logger Bus parameter is modified with
the LOGGER BUS command. On the front panel,
[FUNC] [LOGGER| [ENTER] followed by [¥] gives:

[ LOL BUS ]
[ Cantnk | }

On remote devices, 5H L0G gives two lines, the second of
which is;

LOG BUS COHTEHT=1

For more information, see “GPIB DATA LOGGING” on
page 6-15.

Special Parameter Set

The Special parameter set contains information that is spe-
cific to the bridge. It is different from the other parameter sets
since the bridge automatically updates all of the parameters
in this set. You can see but not change its contents using the
SHOW SPECIAL command. It cannot exist as a file. The
parameters it contains are listed below.

Status
Status shows the settings of the bits in the status byte sent to

the GPIB interface. On the front panel,
ISPECIAL] [ENTER] gives:

SEAELS

(DO0G 1000

[ AfE-POCD )
(OEggigoE
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For more information, see “STATUS REPORTING” on
page 6-3.

Elapsed Time

The Elapsed Time contains approximately the total number
of hours the bridge has been on since it was manufactured.
Omn the front panel, [SHOW] IFUNC] [SPECIAL] [ENTER] fol-
lowed by [¥] gives:

CELRPSES ;
(Hr 1234 )

Serial Number

The Serial Number contains the serial number that is stamped
into the rear panel of the bridge. On the frons panel,
[FUNC] [SPECIALI [ENTER] followed by [3 ] [¥] gives:

| SEr nl ]
{ 5437 ]

ROM Version

The ROM Version contains the revision level of the bridge’s
firmware. On the front panel, [SHOW/| [FUNC] |SPECIAL]

followed by [¥] [#] [3] gives:
| c0 UErS ]
1 AR 124 ]

Opticns

The Options contains a string showing optional internal hard-
ware or firmware installed in the bridge. On the front panel,
[SHOW] [FUNC] [SPECIAL] [ENTER] followed by [3 ] [3 ][ %]

[¥] gives:

[ GPE: anb J

Showing the Special Set on Remote Devices

On remote devices, SH SF gives:

STATUS NAU=8 N33=8 EXRE=A ROY=8
PUH=1 URE=8 CHE=A OHR=H

ELAFSED TIME=1234 HRS

SERIAL HUMBER=6%4321

RO WERSIOHN=ARIZS

OFTIGHS TYFE=E
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WORKING WITH FILES

This section describes file naming conventions, how o list
files currently stored in the bridge and how to add and deiete
them.

File Names

In order to distinguish one file from another, each file must
have an identifier. The AH 2500A does this with an identifier
containing a file type followed by a file name. For parameter
sets, the file type is the same as the parameter set type. The
allowable file types are Basic, Gauge, Baud, Bus and Pro-
gram.

The file name uases only numerals and has from one to eight
digits. The file name is stored as a string which means that
*3” is not the same file name as “003”. Examples of allow-
able file identifiers are: BASIC 0, GAUGE 34, BAUD |,
BUS 12345678 and PROGRAM 250. A file name of “0” is
special and means that the file is permanently stored in ROM.
For files in EEPROM, the file name can be anything other
than “07.

Listing the File Names

Since one can not be certain what file names have been
stored, it is essential to be able to get a list of those files that
are currently in the bridge’s EEPROM memory. The DIREC-
TORY command does this. On the front panel, press
and see:

[ LRULE )

! J
press [3 ] and see:

[ bASIT |

[ )
press [ 3 ] and see:

| &RUd ]

! }
press | ¥ | and see:

[y
[y
L
L

press [ 3] and see no change, then press [ENTER] and see:

e ]
( J

3-8  Parameter and Program Files

You have displayed the four parameter files in the EEPROM
memory that were shipped with the bridge. There is one of
each type of file. As discussed in “Using Power-on Parameter
Files” on page 3-10, these happen to be the four files that will
be read following power-on. (Remember that files may have
been changed or added to since you received the bridge. This
could make the directory listing totally different from what is
shown above.)

If you have a iot of files, you may want to limit the types that
the DIRECTORY command reports. You can do this by add-
ing the desired file type following the DIRECTORY com-
mand. For example, the DIRECTORY GAUGE command
will list only the Gauge parameter types.

If there are no files of the type you specify, then the message
below appears:

( FILE nok )
( Found |

The Permanent Files

The DIRECTORY command only shows the files stored in
the EEPROM memory; not any stored in the RAM or perma-
nent memory. There are four permanently stored files with
the names: GAUGE 0, BASIC 0, BAUD 0 and BUS 0. When
the bridge is first purchased, these files have exactly the same
contents as those displayed with the DIRECTORY command
above. See "Power-on Parameter Files” on page 3-2 for an
explanation of how these two collections of files are used by
the bridge.

Adding Files

Files are created with the STORE command. To create a new
fite, the desired parameters must first exist in one of the cur-
rent parameter sets. The current parameter sets always con-
tain usable parameters that can serve as a starting point. To
try an example, issue the command [FUNG] [ALTERNATE]
[ENTER]. This will change the alternate parameter in the cur-
rent Gauge set from 0 to 3. Now issue the command
[ENTER]. You have created a new
file with the name GAUGE 37. Figure 3-1 on page 3-2 shows
this pictorially. If you issue a DIRECTORY command and
then step through the names, you will find a new entry:

f
[

LT

AUGE 7

)

The contents of this file are identical to those in the current
Gauge set since that is where they were copied from.

AH 2500A Capacitance Bridge
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A Program file is added in the same way. A current program
must exist before the STORE command is issued.

Deleting Files

Suppose you want to delete the file you just created above.
Issue the command [ENTER]. If you
again issue a DIRECTORY command and then step through
the names, you will find that your new entry has vanished
from the list.

If you want to delete all files of a given type, you can do this
by adding the desired file type following the DELETE com-
mand. For example, the DELETE BUS command will
delete all the Bus parameter files in the EEPROM. Whenever
you try to delete more than one file, you will get an “Are you
sure?” prompt. On the front panel this looks fike:

H you want to continue with the operation, you must answer
“yes” by pressing the key on the front panel. Pressing
any other key is interpreted as “no™.

WORKING WITH FILE CONTENTS

Showing the Contents of a File

In “Expioring a List with the SHOW command” on page 2-5,
you learned how to use the SHOW command to examine
parameters both individually and in a current parameter set.
The form of the SHOW command that you used there exam-
ined parameters only in the current parameter sets. This sec-
tion shows how to examine parameters in any file.

The form of the SHOW command that will display parame-
ter files or programs stored in files is:

SHOW [BASIC, GAUGE, BAUD, BUS
ot PROGRAM [filenamel]

If the filename is omitted, this command reduces to that used
to show the current parameler sets,

Issue the command [SHOW] [GAUGE] [ENTER]. Use the
[37] key to see the entries in this GAUGE | parameter file.
Notice that one of the parameter entries is:

(HTEcnAEE )

g )
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Now issue the command [SHOW] [GAUGE] [ENTER]. Use the
[ ] key again to look at the entries in this current Gauge
parameter set. Notice that one of the parameters is:

(Rl ErnREE )
S J

This is the parameter that you entered in the earlier section,
“Adding Files”. The differing display windows demonstrate
that you really are looking at different parameter sets.

Changing the Contents of a Parameter Fiie

A parameter file's contents can only be changed by copying
them to a current parameter set, making the changes in the
current set, and copying the contents back to the original fiie,
The RECALL command will copy a file having a given file
type to its corresponding current location, After making
changes in the current set, the results are copied back using
the STORE command. The STORE command will autornat-
ically overwrite an existing file having the same name.

For example, suppose you want to change the brightness to 9
in the BASIC 1 file. Issue the command
[BASIC| IENTER| to copy the BASIC 1 file into the current
Basic parameter set. Issue the command
[BRIGHTNESS] [ 9] [ENTER] to change the brightness in the
current Basic parameter set. Notice that the brightness of the
display increases. Now issue the command
[BASIC] [ENTER] to replace the original contents of the
BASIC 1 file with the contents having the modified bright-
ness. The next section will demonstrate that you have actu-
ally made this change.

Using the Contents of a Parameter File

The bridge can only act on the contents of a parameter file
when the contents are copied io the corresponding current
parameter set. To use the contents of the BASIC 0 file, issue
the command [FUNC| [RECALLI [BASIC| [ 0 | [ENTER]. This will
cause the contents of this permanently stored file to overwrite
the contents of the current Basic parameter set. Notice that
the brightness of the displays decreased immediately. By
issuing the RECALL command, you have overwritten the
brightness of 9 that you had left in the current Basic parame-
ter set with a brighiness of 5 that was in the BASIC { file.
The brightness change occurred immediately because the
bridge is continually monitoring the values of the parameters
in the current parameter sets.

Now issue the command [FUNC| [RECALL| [BASIC
[ENTER]. The brightmess of the displays will have increased
again because you recatled the higher brightness that vou
stored in “Changing the Contents of a Parameter File” above.
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PARAMETER SET INITIALIZATION

Using Power-on Parameter Files

When power is first applied, the bridge looks to see if there
are any parameter files having a file name of “1” in the
EEPROM memory. If so, the bridge will copy the contents of
these files into the current locations of the same file type in
RAM memory. For any parameter file types that are not
found with a file name of 1”7, the bridge will read the perma-
nent ROM memory where a file of each file type having a file
name of “0” always exists. The bridge will copy the contents
of these remaining files into the current locations of the same
file type. Thus all current locations are loaded at power-on
with data from files named “17 if they exist, and files named
“0” otherwise.

Specifically, the BASIC 1, GAUGE 1, BAUD 1 and BUS 1
files stored in EEPROM memory will be loaded into the cur-
rent parameter sets in RAM if the files exist. For any that do
not exist, the corresponding BASIC 0, GAUGE 0, BAUD 0
and BUS 0 files are loaded into the current parameter sets
instead.

This allows you to define your own power-on bridge charac-
teristics simply by storing the desired power-on files with the
file name *1” for each desired file type.

Figure 3-1 on page 3-2 shows a power-on example where a
BAUD 1 and a BUS 1 file exists in EEPROM and are loaded
into RAM. No BASIC 1 and GAUGE 1 files exist so the
BASIC 0 and GAUGE 0 files are loaded from ROM into
RAM instead.

The RST Command

Another way to inifialize some parameter sefs is with the
RST command. This command initializes a number of things
in the bridge and in particular it resets the current Basic and
Gauge parameter sets to their power-on contents. The current
Baud and Bus parameter sets are not affected.

This command is identical to the SPECIAL HALT command
which can be entered from the front pane! with the key
sequence [FUNC] [SPECIAL] [HALT] [ENTER]. See page 33 of
Appendix A, “Command Reference” for more information.

WORKING WITH PROGRAMS

The AH 2500A has the ability to create, store and execute
simple programs. These are sometimes called “macros”. You
can create programs consisting of collections of most of the
avaitable AH 2500A commands. The bridge has no condi-
tional instructions and therefore, any programs that are cre-
ated do not have this capahility either.

3-10 Parameter and Program Files

Purpose

The ability to create programs can help to automate simple,
repetitive tasks. These programs, when used in conjunction
with a logger or printing terminal, may be sufficient to elimi-
nate the need for more complex hardware such as a personal
computer or GPIB controller.

Programs are useful for automatically performing a number
of sequential measurements where bridge settings are slightly
different for each measurement. For example, one may waat
to measure each of many samples at six different voltage set-
tings.

Another example is when multiple samples are to be mea-
sured with a sample switch. Programs allow the bridge to
sequentially measure each sample position and, if necessary,
to change bridge settings for each sample position. For exam-
ple. each position might have a different zero error for which
to compensate.

Programs are also very useful when executed as part of the
power-on procedure or via an external trigger pulse or the
GPIB bus GET command. These special capabilities are
described later.

A more subtle but very important use of programs is to guar-
antee that desired results logged to remote GPIB devices are
not lost. See “Receiving Every Response Message” on

page 6-4.

Creating Programs

-Programs are easily created by entering the command:

PROGRAM CREATE

The bridge wiil respond with a special “#” prompt when the
command is entered from remote devices. When entered
from the front keypad the display will show:

[ rERdY Pr

[ J

At this point, the sequence of commands that is to form the
program can be entered in the normal manner. The bridge
will continue to accept commands in this mode until it
receives a blank line. This occurs as an from the
front keypad, a CR from the serial port, or an EOL from the
GPIB port.

If you enter an incorrect line, the only way o fix i is to start
over. There is no way to edit these programs. For this reason,
each individual program should be kept short. Since pro-
grams can call programs, it is preferable to create several
short programs rather than one long one.

AH 2500A Capacitance Bridge
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Commands Not Aliowed Within Programs

Not all AH 2500A commands can be included in a program.
The commmands below are not allowed and will produce a
syntax error as soon as they are entered.

DELETE

DELETE PROGRAM
PROGRAM CREATE
RECALL PROGRAM
STORE PROGRAM

In addition, no STORE commands are aliowed in any pro-
gram that is executed with the REPEAT or CONTINUQUS
gualifiers. These qualifiers are discussed later. The STORE
commands are also not allowed in any subprogram that is
called by a program that is executed with the REPEAT or
CONTINUOUS qualifiers. The [nd not [OPE-ADLE
error message will be reported if a STORE command is
detected in any program that repeats.

Nesting Considerations

Programs can contain any of the commands that execute
other (sub)programs. Programs can thus be nested one within
another. This can occur to a nesting depth of eight. If this
depthisexceeded,a Pri nE£5C Error will be reported.

Prompts Generated within Programs

Some AH 2500A commands generate prompts. Outside pro-
grams, these prompts always cause execution {o stop and
must be answered before the command will continue. Inside
programs, most of these prompts can be answered by the pro-
gram itself or they can prompt you for a response.

[. The DELETE and TEST 1.x commands will check the
next command in the program to see if itis a YES. If
s0, the command will be executed, If not, you wiil be
prompted with ARE YOU SHREY.

2. All other TEST commands that generate prompts will
check the next command in the program to see if it is a
STEP or SAMPLE command. If so, the STEP or
SAMPLE command will be executed and the TEST
will continue. If not, you will be prompted with a mes-
sage corresponding to the test being executed.

3. Anumber of calibration related commands require the
entry of passcodes. You can include a passcode in a
program so that the program will run without prompt-
ing if the passcode is correct. Even though a passcode
can be stored in a program, there is no way to read it
even with the SHOW PROGRAM command.

If you want a program to prompt for a passcode, you
must follow the prompting commmand in the program
with the EDIT command word. Each occurrence of the
EDIT command word will cause you to be prompted
for one passcode.

4. The CALIBRATE 3 command will never take a
response from a program: it will always prompt you.

AH 2500A Capacitance Bridge

Saving Programs

After your program has been entered, it hecomes the carrent
program and is located in RAM. It can be executed in this
location, but it will be lost if the power is lost.

The current program can be stored as a file in EEPROM
memory using the command:

STORE PROGRAM filename

where filename is any digit string as described in “File
Names” on page 3-8. If a program file with the same filename
already exists in EEPROM memory, it will be overwritten by
the new program.

Recalling Programs

A program can be recalled from EEPROM memory into the
current program location and will overwrite the current pro-
gram. The value of this operation is in changing the filename
of a program since the current program can now be stored
under a different name.

A program can be recalled from EEPROM memory using the
command:

BECALL PROGRAM jilename

Figure 3-1 on page 3-2 shows an example where PROGRAM
167 is recalled.

If you are unsure of what program files have been stored, the
BIRECTORY PROGRAM command can be used to list
them.

Showing the Contents of Program Files

The following command will report the contents of any pro-
gram file:

HOW PROGRAM [filename}

The current program will be shown if no filename is entered.

On Remote Devices

The contents of a program file as reported to remote devices
has a format that is virtually identical to that which was used
to enter the commands from a remote device. The main dif-
ference is that only the three leading characters of eack com-
mand word will be reported even though many more may
have been entered. The other difference is that a space is
printed in the first column of each result line where the %7
prompt was located when the commands were entered.
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On the Front Panel Display

On the front panel display, the contents of each line of a pro-
gram file are shown in a group of up to three windows. An
additional one at the right is used to display a line pumber for
the command. As usual, each window of a line can be shown
one-by-one by pressing the [« ] and keys. As with
remote devices, only the three leading characters of each
command word will be shown. Pressing the key will
abort the SHOW command at any time on the front panel.

Executing Programs

There are two fundamentally different ways of executing a
program. One is to et it run unattended at its maximum rate
(untess limited by the CONTINUOUS qualifier discussed
below). The other is to let it run until a result is generated at
which time it stops and waits for vou to cause it to continue.
The choice will usually be determined by whether the results
are to be recorded by a remote device or read from the front
panel display.

Non-Stop Mode

The following command will execute any program file:

PROGRAM [filename]

The program will execute at its maximum rate until it is fin-
ished. The current program will be executed if no filename is
entered.

Single-Step Mode

The foliowing command will execute any program file in sin-
gle-step mode:

PROGRAM [filename] SINGLE

The program will stop every time it reports a query result.
When it stops, pressing the [STEP] key on the front panel key-
pad will cause it to continue.

i ,-‘g”

On remote devices, a prompt will be printed following
the query result, Entering the STEP or X command will
cause the program ¢ continue,

The current program will be executed if no filename is
entered.

Repetitive Mode

Any program can be executed repetitively in single-step or
non-stop modes. The number of times it is to execute can be
selected. The command used is:

PROGRAM {filename] REPEAT [couni)

If the REPEAT qualifier with no count is entered, execution
of the program will be repeated indefinitely. If the REPEAT
qualifier with a count is entered, the program will be exe-
cuted the number of times specified by the count.
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Continuous Mode

The time interval used to execute (sub)program commands
and ail query commands within a program can be specified.
The command is:

PROGRAM [filename] CONTINUQUS interval

The time interval is entered in seconds to the nearest tenth.
This interval is measured from the start of execution of any
contained guery or {sub)program command to the start of
execution of the next contained guery or (sub)program com-
mand.

The CONTINUQCUS command qualifier is useful in two
ways. First it can set the rate at which programs execute. This
is helpful when too much data might otherwise be generated.
Second, this gualifier can help extend the display time of
results shown on the front panel. (See “PROGRAM EXAM-
PLE” on page 3-14 for another way to control the display
time.)

Full Program Execution Command

The general form of the program execution comunand is
given below. This includes all the options described above.

PROGRAM [filename] [SINGLE]
{CONTINUOUS interval] [REPEAT [count]

The optional qualifiers and parameters in this command may
be combined in any way.

Execution of Subprograms

The execution mode, the time interval value and the repeat
count are applied only to the program whose filename was
entered with these values. These values are not applied to any
subprograms that this program may call. Such subprograms
will use the values that were entered with the command that
called the subprogram. This means that a program containing
subprograms can execute with different settings of the execu-
tion mode, time interval value and repeat count for each sub-
program.

Information Available During Execution

An executing program is indicated by a flashing units indica-
tor. The LED that flashes is the one that would normally be lit
to indicate the current loss units. The flash rate is about two
per second.

The number of windows shown in the front panel display is
dependent upon the results produced by the contmand that a
program is exccuting at the moment. For example, a mea-
surement will have two windows available and a test com-
mand will have six available. As with other results, these can
be displayed one-by-one by using the [« ] and [ =] keys.

AH 2500A Capacitance Bridge
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Aborting Programs Prematurely

The DEVICE CLEAR command can be used to abort any
program prematurely. This command is described in more
detail in Appendix A. “Command Reference”.

Programs in the process of execution, may or may not behave
like query commands. If the root program or any of the sub-
programs that it calls contain a query command then the root
program will be query interruptible, If no query command is
contained, then the program will not be query interruptible.
Thus, some programs can be aborted simply by entering
another command while the program is running.

SPECIAL PROGRAMS

Two special program filenames exist in the AH 2500A. These
are PROGRAM | and PROGRAM 2. Any program stored as
PROGRAM 1 will be executed immediately after power-on.
Any program stored as PROGRAM 2 wili be executed when-
aver the GPIB GET bus command or TRG commands are
received. These programs are seen in Figure 3-1 on page 3-2.

Power-On Programs

Normally the AH 2500A performs some tests of its digital
circuitry immediately after power-on. This takes only a mat-
ter of seconds to complete. The bridge is then ready to exe-
cute commands. About fifteen minutes is required for the
oven to warm up and stabilize before full precision measure-
ments can be taken. These are the only events that occur if no
PROGRAM 1 file exists.

If a PROGRAM 1 file does exist, it wiil be executed follow-
ing compietion of the digital circuitry tests. Since the AH
2500A program features are very flexible, there are a variety
of possibilities here, some of which are:

« Use the HOLD command to delay 15 minutes until the
oven has stabilized, configure the bridge to log its mea-
surements to a remote device and then take measure-
ments continuously.

« Perform some verifications and/or tests while the bridge
is warming up. An internal calibration might be created
and saved after warm-up so that the bridge is functioning
optimally i its power-on environment,

* Recall parameter sets other than the default sets and then
make further adjustments to the current parameter set-
tings.

*+ Use the SHOW command to log current device settings
for routine documentation purposes while waiting for the
bridge to warm up. This is an easy way to ensure that rel-
evant bridge settings are recorded with each day’s data
run.
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» Zero compensation values could be measured and stored
as corrections for each setting of a sample switch.

The emphasis with all possibilities such as these is that they
can occur fully automatically with no operator intervention,

The TRG/GET Program

The GPIB implements a special bus command calied Group
Execute Trigger or GET. When a GPIB controller sends this
command over the GPIB, all instruments that are addressed
to listen will begin performing an operation. Thus the GET
command is a convenient way of initiating simultancous
actions among a group of instruments.

An ordinary AH 2500A command also exists which performs
exactly the same function as the GPIB GET command. This
18 the “trigger” command which has the syntax:

IRG

Typicaily, in response to 2 GET or TRG command any
instrument performs the basic function for which it is
designed. In the case of the AH 2500A, this is the SINGLE
cornmand. This is the command that will be executed if no
PROGRAM 2 file exists.

If a PROGRAM 2 file does exist, then iis contents will be
executed when a GET or TRG command is received. Thus,
the existence of a PROGRAM 2 file allows the GET and
TRG commands to initiate much more complex operations
than would otherwise be possible.

There is no special relationship between the GET or TRG
commands and the external trigger input.

TIMING IN PROGRAMS

In addition to being able to specify the time interval between
the start of one execution of a program to the start of the next
execution, it is also possibie to introduce delays at any point
within a program. These delay times can be specified by val-
ues contained within the program or they can be specified to
last until an external trigger pulse is received.

Specifying a Fixed Delay Time

Execution of the following command causes the bridge to
execute no further commands until the specified period of
time has elapsed.

HOLD delay

The delay parameter is the delay time until the bridge is to
execute the next command. The maximum delay time is
99,999 999 seconds. Once this command is executed, it can
only complete by timing out or it can be aborted with a
DEVICE CLEAR command. Additional commands may be
entered following the HOLD command, but they will not be
executed until the HOLD command finishes.
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Since this commangd is capable of hanging the bridge for a
long time, its execution is indicated on the lower front panel
display by a decrementing timer that shows the time remain-
ing before the command completes. For example:

(HOLd )
g 595

Specifying the Dispiay Time of a Result

You can set the amount of time that a result 1s displayed on
the front panel by a program using the HOLD command.
This is done by simply putting a HOLD command immedi-
ately following the command whose displayed result time is
to be set. Instead of showing the countdown timer on the
front panel display, the bridge will show the result of the pre-
vious command instead,

Synchronizing to an External Trigger Pulse

Another version of the HOLD command described above can
cause the bridge to stop executing commands until an exter-
nal trigger pulse is received. This will occur if the delay
parameter is set to zero when the HOLD command is
entered, The bridge will wait indefinitely until an external
trigger pulse is received. This is the only command that is
affected by external trigger pulses.

The external trigger input is a BNC connector located on the
back of the bridge. Any TTL compatible negative edge-trig-
gered signal applied to this input will be interpreted by the
bridge as a trigger signal. This input is normally at +3 volts
when nothing is connected to it. It can be shorted to ground
with a switch to generate a trigger signal. If triggering is done
with logic devices, they must be capabi’e of sinking at least 2
milliamperes of current at 0.4 volts or less in the low state
and sourcing 100 microamperes at 2 volts or more in the high
state.

Perhaps the most common application for an external trigger
input is to take a single measurement for each trigger signal
that is received. See “Initiating with an Externat Trigger Sig-
nal” on page 4-4 for an example. This is a simple but useful
application of the HOLD 0 command. It can also be used
within programs to {rigger much more complicated command
sequences.

CAUTION

Voltages outside the range of -25 to +25 volts may damage
the external trigger inpul.
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Handling Unexpected Trigger Pulses

You have a choice of what happens to external {rigger pulses
that arrive when no HOLD 0 command has been executed to
receive them. The choice is to allow such pulses to be buff-
ered or fo report an error.

If the pulses are buffered, as many as 255 of them can be
accumulated. Any trigger pulses that occur which would
cause this number to overflow are ignored. Every time the
HOLD 0 command is executed with a non-zero buffer count,
the buffer count will be decremented and the HOLD 0 com-
mand will finish immediately.

Alternatively, if vou choose to report an error, then each trig-
ger pulse that is received with no waiting HOLD 0 command
will cause an “E” error. This is a soft error that will be added
to the next measurement result. It will be shown as an “E ™ in
the upper right corner of the front panel display.

You choose which way the trigger pulses are handled by exe-
cuting the following command:

HOLD SPECIAL trighuf

This causes external trigger pulses to be buffered as they
come in if trighuf is set to a one. If frighuf is set to a zero,
then no buffering occurs. The default value stored in the
BASIC 0 parameter file is one.

Execution of this command clears the trigger buffer. As a
result, this command should be placed at the beginning of
any program that will use buffered trigger pulses. This will
ensare that the program does not immediately “choke” on
leftover trigger pulses.

PROGRAM EXAMPLE

There is an easy way to control the display time of results in
programs of any complexity. First, create a program hke:

SIHGLE
FROGRAM

Store this program as PROGRAM 1. This program fakes
one measurement and then executes the current program
once. Now use PROGRAM 10 as a subprogram in your main
program in every place where you want to take a measure-
ment. If you create a current program that just has the
HOLD 1 command, then your main program will pause for
one second after every measurement. Since it is easy to
change the current program, it is also easy to change the dis-
play time even if the measurement occurs in many places and
in many sehprograms.

AH 2500A Capacitance Bridge
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Chapter 4

Measurement Essentials

This chapter discusses the fundamental technical aspects of
making precision capacitance and loss measurements. It is
intended for anyone who needs to know not only how to
operate the AlE 2500A but also how to set it up to make pre-
cision measurements.

it is easy for an unskilled operator to make accurate capaci-
tance and ioss measurements with the AH 2500A by simply
connecting an unknown impedance or manufactured trans-
ducer between its HIGH and LLOW terminals. However, for
anyone who wishes to design or repair transducers, or who
simply wanis to increase his or her level of knowledge or
confidence when making precision measurernents, the basic
principles of operation that the AH 2500A uses to make mea-
surements are important.

BASIC BRIDGE CIRCUITS

Unlike most other automatic capacitance meters produced

today, the AH 2500A incorporates a true bridge in the con-
ventional sense of the word. For general information about
bridge circuits see chapters 3 and 4 of Reference 14 in the

Bibliography.

Construction of the Basic Bridge

The use of specially-wound ratio transformers and a temper-
ature-controiled fused-silica capacitor in the basic bridge cir-
cuit are major contributors to the extremely high accuracy
and precision that the AH 2500A offers. The basic bridge cir-
cuit is shown in Figure 4-1.

A1 kHz sine wave generator excites the ratio transformer
which forms legs 1 and 2 of the basic bridge. Both of these
legs have many transformer taps to allow selection of pre-
cisely defined voitages to drive legs 3 and 4 of the bridge.
Leg 3 consists of one of several fused-silica capacitors plus
other circuitry that simulates a very stable resistor, Leg 4
contains the unknown impedance. The microprocessor in the
AH 2500A performs the task of selecting (or balancing) Taps
1 and 2 of the transformer and of selecting C, and R, so that
the voltage present at the detector is minimized. The detector
iz capable of detecting both in-phase and quadrature voltages
with respect to the generator voltage. This allows both resis-
tive and capacitive components of the unknown impedance
to be independently balanced. If the microprocessor is able to
obtain this null {minimum voltage) condition, the unknown
capacitance can then be determined since the ratio of the
unknown capacitance {C, ) to C, is equal to the ratio of the
voltage on Tap 1 to the voltage on Tap 2. Similarly, the

Ratio
Transformer

Tap 1 teg3
*
Fused-Silica _|¥ Pseudo-
Leg 1 Capacitor 77— Resistor
/\ Co 0
i Detector ®
L U Unknown
L Impedance
Leg 2 -
BNC =
connectors
Tap 2 T Cy TR«
Leg 4 Q H

Figure 4-1 Basie bridge circuit
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unknown resistance can be determined since the ratio of the
urntknown resistance (R} to Ry is equal to the ratio of the
voltage on Tap 2 to the voltage on Tap 1. The microprocessor
performs these calculations and displays the capacitance and
loss results. For a more detailed description of the circuitry in
the AH 2500A, refer to Chapter 10, “Circuit Descriptions”.

Bridge Connection Issues

The connections to the unknown capacitance marked H
(HIGH) and L (1LLOW) in the diagram comrespond to the cen-
ter conductors of the BNC connectors on the rear panel of the
AH 2500A. The grounds (shields) of the BNC connectors are
connected to the junction of legs 1 and 2 and to the detector.
Examining Figure 4-1 shows that the HIGH and LOW termi-
nals are very different from each other. The HIGH terminal is
switched directly to the ratio transformer and is a low imped-
ance source of voltage which can range from 0.0005 to 15
volis RMS. In contrast, the LOW terminal is a very high
impedance input.

The voltage present on the LOW termunal can vary greatly
when the bridge is not balanced. When the bridge is bal-
anced, the signal on the LOW terminal is a few microvolts,
but broadband noise at the LOW terminal is far greater in
amplitude. The greater the capacitance of the LOW cable and
the lower the unknown impedance, the more this noise will
tend to be shunted to ground. If one were to connect an oscil-
loscope to the LOW terminal with the bridge balanced, a
small, noisy signal would be displayed. The HIGH terminal
would display a pure one kilohertz sine wave (but this is hard
to measure cieanly in practice i the voltage is small).

Because of the small signal levels present on the LOW termi-
nal, all connections to this terminal must be very well
shielded against external electrical noise. Care must also be
taken to minimize mechanically generated triboelectric volt-
ages in the LOW cable. This is done by using low-noise cable
and subjecting it to as little mechanical shock and vibration
as possible. The HIGH cable reguires no special treatment in
this respect.

THREE-TERMINAL
MEASUREMENTS

In the section "Two- Vs. Three-Terminal Connections™ on
page 2-10, the limitations of making two-terminal measure-
ments were explored. Since the highest-precision capacitance
measurements can only be made using three terminals, the
discussion of the operation of the AH 2500A will be concen-
trated on this method.
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How the Bridge Makes Three-Terminal
Measuremenis

The unknown impedance is measured between the center
conductors of the BNC coaxial connectors on the rear panel
of the bridge. The impedances between these center conduc-
tors and ground (bridge chassis) do not contribute to the mea-
surement result. The reason for this is understood by
referring to Figure 4-1.

Hf an impedance is added between the HIGH terminal and
ground the only effect it has is to foad the ratio transformer.
Loading the ratio transformer is normally caused by the
capacitance of the coaxial cable connected to the HIGH ter-
minal. The ratio transformer has a sufficiently low impedance
that this loading will cause a noticeable error only for long
cable lengths.

If an impedance is added between the LOW terminal and
ground, the effect is to shunt the detector. For normal cable
capacitance, this will reduce noise at the detector. If a resistor
shunts the LOW terminal, its thermal noise will add to the
noise that the detector sees.

Measurements other than Three-Terminal

Two-terminal measurements can be made by simply making
no connection to the three-terminal ground, the unknown is
placed between the HIGH and LOW terminals. This works
oniy for unknown impedances where both terminals are free
to float with respect to ground. If either terminal needs fo be
grounded or related to ground through a low impedance, the
measurement cannot be made. '

Some capacitance bridges use four- and five-terminal mea-
surement techniques to sense and correct for voltage drops
that occur in the cables that connect the unknown to the
bridge. The voltage drops are the result of measuring low
impedance unknowns and/or operating at high frequencies
which causes relatively large currents to flow. The AH 2500A
uses only three terminals because the medium and high
impedance ranges that it covers do not reguire four- or five-
terminal techniques to obtain the reguired level of precision.
Three-terminal measurements are much ecasier to make than
four- or five-terminal measurements because of the reduced
number of connections that are needed.

Three-Terminal Advantage over Two

To better understand the advantages of three-terminal mea-
surements, we can represent a physical capacitor connected
to the AH 2500A as three separate capacitors as shown in
Figure 4-2.

The direct capacitance Cyp, which appears between the
HIGH and L.LOW terminals is the desired unknown three-ter-
minal capacitance combined with whatever undesired stray
capacitance may exist. The capacitors Cyg; and Cy g repre-
sent the capacitance of the unknown capacitor piates to sur-
rounding obiects (such as the capacitor case and ground), of
the coaxial cable center conductor to iis shield, and of the
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Figure 4.2 Simple three-terminal capacitor model

center of the coaxial connector to ground. As we saw earlier,
the stray capacitance does not affect the measured value of
Cyy, when three-terminal measurements are made.

Now consider what happens when the three-terminal mea-
surement configuration is converted to a two-terminal mea-
surement configuration by connecting the LOW terminal to
ground. This eliminates Cy ¢; and puts Cyy and Cy; in paral-
lel so that two-terminal measurements cannot separate the
two capacitances. Cyye; contains stray capacitance caused by
surrounding objects and also capacitance confributions from
the coaxial cable that are proportional to the cable length.
Therefore, Cy; cannot be measured accurately, unless it is
much larger than Cyy;. This is a very serious limitation to
precise measurement.

NOTE

One of the most important consequences of this need to mini-
mize Cyg is the choice and use of connecting cables. Preci-
sion three-terminal measurements are Rever, never, HeVer,
made with cables or structures that provide anything other
tharn 100% shielding. This means, for example, that such
measurenents must never use clip leads or unshielded
banana terminals even if only at the end of a coaxial cable.
This also means that the quality of the shielding on any cable
used should be explicitly determined by measuring the peek-
through capacitance with your AH 2500A. The result should
be zero. :

Three-Terminal Construction Considerations

Figure 4-3 shows an ordinary two-terminal capacitor.

Figure 4-4 shows a shield that was added to the two-terminal
capacitor to make it three-terminal. The second figure illus-
trafes that the shield completely surrounds the connections to
the HIGH and LLOW terminals of the bridge from the three-
terminal capacitor. Although it is important to shieid the
LOW terminal connection from electrical noise, the primary
purpose of the shielding is to isolate the HIGH and LOW
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connections from each other. Any breaks in the shield that are
sufficient to allow conductors connected to the LOW termi-
nal to see conductors connected to the HIGH terminal (other
than across the plates of the unknown capacitor itself) will
create an undesired capacitance that adds {o the measured
value of the unknown capacitor, causing the measured value
to be greater than the actual value. Changes in the physical
geometry of the measurerment system that affect the values of
Cyg and Cy  (for example different cable lengths) will, ide-
ally, have no effect on the measured value of the unknown
capacitor. Changes in the internal geometry of the measure-
ment system that affect the direct capacitance will be mea-
sured.

L>

Figure 4-3 Common two-terminal capacitor

A
H> 7

1 ]

a
L7

Figure 4-4 Ideal three-terminal capaciter

These internal changes can occur not only in the area and/or
separafion of the capacitor plates, but also in the shield
geometry in a way that changes the direct electric field. They
can also occur in the chemical nature or the physical geome-
try of the dielectric in which the direct electric field exists.
The shield can even be configured to come between the
capacitor plates so that only a small aperture remains in the
shield. This would allow the direct capacitance to be made
arbitrarily small.

Similar considerations also allow the loss associated with the
direct capacitance to be limited to the loss that is actually part
of the unknown capacitance. This is important when mea-
surements of dielectric properties are being made. The insu-
lating materials which are necessarily a part of the
measurement setup (for example the polyethylene in the
coaxial cable} must not contribute o the measured value for
the direct loss. Conceptually, this is simply a matter of keep-
ing undesirable dielectrics out of the field of the direct capac-
itor, but practically, it places constraints on the design of
three-terminal capacitors and transducers. Figure 8-6 on page
8-3 shows an example of such an undesired dielectric.
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INITIATING MEASUREMENTS

The rest of this chapter assumes that you are familiar with
Chapter 2, “Basic and Initial Operation”.

Taking Measurements One at a Time

The command that initiates a single measurement from the
front panel or a remote device is:

SINGLE or Q

This command accepts no parameters. The operation of the
SINGLE command from the front panel is discussed in
“MAKING SINGLE MEASUREMENTS” on page 2-6. In
addition to the SINGLE command, pressing only the fetter Q
{for Question} without the return key will start a measure-
ment on an RS8-232 device. This is more convenient for mak-
ing repeated measurements.

Initiating with an External Trigger Signal

The simplest way to remotely trigger a new reading from the
AH 2500A is by using the external irigger input. The bridge
does not default to this mode of operation but it is easily set
up so that an external trigger signal causes a reading to be
taken. To do this requires that a very simple program be writ-
ten and executed. The example below shows how:

*PROGAAN CREATE
BHOLO @

BSINGLE

b4

>STORE PROGRAM 18

>PROGRAN 18 REPEAT
C=643,318 PF L=0.,83721 NS
C=G43, 320 PF L=8.,83710 HS
C=643.323 PF L=B.@3721 NS

Afier the program was created, it was saved as a PROGRAN
18 file. The program was then executed repetitively. The
HOLD & command waits indefinitely for an external trigger
pulse to occur. A measurement resuit will be reported by this
program for each pulse that is received. This is a simple
appHcation of the HOLD 0 command, It can also be used
within programs to trigger much more complicated command
sequences. See “WORKING WITH PROGRAMS” on

page 3-10 and especially “Synchronizing to an External Trig-
ger Pulse” on page 3-14 for a more detsiled description of the
external trigger input and of the HOLD 0 command.

initiating with a TRG/GET Program

A new measurement can also be initiated with a TRG com-
mand or a Group Execute Trigger (GET) from the GPIB. One
way to do this requires that no PROGRAM 2 file exists. If
this is the case, then one measurement will be taken every
time a GET from the GPIB or a TRG command is issued.
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The other way to use the TRG/GET commands requires that
a very simple program be written and executed. The example
below shows how:

*FRUGRAN CREATL

BIIHGLE

3

*3TORE PROGRAR 2

>TREG

C=347.312 PF L=A.81821 HS

>

After this one-line program was created, it was saved as a
PROGRAM 2 file. That special file is executed every time a
TRG command or a GET from the GPIB is issued. The
advantage of this more complicated method is that vou can
write the program to do many other things. See “WORKING
WITH PROGRAMS” on page 3-10 and especially “The
TRG/GET Program’ on page 3-13 for more information.

Taking Measurements Continuously

In the continuous reading mode, the bridge takes measure-
ments repetitively until temporarily interrupted with a com-
mand input or permanently stopped. The discussior below
assumes that you are familiar with “MAKING CONTINU-
OUS MEASUREMENTS” on page 2-7. To put the bridge
into continuous mode, enter the command:

CONTINUOUS [inrervall

where the optional interval parameter can be entered as sec-
onds or as seconds and tenths of seconds. If interval is zero,
readings are taken at the maximum rate. This maximum rate
is determined primarily by the setting of the averaging time
which is discussed in “Averaging Time” on page 4-6.

The inrerval parameter represents the time from the begin-
ning of one measurement to the beginning of the next mea-
surement. As a result, this time must be chosen to be long
enough so that it exceeds the time that the bridge requires to
take a reading. If this is not the case, then readings will be
taken at the maximun possible rate just as if no interval
parameter had been entered. The maximum interval that can
be entered is 99,999,999 seconds.

The action of the CONTINUQOUS command is stopped with
the command:

SINGLE or Q

In other words, the CONTINUOUS command enabies con-

tinuous measurements and the SINGLE or Q command dis-
ables them. If continuous reading mode is active, issuing the
SINGLE or Q command will cause a reading to be taken and
will abort continuous measurements,

AH 2500A Capacitance Bridge
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MEASUREMENT SPEED VS.
MEASUREMENT FLUCTUATION

In most applications it is desirable not to spend any more
timne than necessary to make a measurement. In some appli-
cations. It is critically important to make measurements as
fast as possible. The AH 2500A has been optimized to make
the fastest measurements possible within several fundamen-
tal constraints.

First, the operating frequency of the AH 25004 1s 1 kHz. To
make a very fast measurement still requires a minimum num-
ber of complete cycles of the 1 kHz test signal. Under ideal
conditions, the bridge can report measurements so fast that it
takes only 40 cycles of the test signal. This is assuming that
the ratio-transformer taps have already been set-up correctly.

If the ratio-transformers need to be balanced, then a number
of relay settling times are involved so that several tenths of

seconds are required. The first measurement of an unknown
will require a mintmiem of about 0.3 to 0.5 seconds, most of
which is used to balance the bridge. ‘

Beyond these issues, there is a fundamental trade-off
between the amount of fluctuation in the measurement resulits
and the time taken per measurgment, To reduce the effects of
unavoidable input-amplifier noise and thereby to get the
highest-quality measurements requires averaging (internally
or externally) as many measurements as is practical over a
period of time.

Understanding what the Bridge may do
During a Measurement  _

Bridge Balancing Algorithms

The stmple diagram of the basic bridge shown in Figure 4.1
suggests that the process of balancing the bridge is a simple
one, but this is not the case. Bridge firmware does not control
a straight-forward dual slope detector, it controls many
decades of transformer taps of a true ratio-transformer
bridge. Complex algorithms are required to balance the resis-
tive and reactive componenis of the unknown over greater
than twelve orders of magnitude. This is especially difficult
when the unknown may be changing, may contain high noise
levels or may exhibit negative resistive and/or reactive com-
ponents. The balancing algorithm must always respond with
a meaningfui, precise measurement result or it must identify
why a precise measurement is not possible and reply with an
error message. Instead of meaningless results, the AH 2500A
has been designed to report either valid measurements or rel-
evant error messages when the unknown differs from what
the bridge expects to measure. All the while, measurements
must occur as quickly as possible.

The many possible outcomes of an attempt to make a mea-
surement cause the amount of time required to make a mea-
surement to vary. The time variation can range from under 40
milliseconds to about 1000 seconds. Two factors account for
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most of the variation. One factor is the averaging time and
the other is the use of cold-starts versus warm-starts.

Coid-Start

The terms “warm-start” and “‘cold-start” refer {0 the degree to
which the bridge has previously been balanced. A cold-start
means that the bridge is so far out of balance that the balanc-
ing algorithms must be started from the beginning. This can
add as much as 0.4 seconds to the time needed to make a
measurement.

Warm-Start

A warm-start means that the bridge is very close o being in
balance so that the preliminary work done during a cold-start
is complete. A warm-start requires from zero to 0.2 seconds
to perform. At the beginning of every measurement, the AH
2500A attempts a warm-starl, If a warm-start does not suc-
ceed, it reverts to performing a cold-start. The total measure-
ment time consists approximately of the sum of the cold or
warm-start times plus the averaging time.

Measurement Times

For fime-critical applications, it is important to realize that
the balancing algorithms of the AH 2500A can take varying
amouats of time to execute depending on the behavior of the
unknown. If a problem occurs while a measurement is in
progress such that the unknown prevents the bridge from bal-
ancing, the measurement attempt is aborted and a second
attempt is made using a cold-start. If the second atternpt fails,
an error message 1s displayed and the time spent on the two
atternpts is typically on the order of a second. If the second
attempt succeeds, a measurement is displayed and the inci-
dent will be transparent to you except that the measurement
time can be at least twice as long as the selected averaging
time.

For well-behaved unknowns, the measurements will be per-
formed in the normal fime period nearly 100 percent of the
time. If the unknown is slowly changing, a different trans-
former tap will occasionally need to be selected. Selecting a
different transformer (ap may cause the current measurement
{0 be aborted, causing a cold-start followed by a normal mea-
surement. When this occurs, the normal measurement time is
increased by the time taken for the cold-start and the partially
completed measurement. This occurs infrequently, but is
apparent, particularly for short averaging times and is consid-
ered normal behavior,

When measuring noisy or poorly behaved unknowns, an
occasional abnormally long measurement time may occur
more {requently. Noise can introduce a spike or burst that
causes the bridge to briefly appear unbalanced thereby
requiring a cold-start. In summary, changing or noisy
unknowns may require more or less than a normal measure-
ment time to display a result and you should consider this to
be normal bridge operation.
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Averaging Time

Averaging time is a measurement parameter that reduces the
effects of random noise by internally averaging the noise
over a period of time. Any high gain amplifier (like the detec-
tor connected to the LOW terminal of the AH 2500A) gener-
ates random noise at its input. Amplifier noise is unavoidable
and is the main reason for providing control over the averag-
ing time. Externally generated noise can also be reduced by
averaging if it is random.

Because of noise, measurements taken with a short averaging
time will fluctuate more than those taken with longer averag-
ing times. If the noise is fruly random, the amount of varia-
tion in the measurements is inversely proportional to the
square root of the time over which the results are averaged.
Therefore, a four second averaging time gives a result that
has half the variation from measurement o measurement as
one taken with a one second time. Unknowns whose actual
value changes slightly during the measurement time will
show a measured value that is the average of the actual value
during this time. This is true only for small changes in the
unknown's value; changes which are large enough to require
selecting a different ratio transformer tap may cause the mea-
surement to be re-started or aborted.

You may ask why you should use the averaging abilities of
the AH 2500A rather than those of the computer that you
may be using to capture data from the bridge. Indeed, for
Ionger measurement times, using your computer may be use-
ful. However, for shorter averaging times, the AH 2500A
spends proportionately less time internally in the process of
sampling and averaging the noise that it sees on the LOW ter-
minal. Proportionately more time is spent preparing to take a
measurement and in reporting the results. Thas the best
results will always be obtained when the bridge is setto a
longer averaging time so that it spends proportionately more
of its time sampling its input. Due to this effect, the variation
in the measurement results improves more rapidly than the
inverse square root of the measurement time for short times.

Changing the Averaging Time

The length of time during which data is being measured
before being displayed may be selected with the following
syntax:

AVERAGE averexp

Where the possible values of averexp (average time expo-
nent) are listed in Table 4-1. The AVERAGE command is so
named because the bridge takes multiple internal sampling
readings during this time and averages them to reduce the
effects of noise before printing or displaying the result. The
number of samples taken and the time per sample depend on
averexp as shown in the table. The averaging time is the
product of the number.of samples and the sample time. (The
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Table 4-1 Measurement times

Aver- Nurc;:fber Sa!np!e AVEap:rcr):lsTaartte
exp | g amples Time Meagrtijrrrn‘aen'nent
0 1 0.01 sec. 0.04 sec.

i I 0.05 0.08
2 I 0.10 0.14
3 2 0.10 0.25
4 4 0.10 0.5
5 8 0.10 1
6 16 0.10 2
7 32 0.10 4
8 64 0.10 8
9 128 0.10 15

10 256 0.10 30

1 312 0.10 60

12 1024 0.10 120

13 2048 0.10 250

14 4096 0.10 500

15 8192 0.10 1060

term “‘sample” as used here is totally different from that asso-
ciated with the “sample switch™.)

Except for short averaging times, the warm-start measure-
ment time is about 25% greater than the averaging time. This
is true when repeated measurements are made on fairly stable
unknowns with tracking mode (discussed below) disabled.
Table £-1 shows the approximate warm-start measurement
times in seconds which result from the various averaging
time exponents.

For the first measurement on an unknown, and for changing
unknowns, the minimum time between measurements is
tonger than the warm-start time by as much as 0.4 seconds.
This is a result of having to perform a cold-start as discussed
in “Cold-Start”™ on page 4-5. Thus the expected total mea-~
surernent time can be as much as 0.4 seconds longer than the
warm-start time. Unusual unknowns may cause the bridge to
do additional error checking. This could make the actual total
measurement time exceed the expected time.

Notice that increasing averexp by 1 approximately doubles
the measurement time. Increasing averexp by 2 approxi-
mately quadrupies the measurement time and therefore
reduces the fluctuation in the measurement results by a factor
of two,

The default value of averexp stored in the GAUGE 0 parame-
ter file is four which gives a warn-start time of 0.5 second.
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Forcing a Cold-Start to get Highest Reliability

Since a cold-start requires a significant amount of time to
perform, the bridge avoids doing it for the shorter averaging
time settings. If the bridge senses that a well-behaved
unknown impedance is connected and the averaging time is
low, a cold start is done only on the very first measurement.
Another cold-start will never be performed as long as the
unknown appears to be well-behaved. In practice this works
fine, but in theory, rare problems could occur.

The worst possibility is when a LOW to ground short occurs
sometime following a cold-start and with an otherwise well-
behaved unknown. The bridge still appears to be balanced
since the input voltage has remained near zero, This will be
true even if the unknown changes or is removed provided
that the short is not interrupted. The bridge is “fooled” into
reporting the same readings as before the short occurred even
though the capacitor may have been removed.

This problem can be avoided by forcing the bridge to per-
form a cold-start for every measurement. Setting averexp to
be greater than or equal to 7 will foree a cold-start to be per-
formed for every measurement,

Unfortunately, this solution has more than just a timne penalty.
Performing a cold-start requires that relays be opened and
closed for every cold-start. Being mechanical components,
relays have a lifetime that is inversely-proportional (statisti-
cally) to the number of contact closures. 1t is therefore not
desirable to arbitrarily perform very large numbers of cold-
starts without some justification. In practice, you will not
often find that justification.

Auto Switching to High Speed

The AVERAGE TIME command allows you to set the AH
2500A either to a long measurement time to get a high gual-
ity reading or to a short measurement time to allow taking
fast readings. You have to decide what setting will give the
most information about your unknown. If your unknown is
sometimes fairly stable and sometimes changes much more
rapidly, it will not be possible to choose an averaging time
that works well in both situations. If the average time is long,
you will lose most or all data from the unknown while it rap-
idly changes. If the averaging time is short, you will be del-
uged with a lot of readings, all of which are lower resolution.
As discussed in “Averaging Time” on page 4-6, using a com-
puter to average these readings has disadvantages. What you
need is a way {0 automatically shorten the averaging time if
your unknown starts changing rapidly.
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Using Tracking Mode

Tracking mode is an AH 2500A feature that allows measure-
ment of fairly rapidly changing or drifting unknowns. When
rapid change occurs, long averaging times that are normatly
used to cance!l noise and provide better accuracy in the mea-
sured result are not desirable. Enabling tracking mode causes
the bridge to monitor the rate of change of the unknown. If
the rate exceeds a preset amount, the bridge will override the
current averaging time setting and begin raking measure-
ments at a rate of about 25 measurements per second to track
the changing unknown at a lower resolution. The bridge will
continue this override as Jong as the unknown continues to
change more rapidly than the preset amount. As soon as the
unknown stops its rapid change, measuremnents will again use
the current average time setting. Tracking mode can be
entered no matter what the averaging time has been set to.
The bridge tries to automatically provide the best of both
worlds.

The syntax for the command to enable tracking mode is:

TRACK ihreshold

where the threshold is an integer ranging from 0 to 3. A zero
value disables the feature. The threshold is a measure of the
maximum rate at which the capacitance can change before
high speed tracking takes over. The smaller the threshold, the
more likely the tracking algorithm will be to take over and
the less likely it will be to revert back to the current averag-
ing time setting. The threshold equals

dC
’Zioga +k

where d(/dt is the maximum allowable rate of change of the
capacitance and k is a constant for a given measurement con-
figuration. Thus, incrementing the threshold by one increases
the rate at which the capacitance may change without track-
ing occurring by a factor of approximately 3. Increasing the
threshold by two increases this rate by a factor of 10. The
threshold covers a range of 100,

It would be nice to define a value for k so that the threshold
could be related to specific numeric values of dC/dt. Unfortu-
nately, k depends in a complicated way on the impedance
vatue being measured, on the capacitance to ground of the
LOW terminal, and other things. The threshold is therefore
only a relative parameter.

Track mode is disabled with either of the following com-
mands:

TBACK HALT  or

THRACK 0

The track mode works in either single or continuous modes.
If you are reading the front panel and the data is not being
writien down, then the continuous mode is likely to be the
best choice. If there is no computer available to rapidly trig-
ger single readings then the continuous mode is the only way
1o generate the high data rate that the track mode can provide.
On the other kand, if a computer has control then it may be
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very desirable to program it to trigger each reading individu-
ally. Otherwise, in continuous mode it could be overloaded
with an unexpected burst of data if the unknown begins to
change too rapidly.

Track mode will foilow a rapidly changing unknown at the
bridge’s highest rate unless the unknown either stops chang-
ing rapidly or it changes by a large ratio relative to the value
at which the tracking started. If the rapid change stops. the
bridge will take subsequent readings using the selected aver-
aging time. If the unknown changes by a large capacitance or
loss ratio, the bridge will take one measurement with a cold-
start to make some internal adjustments and will then con-
tinue taking readings at the highest rate. This event will inter-
rupt the high speed tracking by adding about 0.5 second to
one of the readings.

‘When the bridge switches to making measuremenis at a high
rate, this is indicated with 2 “t " in the upper right corner of
the front panel display and with 2 “T” message to remote
devices.

The default threshold in the GAUGE 0 parameter file is zero.

REJECTING INTERFERING SIGNALS

Usually noise problems are due to input amplifier noise or
apparently random noise from external sources. However, the
most insidious source of noise is that from an externally gen-
erated interfering signal whose frequency is very close to the
1 kHz sine wave that the AH 2500A uses. If the interference
is close but not identical in frequency to that of the bridge,
beating effects can occur that cause measurement resuits to
vary in a regular, periodic manner. If the interference is so
close in frequency to that of the bridge that the phase differ-
ence between the two signals does not change significantly
while a sequence of measurements is being taken, then a con-
stant error may exist in every measurement in the sequence.
This is the worst case because there is no clue in the measure-
ment results that there is a problem.

You might think that it is improbable that an interfering sig-
nal could have a frequency that is nearly identical to that of
the AH 2500A, but that is not the case.

Interference from Other Instrumentation

One kilohertz is a very popular test frequency. Many other
impedance measuring instruments offer this frequency. If it is
a modern instrument, the signal is likely to be derived from a
quartz-crystal osciilator (as is the AH 2500A’s} and will
therefore be very accurate. This high accuracy means that
such an interfering signal will be very close in frequency i
that of the AH 2500A.

Just because there is another nearby signal with nearly the
same frequency does not antomatically pose a problem—
there must still be a way of coupling it into the AH 2500A.
There are many ways this can happen. One interesting exam-
ple occurs with some formerly popular ratio-transformer
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based capacitance bridges. These have fairly large ratio-
transformers that are not well shiclded. These transformers
will radiate significant levels of magnetic EM] at their test
frequency. Magnetic interference at 1 kHz is harder to shield
against since it easily passes through non-ferrous metals.
Such interference can be picked up by loops in any circuit
even if they are formed of coaxial cable.

Magnetic .
field fines ™

Parallel
anclosed
area

DUT's
I

Figure 4-5 Magnetlcaiiy»lnduced pickup into enclosed
areas that are parallel and perpendicular to the field.

interference from Power Lines

Most power line interference is obviously worst at 30 or 60
Hz. This is so far from | kHz that it is not a problem in any
reasonably well shielded configuration. However, because so
much power is involved, even higher harmonics of the funda-
mental power frequencies can be a problem. The 20th har-
meonic of 50 Hz is exactly 1.000 kHz. The 17th harmonic of
60 Hz is exactly 1.020 kHz. Since the frequency of national
power grids is very precisely controlled, a 1.000 kHz har-
monic from 50 Hz power lines is an especially serious poten-
tial source of interference. Since power lines are everywhere
in a laboratory, the possible prospects for coupling an inter-
fering harmonic into a bridge are many.

Minimizing the Coupling of Interference

The best way to avoid interference problems is not to couple
the interference into the bridge in the first place. The ways of
accomplishing this are:

1. Tun off the interference source.

2. Put a significant distance between the interference
source and the bridge.

3. Reduce the coupling by shielding. Three-terminal con-

struction should virtually eliminate any electrostatic

AH 2500A Capacitance Bridge

God



coupling to an interference source. Shielding of mag-
netic interference is more difficult at one kilohertz. it
requires carefully designed shielding using high-perme-
ability ferro-magnetic alloys.

4. If the coupling is magnetic, reduce the enclosed area of
the measurement circuit and orient the enclosed area so
it is parallel to the field. Figure 4-5 shows a power
transformer and some typical magnetic field Iines that
radiate from it. Two DUT’s are located within this field
at & point where the field lines are vertical. The field
lines will penetrate the DUT's and the shielded coaxial
cables.

The measurement circuit of the DUT on the right forms
a loop whose enclosed area is oriented roughly perpen-
dicular (normal) to the direction of the field lines. This
area is shown in an extracted form below this DUT
with a large number of fieid lines passing through it.

The measurement circuit of the DUT on the left forms a
loop whose enclosed area is oriented roughly parallel to
the direction of the field lines. This area is shown in an
extracted form to the left of this DUT with a small
namber of field lines passing through it.

The interference voliage induced in these measurement
circuits is proportional to the number of field lines pass-
ing through their enclosed areas. The measurement cir-
cuit of the DUT on the right therefore picks up much
more magnetic interference from the transformer than
the DUT on the left. The figure demonstrates that the
induced interference voltage can be reduced by con-
structing the measurement circuit so as to minimize the
enclosed area and by orienting the circuit so that it
intercepts as few field lines as possible.

5. If the above steps are not sufficient, then use the Alter-
nate feature of the AH 2500A explained below.

Changing the Alternate Period

The AH 2500A has a feature which allows it to reject signals
from external sources generated at the same or similar fre-
quency and phase as the one kilohertz sine wave test signal
that the bridge uses. The AH 2500A does this by periodically
alternating (or reversing or commutating) the applied test sig-
nal to make it distinguishable from the synchronous interfer-
ence signal. This ability to reject synchronous signais is
enabled with the following command:

ALTERNATE alrexp

The possibie values of altexp range from zero to seven with
zero being used o disable this feature. The time periods that
may be selected to perform a complete reversal cycie are
listed in Tabie 4-2,
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The Alternate time period is the shortest when alrexp is set to
one and increases by factors of two as alfexp is incremented.
The selectable range of times for a complesie Alternate cycle
is from 0.25 to 16 seconds. However, the Alternate time can
not exceed the averaging time and thus will automatically be
reduced by the bridge to the current value of the averaging
time if you try to set it otherwise. The Alternate featuse is not
available for averexp values of 0, 1. or 2. If an averexp value
of 3 is chosen, an altexp value of 0.25 seconds will automati-
cally be used no matter what non-zero value you have
selected alfexp to be. These dependencies of the Alternate
time period on averexp wiil not appear in the value of altexp
reported by the SHOW command, the only effect is on the
Alternate time period actually used during measurements.

Table 4-2 Alternate time periods

Alternate
Altexp time period
0 Alternating Disabled
| 0.25 Seconds
2 0.50
3 1.00
4 2.00
5 4.00
6 8.00
T 16.00

To get the best rejection of interfering signals, the Alternate
time period should be chosen to be short in comparison with
significant changes in phase of the interfering signal relative
to the AH 2300A’s test signal. The Alternate feature is only
effective when the interfering frequency is so close to the AH
2500A’s frequency that the period of any beat effects is com-
parable to or longer than the averaging time. This means that
the 1020 Hz harmonic of a 60 Hz power line is just outside
the range of frequencies that can be rejected by the Aleernate
feature even for the shortest possible setting of the Alternate
time period. However, all measurements use an (.1 second
basic sampling period which rejects 20 Hz beat frequencies.
This also causes rejection of the 950 and 1050 Hz odd har-
monics from 50 Hz power sources.

Although the Alternate feature has no known detrimental
effects on the quality of the measurements, choosing a longer
Alternate time will reduce whatever effect might possibly be
observed.

The defauit altexp in the GAUGE 0 parameter file is zero.
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DECIDING WHICH UNITS TO USE

You have some ability to select the units in which the mea-
surement results are presented. especially in the case of the
loss units, Capacitance is always displayed in units of pico-
farads unless Reference result mode is enabled in which case
units of percent are avaitable also. This mode is discussed in
“Reference Result Mode™ on page 5-2.

Five different loss units are normally available. When Refer-
ence result mode is enabled, units of percent deviation are
also available. Understanding how the five uniis of loss are
related to one another will help you o cheose the most
appropriate units for a given application.

Before getting into descriptions of each of the available units,

it is important to understand that ell capacitance and loss
units on the AH 2500A fall into one of the two major catego-
ries discussed below.

Series Versus Parallel Circuit Models

Real capacitors are not perfect. Real capacitors contain loss
mechanisms that cause the parallel resistive component of
their impedance to be less than the infinite value expected of
an ideal capacitor. The leads and plates of capacitors (super-
conductors excluded) always contain some resistance that
appears in series with the actual capacitance. The dielectric
material in which the field between the capacitor plates exists
also contains one or more loss mechanisms that appear in
parallel with the actual capacitor. A model of a real capacitor
might appear as shown in Figure 4-6 which contains both the
series and parallel resistances.

Rp

Rg

C

Figure 4-6 Capacitor model with
both series and parallel resistances.

However, a single-frequency bridge has no way of separately
measuring these two resistances with a single measurement.
A bridge must report either a series resistance or a parailel
resistance but not both. Fortunately, it is possible to treat both
of these resistances as if they were a single series resistance
or as a single paralle] resistance. These equivalent circuits are
shown in Figure 4.7 and Figure 4-8.

The hardware of the bridge makes its measurements in the
form of parallel capacitance and loss. If you request that the
results be reported in the series form, the bridge converts
from parallel capacitance (Cp) and resistance (Rp) to series
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Rg ©s
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Figure 4-7 Capacitor model with loss
represented by a single series resistor.

Figare 4-8 Capacitor model with loss
represented by a single parailel resistor.

capacitance (Cg) and resistance (Rg) using the following
equations:

Co= (1+D%)C, Eg. 4-1
D7k, Eq. 4-2
57 1+D2 4
where the dissipation factor (D) is given by:
D= — Eq. 4-3
wC,R, '

and o is 2x times the frequency (1000 Hz). D has the same
vatue for series or parallel configurations. Since the bridge
does these conversions, you should not need to use these
equations yourself. However, it is instructive to realize that
the conversion is somewhat messy and non-linear.

Deciding on the Circuit Model

It is important to understand that your choice of loss units
also implicitly selects either the series or the parallel circait
maodel. Only a choice of series resistance units will cause the
bridge to report its result in series units. All other units
choices will cause paralle! results to be reported. It is also
important to understand that choosing units of series resis-
tance affects not only the loss units and value, but also the
value of the capacitance result. The capacitance units (usu-
ally picofarads) will not change, but the value will be a series
value, not a parailel value. If the loss is zero (D = 0), the
series and parailel capacitance values are the same. If the loss
is significantly different from zero, the series and parallel
capacitance values may deviate significantly from each other.

AH 2500A Capacitance Bridge
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Usually, in a real capacitor, either the series or the parallel
resistance dominates. Series resistance usually dominates for
large capacitances and parallel resistance usually dominates
for small capacitances. Thus the measurement of such a
capacitor should, ideally, be chosen to give results in the
form of series or parallel resistance to correspond to the
nature of the actual capacitor. Measurements on capacitance
standards are always reported using the parallel model.

Available Loss Units

The five loss units which you may select are described below.
They are described in the same order as the units indicators
appear on the front panel.

Conductance

Conductance ((3) is a natural way to measure the loss of a
capacitor because conductance is directly proportional to the
amouit of loss in the capacitor. The AH 2500A uses units of
nanosiemens to measure conductance. The conductance is a
parallel loss parameter and is the inverse of Rp. Units of
nanosicmens are also the exact inverse of units of gigohms
which are used to report Rp. Therefore one nanosiemen is the
conductance produced by one gigohm. (The term Siemens
replaces the older term Mhos).

Dissipation Factor

Dissipation factor is related to parallel capacitance and resis-
tance by Eq. 4-3. Unlike the other parallel methods of
expressing loss, dissipation factor is dependent on the capac-
itance value. A useful way to think of dissipation factor is as
the ratio of the conductance to the capacitive susceptance
(B

D =-G/B where B=-wCp Eq. 4-4
Dissipation factor may be thought of as the ratio of the loss to
the capacitance. If the capacitance and loss are the compo-
nents of a vector having an angle §, thea D is tan 8.

Dissipation factor tends to describe a property of the
unknown impedance that is essentially independent of the
value of the capacitance. For a given kind of capacitor con-
struction, doubling the value of the capacitor usually doubles
the conductance also. This means that the dissipation factor
will tend to be constant for a given type of capacitor while
the capacitance and conductance will tend to change in pro-
portion to the size of the capacitor. This makes dissipation
factor useful for describing a given fype of capacitor and also
for characterizing dielectric materials. Conductance and
resistance, in contrast, are better to use when measuring a
specific capacitor,

AH 2500A Capacitance Bridge

Like all the other loss units, the dissipation factor can have
either a positive or a negative sign. If the capacitance and
loss are both negative then D will be positive. D is the
inverse of the quality factor Q, (Q = 1/D).

Series Resistance

As explained above in “Deciding on the Circuit Model” ,
selecting series resistance units gives results that differ from
all the other loss unit choices in important ways. Series resis-
tance is reported in units of kilohms.

The obvious utility of having series resistance units is in
being abie to measure devices whose series resistance is
believed to comprise most of the total loss. In this case, it
may be possible o accurately measure resistances that are
not physically accessible by any other means.

Parallel Resistance

For those familiar with electronic circuitry where imped-
ances are usually expressed as resistance measured in ohms,
the most easily understood way to measure loss will probably
be as parallel resistance (Rp). Rp is the inverse of the conduc-
tance {Rp = 1/G). The AH 2500A displays resistance in units
of gigohms (1 gigohm = 1 billion ohms). Notice that units of
nanosiemens are the inverse of gigohms. See the discussion
in “Conductance” above for the relationship between con-
ductance and parallel resistance.

It is important to understand that Rp as measured by the AH
2500A will not usually have the same value as that obtained
from a DC resistance measurement. In fact, the value mea-
sured by the AH 2500A is likely to be much smaller, even by
orders of magnitude. The reason is that the AH 2500A mea-
sures the BC leakage resistance combined with the loss of the
capacitor. However, Rp does serve to put a lower bound on
the value of the DC resistance.

Loss Vector — an Alternative to Conductance

If you desire to report your capacitance and loss results as
orthogonal vectors, the AH 2500A provides units of G/w jpF
for this purpose. These units cause the measurement resulis
to be reported as the two components of a complex admit-
tance vector. The capacitance (or susceptance component) is
still given in picofarads. Two components of the same vector
should have the same units so that the loss (or conductance
component)} is also reported in picofarads. The phase angle
between the conductance and the capacitance is 90 degrees.
This is represented by “J" in complex terminology so the loss
vector units are labeled as jpF rather than just pF. The magni-
tude of the loss vector is simply equal to G/,

This set of units is not labeled on the front panel. It is indi-
cated by having both the dissipation-tand and series-kilohms
LED indicators illuminated.
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Changing the L.oss Units

The units of foss are selected with the following command
syntax:

UNITS lossunit

where lossunit is a nomber in the range from 1 to 5. The list
below gives the corresponding units for the respective los-
sunit numbers. The unit abbreviations are given in the col-
umn to the right.

1 - Nanosiemens (nS)

2 - Dissipation factor (tand) (dimensionless)
3 - Series resistance in kilohms (k€

4 - Parallel resistance in gigohms (GLY)

5- G/w inj picofarads (pk)

To make the lossunit numbers easy to remember, numbers
one through four are in the same order as they appear on the
front panel unit indicator labels.

The UNITS command does not initiate a new measurement,
buf its execution will cause the previous measorement result
to be re-calculated and reported using the new units selected.
This provides a simple way to compare the results of differ-
ent units settings on the same measurement. If you are not
famitiar with some of the available units settings, some
experimentation with this command as applied to a given
measurement may be helpful.

The default loss units in the BASIC 0 parameter file are
nanosiemens.

COMPENSATING FOR STRAY
FIXTURE IMPEDANCE

Some applications may require measuring the capacitance or
foss of a device which is not directly connectabie to the AH
2500A. Such a device is often called the “Device Under Test”
or DUT. Often, the DUT may only have contacts rather than
cables or leads with which to make connections. Even if
something better than contacts exists, it will usually not be
three-terminal. In such a case, a fixture is used to hold the
DUT, to make connection to it and to provide the proper
cabling to carry three-terminal measurement signals to the
bridge. In most cases, this fixture will have a capacitance and
loss (impedance) of its own, Usually, some part of this fixture
impedance will contribute to any measurements taken with
the DUT mounted in the fixture.
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The AH 2500A offers a means of correcting the measurement
result so that a constant fixture impedance is mathematically
removed. This is called the “Zero compensation result mode”
and is controlled by various forms of the ZERO command.
This compensation mode allows you to directly measure the
paralfel fixture impedance and then to optionally remove that
impedance from the measurement result. Alternatively, an
impedance value for the fixture can be entered into the bridge
rather than measured. Since the ZERO command is very
similar to the REFERENCE command, both are described
together in “RESULT MODES” on page 5-2 of Chapter 3,
“Data Presentation”.

VOLTAGE OF THE TEST SIGNAL

The AC RMS voltage applied to the unknown is largely auto-
matically determined by the AH 2500A. The voltage used to
make a measurement is reported with that measurement’s
results both on the fromnt panel and on remote devices. The
section “MAKING SINGLE MEASUREMENTS” on

page 2-6 explains how to show this voltage on the front
panel. Chapter 5, “Data Presentation” discusses the ways that
the applied voltage is reported to remote devices,

Due to the nature of the technology that the AH 2500A uses,
it is not possible to specify the amplitude of the 1 kHz sinuso-
idal voltage that is applied to the unknown in the process of
making a measurement, but it is possible to limit that voltage
to a maximum value.

Faor capacitance values below about 80 pl and unless other-
wise limited, the AH 2500A will apply its maximum test sig-
nal of 135 volts to the unknown to make measurements. For
capacitances larger than about 30 pF, the bridge must reduce
the apphed voltage in order to balance the bridge. The larger
the capacitance, the smaller the applied voltage must be in
order to balance the bridge. Unless otherwise limited, the
bridge will always choose the largest possible voltage that
will balance the bridge.

The range of capacitance that can be measured with a given
voltage is listed in Table 4-3, These values are very approxi-
mate and vary significantly from one serial number to
another. For some bridges, these values will be 25% higher
than the table shows. The table shows ranges covering nega-
tive values because the bridge can measure negative values
of capacitance and loss. These ranges cover all values
between the listed limits no matter how small.

The same issues apply 1o loss measurements as for capaci-
tance. The loss ranges are also shown in the table.
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Limiting the Test Voltage

You can set the voltage of the 1 kHz test signal applied to
your unknown to a maximum valae. This does not mean that
the actual applied voltage will necessarily come close to the
maximum value that you specify — it could be far lower. To
use an extreme example, a voltage of 15 volts might be spec-
ified, but if the unknown capacitance is near the top of the
AH 2500A's range, only 0.001 volts may actually be used o
measure the unknown. The command used to specify the Hm-
iting voltage is:

VOLTAGE highest

The highest parameter is the maximum AC voltage in volts
RMS that the bridge will apply to the enknown. Any voltage
may be entered, but the bridge will limit the maximum mea-
surement voltage o a value equal to or below the amount
specified. Table 4-3 lists the actual RMS voltages that the AH
2500A uses.

Table 4-3 Capacitance and loss ranges for the
available Hmiting veltages,

Capacitance Loss Range
Limit Range (pF) (nS)
{volts)
From To From To

*15.00 -8 +80 0.4 +4
*7.50 -16 +160 -0.8 +8
3,75 -16 +160 0.8 +3
*3.00 -40 +400 -2 +20
*1.50 -80 +800 -4 +40
*0.750 -160 +1600 -8 +80
0.375 -160 +1600 -8 +80
*0.250 -480 +4800 -24 +240
0.125 480 +4800 -24 +240
*0.100 ~1200 +12 000 -60 +600
0.0650 ~1200 +12000 -60 +600
*().030 -4000 +40000 | -200 1 +2000
0.015 4000 +40000 | -200 [ 42000
#0.010 -12000 | 4120000 | -600 | +6000
0.0050 | -12000 | +120000 1 -600 |  +6000
*0.0030 40000 | +400000 | -2000 | +20000
0.0015 | -40000 | +400000 | -2000 | +20000
*0.0010 | -120000 | +1200000 | -6000 | +60000
0.0003 | -120000 | +1200000 | +6000 | +60000

The asterisks mark preferred voltages which will give
slightly better accuracy. The basic bridge circuit inside the
instrument is driven by its maximum voltage when these
marked voitages are selected. The bridge circuit is driven by
half its maximum when the other voliages are selected.
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The capacitance values listed are the largest that can be mea-
sured af the associated voliage. The maximum voltage speci-
fied does not represent the maximum voltage ever applied to
the unknown; it represents the maximum voltage that is used
to get the final measurement result. Transient voltages as
high as 0.1 volts can occur no matter what the maximum
voltage is set to. The default value of highest in the GAUGE
0 parameter file is fifteen volts.

UNKNOWNS WITH DC VOLTAGE

The AH 2500A allows DC voltages to be applied to or be
bled from unknowns or to be left unaffected.

DC Bias Disabled

With the DC bias feature disabled, the bridge actively drives
any residual DC voltage across the unknown to zero. The
internal driving source can supply up to 10 microamperes, If
the DC current supplied by the unknown capacitance exceeds
10 microamperes, the error message di an L | nPuk
will appear on the display. An external resistor to shunt the
LOW terminal to ground might also work in this case, but

would increase the amount of noise that the bridge sees.

Applying a DC Bias Voltage

The AH 2500A allows a DC bias voltage of up to 2100 volts
to be applied to the unknown. This voitage is suppiied exter-
nally between the center conductor of the DC bias connector
on the back of the bridge and ground. In addition to making
this external connection, it is also necessary to execute a
command which closes an internal relay. When closed, this
relay comnects the external bias voltage through an internal
series resistor to the LOW input of the bridge. Thus the LOW
input may then have the same DC voltage as is applied to the
external IC bias connector. The HIGH terminal of the bridge
is always a low impedance DC ground.

WARNING !

The voltage that you apply to the DC bias input will be
passed o the LOW input terminal. From there it will go to
whatever unknown impedance and fixture you have con-
necied. Be sure that your fixture and cable are constructed in
a manner that will prevent personal contact with any applied,
high DC voltages. The frame of the fixture and the shield of
the cable should be grounded,

CAUTION

The voltage connected to the DC bias input appears directly
across the internal fused-silica capacitance standard,
Application of voltages significantly in excess of 100 volts
may damage or destroy the standard,
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The command used {o enable DC bias measurements and to
select the value of the internal series resistor is:

IAS enable

where the enable choices are:

0 Disabled (no series resistor connected)
1 106 megohm series resistor connected
2 1 megohm series resistor connected

The enable choices are numbered in order of ability to feed
increased levels of current into the unknown.

The default enable value in the GAUGE 0 parameter file is
ZETO.

Optimizing the Series Resistance

The value chosen for the internal series resistor involves a
compromise. The larger this value is, the smaller the noise
wili be in the resulting measurements. Thus for measure-
ments which do not require a DC bias, the internal series
resistor is not connected and the noise is thus held to a mini-
mum. On the other hand, if there is any BC leakage in the
unknown being measured, then a voltage divider is created
which causes the voltage across the unknown to be less than
the voltage applied to the external DC bias connector. To
minimize this effect, the internal series resistor should be as
small as possible. To allow you to optimize this trade-off, the
value of the internal series resistor may be selected with the
BIAS command to have a value of either 1 megohm or 100
megohms.

Another reason for wanting the series resistor to be smaller is
the #ime required to charge the unknown capacitor to a bias
voltage that is within an acceptable tolerance of the desired
voltage. You can avoid this trade-off by using an enable
value of two to rapidly charge your unknown, then switching
to an enable value of one to take a low-noise reading,

To allow you to further optimize these trade-offs, the internal
series resistors which are R643 and R644, respectively, on
the preamp board can be shunted with resistors that you sup-
ply using the terminals provided for this purpose. Resistor
values as low as 10 kilohms are practical. Since a current is
flowing, to minimize noise, these should not be carbon com-
position, but rather carbon film or, better yet, metal film. Be
aware that 100 volts across 10 kilohms dissipates one watt.
Changing the value of the series resistors on the preamp
board is something that should be done only by a person
gualified to work on electronic circuits. See “DC BIAS
Resistor Tests™ on page 11-16 to learn how fo measure and/or
change these resistors. For safety and performance reasons, it
is extremely important to observe the warning and caution
messages given there.
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Measuring the Actual Applied DC Voltage

For unknowns that have some DC leakage. it is desirable to
measure the actual DC voltage that is applied to the
unknown. This is done by measuring the DC voltage between
the LOW terminal and ground while the unknown is con-
nected. Several considerations are important while doing
this. A typical internal series resistor may have a resistance
that is comparable to or larger than the input resistance of a
typical voltmeter. Thus either the internal series resistor must
be made small or the meter must be chosen to have an excep-
tionally high input impedance or both. If this is not possible,
then the DC bias voltage across the unknown will change
depending on whether the voltmeter is connected or not. The
voltmeter can remain connected to the LOW terminal while
the bridge takes readings if the voltmeter is shielded from
external noise and from the HIGH terminal and if the voltme-~
ter itself does not introduce an unacceptable amount of noise.
If the internal resistance of the voltmeter is the only source of
noise, then the higher this resistance is the better.

Charged Unknowns

Some unusual unknowns (like piezoelectrics) have the ability
to generate a DC current which may be greater than what the
input of the AH 2500A can zero out under normal operation
{i. e., with DC bias disabled). In this case, the solution is to
enable the DC bias with the BIAS command. This allows at
least 100 volts to exist across the unknown without affecting
the measurement and thus preventing the OC OM LOW
IHPUT error message {rom appearing. The external bias
conmector can be left open or shunted to ground. The latter
configuration would allow the internal series resistor to bleed
off any excess charge that tended to build up on the
unknowr.

input Protection

A number of protection devices are incorporated in the AH
2500A to prevent charged capacitors or excessive external
bias voltages from causing damage to the capacitance stan-
dard or the preamp which are both connected to the LOW
inpat. If voltages much in excess of 100 volts are applied, a
gas discharge device which is connected between the LOW
input and ground will suddenly begin conducting to hoid the
voltage at the preamp input within range. This will not
change a voltage applied to the DC bias connector but will
very suddenly remove charge from any external capacifor
having an excessive voltage.

CAUTION

Charged capacitors or low impedance power sources musi
not be connected between the HIGH terminal of the bridge
and grotnd. Connection of such sources will cause them to
discharge into the contacts of the attenuator relays which
will damage these contacts.

AH 2500A Capacitance Bridge
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Chapter 5

Data Presentation

This chapter explains the various ways that you can present
capacitance and loss measurement data using the AH 2500A.

The first part of this chapter explains variations in the ways In
which measurement data can be presented that apply to both
the front panel displays and to remote devices. How to con-
trof the number of significant figures that are reported is dis-
cussed. Methods of subtracting constant amounts from
measurement results are also introduced.

The second major part of this chapter explains additional
ways in which data can be presented on remote devices only.
Topics discussed include the ways to control the number of
columns and fields that are printed, the ways in which the
data is labeled and punctuated and the numeric notation that
is used.

SIGNIFICANT DIGITS

“Significant digits” refers to those digits in the measured
result that are meaningful. The “most-significant digits” are
at the beginning of a number and are always the most mean-
ingful. The “least-significant digits” are at the end or right
side of a number and are always the least meaningful. Often
there are one or more digits at the right side of a measure-
ment result that represent a level of performance that is
beyond an instrument’s capabilities. In this manual, the term
“significant digits” will be used to refer to all the digits ina
measurement resuit except those that are beyond an instru-
ment’s capabilities. This is a subjective concept since there is
no accepted, rigorous method by which to separate one kind
of digit from the other.

Automatic Limitations

When making measurements, the AH 2500A monitors the
amount of noise coming from the unknown impedance. It
also monitors its internal systematic error contributions.
Using these two error sources, it computes the maximum
number of meaningful digits and rounds (rather than trun-
cates) the results so that meaningless or misleading digits are
not reported. I the meaningless digits are to the right of the
decimal point they are replaced by a space. If they are to the
left of the decimal point they are replaced with zeroes.

The AH 2500A can report as many as ten digits in a measure-
ment result. For many measurements, not all of these digits
will be stgnificant. The bridge’s ability to eliminate meaning-
less digits reduces the clutter in the results. More importantly,
by eliminating meaningless or misleading digits, the bridge
ensures that your time is not unintentionally wasted attempt-
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ing to interpret such digits. Unfortunately, it is common prac-
tice by many other manufacturers to report many more digits
than are meaningful or useful.

Reporting that Last Digit

It will sometimes happen that the bridge will not report as
many digits as you would Hke for your measurements, This is
most {frustrating when the least-significant digit that vou
would like to get is sometimes reported and sometimes not.
The obvious thing to {ry in this situation is to reduce the noise
that the bridge sees by using one or more of the techniques
discussed under “MEASUREMENT SPEED VS, MEA-
SUREMENT FLUCTUATION” on page 4-5 and “REJECT-
ING INTERFERING SIGNALS” on page 4-8. If you have
applied the features described in those sections; if vou are
confident that your unknown sample is as noise-free as you
can make it; if your application restricts you from increasing
the averaging time any further; and if vou would still like
another digit to be reported, then you will need to consider
the approach below.

It is important to understand that the AH 2500A does not
eliminate digits that contain useful information. The bridge is
caretul to always choose the number of digits that are
reported such that at least one of the least-significant digits is
noisy if there is noise in the measurement. This is extremely
important because it allows you to externally average a num-
ber of measurement results to get a number having a higher
resolution than the ones reported by the bridge. Such averag-
ing would not be productive if the bridge did not leave some
noise in its measurement results. One application of this is to
obtain data of higher resofution by averaging the results of
relatively fast, synchronously triggered measurements of an
unknown sample that is being slowly modulated by some
external influence.

Setting a Limit on the Significant Digits

The AH 2500A normally reports all significant digits that it
has available. Sometimes it is desirable to round off the mea-
surement result to one with fewer significant digits. The
PLACES command can be used to specily the number of
significant digits (from one to nine) for the capacitance and
loss values that are displayed on the front panel and sent to
the remote devices. When you limit the number of significant
digits in this way, the bridge will automatically round off the
result to the number of digits you specify. This feature does
not override the automatic limitations described above, it can
only further limit the number of digits reported.
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The number of significant digits to be reported is selected by
changing the digits parameters with the PLACES command.
The syntax of the PLACES command is:

PLACES [CAP or LOSS] digits

The digits parameters can have any value from one to nine.
When counting significant digits, don’t include the decimal
point, signs, or the exponential part of numbers expressed in
scientific or engineering notation. The default numbers of
significant digits for both capacitance and joss are stored in
the BASIC 0 parameter file. Both default numbers are nine
which is the maximum possible.

The capacitance and loss values can have different numbers
of significant digits if needed by explicitly specifying the
CAP or LOSS qualifiers. If neither CAP nor LOSS qualifi-
ers are explicitly specified, both cap and loss are affected
simultaneously. If only one of the values is explicitly
changed, the other will remain at the previous setting.

Examples

To show some examples of the effects of the PLACES com-
mand, consider a printout using the default places parameters
of nine.

L= 987,654321 PF L= 8,9912345% HE

If the command FPLRCES C 2 isexecuted, the printout
would appear as:

C= 42%94.8 FF L= 8,8812345 N3

Notice that 937 was rounded to 998 and that the digits that
were eliminated were replaced with spaces rather than being
deleted. For fixed field width settings (see “Fixed/Variable
Field Widths” on page 5-8}, this example demonstrates that
the PLACES command does not change the starting column
numbers of the printed fields. Suppose that the command FL
. 2 is entered next. The printout will be:

= Q9F,§ FF L= B.8812 HS
As another example, if the bridge measured a capacitance of
47834, 831 FF and you change the number of significant
digits to two, (FLALES 2) the bridge will report the result as
48888, The same measurement following a FLRCES &
command would report 47534 . 9.

RESULT MODES

The AH 2500A can be placed into a “Reference result mode”
where it reports deviations of capacitance and/or loss froma
reference value that you entered or measured. These devia-
tions can be presented in an absolate format or as a percent-
age of the reference values.
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The bridge can also be placed into a “Zero result mode” in
which compensation is made for stray capacitance and loss
that exists in a test fixture used {o measure the unkrown
impedance.

The Reference result mode and the Zero result mode can be
active simultaneously.

The default mode of operation has all of the above features
disabled. This mode is called the “Absolute result mode”.
The default mode is contained in the Reference and Zero
parameters in the GAUGE O parameter file.

Absolute Result Mode

Operation of the AH 2500A is most commonly done in Abso-
lute result mode. The measurements taken in Absolute resclt
mode are the actual values of capacitance and loss as seen by
the bridge. The values have not been corrected for stray fix-
ture impedances or modified to adjuost for other differences or
offsets that may exist at the far end of the measurement
cables.

Absolute result mode is active when Reference and Zero
result modes are both disabled. As explained below, execut-
ing the commands REFERENCE HALT and ZERO HALT
will cause Absolute mode o be active,

Reference Result Mode

When the AH 2500A is operated in Reference result mode,
measurement results are reported as a deviation from a refer-
ence value that you define.

There are two ways to enter the reference values. You can
either enter them manually or the bridge can use the last mea-
sured capacitance and/or loss values as the new reference
values. In addition, you can choose to report the measure-
ment result as either the absolute deviation from the refer
ence or as a percentage deviation from the reference.

Entering reference values does not necessarily mean that the
values are being used to produce deviation results. Enabling
Reference mode is a separate operation from entering the val-
ues. Entering the values only makes them available for future
use. Reference result mode must be enabled to begin using
the values to predace deviation resuls,

Entering Reference Values Manually

To manually enter the reference values, the command

BEEERENCE [CAP or LOSS] refvalue

is used, where refvalue is the desired reference vatue for
capacitance or loss. The command must be issued twice if
reference values for both capacitance and loss are needed.
The maximum length of the reference valaes that can be
entered is nine digits.

AH 2500A Capacitance Bridge
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When this command is entered from the front panel, the
upper display will show either [AP or LE5%5 andthe
lower display will show the value being entered.

When reference values are entered from a remote device, the
values can be negative and may be entered in any of three
numeric notations discussed later in “Numeric Notation™ on
page 5-8. The bridge will automaticaily detect which format
is used.

The current Unifs parameter settings are assumed when
entering reference values. You can see what the current units
are by using the SHOW UNITS command. If you change the
units gfter entering reference values, these values will be
converted to the new units. This is useful if you know the
desired reference value(s) in one set of units but wish to
make measurements in a different set of units.

The default reference values stored in the GAUGE O parame-
ter file for capacitance is zero picofarads and for loss is zero
nanosiermens.

Entering Reference Values Automatically

The version of the REFERENCE command shown below
causes the last measured capacitance and/or loss values to
become the reference values,

REFERENCE [CAP or LOSS] SINGLE

If both CAP and LOSS qualifiers are omitted from the com-
mand, then both of the last measured capacitance and foss
values are used as the new reference values.

Enabiling Reference Result Mode

To enable reporting deviations one must ender a command
with the syntax:

REFERENCE [CAP or LOSS]

If an optionat CAP or LOSS gualifier is not entered, then
both resuits will be reported in Reference result mode.

This command does not initiate measurements, but its execu-
tion will cause the previous measurement result to be re-cal-
culated and reported with Reference result mode enabled. If
the bridge is not in continuous mode when the command is
issued, a SINGLE or CONTINUOUS command must be
entered to make the bridge report a new deviation measure-
ment. All subsequent measurements will be reported in Ref-
erence mode until Reference mode is disabled.

The Reference-result-mode-enabled condition is stored as a

part of each Gauge parameter set. The default value in the
GAUGE 0 parameter file is the disabled condition.
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Disabling Reference Resuit Mode

To disable Reference result mode, the command syntax is:

REFERENCE HALT

Execution of this command will cause the previous measure-
ment resuit to be re-calcutated and reported with Reference
result mode disabled,

Selecting Reference Percent Format

The following command is used to enable and disable Refer-
ence percent format:

BEFERENCE FORMAT [CAP or LOSS] percent

H the percent parameter is entered as a one, Reference per-
cent format is enabled. This format will have no effect on any
reported results unless Reference result mode is also enabled
with the REFERENCE command. This will cause the previ-
ous measurement result to be re-calculated and reported.

Percent format causes the reference value to be subtracted
from each measurement. The difference is then divided by
the reference value and multiplied by 100. The calculation
always starts with the current units, but the final result is
dimensionless, of course.

If the percent parameter is entered as a zero, Reference per-
cent format is disabled.

If an optional CAP or LOSS qualifier is not entered, then
both results will be reported in Reference percent format.

indication of Reference Result Mode

To indicate to a remote device that Reference mode is
enabled for capacitance results, the capacitance units indica-
tor PF changes to RFF. When the Reference result mode for
loss is enabled, the loss units indicator (M5 for example)
becomes FitS. When Reference percent format is enabled,
the respective units identifiers are £FF and &H3Z.

To indicate on the front panel that Reference mode is active,
the word - EF is shown on the appropriate upper and/or
lower displays whenever the &U5" message appears:

[ bUSY rEF ]
( FEF ]

When Reference percent format is active then Frc is dis-
played with the blJ5 "5 message on the appropriate upper
and/or lower displays:

[ BUSY Pre )
( Pre ]
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These can also occur in mixed combinations such as:

[ BUSY Pre ]
( FEF )

A second front panel indication appears as a “P” (for Per-
cent) or as an “r " (for reference) in the right-hand window of
the measurement result:

(mopooo s ) (5:1 P
(-goopoge ) [ d: 1

A third way to see which mode and format is active is to use
the SHOW command. See “REFERENCE value™ on

page A-32 for more information about showing the Refer-
ence parameters.

Zero Compensation Result Mode

Zero compensation result mode {or simply, Zero resuit mode)
causes the AH 2500A ro compensate for residual capacitance
and parallel loss effects that are usually inherent in test fix-
tares. For a discussion of where this mode might be useful
see “COMPENSATING FOR STRAY FIXTURE IMPED-
ANCE” on page 4-12.

Zero result mode is identical to Reference result mode in
many ways, but the mathematical compensation performed
in Zero result mode is much more than just a simple subtrac-
tion. The compensation calculation performed is dependent
upon the vnits currently in use and can be complicated. The
calculations require both capacitance and loss Zero values.
Thus, the Zero result mode differs from the Reference result
mode by not allowing vou to enfer a capacitance value with-
out a corresponding loss value or vice-versa.

Zero resuli mode can be used in combination with either
Absolute result mode or Reference result mode. There are
two ways to enter the Zero compensation values. You can
enter the values manually or the bridge can use the last mea-
sured capacitance and loss values as the new Zero compensa-
tion values.

As in Reference result mode, it is important to understand
that just entering Zero compensation values does not neces-
sarily mean that the values are being used to produce Zero
compensated resuits. Enabling Zero result mode is a separate
operation from entering the Zero compensation values.
Entering the Zero values only makes them available for
fature use. Zero result mode must be enabled to begin using
the values to produce Zeso compensated results.
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Entering Zero Values Manually

To manually enter the Zero values the command

ZERO CAP capvalue 1OSS lossvalue

is used. where capvalue is the desired value of capacitance
and lossvelue is the desired value of loss. Both capvalue and
lossvalue must be entered. The maximum length of these
Zero values is nine digits.

When capvalue and lossvalue are entered from a remote
device, the values can be negative and may be entered in any
of three numeric notations discussed later in “Numeric Nota-
tion” on page 5-8. The bridge will automatically detect which
format is used.

The current Units parameter settings are assumed when
entering lossvalue. You can see what the current units are by
using the SHOW UNITS command. If you change the units
after entering the Zero values, these values will be converted
to the new units. This is useful if you know the desired Zero
value(s) in one set of units but wish to make measurements in
a different set of units.

The default Zero values stored in the GAUGE 0 parameter
file for capvaiue is zero picofarads and for lossvalue is zero
nanosiemens.

Entering Zero Values Automatically

The version of the ZERQ command shown below causes the
last measured capacitance and loss values to become the Zero
values.

ZERO SINGLE

This command causes both the last measured capacitance
and loss to be used as the new Zero values. This command is
useful for measuring the stray impedance of a fixture when
the fixture contains no DUT or a dummy DUT,

Enabling Zero Result Mode

To enable the reporting of Zero compensated results, you
must enter the command:

ZERO

This command does not initiate measurements, buf its execu-
tion will cause the previous measurement result to be re-cal-
culated and reported with Zero resuit mode enabled. If the
bridge is not in continuous mode when the command is
issued, a SINGLE or CONTINUQUS command must be
entered to make the bridge report a new Zero-compensated
measurement. All subseguent measurements will be reported
in Zero result mode until Zero result mode is disabled.

The Zero result mode epabled condition is stored as a part of
each Gauge parameter set. The default value in the
GAUGE 0 parameter file is the disabled condition.
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Disabling Zero Result Mcde

To disable Zero result mode use the following command:
ZERO HALT

Execution of this command will cause the previous measure-
ment result 10 be re-calculated and reported with Zero result
mode disabled.

Indication of Zero Result Mode

To indicate 1o a remote device that Zero result mode is
enabled, the PF capacitance units indicator changes to ZFF
and the loss units indicator (M5 for example) becomes ZHS.

To indicate on the fronf panel that Zero result mode is
enabled, the word £ £ I is shown on the lower display
whenever the bU5Y message appears:

5y
e )

The Zero indicator will be combined with Reference mode
indicators if Reference result mode is also enabled;

[ LUy FEF ]
{ fErld FEF

J

A second front panel indication appears as a “c” (for Zero)
in the right-hand window of the measurement result:

oopooois ) [ 5:1 & ]
-oonogbe ) [ d: 150 )

A third way to see which mode and format is active 1 to use
the SHOW command. See “ZBERO value” on page A-39 for
more information about showing the Zero parameters.

FRONT PANEL FORMAT

Measurement results are displayed on the front panel in the
formats described above. Unlike the remote device formats,
you have no other control over the front panel formats. In
almost all cases, the number formats used on the front panel
are conventional. An exception to this is explained below,

Displaying Large Numbers with Large Uncertainties
As discussed in “Automatic Limitations” on page 5-1, the
bridge always tries to display only digits which are meaning-
fui and not excessively noisy. The display of meaningful
resistance values presents a unique chalienge in the case of
parallel resistance because very small changes in conduc-
tance values translate into large changes in very large resis-
tance values. This is doe to the division that is required. In
situations where the only possible resistance values that
could be reported would be wildly varying, the AH 2500A
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reports, instead. only the minimum resistance that the
unknown impedance could have. To indicate this minimum
resistance, a “greater than” symbol 37 on the front panel is
displayed to the left of the resistance value Rp. This symbol
is also used with results for tan 8, Cg, and Rg. See “Field
Labels” on page 5-7 for the equivalent discussion for remote
device formats.

REMOTE DEVICE FORMATS

Capturing measurement results on remote devices rather than
on the front panel gives you greater flexibility in choosing
what is reported and how it is formatted. The following sec-
tions describes the measurement result formats that are sent
to remote devices and how you can customize these formats
to meet your needs.

Result Line Format Options

Measurement results that are sent to remote devices can have
up to nine significant digits reported versus the eight digits
displayed on the front panel.

Measurement resulis that are sent to remote devices can con-
tain up to five separate fields. A “field” is one number or
string value including its associated iabeling and punctua-
tion.

The five fields that can be reported in the result line are the:
* Sample number.
® Measured capacitance value.
* Measured loss value.
* Actual test voltage used.
* FHiror code or error message.

You can further control what is sent in the result line by
selecting the:

* Presence or absence of ficld and units labels.
® Punctuation style.
® Fixed vs. varigble field widths.

¢ Numeric notation.

Full Measurement Result Format

A measurement result with all five fields enabled is sent as a
single line to a remote device and looks like the following:

S=s5 U=t ddddddddd PF L=Hd ddddddddd M3
U=d.dddd } [error message}
where:

® s5is a 2-digit sample number. This identifies the position
of a sample switch if one is connected. See Appendix D,
“Sample Switch Port” for more information,
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* the d's are the measured values of capacitance, loss and
the applied test voltage respectively.

® *5=" (=" “L="and “U=" are labels to identify the
sample number, capacitance, loss and voltage values
respectively.

® “PETUHST and “U” are units identifiers (picofarads,
nanosiemens and volts) for capacitance, loss and voltage
values respectively. The “H5" label depends on the units
selected and can alternately appear as “037, “KiG™,
#GOT, or FGHT.

@ [f there is an error, an error message is sent as the right-
most field. If there is no error, no error message is sent.

The default measurement result format stored mostly by
parameters in the BASIC 0 parameter file is identical to the
full format described above except that the sample field is
omitted.

When the serial port is used and echoing is enabled, a result
line being sent to the serial port will begin with a single space
character. This serves as a piace holder for the prompt char-
acter (*) and improves the readability of fixed field width,
mixed single and continuous measurements by keeping the
data columms aligned.

Selecting which Fields to Send

The FORMAT command allows you to select which of four
fields in the result line are sent to the remote device. The bits
in the format parameter byte allow you to selectively send or
not send the sample number, capacitance, loss and/or voltage
fields. An error field will always be sent if an error occurs,
but you can select whether it is sent as an English message or
as a decimal code. The syntax of the FORMAT command
which allows you to set and clear the Format bits is:

EQRMAT smp.cap.los.vie.msg. (bl pun. ffd

where ¢ach of the parameters in parentheses are binary digits
having the following effects:

Smp enables sending the sample field when set.

cap enables sending the capacitance field when set.
los enables sending the foss field when set.
vit enables sending the voltage field when set.

msg enables an error message to be sent when set,
or an ervor code to be sent when clear,

bl enables fabels to be sent.

pun enables {EEE-488.2 compatible punctuation
when set.

Jfd fixes field widths when set.

This command uses positional parameter entry so you only
need to enter the values for the bits that you wish to change.
For example, to turn off the smp and vit fields you issue the
Fi 8...8 command. The other bits will not be changed.
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Positional parameters are explained in “Positional Parame-
ters” on page A-1.

Field Selection Example

As an example, recall the default format parameters from the
BASIC G parameter file and show them by executing the
command BEC BRS 8;35H FO. You will get the result:
FORMAT SHP=8 CAP=t LOS=1 ULT=1

M5G=1 LBL=1 PUN=@a FFO=1

Notice that all the bits are set 1o one except for the sample
and punctuation bits. This means that the capacitance, loss,
and voltage fields will all be sent to a remote device when a
measurement is taken. The exact format for this is shown in
“Full Measurement Result Format” above.

Now suppose that you do not want to print the voltage field.
Enter the command FO .. .8 todisable sending the volt-
age field without affecting any other settings. If you take a
measurement, your result will now have the format:

C=Ad. ddddddddd PF L=ddddddddddd 45

[error message]

Notice that the voltage field is gone. In the same manner, you
can clear other bits in the Format parameter hyte to inhibit
sending the capacitance, loss, and/or sample fields.

Error Messages vs. Error Codes

The measurement result formats above included an error
message in both cases. This error message will always
appear to the right of any other information that is sent. If
there is no error. no message is printed.

If the nature of the error is such that a meaningful measure-
ment cannot be made (hard error), only the error message
will appear on the line. If the error is one that does not pre-
vent a measurement from being taken (soit error), the error
message and the measurement result will both be seat.

If vour results are to be analyzed by a computer, you might
rather have an error code sent using the following format:

ce S=ss U=idd ddddddddd PF L=2#d ddddddddd H%
Y=d.dddd \}

where ee is a 2-digit, decimal error code. An error code
always appears at the beginning of the line. The error code is
sent as “B8” if there is no error.

The msg bit in the Format parameter bvte described above
allows you to select whether an error message or an error
code is sent to remote devices. If msg is set then an error
message will be sent if one exists. I msg is zero thenan error
code will be always be sent. The command FO ., .. . 8is
used to change the default to a format such as the one above.

AH 2500A Capacitance Bridge
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As you can see, measurement resulf lines have either error
codes printed first or error messages printed last depending
on the setting of the Format parameter bits. This option arises
from the differences between computer and human readabil-
ity. When a computer is analyzing the data, an error indica-
tion should be the first data sent in the result string so that
checking for an error condition before accepting the mea-
surement result is easily done. In this case, an error code is
typically used rather than an error message. When a person
is visually reading the results instead of a computer, error
messages are preferable. Since the messages are of variable
length, they are reported last to allow orderly column align-
ment of the measurement results. A list of the error messages
and their meaning is in Appendix B, “Error Messages”.

Field Labels

Each numeric value sent may have one or two labels next to
it. A field identification label is sent preceding a value and a
unit label may be sent following a value. The field labels sent
preceding the corresponding values are “5=" to identify the
sample number, “C=" for the capacitance value, “L=" for the
loss value, and “if=" for the voltage value. The unit labels are
sent following the capacitance, loss and voltage values. The
unit labels will be “FF” for capacitance, one of five different
units specified by the Units parameter for loss, and “U” for
the voltage value.

The FORMAT command can be used to enable or disable the
sending of all of these labels. When the /bl parameter bit is
set to a one, field labels and unit identifiers will be sent.
When this bit is zero they will not be sent. For example, the
command FQ ... .. 8 will change the full format to:

85 Id.ddddddddd Fd.ddddddddd d.dddd [error message}

where all the labeling has been removed from the result line.
This option is useful when a computer is analyzing the mea-
surement results. A computer doesn’t need labels to help it to
identify ficlds; it may need to be programmed to avoid pro-
cessing such fields. The Ib parameter also controis the results
from other commands such as SHOW, CALIBRATE and
TEST.

Both the field identification labels and the units Jabels have
alternate forms that are used to convey additional informa-
tion. The “=” symbol in the capacitance and loss field labels
will be replaced with a “»” symbol in certain situations
where the reported values are known to be larger than a cer-
tain amount but where it is not known by how much. This
can occur when measuring series capacitance and when using
loss units of dissipation factor, series kilohms and parallel
gigohms. For more information, see “Displaying Large Num-
bers with Large Uncertainties” on page 3-5 and “Punctua-
tion” below.

The units labels for the capacitance and loss fields can both
be irnmediately preceded by the “R”, “Z7, and “%” characters.
The combinations that can appear are 2, R, BZ, %, and ¥Z.
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These characters are used to indicate that the Reference and/
or Zero result modes are active. See“Indication of Reference
Result Mode” on page 5-3 and “Indication of Zero Result
Mode’” on page 5-5 for more information.

Punctuation

The IEEE-488.2 standard defines how data is to be sent over
the GPIB. Part of this definition specifies what will be
described here as the “punctuation” of the data. Specifically,
this standard specifies that fields are to be separated by com-
mas rather than spaces and that strings are to be enclosed in
quotation marks. If you desire your results to have this kind
of punctuation, then you can set the pun bitin the Format
parameter byte. For example, the command F O
wili change the full format fo:

S=55,"0=", #d.ddddddddd PF,"L=",
2d.ddddddddd N3, \i=d.dddd \,["error message” ]

Notice that the space separators have become commas and
the error message is enclosed in quotes. The “C=" and “L="
strings contain variable information since the “=" can some-
times be a “>" symbol. For this reason, these labels but no
others are enclosed in quotes. The pun parameter bit also

controls the punctuation of results from other commands.

l.abel and Punctuation Examples

The example in Figure 5-2 is a printout demonstrating the
effects of the /bl and pun parameters. First, the command

FO &.....1.8.8 tums off the sample number field and
clears the ffd parameter, The FORMAT command then is used
to set up all combinations of the Il and pun parameters to
create the four example results shown in the figure.

Ibi=1, pun=0;

FO o8..... 1.8.8

C=-B ., 4271 PF Lr48EAT.8 G0 U=s15.8 U OUEH

Ibi=1, pun=1:

FOOo.o.. 1

"C=",-B.4271 PF,"L>",4E0688.9 GO, .
U=15.8 U, "OUEN"

Ibi=0, pun=1:

Fooo..... A1

ot -gd42F, ", 40888,8,15,.8, "OUEN"

FO ..o .9

-8, 4271 »4B8608.8 15,8 OUEN

Figure 5-1 Examples of Iabel and punctuation effects.

The first example with bl=1 and pun=0 is optimized for
human readability. It provides the maximum number of
labels and the minimum punctuation ciutter. The third exam-
ple with [5/=0 and pun=1 is optimized for machine readabil-
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ity and IEEE-488.2 compatibility. [t provides no labels and
all the punctuation required by the [EEE-488.2 standard. The
remaining second and fourth examples show other variations
that might be useful.

No matter which combination of Ib and pun parameters is
selected, the “**” symbol will always be sent if it is generated.
On the other hand, the units labeis with their possible “R”,

“z*, and "% characters are only sent if labeling is enabled.

Fixed/Variable Field Widths

The AH 2500A allows you to determine whether fields sent
to remole devices have a fixed or variable width.

When set to a fixed value, the field widths can be thought of
as the number of columns available (but not necessarily used)
to print the numbers in the fields. These field widths are inde-
pendent of the number of significant places discussed in
“SIGNIFICANT DIGITS” on page 5-1. The field width set-
tings are only applicable fo data sent to remote devices.

The AH 2500A has as many as nine significant digits avail-
able for each measurement result for both capacitance and
loss. This results in a total of ten digit columns being sent
when the field width is fixed.

The main advantage of fixing the field widths is that this also
fixes the starting column numbers of each field. This can
greatly eghance the readability of columns of results.

The fields can also be set to send exactly the number of sig-
nificant digits that are available. Since the number of signifi-
cant digits can vary with each measurement, so can the width
of such fields. The advantage of variable fields is that only
significant characters are sent, not fill characters. This opti-
mizes speed and memory usage. It also makes the results
IEEE-488.2 compatible since no fill spaces are sent. The dis-
advantage is that the fields will not align into straight col-
umns and will thus be harder to read when printed or
displayed.

Fieid Width Examples

The example in Figure 5-2 is a printout demonstrating the
effects of the ffd parameter. First, the PLACES 9 command
sets the number of significant digits to the maximum (See™-
Setting a Limit on the Significant Digits” on page 5-1). The
FORMAT command then enables punctuation, labeling and
fixed field widths.

I the first two measurement result lines, ail nine significant
digits are shown implying that a high quality measurement
was made because all the possible significant digits were
sent. In the next two resuit lines, fewer digits were sent even
though no parameter changes were made. This implies that a
measurermnent of lower quality was made which caused a loss
of significant digits. Since the ffd parameter was set, the num-
her of columns sent remained fixed, even though the number
of digits sent changed.
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Next, the comwmand FO ... .. .. 8 was executed fo clear
the ffil parameter causing afl fields to become variable width.
Nofice that ail fields in the three lines following this com-
mand have no extraneous spaces whereas most fields in the
four preceding lines do. (The space preceding the units'
labels goes away if labeling is turned off.) Notice also that
the columns in the three lines following the command are no
longer straight.

PL =

Foe. 1. 1.8.7.1.1.1

C=140.427134 FPF,L= B.R8ATZ] M5
C=148,427245 FPF,L= B.080185 M3
£=148, 42741 FF,L=-8.0881 M3
C=148 . 42748 FF,L=-8. 00803 M3
FO ..o, ]

£=148,42749 PF,L=~8.800022 NS

C=148 4275 FPF,L=8.000089 HS
C=148.4275 FF,L=-0.888811 H3

Figure 5-2 Examples of field width effects.

Numeric Notation

The AH 2500A is capable of both accepting input and for-
matting measurerent results sent to remote devices in three
different nomeric notations. These notations are floating-
point, scientific, and engineering.

The front panel always displays floating-point notation only.
For results sent to remote devices, one of three kinds of
numeric notation can be selected for use with capacitance,
1oss, resistance, inductance, voltage, length and time fields.
These fields will all use whichever notation has been
selected; the notation cannot be individually specified for dif-
ferent result fields.

Numbers received from remete devices will be accepted no
matter which of the three notation types is used. The bridge
will automatically sense which type 1s being sent.

Floating-Point Notation

Floating-point notation has been used in all of the examples
given thus far in this chapter. It can be described as a string of
characters beginning with an optional sign character. This is
followed by one or more digits, followed by a decimal point
and ending with one or more digits.

A specific example of a floating-point notation result is:

C=113.876%43 FF L=8.8876543 H3 U=15.8 U

AH 2500A Capacitance Bridge
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Scientific Notation

Scientific notation can be described as a string of characters
beginning with an optional sign character followed by
exactly one digit and then a decimal point. A least one digit
follows the decimal point, the number depending on the
number of significant digits to be reported. The portion of the
notation described thus far is called the mantissa. The man-
tissa is immediately followed with a capital “E”, then a sign
character and {inally two digits. The two digits are a base-ten
exponent that indicates the factors of ten by which the man-
tissa is to be multiplied. If the sign following the E is nega-
tive then the mantissa is divided by factors of ten.

A specific example of a scientific notation result using the
same numbers as in the last example s:

C=1.1387560430+82 PF L=7, 6543683 HS
U=t 58E+8) U

Engineering Notation

Engineering potation is identical to scientific notation except
that the mantissas will have from one to three digits to the left
of the decimal point and the exponent will appear only in
increments of three (i.e. -06, -03, +00, +03,+06, etc.). These
exponents are useful because they correspond to engineering
unit prefixes of micro, milli, kilo, mega, etc.

A specific example of an engineering notation result using
the same numbers as in the last example is:

C=113.8706543E+88 PF L=7.65043E-93 HS
=15, 0E+a8 U

Selecting the Numeric Notation

The desired numeric notation to be sent to remote devices is
selected by changing the notation parameter with the FOR-
MAT SPECIAL command. The syntax of this command is:

FORMAT SPECIAL notation

The notation parameter can be set t0 0, 1 or 2. The corre-
sponding notations are:

0 Floating-point notation
i Scientific notation
2 Engineering notation

The default notation stored in the BASIC O parameter file is
Z210.
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IEEE-488.2 Compatible Results

The various formatting options discussed in this chapter pro-
vide a wide range of ways to format your resuits. How you
format results will be based largely upon whether they are to
be read by a person or by a computer. If the results will be
read by a person, then the formatting choices will probably
be largely subjective. being based upon what you feel most
comfortable reading.

If the results will be read by a computer, then there may be
existing programs available to help analyze yvour data. Newer
programs are likely to be able to accept data more easily if it
is formatted in a standard way. If you are using the GPIB, the
newer IEEE-4388.2 standard defines the data formats, codes,
and protocols that should be used.

If you decide that formatting your data to be IEEE-488,2
compatible is desirable, the AH 2500A offers several possi-
ble formats. To do this you must disable labeling and enable
compatible punctuation. You do this by clearing the [b{ bit
and setting the pun bit in the Format parameter byte. See the
paragraphs about “Field Labels” and “Punctuation” above,
The IEEE-488.2 standard also requires that there be no extra-
neous spaces in number fields. This is done by setting the ffd
parameter to zero. See the paragraph about “Label and Pune-
teation Examples™ above. Issuing the command

FOR ..... B.1.8 will correctly change all three of these
format bits.

Having executed this command, you now have a choice of
any of the three available numeric notation formats. All three
will now be IEEE-488.2 compatible. See the section about
“Numeric Notation™ above.
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Chapter 6

GPIB/IEEE-488 Operation

This chapter discusses operation of the AH 2500A from the
GPIB/IEEE-488 port. This chapter and this manual assume
that you are familiar with operating instraments using a
GPIB controller. The concentration here will be on those
aspects of GPIB operation that are specific to the AH 2500A.
The major options that GPIB operation can give you are dis-
cussed in “GPIB Communication Options™ on page 1-9 of
Chapter 1.

If you are not familiar with GPIB operation, you will proba-
bly want to refer to other publications. If there is a GPIB con-
troller in your lab, the GPIB controller manuals wiil often
have good descriptions of the bus and how to use it. Many
different languages are used with many different kinds of
controliers to operate GPIB insiruments. As a result, your
GPIB controller manual should be your most important refer-
ence. It should explain not only general GPIB operation, but
it will also explain the specifics of the controller and the
interface language that it uses. The IEEE-488.1 standard
specifies the lower-level operation of the GPIB bus operation.
This standard is so widely accepted that, with a friendly con-
trolier, vou should be able to avoid learning much about the
hardware details of the GPIB bus.

If you do not yet have a GPIB controller, then you may want
to refer to some general references. Many good tutorials and
explanations of the GPIB bus have been published. We rec-
omumend numbers 1, 5 and 6 in the bibliography. Numbers 3
and 6 contain definitions of the GPIB (IEEE-488) bus stan-
dards. These are difficult reading (but very complete) and
intended for use by instrument designers. Reference number
1 1s guite readable.

The major topics discussed in this chapter are how to:

» Set the GPIB bus address using the BUS command.

= Save the bus configuration parameters introduced in this
chapter using the STORE command.

+ Use the bridge’s abbreviated comenand syntax.
» Read response messages.

» Configure the bridge to operate in a friendly, interactive
mode over the bus.

+ Change the end-of-line separator, if desired.
+ Initiate a GPIB service request.

* Interpret the bits in the GPIB status byte.

= Initialize the bridge over the bus.

» Connect to your GPIB port to log results {rom your
bridge rather than to control your bridge. The LOGGER
cominand controls this method of operation.
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CONNECTING GPIB CABLING

The AH 2500A has as standard equipment 2 GPIB inlerface
whose connector is on the rear panel. Any GPIB controller
may be connected to it. Devices with listen-only capability
can also be connected to serve as loggers. Electrical connec-
tion is made with any standard GPIB cable having black met-
ric screws. The IEEE-488.1 standard specifies that no more
than 15 devices should be connected to the bus and that the
total tength of cable should not exceed two meters per device
or 20 meters total, whichever is less.

CAUTION

It is extremely important that the chassis grounds of all
interconnected equipment be properily grounded through the
power covd of each piece of equipment. Ground pins on
power cords must never be cut off or otherwise defeated.
Failure to observe this will frequenily cause the GPIB port to
be damaged if the port is disconnected while the equipment is
plugged in (but not necessarily powered on). The failure
results from the ability of power line RFI filter capacitors to
cause an ungrounded equipment chassis to float to a voltage
midway between the voltages on the two input power lines.
This can put the chassis voltage at 50 ro 120 volrs above
ground (for line voltages of 100 to 240 volts} with enough
current capacity to be a shock hazard and fo cause damage to
interface ports. (The AH 25004 does not use such filter
capacitors, but many other pieces of equipment do.)

BUS CONFIGURATION
PARAMETERS

Several GPIB variables must be set before you can operate
the AH 2500A, via the GPIB bus. Fundamental variables
which directly affect the ability of the bus to communicate
are called bus configuration parameters. This section intro-
duces the configuration parameters and explains how to set
and permanently save each one. The two address parameters
are explained in detail here, while the other parameters are
explained as they are encountered throughout the chapter.
Each explanation gives the default value of the parameter as
stored in the BUS § parameter file.
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Setting the Configuration Parameters

The BUS command is used to set the bus configuration
pararneters. The BUS command can be entered from the
front panel or from a remote device using the following full
syntax:

BUS priaddr. secaddr. ion. compat. prompts

The full BUS command accepts five parameters which are
described in different sections of this chapter. Each time the
BUS command is emtered, it can be followed by any combi-
nation of its parameters provided that the place-holder peri-
ods are entered and that the order is preserved. As an
exampie, theentry BUS 1Z.,1 specifies a primary address
of 12, the fon bit set, and the other two parameters left
unchanged.

The bus configuration parameters can be changed from the
GPIB controlter, but the changes take effect immediately so
you must be able to change the controlier’s expectations at
the same time if communication between the controller and
the bridge is not to be interrupted.

Once the bus configuration parameters have been correctly
set, sending an addressed SINGLE command to the AH
2500A from the GPIB controller should cause the bridge to
take a measurement whose result will appear on the front
panel of the bridge. The same measurement result shouid also
be readable via the bus by the GPIB controller.

Primary Bus Address

if a GPIB controller is used to communicate with the bridge,
a unique bus address must be specified for the bridge. This
can be selected using the following partial syntax:

BUS priaddr

The primary bus address can have any value from 0 to 30 that
i3 not used by another device on the bus. Primary bus
addressing onfy is used unless a secondary address is entered.
The default primary bus address is 28.

Optional Secondary Bus Address

In some cases, it may be desirabie to specify a secondary
address in addition to the primary address. If a secondary
address is specified, the primary/secondary address combina-
tion must be unique on the bus. The secondary address can be
selected by itself using the foliowing partial syntax:

BUS . secaddr

The optional secaddr (secondary address) can have any value
from O to 30. Primary bus addressing only is used unless a
secondary address is entered. Secondary addressing is dis-
abled by entering the command and the first dot followed by
no secondary address. For example, the commands “BUS |7
and “BUS 28 .7 would both disable secondary addressing if
it was previously enabled.
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Permanently Saving Your Settings

All the parameters discussed in this chapter are stored in the
Bus parameter set. This set contains all the parameters that
are used in conjunction with the GPIB port. An overview of
this parameter set is given in Chapter 3, “Parameter and Pro-
gram Files” in the section "Bus Parameter Set” on page 3-6.

To permanently save all of the parameters related 1o operat-
ing via the GPIB bus in a way that will automatically restore
them after power-on of your bridge, simply issue the com-
mand [FUNC] [STORE] [FUNC] [EUS] {ENTER] from the
front panel.

To better understand the ways in which you can save your
serial device parameters, refer to “WORKING WITH FILE
CONTENTS” on page 3-9 and especially “Power-on Param-
eter Files” on page 3-2 and “Using Power-on Parameter
Files” on page 3-10.

STATES AND INDICATORS

The local, local-with-lockout, remote and remote-with-lock-
out IEEE-488.1 standard states are discussed in the sections
below,

The TALK and LISTEN indicators on the front panel will
illuminate whenever the bridge is placed in the talker-active
{TACS) or listener-active {LACS) states, respectively, by the
GPIB controller.

l.ocal States

In the local state all of the keypad functions on the front
parel can be used and the bridge will also respond to the
GPIB controller. The bridge powers on in this state. The local
state is indicated by the REMOTE LED on the front panel
being off.

The local-with-lockout state functions identically to the local
state. The only difference is that this state remembers the
lockout condition so that if the controller returns the instru-
ment to the remote states, the remote-with-lockout state will
be entered automatically. The local-with-lockout state is
entered from the tocal state only when the GPIB controlier
executes the LLO bus command. The local-with-tockout and
remote-with-lockout states are exited only when the control-
ler clears the REN bus line.

Remote States

The GPIB controller can cause the bridge to enter the remote
state from the local state by setting the REN bus line and
addressing the bridge. The bridge will indicate the remote
state by illuminating the REMOTE LED on the front panel
and will accept commands only from the GPIB controller.

In the remote state, all front panel keys with the exception of
the key are disabled. The front panel keys can be
enabled by pressing the key to cause the bridge to
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enter the local state. This will occur unless the remote-with-
lockout state is active. The GPIB controller can cause the
bridge to exit the remote state and enter the local state by exe-
cuting the GTL bus command. It can also do this by clearing.
the REN bus line.

The remote-with-lockout state is entered from the remote
state when the controller executes the LLO bus command.
The remote-with-Tockout state is entered from the local-with-
lockout state when the controller addresses the bridge.

When in the remote-with-lockout state, the key is
disabled as well as all the other front panel keys, preventing
any front panel activity from interfering with remote opera-
tion. If you press the key while the bridge is in the
remote-with-lockout state, the front panel will display the
message:

4

LOCAL ]
| Locout ]

The GPIB controller can cause the bridge to exit the remote-
with-lockout state and enter the local-with-lockout state by
executing the GTL bus command. The controller can also
cause the bridge to exit the remote-with-lockout state and
enter the local state by clearing the REN bus line.

REMOTE COMMAND ENTRY

The entry of commands from a GPIB controller is identical to
that from a remote serial device except that immediate-action
keys described in the RS-232 chapter are not as useful with
the GPIB.

Basic Syntax

The command line enfry style used by the AH 2500A will be
familiar if you are a user of small computers or terminais.
The syntax and command words used also closely parallel
those used by the bridge’s front panel. The AH 2500A com-
mand definition syntax is described in “CONVENTIONS
USED” on page A-1.

Command lines consist of a leading command word foilowed
by optional command qualifier words followed by optional
parameters which are usually numeric. Each command line is
terminated with an end-of-line character or character
sequence.

Command Word Entry

Since remote commands are named and spelled as they
appear on the front panel, any commands described in this
manual using key labels also describe the remote commands.
When the front panel key label consists of two words, only
the first word is used as the remote command word with the
exception of the BIAS command. The key has no
equivalent on remote devices, of course.
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Although commands are English words, it is rarely necessary
to use the entire word. You need to use only the first few let-
ters of the command. The minimum number of letters needed
depends on the particular command and ranges from one to
three Ietters. The minimum letters needed are underiined
where each command is introduced in the text and in Appen-
dix A, “"Command Reference”. If you do not type in enough
letters, the bridge responds with the message AMBIGUOUS
HORD !, followed by the offending characters that were
entered. If more letters than the required minimum are
entered, they must spell the command word correctly or the
error message ILLEGAL WORD: will appear, followed by
the illegal word that was entered.

Command words are separated from each other and from
their associated parameters by spaces. Parameters are sepa-
rated from each other by periods.

Exampies

To illustrate the ideas above, consider the BRIGHTNESS
command whose syntax is:

BRIGHTNESS [CAP or LOSS] level

Several examples of valid command lines that might be sent
from a GPIB controlier are:

BRIGHT CRP 5

BR C %

BRIG L 5

BR 5

All are terminated by an end-of-line character.

Theentry & 5 will return the error message:
AMBIGLOUS WORD: B

The entry BRIHGT & will return the error message:

TLLEGRAL MGRD: BRIHGT

Additional Features

Query Commands

All AH 2500A commands can be classified as query or non-
query commands. A query command is one that generates a
response message such as a measurement result, The most
comumon examples of these on the AH 2500A are the SIN-
GLE, CONTINUOQUS and SHOW commands. If a query
command is interrupted by a new command, the query com-
mand is immediately aborted, any unread results are cleared
from the bridge’s output buffer and the new command begins
to execute.
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A non-query command will finish executing even if it is
interrupted by a new comimand. The new command will be
executed after execution of the non-query command is com-
plete.

The concept of query commands is defined by the IEEE-
488.2 standard and serves to ensure synchronization between
the controllet’s commands and the responses from the con-
trolled device. In other words, this scheme ensures that any
response message received by a controller was generated by
the most recently entered command and not by some earlier
command. See “Aborting Commands™ on page 2-6.

Entering Multiple Commands

Several commands can be entered on the same line separated
by semicolons (;). As with individual cornmands, fines hav-
ing multiple commands are not executed until an end-of-line
character or character sequence is received. An immediate-
action command such as Q or X can be entered anywhere on
a multi-command line except as the first character and will
not be executed until the whole line is received.

Each command line is either a query line or a non-query line.
If a multi-command line contains any query commands, the
whole command line is considered to be a query line. It will
not be possible to predict which commands were executed
and which were not if a query command line is interrupted by
a new command.

Multi-command lines can be useful with commands that
respond with a prompt. For example, every version of the
STORE CALIBRATE command prompts for a passcode.
The passcode can be entered after the command on the same
line if the two are separated by a semicolon. Except for pass-
codes, any command that requires a response to a prompt will
first check the next command on the line. If the next com-
mand is an acceptable response to the prompt then it wili be
used. If not, the next command will not be executed yet.
Instead, the prompt will be produced and the bridge will wait
for input. If you want to guarantee that a prompt is generated,
insert the EDIT commaand word where the answer to the
prompt would go on the command line.

Multi-command lines can also be used to guarantee that
command produces a resuit, The TEST command can be
configured to produce no result unless a failure is detected.
However, the command line TEST; SHON  TEST wil
always produce a result.

Input Buffer

All command messages incleding GET messages are stored
in the bridge in an input buffer that can hold eighty charac-
ters. This means that the bridge will not buffer more than
eighty characters ahead of what it is able to process. In addi-
tion, it will not accept a command line whose total length

exceeds eighty characters. If the latter occurs, the error mes- -

sage LIMWE TOO LOHG will be reported.
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RESPONSE MESSAGES

All multi-character data is sent over the GPIB in the form of
“messages’”. Data which is sent from the bridge to a control-
ler or logger is sent in the form of “response messages™.
These messages consist of af least one ASCII character. The
END of the message 1s indicated by simultaneously asserting
the GPIB EOI bus wire during the transmission of the last
character of the message which is a LF character (ASCII

0AR).

A response message consists of one or more lines. Each line
is terminated with a semicolon *;”" or with CR and LF charac-
ters (ASCII 0Dy and 0Ay). The choice of line terminators
used is selectabie as described in “COMPATIBILITY
MODE" on page 6-14.

Almost all query commands generate a single response mes-
sage. If several commands are entered on a single line sepa-
rated by semicolons, that command line produces only one
response message for the line, not one for each command on
the line.

The AH 2500A has three commands that can generate multi-
ple response messages. These are the CONTINUOUS com-
mand and the TEST and PROGRAM commands when used
with the REPEAT gualifier. The CONTINUQUS command
generates response messages continuously until stopped by
the SINGLE command. The TEST and PROGRAM com-
mands can also do that or they can generate a pre-determined
number of response messages.

Receiving Every Response Message

Some response messages can be lost if the controller or log-
ger is not fast enough or if the controller is not programmed
appropriately. However, you have control over what, if any-
thing, is lost by the way in which you operate the bridge and
the coniroller.

Once the controlier or logger begins to read a response mes-
sage, the bridge will wait indefinitely for the rest of the mes-
sage to be read. This makes it impossible to lose parf of a
message due to a slow response from the controller or logger.
On the other hand, if the bridge has a new response message
to send before any of the previous message has been read,
then the previous message will be overwritten by the new
message. Thuas controllers and loggers are guaranteed to
receive all or none of a response message.

There are two ways in which you can lose a response mes-
sage:

1. If the controller issues a new command to the bridge
while the bridge is waiting for it to read {or finish read-
ing) the last response message, the remainder of that
message will be lost. This occurs when a guery com-
mand is interrupted as described in *Query Commands”™
on page 6-3. The way that you program and operate
your controller determines whether this situation ever
oceurs.

AH 2500A Capacitance Bridge
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2. If the bridge is generating muliiple response messages
from a CONTINUOUS, TEST or PROGRAM com-
mand, some messages can be lost if the controller or
logger is not fast enough to keep up with the results
generaied by the bridge.

If it is important that every response message be
received by a controller, then these three commands
should not be used. The SINGLE command should be
used instead of the CONTINUQUS command and the
TEST and PROGRAM commands should be used
without the REPEAT qualifier.

H it is important that every response message be
received by a logger, then the HOLD command should
be used within a program to add some delay time
between each response message. This can slow the
bridge down to the speed of the logger. Using the
CONTINUOUS gualifier when executing a program
will produce similar results.

You may net want to capture every result. You may, for exam-
ple, want to put the bridge into continuous mode so that new
measurernents are constantly reported to the front panel dis-
play while reading only a small fraction of these measure-
ments with the controller.

Using a Muiti-command Line to Create a Single
Response

The most important difference between commands entered
on a single line and conymands entered each on their own line
is in the response messages that they produce. Each com-
mand line produces, at most, one response message except
for entry of a CONTINUOUS command or a TEST or
PROGRAM command when used with the REPEAT quali-
fier. It does not matter how many commands are on a line.

All commands entered on a single line will produce a single
response message containing all the resuits generated by the
commands on that line. No matter how slow your coniroller
is, it will be sent all of this message if it reads any of it.

Using a Program 1o Create One Response Message

Placing your commands into an AH 2500A program is
another way to guarantee that all results from a group of
commands are received by a controller or logger. All pro-
grams produce a single response message. If a program con-
tains subprograms, the results from all subprograms are also
contained in the single message prodaced by the main pro-
gram. See “WORKING WITH PROGRAMS” on page 3-10.

As an example, a program cortaining the command TEST
58 BEFERT will cause every result to be logged no matter
how slow the logger is. The command by itself will lose
resalts if the logger is not as fast as the bridge.
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Output Buffer

The GPIB output buffer can hold response messages up to
680 characters in length. This is long enough to hold any
individual measurement result, but it is not long enough to
hold some SHOW, TEST and PROGRAM response mes-
sages. In the case where the length of the response message
exceeds the size of the output buffer, the controller or logger
must begin reading the message before the buffer overflows.
Otherwise, the entire message will be jost. Once the first
character of the result is read, the AH 2500A will not gener-
ate more resuits to put in the buffer until the space becomes
available as a result of the controller’s reading what is there.
If the controller starts to read the message but stops or pauses
before finishing, the message

(GPIL 0ok )
TBuf Full )

will appear in the front panel display after about fen seconds.
This message will go away as soon as the controller or logger
continues reading the message.

STATUS REPORTING

A common feature in GPIB instrumentation is the availability
of a status byte that can be read by the GPIB controller at any
time without disturbing other operations. Associated with
this status byte is a service request enable mask byte which
controls the ability to generate service requests that will
asynchronously request attention from the controiler. The
most corumon use of serial polls and service requests is dis-
cussed in “Determining When to Read Results” on page 6-9
and in the subsections on “Serial Polling” and “Service
Requests”.

Contents of the GPIB Status Byte

The AH 2500A supports the serial poll features of the GPIB
bus by assigming all of the available seven bits in its status
byte (SB) register to indicate various evenis and conditions.
To identify the meaning of each of these bits, assume that
they are numbered with the least significant bit being zero
and the most significant bit being seven. The meanings and
functions are given in Table 6-1.

This table gives the full name and the abbreviated iabel used
in this manual for each bit. The column labeled “Set when”
describes the condition{s} required to set the corresponding
bit. Similarly, the column labeled “Cleared when” describes
the condition(s) required to clear the corresponding bit.

In general, service requests may be generated when one of
these bits makes a transition from zero to one, from one to
zero or both. The column labeled “Generates SRQ when”
describes the transition required of the bit to cause a service
request. This is discussed farther in “The Service Request
Enable Mask Byte” on page 6-7.
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Table 6-1 Status byte register bit definitions and functions

Generates
Bit | Label Name Set when Cleared when SRQ when
0 ONR Oven Not Oven temperature is abnormal Oven temperature set or cleared
Ready returns to normal
1| emE CoMmand An error in the entry of a command occuired. SHOW STATUS set
Error See Appendix B, “Error Messages” for a list. or R8T is executed
> | UrRQ User The USER command is executed SHOW STATUS ot
ReQuest or RST is executed
. SHOW STATUS
3 PCN Power-ON Bridge power comes on or RST is executed set
4 RDY RealYY for A command line finishes its execution: see A new command ot
command “INTERACTIVE OPERATION" on page 6-12 line is received °
5 EXE EXecution An error occurred executing a command. See SHOW STATUS et
Error Appendix B, “Error Messages” for a list. or RST is executed ¢
6 RQS Rengst for Service from coniroller is requested Controilejr performs a see text
Service - serial poll
Inclusive OR of the bit-wise combination of
6 MSS Master Sum- | bits 1-7 of the SB and SRE registers is true or Inclusive OR of SB see text
' mary Status when the ONR status bit changes while the and SRE is false
corresponding ONR bit in SRE register is set.
7 MAV Message A message is available in the No message is in the set
AVailable GPIB output buffer GPIB output buffer.

The meaning of bit six of the status byte depends upon
whether it is read with a command or it is read by a serial
poli. This is explained in the sections below.

The possible applications of the ONR, CME, PON, and EXE
bits are self-evident. See Appendix B, “Error Messages”, for
a complete list of all the error conditions that can set the
CME and EXE bits. The MAV bit is the single most useful
status bit. Its utility is discussed in “Determining When to
Read Resuits” on page 6-9. Examples follow the discussion.
The RDY bit is probably the second most useful bit. Its utility
is discussed in “INTERACTIVE OPERATION" on

page 6-12. The use of the URQ bit is discussed nex:.

A User Settable Status Bit

There is one bit in the AH 2500A status byte that you can
directly cause 1o be set by issuing a command. This is the
User ReQuest (URQ) bit (bit 2). The URQ bit is set by exe-
cuting the command:

USER

Once set, this bit will stay set until a SHOW STATUS or
RST command is executed.

This command allows you to indicate to the GPIB controller
when certain conditions of your choosing occur. The USER
command gives you the ability to indicate the initiation or
completion of commands in command lines having more
than one command or in AH 2500A programs.

6-6 GPIB/IEEE-488 Operation

As an example, suppose an external trigger is to cause a mea-
surement to occur. If the command line or program executed
is “HOLD 8; USER; SIHGLE™, then the GPIB controller
will be informed via the setting of the URQ bit in the status
register {or via an equivalent service request) that an external
trigger has just initiated a new measurement.

Reading the Status with a Command

The status byte can be read with a command whose syntax is:

SHOW_STATUS
The result will be reported as individual binary bits unless
compatibility mode is enabled. Compatibility mode will
cause the value to be reported as a binary-weighted-decimal
integer. To change the setting of compatibility mode see
“COMPATIBILITY MODE” on page 6-14.

This command also clears the four event status bits (CME,
URQ, PON and EXE) in the status byte and the ONR event
bit. These bits indicate the occurrence of evenrs whereas the
ONR, RDY and MAV status bits represent states or condi-
tions.

While not apparent by reading the table, there is both an
ONR status bit and an ONR event bit. The ONR status bit
always indicates the current condition of the oven. The ONR
event bit is set when the ONR status bit changes, There is no
way to read the ONR event bit.

AH 2500A Capacitance Bridge
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The SHOW STATUS command reads the event bits in the
status byte immediately before they are cleared so that no
information can be lost between the time they are read and
the time they are cleared. The SHOW STATUS command is
not available {from the front panel of the AH 2500A. How-
ever, the status can be read from the front panel as the first
line in the SHOW SPECIAL list.

The SHOW STATUS command will always return the most
recent status byte value in the GPIB output buffer. The mean-
ings of the status byte bits are independent of how the byte is
read except for bit six. When this command is ased, bit six of
the status byte is read as the Master Summary Status (MS8S).
This bit provides a summary of all the other status bits that
have been enabled to cause service requests, The MSS bit
does not necessarily indicate that a service request is pend-
ing. It only indicates that one was initiated and may or may
not have been serviced. This is discussed in more detail in
“Selecting What Can Make Requests”below.

Reading the Status with a Serial Poli

A serial pollis an operation performed by the GPIB control-
ler to read the status byte(s) of a device or group of devices.
More specifically, a serial poll is most often used to deter-
mine which devices are ready for service and what the nature
of that service should be. The advantage of a serial poll is that
it does not disturb the operations of the instrument that is
being polled. The controller can either periodically perform a
serial poll of all devices to determine their current status or
the controller may do so only when interrupted by a service
request from one of the remote devices.

The status information obtained with a serial poll will be
identical to that obtained with the SHOW STATUS com-
mand except for the value of bit six, When read using a serial
poll, bit six is always the ReQuest for Service (RQS) bit, not
the MSS bit. Bit six will be set if the bridge initiated a service
request, and clear 1f it did not. Performing a serial poll clears
the ROS bit but has no effect on any other bits in the status
register including the MSS bit.

Reviewing the technical details required to perform a typical
serial poll, the controller first sends an SPE bus command to
the remote devices. This places the remote devices in serial
poll mode. The controlier then addresses each device one-by-
one to taik. Each device returns its own status byte to the con-
trofler when its turn to talk comes. The controller can act on
this status information immmediately or save it for later analy-
sis. When all the devices have been polled, the controller
sends the SPD bus command followed by the UNT bus com-
mand.

Most controllers provide simple ways of performing serial
potls. For examples, see “Controller Initiated / Serial Poll” on
page 6-10 and “Non-Contreiler Initiated / Serial Poll” on
page 6-11.
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Service Requests

if the other devices in the system have the GPIB service
request function in addition to the serial poll function, then
the use of service requests in conjunction with the serial poll
function is probably preferable to doing serial poils by them-
seives. To use service requests. your controller must first
enable this function in each of the desired individual instru-
ments using the commands defined by the manufacturers of
these instruments. The controller is then free to ignore the
bus and perform other lower priority tasks. When one or
more of the instruments on the bus requires service, it will
assert the SRQ bus line which in tarn will interrupt the con-
troller. The controller then performs a serial poll in the man-
ner described earlier. When the controller reads the status
byte of the device that asserted the SRQ line, the device will
release this line. If that device was the only requesting
device, the line will become unasserted. If the controller is
checking the SRQ line, it can terminate the poll at this time.
The bits in the status byte read from the requesting device
should indicate the nature of the service that the requesting
device requires.

If more than one device on the bus had requested service,
then the SRQ line will not become unasserted when the status
byte of the first requesting device is read. For this reason, it is
essential when there is more than one remote device on the
bus with service requests enabled, for the controller to test
the RQS bit (bit six) of the status byte that is received from
each device. The requesting device(s) will always have this
bit set and thus the controller can determine which devices
need service even if there is more than one. The bus control-
ler must service ¢ach request before another request can
OCCUt.

The next two sections explain how to enable service requests
in the AH 2500A. Examples of their use are given in “Con-
troller Initiated / Service Request” on page 6-10, “Non-Con-
troller Initiated / Service Request” on page 6-11 and “Two
Interactive Program Examples” on page 6-13

The Service Request Enable Mask Byte

To controi which status changes can cause service requests to
occur, the AH 2500A contains a second register called the
“Service Request Enable mask byte” abbreviated SRE. The
bits in this register mirror those in the status byte except for
bit six which is not used in the SRE byte.

The SRE byte is used to determine which bit changes in the
status byte are allowed to send a service request to the GPIB
controller. Any bits which are set in the SRE byte will allow
certain changes in the corresponding bits in the status byte te
cause a service request. Which status changes {set or clear)
that are actually allowed to cause a service request are listed
for each bit in the column labeled “Generates SRQ when™ in
Table 6-1.
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Selecting What Can Make Requests

To specify which of the bits in the AH 2500A status byte are
aflowed to initiate a service request, the following command
can be issued only from a remote device to set bits in the SRE
byte:

RE mayv . exe . rdy . pon . urg . cme . onr

where each label that is entered is a one if transitions in that
status condition are to cause a service request and zero if not.
The first period is mandatory when the mask is entered in this
binary format. This command uses positional parameters as
described in “Positional Parameters” on page A-1.

The example SRE . t...8.1 will enable the exe and cme
error event bits to cause service requests. The urg event status
bit will be disabled and alt other SRE bits will be left as they
were,

The binary parameter accepted by the SRE command shown
above is easier to use and more flexible than the conventional
binary weighted decimal that is standard. H you prefer to use
the standard, enter the command:

SRE bwdmask

The bwdmask (binary-weighted-decimal mask) value can
have any value from 0 to 255. When this value is translated to
binary, the bit positions that are ones will cause the corre-
sponding service requests to be allowed. The only exception
is bit position six which is ignored. The default value of the
service request enable mask stored in the BUS 0 parameter
file is zero.

Note that under certain conditions it is possible for the AH
2500A to cause extraneous service requests. This is not a
problem provided that the controller always performs a serial
poll after each service request to verify that a new reason for
service has actually occurred. Note also that all status bits
must be treated like states, not events, since multiple service
requests might occur for the same status bit.

Reading the Service Request Enable Byte

The current value of the service request enable mask can be
read using the command:

SHOW SRE

The value will be reported as individual binary bits uniess
compatibility mode is enabled. Compatibility mode will
cause the value to be reported as a binary weighted decimal
integer. To change the setting of this mode see “COMPATI-
BILITY MODE” on page 6-14.

The SHOW SRE command is not available from the front
panel of the AH 25004, but can be shown there as one of the
windows in the SHOW BUS list. The SRE commands can
be executed indirectly from the front panel if they are placed
inan AH 2500A program.
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MAKING GPIB MEASUREMENTS

This section discusses the various ways that a GPIB control-
ler can be programmed to initiate measurements and read
results from the AH 2500A. There is not much that is unique
to the AH 2500A presented in this section. With the excep-
tion of the exact command syntax, everything discussed here
is typical of other GPIB measuring instruments. This section
shoutd be helpful if you are not very familiar with GP1B
operation and are looking for some examples to get started
with.

Initiation of Measurementis

There are two fundamentally different ways of initiating
measurements in a GPIB environment. Either the GPIB con-
trefler can initiate them or something else can initiate them.

Controller Initiated Measurements
A GPIB controiler has two ways of initiating measurements.

1. One way is to use the SINGLE or TRG commands to
start a measurement. These AH 2500A commands are
gach capable of initiating a single measurement. They
are described in more detail in “Taking Measorements
One at a Time” on page 4-4.

2. A measurement can also be initiated from the controller
with a GET (Group Execute Trigger) bus command if
the bridge is addressed to listen. The GET command
will be executed by the bridge in the remote or in the
local states. This command has the ability to simulta-
neously trigger a number of devices that are connected
to the GPIB bus. This can be useful for fast bus devices,
but offers little advantage with the AH 2500A.

The common characteristic of the SINGLE, TRG and GET
commands is that the controller initiated these commands
and therefore, the controller “knows” when the correspond-
ing results are expected to be available.

Non-Controlier Initiated Measurements

There are several ways that measurements can be initiated
without the GPIB controller being involved, These are:

1. The bridge can be programmed so that a signal on the
external trigger input of the AH 2500A can initiate a
measurement.

2. The SINGLE key on the front panel of the bridge can
initiate a measurement.

3. The CONTINUOUS command will cause the AH
2500A to initiate readings on its own at a rate specified
when the command is entered. Although the GPIB con-
troller could issue this command, the resulting readings
cannot be considered to be controller initiated. The con-
troller would “know”™ the rate at which measurements
would be taken, but it would not “know” when the
resulis would be available.

AH 2500A Capacitance Bridge

Cod



4. Program files in the AH 2500A can initiate more com-
plex measurement sequences. The TRG and GET com-
mands also have this ability.

The common characteristic of the external trigger, front panel
SINGLE key and CONTINUQUS commands and possibly

of the programmed command sequences. is that the control-

ler did not initiate these commands. Therefore, the controller
“does not know” when the corresponding results are expected
to be available without its getting more information.

Synchronization

Perhaps the most important reason for distinguishing
between controller and non-controller initiated measure-
ments is the effect upon synchronization. It is frequently erit-
ical to know that a given measurement result was caused by a
particular initiation event and not by the initiation event pre-
ceding or following the desired event. Synchronization
occurs when the result read by the GPIB controller is always
caused by the desired initiation event.

When the controller initiates each individual measurement,
synchronization is automatically obtained if the controller
does not initiate ancther measurement until the result from
the current measurement has been read. {To guarantee syn-
chronization, it is essential that a measuring instrument auto-
maticaily abort query commands which are interrupted by
other commands.)

When the controller does not initiate each individual mea-
surement, it will have no way to maintain synchronization
undess other information or signals can be used.

Determining When to Read Resulis

Once a measurement has been initiated, the AH 2500A will
then spend anywhere from about 40 milliseconds to 1600
seconds making the requested measurement, The GPIB con-
troller then has three methods available to read the result
from the bridge. These are discussed in the three sections
below in increasing order of performance.

Hanging the Bus

The simplest way for a GP1B controller to get results from an
bridge is to initiate a data transfer from the bridge anytime a
measurement result is expected to be forthcoming. This will
cause the GPIB bus to be hung antil a result becomes avail-
able from the bridge. There is little disadvantage to this
approach {f no other devices on the bus need to be serviced
during this time and if the controller does not need the pro-
cessing time for another task.
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Serial Polling

The GPIB controller can be programmed to periodically per~
form a serial poll of the status bytes of all the active devices
on the bus. Such polling could read the status byte of the AH
2500A to see if a result is available. If the MAV bit in the sta-
tus byte is set. then the measurement has been completed and
it {or an error message} can be read by the controller,

When there are a number of devices on the GPIB bus, a dis-
advantage to this approach is that controlier programs may
have to be carefully written to ensure that the status byte is
checked often. Otherwise, if measurements are not conirol-
ler-initiated, data may be lost since the most recent measure-
ment result will overwrite any garead previous result.

Service Reguests

The highest performance method is to use the service request
interrupt capability of the GPIB bus. With the MAV bit of the
AH 2500A service request enable mask set, the GPIB con-
troller wiil be interrupted every time a measurement result
becomes available. This allows the controller to start a mea-
suremnent and then perform other tasks untii a service request
occurs. The controller then does a serial poll to find out
which device caused the interrupt. If it finds that the RQS bit
(hit six} in the AH 2500A status byte was set then it knows
that the AH 2500A generated a service request to the control-
ler. The controller should then check the other biis in the sta-
tus byte to see 1f the expected measurement result is available
or if some kind of error has occurred instead or in addition. If
it finds the MAV bit set and no error bits set, then the mea-
surement result can be read from the bridge and assumed to
be valid.

Using service requests aimost always minimizes the amount
of GPIB controller processing time used. The amount of time
spent doing GPIB bus operations is also almost always mini-
mized,

Six Examples

Each section below gives one example of a program having
the characteristics given in its section title. The programs
show several different examples of both controller and non-
controller initiated measurements. All programs are written
in TransEra HTBASIC which emulates an HP9000 series
200/300 workstation. The AH 2500A default parameters are
assumed.

None of the example programs in this chapter test the status
byte for errors because ajl errors generate a resuit, even for
commands that are not ordinarily query commands, Thus it is
only necessary to report any resulés that become available in
order to catch any arror messages that might occur. For
examples wsing a serial poil, it 1s only necessary to test the
MAV bit to detect a possible error message. The EXE and
CME error bits need not be checked if MAV is checked and
the corresponding result is reported.
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Controller Initiated / Bus Wait

The first example, shown in Figure 6-1, is the very simplest.
This program contains a short loop which issues a SINGLE
command to the AH 2500A, then immediately sets up a data
transfer from the bridge. The controller then waits as long as
necessary for the measurement result to be returned. When it
is, the controller reports the result and starts the loop again.

188
118
128
13l
148
1568

bin Agfaal

BUTPUT 728; "SIHGLE"
ENTER 728; A%

FRINT A%

GGETO 118

EHD

Figure 6-1 A simple controller-initiated program.

Pros and cons:

« Simplest to implement.
» No readings are ever lost.

« Maximum measurement rate if controller initiates read-
ings before bridge finishes measurements.

¢ Wastes controller execution time if controller initiates
readings before bridge finishes measurements.

* Wastes bus operation time if confroller initiates a reading
before bridge finishes a measurement.

Controtler Initiated / Serial Poll

The second example, shown in Figure 6-2, uses the GPIB
GET command to inifiate a measurement. A GET program
producing a single measurement result is assumed to exist.
An example is given in “Initiating with a TRG/GET Pro-
gram” on page 4-4. After measurement initiation, the control-
ler stays in the serial poll program loop until the MAV bit (bii
seven) in the AH 2500A status byte is set. When this occurs,
the result is reported and the main program loop is started
again.

1686
1168
1268
138
148
158
168
178
158

nIM Af[aal
BUTPUT 728
TRIGGER 728
S=SPOLL{72B}
IF HOT BIT{S,7: THEH S0TO 138
EMTER 7258; A%

FRINT At

GOTO 128

EHD

“BUs ...1.8"

Figure 6-2 A GET-initiated, serial poll program.

Pros and cons:

« No readings are ever lost,
+ High measurement rate.

+ Wastes controiler execution time.
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Controlier Initiated / Service Request

The third example, shown in Figure 6-3, uses the TRG com-
mand to initiate each measurement. As in the previous exam-
ple. an appropriate GET program such as that in “Initiating
with a TRG/GET Program” on page 4-4 1s assumed to exist.
After service requests are enabled and the initial TRG com-
mand is issued, the controller program is free to execute any
other code that might be useful.

When the bridge has a result, it will generate a service
request which will cause the controller to begin executing the
program’s interrupt code. This code will poll the instruments
on the bus to see which have the R(S bit (bif six) set, When
the code finds this bit set in the AH 2500A’s status byte, it
will check the MAYV bit (bit seven) to see if the measurement
completed, If so, the result is reported, a TRG command is
issued again to start another measurement, and the controller
returns to the code that was executing at the time of the ser-
vice request nterrupt.

1R OIM RE[E8]

1A oM IHTR 7 GOSUB 178

12 GUTPUT TEE; "BUS L. .1.a"
138 OGUTPUT T28; "SEE 1. TR

48 EMRELE INTR 7;2

158 GOTO 158 [IDLE Lnne

178 STATUS 7,1; 5 !CLEAR COHTROLA STATUS
180 5=SPOLL{728)

198 IF HOT {BIT(S,A} AHD BIT(S,731)

THEH 50TO 238
ZA9 EMTER 728; A$
214 PRIMT A%
2z OUTPUT ¥2§; “TAG"
238 ENABLE INTR 7,2
7479 RETURH
258 EHD

Figure 6-3 A controller-initiated program
using service requests.

Pros and cons:
+ Minimizes controller execution fime.
= No readings are ever lost,
= High measurement rate.

= Minimizes effects on operation of other bus devices.

Non-Controller Initiated / Bus Wait

The fourth example, shown in Figure 6-4, is similar to the
first except that measurements are started with the CONTIN-
UOUS command. This command is issued once at the top of
the program. Since the default time parameter for the CON-
TINUQUS command is zero, the bridge will take measure-
ments at a rate determined by the AVERAGE command.

The program contains a short loop which immediately sets up
& data transfer from the bridge. The controiler then waits as
long as necessary for the measurement result to be returned.
When it is, the contreller reports the result and starts the loop
again. If the time used by the controlier to read and report the
result is less than the time used by the bridge to make a mea-
surement, then no measurement results will be missed.

AH 2500A Capacitance Bridge
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1aa
it
28
138
148
158

DIin Aflae)

OUTPUT 7Z&; “CONTIHUOUS®
EMTER 7258; A%

PRINT A%

GOTO i2@

END

Figure 6-4 A simple non-controller-initiated program.
Pros and cons:
= Simpile to implement.

» Front panel display always shows the latest measure-
ment independent of the controller’s actions.

= No readings are ever lost only if the controller consis-
tently begins reading the bridge before the bridge fin-
ishes the next measurement.

» Maximum measurement rate if controller initiates read-
ings before bridge finishes measurements.

* Wastes controller execution time if controller initiates
readings before bridge finishes measurements.

+ Wastes bus operation fime if controller initiates a reading
before bridge finishes a measurement.

Non-Controller Initiated / Serial Poll

The example in Figure 6-5 is similar to that in Figure 6-2
except that the measurements are assumed to be initiated by
signals entering the external trigger input of the AH 2500A.
This example creates an external trigger program and stores
itin PROGRAM 18, This program file causes a single mea-
surement to occur for each external trigger pulse or contact
closare. As in the previous example, if the time used by the
controller to read and report the result is less than the time
used by the bridge to make a measurement, then no measure-
ment results will be missed. However, trigger pulses can be
lost {ignored) if they occur too rapidly. See “Handling Unex-
pected Trigger Pulses” on page 3-14 for more information.

taa Din Aslan]

118 QUTPUT 728; "PROGRANM CREATE"
1z QUTPUT 728; "HOLOD 8"

130 OUTPUT 728; “SIHGLE"

135 MAIT .1 |HEED RFTER QUERY
QUTPUY 72a@; "¢

BUTPUT 728; "STORE PROGRAN 18"
BUTPUT 728; "FROG t8°®
S=5POLLITZ2R)

IF HBT BIT(S,7: THEH GOTO 17@
EMTER 724 A%

PEIHT A%

GOTO 168

22/ EMD

IH PROGRAN

Figure 6-5 A non-controller-initiated program
using serial polls.

AH 2500A Capacitance Bridge

Pros and cons:

» Front panet display always shows the latest measure-
ment independent of the controller’s actions.

* No readings are ever lost due to a slow controller since
the HOLD O command synchronizes the controller to the
external trigger buffer,

« High measurement rate.

« Wastes controller execution time.

Non-Controfler Initiated / Service Request

The exampie in Figure 6-6 is similar to that in Figure 6-3
except that the measurements are assurmned to be initiated by a
person that has executed a command from the front panel of
the bridge. This can be any command or AH 2500A pregram
that generates measurement results.

188 DIN A%lzA]

118 OH IHTH ¥ GRSUE 144@

128 04TPUT 728; "BUS .. .1.8;3RE +."
138 OUTRUT 728; "LOG BUS 17

148 LOCAL 728

198 EHMABLE EIHTR 7;Z2

168 GATO 168

17 1

188
198
2ag

'I0LE LOOF
S5TATUS 7,1; 5 !CLEAR COHTROLR STATUS
S=3P0OLL(YZ

IF MOT (BI

L

3ORND BIT(S,75i
218

228
238
248
25nd

EMTER 7¢28; R%
FAINT A%

EHABLE IHMTR 7;2
RETURH

EHD

Figure 6-6 A non-controller-initiated program
using service requests.

The controller program enables service requests and then
causes a GPIB GTL bus command to be executed. This puts
the bridge in the tocal state so that commands entered on the
front panel will be accepted. The program could have unas-
serted the GPIB REN line instead of causing a GPIB GTL
bus command to be executed.

This program changes the Logger Bus parameter {o its
defauit value of one in case it has been changed to zero.
Otherwise, the controller will not receive any results,

Pros and cons:

* Minimizes controller execution time.

« Front panel display always shows the latest measure-
ment independent of the controller’s actions.

« No readings are ever lost only if the controller consis-
tently begins reading the bridge before the bridge fin-
ishes the next measurement.

= High measurement rate.

= Minimizes effects on operation of other bus devices.
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INTERACTIVE OPERATION

It is possible to program your GPIB controller so that you can
converse interactively with your AH 2500A just as you would
from the front panel of the bridge or via the RS8-232 port.
Such programming can communicate even while other bus
and controller operations are going on.

Benefits

Interactive communication can be very useful in the follow-
ing situations:

1. You are just icarning how to use the bridge and want o
explore its commands.

2. You know how to use the bridge and its commands, but
want to experiment with bridge parameters to deter-
mine what is best for your application,

3. You have written a program, but it doesn’t work. You
can use an interactive program (like the example given
later) to test the ideas in the program you wrote.

4.  Your use of the bridge is not sufficiently structured or
vour applications are too varied to justify writing pro-
grams for your controiler. Nevertheless, you want the
advantages of seeing your commands and results on
your GPIB controller screen and you want the option of
saving them to a file or printer.

5. You want one program that can access virtually ali of
the bridge's features.

6. You want to fully calibrate the bridge via the GPIB.
This requires interactive operations.

If any of the above sitnations apply, you will benefit from
running an interactive program on your GPIB controller.

Establishing Interactive Operation

An interactive program operates by accepting a command
line that you type into your GPIB controller. When you press
the RETURN key on your keyboard, the interactive program
sends your command line to the AH 2500A. The bridge exe-
cutes the command line and may or may notf produce a result
for you to read. If aresult is available, an interactive program
will read it and display it on your GPIB controller screen.
Whether or not a result was available, a prompt is shown on
your screen to indicate that the bridge is ready for you to
enter another command line. This loop can continue indefi-
nitely.

A second feature is required of an interactive program to han-
dle the case where you might want to interrupt a CONTINU-
QUS command or other command. Your controller may
require that its interactive program execute & command such
as INPUT to be able to read its keyboard. While a CONTIN-
UOUS command is executing, an interactive program will
not put a prompt on your GPIB controller screen or attempt
to read its keyboard. Without this, you are unable to enter a
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new command line to interrupt the bridge. As a result, an
interactive program must have the ability fo recognize a spe-
cial key or key sequence from your keyboard. When this key
sequence is pressed, the program will put a new command
line prompt on your GPIB controller screen and request input
from the keyboard. The bridge will be interrupted after a
complete command is entered in response to this prompt.

The key to communicating interactively is in having a way
for the GPIB controller to determine that the bridge is ready
for another command. The AH 2500A provides two ways {o
do this:

1. The Status Byte Register contains a RDY bit that is set
when the bridge is waiting to receive another command.

2. An optional prompt string can be sent to the GPIB
when the bridge is ready to receive another command,

The GPIB controller can be programmed to use either or both
of these detection methods to communicate interactively. In
either case, it is necessary to monitor the MAV status bit. The
use of these two methods is discussed below.

Using the RDY and MAV Status Bits

A program running on a GPIB controller can communicate
interactively by using the MAV and RDY bits. The MAV bit
tells the controfler when to read and display a result from the
AH 2500A. The RDY bit tells the controlier when to show a
prompt on its screen to indicate that another command line
can be entered, On some confrollers the RDY bit may also be
essential for telling the program when to request input from
its keyboard. The RDY bit provides a simple way to deter-
mine when the bridge is ready to receive a command, but it
does not pass any other information. The RDY and MAV bits
can be monitored with a serial poll or with service requests.

Enabling the GPIB Prompts Feature

You can configure your bridge to send all the same prompt
strings to the GPIB port as are sent to the RS-232, This is
useful because many of these prompts contain information
that suggests what to do next. With Option-E bridges, execu-
tion of a CALIBRATE 3 command requires the ability to
read these prompts.

(GPIB prompts are enabled and disabled with the command:

BUS

« e . pROmMPES

The prompts feature is enabled when the prompts parameter
bit is set to a one. The default value of the prompts parameter
stored in the BUS O parameter file is zero.

AH 2500A Capacitance Bridge
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When the prompts parameter is set, each prompt generated
by the bridge is appended as the last line of any query result.
If there is no associated query result, then a message is sent
that contains only the promipt. These prompts provide much
more information than the RDY bit, but add complexity to
any results sent from the bridge. For this reason, they are best
suited for human readability whereas the RDY bit by itself is
more optimum for machine readability.

Two Interactive Program Examples

The examptes in Figure 6-7 and Figure 6-8 will allow inter-
active communication with the AH 2500A via a GPIB con-
troller. The first program uses only sertal polls; the second
uses service requests. Like the previous examples, these pro-
grams are also written in HTBASIC.

18 | A PROGRAM TO COMAUMICATE

28 | INTERACTIVELY WITH THE 25804
3@ | USING OHLY SERIAL POLLING,
48 |

a8 DIN AS[ 3008
11| oIt Bglrenl

128 ! F11 KEY FORCES COMMAHD MODE
138 COMFIGURE EEY 133 70 #HUR{"1")
148 OH KEY 1 GOYD 918

158 ! EMRBLE PROMPTS TO BE SENT:
168 GUTPUT 728; "BUS ...1.t"

17a ! :

3e8 | BESIM MAIM LAOGP

318 S=S5POLL{72&}

3ze | TEST MAM STATUS BIT:

338 IF BIT(S,7) THEM GOTA 518

34¢ | TEST RODY STATUS BIT:

358 IF BIT(S,4) THEM GOTO %28

I68 GOTD 318

ive |

SAe | PROCESS RESULT FBON 25@8A

516 EMTER 728 ; A%

52 I=POS(A%,":")

538 IF I=8 THEM &B8

B4l BE=AE[1,I1-1]

558 PRINT BY ISHOW A LINE AT A TIHE
S8 RE=AF[I+1,LEN(A%)]

STR GOTO 528

BAE PRIMNT A% ISHOH LAST LIHE OF RESULT
618 IF BITV3,4) THEH GOTO 928

EZE PRINT IFORTE HEW LINE IF NZ FROMPT
B30 GOTO 318

64H |

@R | DCL AND COMMAMC IMTERRUPT

91@ PRINT "cHos®;
928 S5=5POLL{TZE)
93@ B$ml|$i
244 INPUT B%
358 | COHTRAOL E RESETS AHZSHAA:

s68 IF BEL1]<:CHRECS) THEK 6OTO S6R
978 CLERR 778

988 GOTO 924

9R9 QUTPUT 728; BE

1RAA PRINT B%

iBIB GOTE 318

1RZB END

'TURN OFF 2588 TALK LED
FELIMINATE FREVIGUS IHFUT

Figure 6-7 A program that allows inferactive operation
with the AH 2500A using only serial polling.
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Both programs first configure the AH 2500A so that it is in
GPIB compatibility mode and so that prompt messages will
be sent. Near the top of each program, the 0UH KEY 1
instruction was execuied to make the “F1 1" key special.
Pressing the F11 key on the GPIB controller's keyboard
causes a DOMIAND IHTERRUPT routine to be executed.
This routine first displays a “CH0 >” prompt on the control-
ler's screen. After a command line is entered in response, the
program sends the line to the AH 2500A where it is executed.
If a ~E is entered instead, a Device Clear is sent to the bridge
and the conirolier will continue to wait for a command line to
be input.

When the AH 2500A is done executing the command line, it
sets its MAV bit and possibly its RDY bit also. If the DUTPUT
PE&; "3RE 1..17 instruction was executed as in the pro-
gram of Figure 6-8, then a service reguest will also occur.
The controlier then reads the bridge’s status byte with a serial
poll. The controller tests the MAV bit in the status byte. If it
is set, the controller reads the result from the bridge and dis-
plays it on the controller’s screen. If the RDY bit is also set,
then the controtler prompits for another command input. Oth-
erwise, the controller returns to wait for the MAV or RDY bit
to become set again.

In these programs, the message result processing routine
looks for any semi-colon (;) characters that might be in the
message sent by the bridge. These are used to delineate each
line of characters of the message that is shown on the GPIB
controller’s screen. I the bridge is not run in compatibility
mode, then this code must search for line feed characters (LF
or 10) rather than semicolons. Many controllers are more
sophisticated and would not require this fransiation.

These programs are “hung” in a loop until a command line is
entered, but a more sophisticated rewrite of this program
might allow the controller {0 do other things while it is wait-
ing for a command line to be entered.

Both programs will work as they stand without enabling
prompt messages to be sent. They will simply be less friendly
to use since less information will be shown on the controller
screen.

Sometimes the RDY and MAV bits are both set together in
the status byte. Other times they are set separately so that two
readings of the status byte are required to detect them,
Depending on exactly how the interactive program works,
this difference can leave the TALK LED on the bridge's front
panel on in one case and off in the other. Since if is more
meaningful to have the TALK LED off when no talking is
actually occurring, line 910 in both programs is used oniy to
ensure that the AH 2500A is untalked when prompts are dis-
played.
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1B | A FROGRAM TO COMMUHICATE

2@ 1 INTERACTIYELY WITH THE Z588A

36 i USIHG SERVICE REQUESTS.

48 |

8@ pIin A% 3aaa)

118 ain B$l104]

128 CONFIGURE KEY 133 TO HUOMC"1%) | Fif

138 OH EEY 1 GOSUBR 328

148 GH INTR 7 GOSUE 3@

is5a | ENMABLE PROMPTS TO BE SENT:

168 OUTPUT 728; “BUS ...1.1°

178 | SET MAY AND RDY SBE BITS:

18@ OUTPUT 728 "SRE t..1"

190 EHHBLE IHTR 732

218 BOTO 214 l1OLE LOOP
1

I8 | PROCESS SERUICE REOUESTS

318 STRTUS 7,1 3 ICLEAR CONTROLR STRTUS

328 S=SSPOLLLTZE)

338 | TEST ROS STATUS BIT:

248 IF BIT{S,6) THEN GOSUB 518

358 ON KEY 1 GOSUR 82g {GOSUB
aef EMABELE [HTH 7;2

378 RETURH

3g@ |

seA | REPORT AHY RESULT FROMN ZSB8A
518 O EEY 1 GODTO 828 PGETO

Sz ! TEST MAY STATUS BIT:

538 IF BIT(S,7) THEM GAOTO 414

548 | TEST ROY STATUS BIT:

s5@ IF BIT(S,4) THEN GOTO 914

S48 BRETURN

=78 |

89 |PROCESS RESULT FROM 2588A

5189 ENTER 728 ; A%

£78 I=FOS{A%,";"

3@ IF I=8 THEN 788

48 EF=A%[1,1~-1] -

658 PRIHT EB% ISHOW A LIME AT A TINE
660 AF=ASLI+1,LEH{AS)]

67A GOTO 628

@ !

788 PRIHNT A%; PSHOM LAST LIKE OF RESULY
718 IF BITCS,4) THEN GOTO 9t

T2 OPRINT IFORCE MEY LIME IF HO FPROGHPT
T3 ﬁﬁruﬂﬁ

gBf | DCL AND COMMAND IMTERRUPT

B18 CGFF IHTAE 7

28 PRINT “CHD:»";

B3R GOSUE 218

4B OH INTR 7 GOSUB 318

858 RETURH

T

ag@ | TEST IMFUT FOR “FE DEUICE CLEAR

Q1R S=SPOLLCT28) !TURH OFF 2588 THLY LED
9z@ BF="" FELINIMATE PREUICUS IHPUT
93@ INPUT B%

24 IF BE[1]<>CHR$(S) THEW GATO 978

a5@ CLERR T8

QER GOTH 920

avg QUTPUT 728: BE

988 PHINT BY

Qa8 KETIRN

299 EHO

Figure 6-8 A program that allows interactive operation
with the AH 2500A using service requests.
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COMPATIBILITY MODE

The IEEE-488.2 standard requires at least two unfortunate
data formats that are still used only to maintain compatibility
with past practice. These are:

1. The values of status and mask bytes are represented as
hinary weighted decimal numbers. A modern represen-
tation would use binary, octal or hexadecimal. Any of
the latter formats allows the value of individual bits to
be much more easily determined and changed.

2. Result lines are separated with semicolons () rather
than LF characters (ASCII OAy). For message results
having multiple lines totaling more than about 80 char-
acters the use of semicolons as separators makes such a
result harder to dispiay and print. Most other conven-
tions require LF as a Hne terminator,

Using an abbreviated form of the command introduced in
“Setting the Configuration Parameters™ on page 6-2, the AH
2500A allows you to choose between compatibility and con-
venience. This command

BUS ... compat

selects compatibility mode when compat is set to one. In
compatibility mode, all status byte values are reported in
binary weighted decimal and all result lines are separated
with semicolons, With compatibility mode off, all status byte
values are reporied in binary and all result fines are separated
with LF characters. All messages are terminated with
LF*END no matter how compatibility mode is set. (A mes-
sage consists of one or more result lines.)

The defaunlt compatibility parameter value stored in the
BUS 0 parameter file is zero.

INITIALIZING THE BRIDGE

There are three different initialization functions that can be
issued to the AH 2500A from the GPIB bus. These are the
Interface Clear bus command (IFC), the DCL and SDC
Device Clear bus commands and the BRST bridge command.
The DCI, and SDC commands have the same effect on the
bridge.

These three initialization commands form a hierarchy in the
sense that it may be necessary {due to sorme malfunction) to
issue a lower comunand before the next will be accepted. The
RST command might not be accepted before an SDC or
DCL command is issued. The SDC or DCL commands might
not be accepted before an IFC cormnmand is issued.

AH 2500A Capacitance Bridge
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Interface Clear

The interface clear (IFC) command is communicated from
the GPIB controller via a dedicated line on the GPIB bus,
This command will clear parts of the AH 2500A GPIB inter-
face to the extent required to be able to (at least) accept a
DCL or SDC command.

Device Clear Commands

The execution of a general DCL {Device Cl.ear) command
from the GPIB controller will cause all remote devices on the
bus with this capability including the AH 2500A to reset their
internal command processing related functions. The control-
ler may also address an instrument to be a listener and then
issue an SDC (Selective Device Clear) bus command to reset
the same functions in that instrument only. The GPIB device
clear commands have exactly the same effect as a AE charac-
ter from the serial port and the [FUNC] [CLEAR] [FUNC]

CLEAR] front panel key sequence.

The items reset include:

+ The GPIB input buffer
+ The GPIB ouiput buffer
+ Command processing functions

+ Result formatting functions

The RST Command

The effect of this AH 2500A command is to put all higher
control sections of the bridge except for the bus control cir-
cuitry into the same state as at power-on. The PON status bit
is not set when this command is executed. In fact, it is
cleared.

Bridge parameters in the Basic and Gauge parameter sets are
set to their power-on values as contained in the parameter
sets numbered zero or one. Parameters in the Bus and Baud
parameter sets are not initialized. See “PARAMETER SET
INTTIALTIZATION" on page 3-10 for a more detailed expla-
nation of power-on parameters.

GPIB DATA LOGGING

The AH 2500A can send all commands that are entered and
all measurement data that is initiated from the front panel to
the GPIB port. This allows you to keep a log of some or all
bridge activity without necessarily having a GPIB controller.
You can, instead, connect a GPIB printer or other GPIB log-
ging device {logger) to the GPIB port.

The logger should be able to read fast enough to handle the
maximun data rate that the bridge is expected to produce. If
itis not fast enough, all result lines will still be complete, but
some lines will be lost. See “Receiving Hvery Response Mes-
sage” on page 6-4 for more information.
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Enabling/Disabling GPIB Logging

Logging to the GPIB port is enabled and disabled with the
following command:

LOGGER BUS contenr

The content parameter controls what, if anything, is logged to
the GPIB port. The allowable values of the conrent parameter
and the corresponding messages sent are listed in Table 6-2.
This table is identical to the corresponding serial port

Table 7-2 on page 7-13.

Table 6-2 Content parameter vahies

Content Messages Sent to Logger
0 None (logging is disabled)
I Measurement results only
2 Al results (measurement and show)
3 All commands and all results

The default content parameter value stored in the BUS O
parameter file is one. This enables logging to a remote GPIB
device. This is a different default value from the RS5-232 case.
The reason is discussed in the next section.

Logging to a Controller

Logging to a GPIB controller is simple. Once logging has
been enabled with the LOGGER BUS command from the
front panel, all the controller has to do is to read the results.
To create some results to read, use the CONTINUOUS com-
mand, aiso from the front panel. The program that does the
reading can have any of the three basic non-controller initi-
ated forms given carlier in “Six Examples” on page 6-9.

The AH 2500A defaults to logging only measurement results
to the GPIB port, no matter what is there to take them. This
makes working with the GPIB port a little friendlier since if
any measurements have been taken, there will always be a
measurement result there for the controller to read whether
the controller “asked” for it or not. The LOGGER BUS
command can be used to change this default so that either no
results are sent unless asked for by the controller or so that
more kinds of results are sent without the controller asking
for them.

Logging to a Non-Controller

Although the default logging setting sends measurement
results to the GPIB port, a GPIB controller is normally
required to be able to read these results. However, if data log-
ging is the only function that is desired (no commands issued
by a controller), it is possible to log results without a GPIB
controller by putting the bridge info talk-only mode. This is
useful if you have a printer or other logging device that has a
GPIB port that can be set to fisten-only.
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Talk-Only Mode

If a listen only logging device such as a printer, is used
instead of a bus controller, then the AH 2500A fon (talk-only)
bit must be set to a one to put the AH 2500A in talk-only
mode. This mode causes the bridge’s GPIB port to send
results without having to first be addressed. As a conse-
quence, there can be no other talkers on the bus at the same
time. The command to set and clear talk-only mode is

BUS ..iom

Talk-only mode will be set when fon is entered as a one. The
mode will be disabled when ron is entered as a zero, The
default ton parameter value stored in the BUS 0 parameter
file is zero. Bus addresses are ignored in this mode.
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Chapter 7

Serial/RS-232 Remote Operation

Operating the AH 2500A via the serial RS-232/current-loop
port is often the simplest, friendliest and least expensive
methoed of obtaining a remote control link. A serial link will
also run much greater distances than a GPIB link. Because
the RS§-232 standard is so widely used, there are a wide vari-
ety of possible computing devices to which the bridge may
be connected. See “Serial Communication Options™ on

page 1-8 of Chapter 1, “Description and Installation” for a
more detailed discussion of the advantages of using the serial
port and of the many possible configurations.

The serial port is usually used as an RS-232 port, but it can
also be connected as a 20 mA current-loop port.

This chapter discusses how to setup and operate your AH
2500A via the serial port. Specifically, the major topics dis-
cussed are how 1o:

« Specify a cable to connect between a remote serial
device and your AH 2500A.

¢ Set the communication parameters using the BAUD
command.

+ Save the serial configuration parameters introduced in
this chapter by using the STORE BAUD command.

+ Optimize keyboard usage on your serial device using the
DEFINE command.

» Limit front panel access to your AH 2500A using the
LOCAL, NREMOTE, and NLOCKOUT commands.

+ Use your serial device to log results from your bridge
rather than to control your bridge. The LOGGER
BAUD command controls this method of operation.

CABLE CONNECTION ISSUES

Finding or building the right cable to connect two serial
devices to each other is, on the average, 90% of the effort
required to establish a serial link. First, a cable must be found
that will mechanicaily fit between the AH 2500A and the
remote device. Unfortunately, this, by itself, is not usually
sufficient to make a serial link operate. Making RS-232 con-
nections is fairly easy, but two issues often trip the inexperi-
enced user. One issue is that the DTE/DCE identity of the
serial devices to be linked must be known so that transmit
lines are connected to receive lines and vice-versa. The other
issue is that unconnected handshake lines can prevent opera-
tion even if they are not intended to be used. Neither of these

issues is difficult to handie if you read enough of this section,

AH 25004 Capacitance Bridge

For an excellent and concise discussion of R5-232 interfac-
ing, see pages 720-726 of Reference 4 in the bibliography.
For a thorough discussion of this topic, see Reference 11,

Specifying an RS-232 Cable

Finding or building the right cable involves selecting the
right length, the right connectors, and the correct configura-
tion of conductors inside.

Cable Length

The RS-232 standard specifies the maximum length of an
RS-232 cable to be 50 feet (15 meters). In practice, a length
of 250 feet (75 meters) will work at 9600 baud. Much longer
lengths are possible at reduced baud rates. Note that ribbon
cable with insulation displacement connectors will not work
over such large distances. (Using ribbon cable requires that
signal conductors not run side-by-side in the cable; they must
be spaced with a ground conductor to work reliably over
even short distances. No serial connector pinout in common
use supports such an alternating signal/ground arrangement.)
See Appendix A of Reference 10 which has some graphs and
a good discussion of cable lengths for several serial transmis-
sion reethods.

Type of Connectors

Once upon a time, there was only one kind of RS-232 con-
nector in common use. This was the 25 pin D connector.
Now, the IBM PC AT and some of its clones use a nine pin D,
The RJ-11, RJ-45 and other telephone connectors have come
into common use. DIN connectors are used on Macintosh
and other computers where space is at a premium. Other than
the original 25 pin D connector, there are only de facto stan-
dards, if that, to define RS-232 pinouts for these connectors.

The AH 2500A has on its rear panel a serial port using an RS-
232 standard 25 pin male DB-25 connector, You therefore
will need a female mate to this connector, plus a mafe (o
whatever connector is on your remote device.

Connector Pinouts

Table 7-1 lists connector pinouts for a cable to link one of a
number of the most common remote serial device ports to
your bridge. The first or left-most column in the table lists the
pinout of the male DB-25 connector on the rear panel of the
AH 2500A. (Since mating connectors always have the same
pin numbering, this pinout is also that of the female DI3-25
needed at the bridge end of the cable.) The next two columns
in this table list the names and functions of the signais found
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Table 7-1 Cable pinouts from the AH 2500A to other common serial ports

AH Standard | Standard | IBM PC AT Apple DEC
2500A | Signal DCE DTE DTE Macintosh | MicroVAX
DB-25 @ Name | Signat Function DB-25 DB-25 DE-8 Mini-DIN-8 3100

2 ™ Transmitted data™ 2 3 2 5 5
3 RD Received data 3 2 3 3 2
4 RTS Request to send* 4 5 8

5 CTS | Clear fo send 5 4 7

6 DSR | Data set ready 6 20 4

7 5G Signal ground 7 7 5 4 3
8 cD Carrier detect 8 20 4

20 DTR | Data terminal ready* 20 6&8 1 &6

22 RI Ring indicator 22

on these pins. The remaining columns list the corresponding
pinouts of connectors that will mate with the remote devices
or ports which are indicated at the head of each column.
These colummns contain the pinouts for standard DCE and
DTE 25 pin D ports, the IBM PC AT and some clones 9 pin D
connector, the Macintosh mini-DIN-8 port, and the
MicroVAX 3100 MM} port.

If your remote serial device has one of these ports, then this
table shows how to make a corresponding cable. All that is
required is that each pin of your female DB-25 connector in
the left-most column be connected to the corresponding pin
of the column at the right whose port you will link to. Your
bridge must also use the default DTE parameter bit setting as
explained in “Swapping Transmit and Receive Data Lines”
below. With this setting, the bridge will drive (or transmit on)
the lines identified with asterisks (*) in the signal function
column in the table.

If your remote device has a DB-25 connector and is DCE,
then the table shows a simple one-te-one correspondence of
pins between the bridge and the remote device connectors,
This allows using an ordinary straighi-through cable having
at least the conductors listed in the table. The connections for
such a cable are shown in Figare 7-1. If vou can’t determine
if your remote port is DCE or if vou don’t understand this
term, read “Identifying Your Remote Serial Port” below.

If your remote device has a DB-25 connector and is DTE,
then the table shows that the connections inside the cable are
more irregular. Notice that pin 20 of the connector going to
the bridge connects to both pins six and eight of the connec-
tor that plugs into the remote device. The reverse is also true;
pin 20 of the connector to the remote device connects o both
pins six and eight of the connector that plugs into the bridge.
Making cables of this nature is time-consuming. Fortunately,

a product called a “null modem” performs exactly this func- -

tion and can easily be purchased.
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Female DB-25 connector o AH 2500A
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Male DB-25 connector to remote DCE device

Figure 7-1 Straight-through DTE-to-DCE cable

A null modem can be either a cable or a short adapter. It is
intended to connect two DTE devices together. (It will also
connect two DCE devices together.) When inserted in place
of or in series with a straight-through RS-232 cable, 2 null
modem will ensare that ail of the input pins are driven by
corresponding output pins. The pinouts in Table 7-1 show
one way to wire a null modem. There are actually many
available variations in the pinouts. Fortunately, all of the
comnercially available null modem variations that we have
seen are compatible with the AH 2500A_ This is true because
the bridge does not use these lines for data flow control. A
schematic for the nuil modem whose connections are given
in Table 7-1 is shown in Figure 7-2.

The sixth column in the table gives the pinout needed to
specify a cable to link to an IBM PC AT or similar clone. The
pinout is for a cable that connects to such a computer and not
to another device that could connect to that same compuger.
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Femaie DB-25 connector to AH 2500A
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Female DB-25 connector to remote DTE device

Figare 7-2 A typical null modem

The interface on such a computer has DTE signals. The sche-
matic for this IBM cable is shown in Figure 7-3,

Female DB-25 connector to AH 2500A

%ﬁﬁ%ﬁ%ﬁﬁﬁ%ﬁ%ﬂ
\\

0]0](©]0X¢
OO

Female DE-9 connecior to
IBM PC style computer

Figure 7-3 Serial cable to IBM personal computer

Macintosh compaters implement the newer RS-422 standard
which specifies differential drivers and receivers. RS-422 ig
not really RS-232 compatible, but will communicate if con-
nected as shown in the table and if the distance is not too long
and the environment is not too noisy. It is desirable to con-
nect pin 4 to pin 8 on the mini-DIN-8 connector. This shorts
the positive, differential, data receive input to ground so it
doesn’t pick up noise. The schematic for this Macintosh
cable is shown in Figure 7-4.

The DEC MicroVAX 3100 uses a special connector called an
MMJ. This conrector looks iike an RJ style telephone con-
nector, but the latch is offset so that the two are not compati-
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Mini-DIN-8 connector to
Macintosh computer

PROO®OEOOCOOOO®
PEPOROEPAOEO®

Female DB-25 connector to AH 2500A

Figure 7-4 Serial cable to Macintosh computer

ble. These connectors are readily available from third-party
sources. MicroVAX 3100’s use the RS-423 standard which is
single ended and uses lower voltages than RS-232 bat not as
low as RS-422. The schematic for this DEC cable is shown in
Figure 7-5.

MM.J connector to DEC MicroVAX 3100 computer

Figure 7-5 Serial cable to DEC MicroVAX 3160

One commonly used pin is not listed in Table 7-1. On the
DB-25 connector this is pin one and is called the frame
ground. Common usage just connects the frame ground on
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one connecior to the frame ground on the other. However, the
recent RS-232D standard specifies that the frame ground line
is only to be connected to an equipment frame at ore end of
the cable, not the other, Therefore, we will make no recom-
mendation as to how this should be connected. 1t is, however,
extremely important that the signal grounds SG always be
connected to each other,

CAUTION

It is extremely important that the chassis grounds of all
equipment being interconnected be properly grounded
through the power cord of each piece of equipment. Ground
pins on power cords must never be cut off or otherwise
defeated. Failure to observe this will frequently cause RS-232
ports to be damaged if the serial link is disconnected while
the equipment is plugged in (but not necessarily powered on).
The failure results from the ability of power line RFI filter
capacitors to cause an ungrounded equipment chassis to
foar to a voltage midway between the voltages on the two
input power lines. This can put the chassis voltage at 50 to
120 volts above ground (for line voltages of 100 to 240 volis)
with enough current capacity to be a shock hazard and to
cause damage to interface ports. (The AH 25004 does not
use such filter capacitors, but many other pieces of
equipment do. )

You may not find the information in Table 7-1 to be sufficient
to specify a cable because your remote device is not listed or
because you are not sure if it is listed. The next section
explains how to identify the most important characteristics of
a serial port.

Identifying Your Remote Serial Port

If your remote device has a serjal port using a DB-235 connec-
tor, you may be uncertain as to whether it is DCE or DTE. If
you aren’t sure which you have, you won’t know which col-
uma in Table 7-1 1o use to specify your cable. This problem
tends not to arise with the other ports shown in the table,
although it might be an issue with an IBM-like port. The dis-
cusston below will refer only to a DB-25, but the same prin-
ciples apply to ports of all kinds.

DTE and DCE

There are two basic kinds of RS-232 devices. One is called
Data Terminal Equipment or DTE. Examples are video ter-
minajs and printing terminals. The other is calledData Com-
munication Equipment or DCE, of which modems are
examples. The intent of the RS-232 standard originally was
that a DTE always be connected to a DCE. Today, all possi-
ble connections are commonly used.

A DTE should have a connector with male pins and a DCE
should have a connector with female pins. Unfortunately, this
is usually but not always true and therefore can not be used to
determine the DCE/DTE nature of a connector.
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Although the gender of your remote serial port will suggest
which kind of data equipment it is, if you have a DC voltme-
ter, you can reltably determine its kind. (An RS-232 breakout
box is even better than a voltmeter.) The trick is fo measure
the voltage (with respect to pin seven) on pins two and three
of the DB-25 connector to determine which is the transmit
pin. The transmit pin will have a negative level larger than
four volts. The other pin will be the receive pin and it will
have a voltage near zero. Referring to the table, if pin two is
the transmit pin, then the portis DTE. If pin three is the trans-
mit pin then the port is DCE.

Having made this identification, you should be able use the
table to specify the pinout of a cable that will work. How-
ever, having made this identification, you may want to make
some additional measurements which may allow you to
apply some shortcuts described in the “Shortcuts™ section
below.

Handshake Lines

If your remote serial port does not implement handshake
lines, you wili be able to take some shortcuts described in the
sections below. The handshake lines are listed in the table as
RTS, CTS, DSR, CD, and DTR. RI is also a handshake line,
but is of lesser importance here.

The best way to determine how your remote port implements
handshake lines is to read the documentation that you have
about that port. This is important because some ports may
allow vou to disable these lines. If there is a2 way to disable
them with a switch setting or with software, you should do
s0.

If you can't find information which specifies the impiementa-
tion of your remote port’s handshake lines, then you can find

the information yoursel using a DC voltmeter as was done in
the last section. In this case, a voltmeter can be used to deter-
mine whether some handshake lines on your remote port are

actually driven or whether they are not connected.

Measure the voltage with respect to pin seven on the six
handshake pins on your remote port connector. If your port is
DTE, then, if handshaking is implemented, one or both of the
handshake pins marked with an asterisk (*) in the table will
be driven to a positive or negative voltage level larger than
four volts. if your port is DCE, then some of the handshake
pins not marked with an asterisk will be driven if handshak-
ing is implemented.

If any pins are driven, then (o be safe, you must conclude that
some handshake lines are implemented. (l.ooking for input
pins on & port by measuring their voltage is less useful. The
expected lower voltages make the resulis harder to interpret.}
If no handshake pins are driven, then you can be fairly confi-
dent that your remote serial port does not implement any
handshaking signals. If this is the case, then the shortcuts
described below are available to you.
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Shortcuts

If you are sure that your remote serial device does not imple-
ment any handshake lines or if you can disable them, then
you have two shortcuts available that will make your serial
link easier to complete. One is to reduce the number of con-
ductors in your cable to oniy three. The other is to use a fea-
ture of the AH 2500A which eliminates any need for a null
modem.

Eliminating Handshake Lines

As discussed in “Controlling Data Flow” on page 7-5, hand-
shaking is an essential function in most serial data lnks.
However, the use of hardware lines (as opposed to flow con-
trol characters) to perform handshaking is unnecessary and
undesirable in most modern RS5-232 ports, including that of .
the AH 2500A. The reason is that an RS-232 serial link,
using flow control characters, will work just as well without
handshake lines. Eliminating the use of unnecessary hand-
shake lines also removes the unnecessary complexity associ-
ated with them.

The shorteut that you can take here is to simmply not make any
connections to any of the handshake pins on either end of
your cable. This is true even for the cable connections shown
in Table 7-1. You only need to connect lines to pins two, three
and seven on the bridge even though more lines may be listed
in the table. This allows you to use a cable having only three
conductors rather than eight.

Alternatively, you also have the choice of using a cable that
may have many more conductors than the three that you need
without being concerned about how the unused conductors
are connecied. If pins two and three are properly handled as
described in the next section below, this will allow using a
straight-through 25 conductor cable. General purpose cables
and especially ribbon cables often have ail 25 pins con-
nected.

Be aware that it is important not to attempt the above short-
cuis unless you are certain that the handshake lines on your
remofe serial device are not implemented. Using a cut-and-
try approach here could be very troublesome because active
handshake lines that are not properly connected can produce
very intermittent symptoms. This is espectally true of
undriven lines that are connected to handshake inputs. Such
lines will pick up noise that is then fed to the inputs.

Swapping Transmit and Recelve Data Lines

If the handshake lines are not implemented on your remote
device post, you can use any cable intended for RS5-232 use
between your AH 2500A and your remote serial device. The
cable need only have mating connectors of the correct gen-
der. It doesn’t matter whether the cable you choose is a
straight-through or null modem type. This can be very handy
if your sertal link consists of a chain of several cables of
uncertain identity or limited accessibility. The trick is that the
AH 2500A has the ability to internally swap the transmit and
receive data lines.
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When originally purchased, the bridge has the transmit and
receive data lines configured as DTE. This default setting is
stored as a one in the DTE bit in the BAUD 0 parameter file.
The partial syntax of the BAUD command shown below can
be used to change the DTE parameter bit:

BAUD . DTE

When the DTE parameter bit is zero, the bridge’s RS-232
data lines will be configured as DCE (pin three transmils).
When DTE is a one, the data lines will be configured as DTE
(pin two transmits). The SHOW BAUD command will iden-
tify the current setting of the DTE parameter bit.

If you know whether your remote device is DTE or DCE and
you know the configuration of the two data lines in each of
the cables in whatever chain of cables connects the remote
device to your bridge, then you have all the information
needed to determine how to set the DTE parameter bit. If any
of this information is missing, then you can again use a volt-
meter to determine what the correct setting is for the DTE
parameter bit.

To do this, fully connect whatever cabling you intend to run
between your bridge and your remote device but leave the
female DB-25 cable end disconnected from your bridge.
With your remote device powered on but not sending data,
measure the voltage on pin two with respect to pin seven on
this disconnected female connector. If the voltage is more
negative than minus four volts, then the female connector is
DTE so the DTE parameter bit must be set to a zero {0 make
your bridge DCE-like. If pin two is instead near zero volts,
then check that pin three relative to pin seven is more nega-
tive than minus four volts, If so, then the DTE parameter bit
must be set to a one to make your bridge DTE-like,

If handshake lines were never an issue, the shortcut method
of establishing a serial link described above would be nearly
all you ever need.

Be aware that if the AH 2500A is o be connected to a remote
device with active handshake lines, all RS-232 lines on the
serial port of the bridge must be configured as DTE. This
means that the DTE parameter bit must be left set to its
default state of one when active handshake lines are present
in the remote port.

Controlling Data Flow

Some kind of handshaking scheme is required to control the
flow of data between two serial devices. The AH 2500A uses
the Control-S and Controt-Q, ASCII characters for regulating
the flow of data between it and a remote device. The bridge
sends a Controt-S when it wants the flow of data being sent to
it to stop and sends a Control-Q when the dala is to resume.
Similarly, the bridge will stop sending data when it receives a
Control-S and will continue only after receiving a Control-QJ.
This is the most common method,

The AH 2500A, as purchased, is configured to ignore hand-
shake line signals. Specificaily, it is not affected by signals on
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the clear to send {(CTS), data set ready (DSR), carrier detect
(CD), and ring indicator (RI) lines. The bridge does, how-
ever, drive the request to send (RTS) and data terminal ready
(DTR) lines so as to keep them constantly enabled. This
approach should minimize trouble from remote device ports
that implement handshake lines but don’t use them for data
flow control.

Some remote devices may Iry to use the handshake lines
{probably RTS/CTS) to control the flow of data. Alf of the
discussion in all the sections above assumes that ro RS-232
handshake lines are used for data flow control. The connec-
tions described above will not function this way because the
bridge will not monitor these handshake signals. Any remote
device connected to the AH 2500A must use the Control-S
and Control-Q characters for data flow control. Otherwise,
the baud rate will have to be set very low.

If a remote device requires that handshake lines be used for
data flow control, then the AH 2500A has internal jumper
options that may solve such handshake line problems. Con-
sult the factory if you need a handshake line feature not avail-
able with the standard jumper configuration.

20 mA Current-Loop Operation

Current-loop operation is sometimes used in preference to
RS-232 for use in noisy environments such as factories. The
receiving circuit in the AH 2300A is optically-isolated and
thus has very high noise tmmunity. If the receiver on the
remote device is also opto-isolated, then the overall circuit
should have excellent noise immunity.

Current-loop operation functions identically to a three-wire
RS-232 configuration except for the voliage/current levels

employed and the connector pinout on the AH 2500A. See

Chapter 3 of Reference 10 for a good discussion of 20 mA

current loops.

Pinout

Carrent-loop operation requires a pair of conductors to trans-
mit a signal and another pair to receive a signal. These two
pairs should be connected to pins on the RS-232/20 mA
SERIAL PORT on the back of the bridge as shown below:

Pin9  Positive Receive Lina

Pin I1 Negative Receive Line

Pin 18 Positive Transmit Line
Pin 25 Negative Transmit Line

In this case, “positive” is used to meun that the voltage on the
positive line is more positive than the voltage on the other
Hine of this pair labeled “negative”. It is Hkely that both volt-
ages on both pairs of conductors are positive with respect to
the bridge’s ground.
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Powered/Unpowered Receiver Selection

Some current-loop interfaces use the transmitting end to pro-
vide cutrent to the interface loop; others use the receiving
end. The AH 2500A always supplies current to the interface
loop through its fransmitling circuit. When originally pur-
chased, the bridge is configured to provide no current to the
loop through its receiver. A change of jumpers can configure
the receiver to provide current to the loop, but this will defeat
the isolation provided by the opto-isolator.

if you need to reconfigure the jumpers, you must remove the
top cover of the bridge to gain access to the processor PC
board. This is described in “Removal and lastallation of Cov-
ers” on page 12-3. With the help of the assembly drawing
Figure F-8 on page F-24, locate JP311 in the lower right cor-
ner. This is a six pin header which should always have three
Jjumpers on it. As originally purchased, there are jumpers
bridging pins two and three and pins four and five. Pin six
holds a jumper as a storage location. Since the location of
these jumpers is symmetric, the pin numbering of JP311 can
be counted from either end of the header. To change these
jumpers so that the receiver will provide current to the loop,
move the jumpers so that they bridge pins one and two, three
and four, and five and six.

SERIAL COMMUNICATION
PARAMETERS

A number of variables such as baud rate, parity, number of
stop bits and others, must be set to conform to the settings of
the corresponding variables in yvour remote device. Funda-
mental variables such as these which directly affect the abil-
ity of the serial link to communicate are called communi-
cation parameters. This section explains the function of each
communication parameter, states the default vaiue of each
parameter as stored in the BAUD 0 parameter file, and
explains how to set and permanently save each one,

Setting the Serial Parameters

The BAUD command is used to set all the serial commanica-
tion parameters. The BAUD command can be entered from
the front panel or from a remote device using the following
full syntax:

BAUD rate. DTE. parity. length. stop . fill . echo

The full BAUD command uses seven parameters which are
described in the sections below. Each time the BAUD com-
mand is entered, it can be followed by any combination of its
parameters provided that place-holder periods are entered
and that the order is preserved. As an example, the eniry
BAUD ..1.8..4 specifies odd parity, an 8 bit character,
and 4 fill characters with the other four parameters left
unchanged. See “Positional Parameters” on page A-1 for
more information about this method of parameter entry.
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The communication parameters can be changed from the
serial port, but the changes take effect immediately so you
must be able to change the communication parameters of the
remote device at the same time if the communication link is
not to be interrupted.

Once the serial link has been correctly established, sending a
carriage rettrn character from the remote device should
cause the bridge to send the character sequence “CR. LF, >”,
which should cause a “>" prompt to appear on the remote
device.

Baud Rate

The rate is the rate in bits per second at which the data is sent
and received. This can be selected using the following partial
syntax:

BAUD rare

The rate can have one of the following values: 50, 75, 10,
135, 150, 300, 600, 1200, 1800, 2400, 3600, 4800, 7200 or
9600 with 9600 being the default. All digits of the desired
value must be entered even though only the first two digits
are reported by the SHOW command,

DTE

The DTE parameter bit is explained in detail in “Swapping

Transmit and Receive Data Lines” on page 7-5. The partial

syntax of the BAUD command shown below can be used to
change the DTE parameter bit;

BAUD .DTE

When the DTE parameter bit is zero, the bridge’s R8-232
data lines will be configured as DCE (pin three transmits).
When DTE is a one, the data ines will be configured as DTE
(pin two transmits).

Parity

The parity parameter bit controls whether a parity bit is sent
as part of the serial data byte or not. Parity is not tested when
characters are received no matter how the pariry parameter
bit is set. The pariry parameter bit can be changed with the
command syntax:

BAUD .. parity

The parity parameter bit can be set to no parity, odd parity or
even parity using the digits 0, 1 or 2, respectively. The default
is zero for no parity.
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Character Length

The length parameter determines the number of bits in each
serial data byte. This can be selected using the following par-
tial command syntax:

BAUD ... length

The length parameter can be 7 or 8 bits with the default
being 8.

Stop Bits

The stop parameter is the namber of serial bits sent at the end
of each serial byte. This can be selected using the following
partial command syntax:

BAUD . ... stop

The stop parameter can be I, or 2. A one always indicates |
stop bit. A two indicates 1 stop bit if the word length is 8 with
parity selected, and 2 stop bits in all other configurations.

The defaultis 1.

Fill Characters

Some older, unbuffered printers need exira time at the end of
each line for the carriage to return. Sending empty characters
at the end of each line can provide this extra time. The fill
parameter determines the number of fill characters (nulls)
sent following each CR, LF character combination, The num-
ber of fill characters can be selected using the following par-
tial cormmand syntax:

BAUD ..... fill

The fill parameter can range from 0 to 9 with the defauit
being 0.

Command Echoing

You may choose whether or not to have commands echoed to
remote serial devices. The echo parameter determines
whether characters enfered on a serial device are echoed by
the AH 2500A back to that device,

If data acquisition is being controlled by a computer, comn-
miand echoing is normally disabled since a computer typi-
cally has little use for the echoed characters, If you are
working interactively with the bridge, it is important o he
able to see the commands that have been typed in. Since lack
of echoing effectively disables all interactive communica-
tion, it should always be enabled for human interactions, but
it makes computer data acquisition easier if it is disabled.

When the remote device is a half-duplex serial device, the
device itself will probably echo the commands. For half-
duplex devices, echoing should be disabled, otherwise dou-
ble characters may occur.
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H the remote device is a full-duplex terminal then echoing
should be enabled.

If command echoing is unknowingly disabled, it may give
you the impression that the bridge or the remote device is not
working. To test for this, you can type a return character on
the remuote keyboard. If command echoing is not disabled. a
prompt “>" will be printed at the beginning of the line indi-
cating that the remote device is receiving characters and the
bridge is ready to receive a command. If nothing is printed,
the SHOW command should be entered at the remote key-
board followed by a carriage return even though the charac-
ters you enter are not echoed and therefore you do not see
ther. The SHOW command will be accepted when echoing
is disabled even though no direct evidence in the form of a
response on the screen or printer wilt appear. If the serial link
1s working, then several lines will be printed since the
SHOW command always prints something.

The partial syntax of the BAUD command shown below can
be used to change the echo parameter bit:

BAUD ...... echo

When the echo parameter bif is set to one, command echoing
is enabled. When echo is set to zero, echoing is disabled. The
echo parameter is set to one as the default so that echoing is
enabled.

First-Time Serial Link Operation

If you have connected a cable between your AH 2500A and
your remote serial device, and have set all the communica-
tion parameters with the BAUD command, you are now
ready to try to operate the bridge from your remote serial
device. If your serial device is a damb video terminal or
prining terminal, you can simply press the RETURN key
and expect to see a prompt (>} printed at the beginning of a
line on the terminal. Once you see the prompt, you can enter
any of the AH 2500A commands that you are familiar with
and expect to see the corresponding resulfs.

If your serial device is actuaily a computer, then you have
additional things to set. Usually, in addition to setting the
communication parameters of your computer’s serial port,
you will also have to run a program that makes your com-
puter “look” Hke a dumb terminal. There are many commer-
cially available programs that will perform this function for
you. If you connect your computer to a modem to access a
remote service, the program that makes that connection work
wiil probably also make your computer “talk” to your AH
2500A. In fact, the bridge could be run at the far end of a
modem link using your computer in exactly the same config-
uration as used to access a remote service.
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Permanently Saving Your Settings

All the parameters discussed in this chapter are stored in the
Baud parameter set type. This set type contains all the param-
eters that are used in conjunction with the serial remote
device port. An overview of this parameter set type is given
in Chapter 3, “Parameter and Program Files” in the section
titled “Baud Parameter Set” on page 3-6.

To permanently save all of the parameters related to operat-
ing the remote serial device in a way that will automatically
restore them after power-on of your bridge, simply issue the
command [FUNC] [STORE] [FUNC! |BAUD] IENTER] from

the front panel.

To better understand the ways in which you can save your
serial device parameters, refer to “WORKING WITH FILE
CONTENTS” on page 3-9 and especially “PARAMETER
SET INITIALIZATION” on page 3-10.

REMOTE COMMAND ENTRY

The entry of commands from a remote serial device is identi-
cal to that on a GPIB controller except that most of the imme-
diate-action keys described later in this section are not
directly executable from a GPIB controlier's keyboard with-
out special programming of the controller. GPIB controllers
also have their own methods of correcting typing errors.

All of the discussion in this section applies if your remote
serial device is a dumb terminal or some other device that
behaves like a dumb terminal. Computers may be config-
urable to be “dumb” or “smart”. If you are using a computer
that is configured to be smart, it may have its own methods
for editing keyboard mput and may only be able to send
serial results in the form of whole lines. If so, this will put
you in the same position as if you were operating a GPIB
comtroller. The immediate-action keys described below will
not be readily executable and the section about “Correcting
Typing Errors” will not be useful.

A dumb terminal configuration is preferable unless the alter-
native has obvious and significant advantages.

Basic Syntax

The command line entry style used by the AH 2500A will be
famiHlar if you have used small computers or terminals. The
syntax and command words used also closely paraliel those
used by the bridge’s front panel. The AH 2500A command
definition syntax is described in “CONVENTIONS USED”
on page A-1.
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Commands consist of a leading command word followed by
optional command qualifier words followed by optional
parameters which are usually numeric and ended with a car-
riage return character. Only two special commands described
below require po termination character. The carriage return
character (CR) is entered by pressing the RETURN or
ENTER key on the keyboard of the remote serial device.

The bridge does not act on command lines until it receives a
carriage return. This allows you to edit commands before ter-
minating the command line. This editing is described in
detail in “Correcting Typing Errors”™ below.

Command Word Entry

Since remote commands are named and spelled as they
appear on the front panel, any commands described in this
manual using key labels also describe the remote commands.
When the front panel key label consists of two words, only
the first word is used as the remote command word with the
exception of the BIAS command. The key has no
equivalent on remote devices, of course.

Although commands are English words, it is rarely necessary
to type the entire word. You need to type only the first few
letters of the command. The minimom number of letters
needed depends on the particular command and ranges from
one to three letters. The minimum letters needed are under-
lined where each command is introduced in the text and in
Appendix A, “Command Reference”. If you do not type in
enough letters, the bridge responds with the message
ANBTGUOUS HORD :, followed by the offending characters
that were entered. If more letters than the required minimum
are entered, they must spell the command word correctly or
the error message !LLEGAL WORD: will appear, followed
by the illegal word that was entered.

Command words are separated from each other and from
their associated parameters by spaces. Parameters are sepa-
rated from each other by periods.

Immediate-Action Keys

A RETURN must terminate all command lines from the
serial port with only two exceptions. The front panel has sev-
eral immediate-action keys. The immediate-action function
of two of these is duplicated on remote serial devices. These
front panel keys are the SINGLE and STEP keys. These
same command words can be entered from a remote device,
but they will require termination with the RETURN key. This
multiple-key sequence defeats the desired immediate-action
effect. As a result, two single character commands are avail-
able on remote serial devices. These are Q and X which per-
form the same function in a single keystroke as the SINGLE
and STEP commands, respectively.

AH 2500A Capacitance Bridge

Examples

To illusirate the ideas above, consider the BRIGHTNESS
command whose syntax is:

BRIGHTNESS [CAP or LOSS] leve!

Several examples of valid command lines that might be
entered from a remote terminal are:

BRIGHT CRP S

BR C 5

BRIG L o

BR S

All are terminated by a RETURN,

Theentry B o will return the error message: |
ARBEGUOLE HORO: B

The enry BRIHGT o will return the error message:

ILLEGAL HORD: BRIHGT

Additional Features

Entering Multipte Commands

Several commands can be entered on the same line separated
by semicolons (;). As with individual commands, lines hav-

ing multiple commands are not executed until a RETURN is
received. An immediate-action command such as Q or X can
be entered anywhere on a multi-command line except as the
first character and will not be executed until the whole line is
received,

Multi-command lines can be useful with commands that
respond with a prompt. For example, every version of the
STORE CALIBRATE command prompis for a passcode.
The passcode can be entered after the command on the same
tine if the two are separated by a semicolon. Except for pass-
codes, any command that requires a response fo a prompt
will first check the next command on the line. ¥ the next
command is an acceptable response to the prompt then i will
be used. I not, the next command will not be execuated vet.
Instead, the prompt will be produced and the bridge will wait
forinput. H you want to guarantee that a prompt is generated,
insert the EDIT command word where the answer to the
prompt would go on the command lne.

Multi-command lines can also be used to guarantee that a
comimand produces a resalt. The TEST command can be
configured to produce no result unless a failure is detected.
However, the command line TEST, SHOW TEST will
always produce a result.

Serial/RS-232 Remote Operation 7-9



Inserting Comments

When commands are being printed or recorded, it may be
desirable to insert comments between the command lines.
This is done by starting a line with a percent (%) character.
Text or other non-control characters following the percent
character are ignored until a RETURN is entered.

Query Commands

All AH 2500A commands can be classified as query or non-
query commands. A query command is one that generates a
response message such as a measurement result. The most
common examples of these on the AH 2500A are the SiN-
GLE, CONTINUQUS and SHOW commands. If a query
commiand is interrupted by a new command, the query com-
mand is immediately aborted and the new command beging
to execute. See “Aborting Commands” on page 2-6.

A non-query command will finish executing even if it is
mterrupted by a new command. The new command wili be
executed after execution of the non-gquery command is com-
plete.

Each command line is either a query line or a non-query line.
If a muiti-command line contains any query commands, the
whole command line is considered to be a query line. It will
not be possible to predict which commands were executed
and which were not if a guery connnand line is interrupted by
new command.

Input Buffer

All command messages are stored in the bridge in an input
buifer that can hold eighty characters. This means that the
bridge will not buffer more than eighty characters ahead of
what it is able to process. In addition, it will not accept a
command line whose total length exceeds eighty characters.
If the latter occurs, the error message LINE 700 LOMG will
be reported.

Correcting Typing Errors

The AH 2500A offers several of the most common ways of
correcting typing errors during keyboard entry. You have the
option of selecting the ways that work best with your remote
device. The options given below assume that your remote
serial device behaves like a dumb terminal.

Customizing the Editing Keys

To accommodate the wide variety of serial remote devices
that might be used with the AH 2500A, the bridge allows you
to define which keys or control characters are used (o per-
form editing. This is done from the remote device using the
DEFINE command after your serial Hink is properly func-
tioning.
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Any characters may be used for these functions except for
Control-A (*A), CR, LF, Control-Q (*Q)}, Control-S {*S) and
the current erase and delete keys.

The characters that can be changed with the DEFINE com-
mand can be shown with the SHOW DEFINE command.
This command is not available from the front panel and the
defined characters will not appear in the list of Baud parame-
ters when the list is shown on the front panel.

Defining a Key to Delete Characters

The delete key deletes the last character typed and can be
used as many timmes as needed to delete all the way back to
the beginning of the line that you are entering,

The default key (stored in the BAUD 0 parameter file) which
one must press to delete the character just entered is the
DELETE (or RUBOUT) key. This is the key which produces
a character with the ASCH hexadecimal code 7F. If your key-
board cannot generate this code, then you can choose some
other code with the command:

DEFINE DELETE delchar

The delchar parameter may be entered in one of three ways.
It may be entered directly by simply pressing the desired
delete key. If it is to be a control key, it may be entered as the
corresponding letter preceded by an up arrow (). Finally, it
may be entered as the word DELETE if it is to be the ASCII
delete character.

For example, BEF DEL Y would define Y as the deleie key.
The command DEF & % would define Control-Y as the
delete key, where “™” and “¥"" were entered explicity. To
restore the DELETE (or RUBOUT) key to its original default
function the actual delete character may be typed in or
entered as the word DELETE. You could type
GEFOELUEL to do this.

Selecting Delete Key Behavior

The defanit handling of the DELETE key will work ona
printer or video terminal. When the DELETE key is pressed,
a backslash (\) is printed followed by the character that was
deleted. If the DELETE key is pressed again, only the deleted
character is printed. This continues until the next character to
be entered is typed which causes a second backslash to be
printed. Thus the deleted characters appear in reverse order
within the backslashes. For example: CORRECSHUMAHUK-
S%T10H. After the H was typed the DELETE key was
pressed four times followed by TI10H. Obviously, this
scheme does not take advantage of a video screen's ability to

. overwrite a character and thus there are better techniques if

yOUu use a video screen.

AH 2500A Capacitance Bridge
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To change the DELETE handling between use with a video
ferminal and use with a printer, enter the command:

DEFINE TERMINAL rermiype

The rermitype parameter is entered as either VIDEO or
PRINTER depending on which kind of device is connected
to the serial port. The default is PRINTER.

H VIDEOQ is selected, it may be necessary to redefine the
backspace character using the command:

DEFINE BACKSPACE backspchar

where the backspchar parameter is the code that causes the
cursor on your video terminal to be backspaced by one char-
acter position. The default backspchar stored in the BAUD O
parameter file is Control-H (AH).

The backspchar parameter may be entered in one of three
ways. It may be entered directly by simply pressing the key
which produces the desired backspace code. Hitistobea
control key, it may be entered as the corresponding letter pre-
ceded by an up arrow (*). Finally, it may be entered as the
word DELETE if it is to be the ASCII delete character.

The character that you enter must cause the cursor to move
left by one place. When the bridge receives a DELETE key
code, it will send the sequence backspace-space-backspace
which backs the cursor over the character to be deleted,
writes a space over it, and finally positions the cursor under
the space that was written.

Erasing Lines

Pressing the ERASE key causes the conents of the entire
current line except for the prorpt character to be deleted.
The default character used to delete the current conmumand
line is Control-U (MU). If this is not acceptable then you can
redefine the erase character with the command:

DEFINE ERASE erasechar

The erasechar parameter may be entered in one of three
ways. It may be entered directly by simply pressing the
desired erase key. [fitis to be a control key, it may be enterad
as the corresponding letter preceded by an up arrow (%),
Finally, it may be enfered as the word DELETE if itis to be
the ASCII delete character.

Aborting Command Execution

The execution of any command or program may be aborted
from the serial port with the DEVICE CLEAR command.
The default character (stored in the BAUD 0 parameter file)
that is used to issue the DEVICE CLEAR command is Con-
trol-E (ME). If this is not acceptable then you can redefine this
character with the command:

DEFINE DCL develrchar

AH 2500A Capacitance Bridge

The develrehar parameter may be entered in one of three
ways. [t may be entered directly by simply pressing the
desired key. If 1t is to be a control key, it may be entered as
the corresponding letter preceded by an up arrow (*). Finally,
it may be entered as the word DELETE if it is to be the
ASCII delete character.

The DEVICE CLEAR command is not needed to abort
query commands since entry of any command will abort a
query command. However, the DEVICE CLEAR command
is the enly way to prematurely abort non-query commands
such as MOLD or CALIBRATE from the seriaf port. The
serial port *E command has exactly the same effect as the
[FUNC] [CLEAR] [FUNC] [CLEAR] front panel key sequence and
the GPIB DCL command.

LIMITING FRONT PANEL ACCESS

The AH 2500A can be set to limit the ability to eater com-
mands from the bridge’s front panel keypad. This can be
important if your remote serial device is taking data and you
want to prevent anyone from disturbing your measurements
by pressing keys on the bridge’s keypad.

Serial Control States

The bridge operates in one of four serial control states which
determine the degree of front panel access. These states dis-
cussed below are applicable only to serial operation. The
GPIB interface has fully analogous capabilities in the form of
its own set of REMOTE/LOCAL and LOCKOUT features.

Serial L.ocal State

In the Serial Local State, the bridge will accept all commands
that are entered from either the front panel keypad or from a
remote serial device. In this state, the front panel keypad and
the remote serial device can be thought of as both having
simultaneous control over the bridge. The Serial Local State
{without lockout) is stored as the default in the BAUD 0
parameter file.

Serial Remote State

In the Serial Remote State, the bridge will accept all com-
mands that are entered from a remote serial device but will
ignore all attempted conunand entries from the front panel
keypad except for one, That one is the key. The front
panel display will continue to be updated with whatever the
bridge is measuring.

The REMOTE indicator on the front panel is illaminated
while the bridge is in the Serial Remote State.

Serial/RS-232 Remote Operation  7-11



Serial Remote State with Lockout

In the Serial Remote with Lockout State, the bridge will
accept all commands that are entered from a remote serial
device but will ignore a/l attempted command entries from
the front panel keypad with no exceptions. Even the
key is ignored. If the key is pressed, the front panel
display will show:

[ LOCAL ]
[ Locout J

indicating that there is currently no way to establish opera-
tion of the bridge from the front panel.

Serial Local State with Lockout

The Seriai Local State with Lockout is operationally identical
to the Serial Local State in all respects. The only distinction
between the two states is that the serial lockout parameter is
enabled in the Serial Local State with Lockout and is dis-
abled in the Serial Local State. There is no observable cffect
from these differences until one of the serial remote states is
entered.

Selecting the Serial Control States

The commands introduced in the four sections below are
used to select the Remote/Local and the Lockout states,

Selecting the Serial Remote States

The Sertal Remote State and the Serial Remote State with
Lockout are selected using the command:

NRBEMOTE

This command (NetworkREMOTE) can be entered from the
remote serial device, but not from the front panel. If the
NREMOTE command is issued when the bridge is in the
Serial Local State, the Serial Remote State will be entered. If
the NREMOTE command is issued when the bridge is in the
Serial Local State with Lockous, the Serial Remote State with
Lockout will be entered. Notice that the effect of this latter
situation is that the bridge will go from totaily unrestricted
local behavior to being fully Iocked out from the front panel;
the Serial Remote State is bypassed.

Selecting the Serial Local States

The Serial Local State and the Serial L.ocal State with Lock-
out are selected using the command:

LOCAL

If the bridge is in the Serial Remote State, this command can
be entered from the remote serial device and from the front
panel. When entered from the front panel, the key
has an immediate effect; the key does not need to be
pressed. If the LOCAL command is issued when the bridge is
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in the Serial Remote State, the Serial Local State will be
entered.

If the bridge is in the Serial Remote State with Lockout, this
command can be entered only from the remote serial device
because front panel entry of all commands is locked out in
this state, If the LOCAL command is issued when the bridge
is in the Serial Remote State with Lockout, the Serial Local
State with Lockout will be entered.

Setting the Serial Lockout States

The Serial Remote State with Lockout and the Serjal Local
State with Lockout are selected using the command:

NLOCKOUT

This command (Network LOCKOUT) can be entered from
the remote serial device, but not from the frong panel. If the
NLOCKQUT command is issued when the bridge is in the
Serial Remote State, the Serial Remote State with Lockout
wilt be entered. If the NLOCKOUT conumand is issued when
the bridge is in the Serial L.ocal State, the Serial Local State
with Lockout will be entered.

Clearing the Seriai Lockout States

The Serial Remote State and the Serial Local State are
selecied using the command:

NLOCKOUT HALT

This command can be entered from the remote serial device,
but not from the front panel. If the NLOCKOUT HALT com-
mand is issued when the bridge is in the Serial Remote State
with Lockout, the Serial Remote State will be entered. If the
NLOCKOUT MALT command is issued when the bridge is
in the Serial Local State with Lockout, the Serial Local State
will be entered.

Saving and Showing the Serial States

The serial control states are saved as part of the Baud param-
eter sets, The Remote and Lockout state parameters can be
determined using the SHOW NREMOTE and SHOW
NLOCKQUT commands. The remote state parameteris a 1
when the bridge is in the Serial Remote State or the Serial
Remote State with Lockout. Similarly, the lockowt state
parameter is a 1 when the bridge is in the Serial Remote State
with Lockout or the Serial Local State with Lockout.

Because these states can be permanently stored, they can also
be automatically recalled during power-on. This makes it
possible to set the BAUD 1 parameter file so that the front
panet is always disabled after power-on. Be aware that the
only way to restore front panel access is through a remote
device or via a special maintenance procedure described in
Table 11-2 on page 11-3.

AH 2500A Capacitance Bridge
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Power-on lockout can be useful even when the bridge is not
connected to ary remote device. The bridge can be config-
ured to autematicaily run a dedicated program continuously
after power-on with the front panel locked out. A remote
device would be required for setup, but not for operation.

SERIAL DATA LOGGING

The AH 2500A can send all commands that are entered and
alf measurement data that is initiated from the front panel to
the serial port. This allows you to keep a log of some or all
bridge activity by connecting a serial printer or other serial
logging device (logger) to the serial port.

The capture speed of the logger must be high encugh to
receive all the data at the baud rate at which it is sent. Other-
wise, the baud rate must be reduced or the logger must use
the Control-S and Control-Q handshaking characters to syn-
chronize the data flow between the bridge and the logger.
Low data transmission rates to the logger may cause the front
panel display rate to be slower also. The effect can be very
noticeable at low baud rates. Extraneous Control-S charac-
ters coming into the serial port when logging is enabled can
cause the bridge to hang indefinitely until it receives a Con-
trol-( character.

Enabling/Disabling Serial Logging

Logging to the serial port is enabled and disabled with the
following command:

LOGGER BAUD content

The contfent parameter controls what, if anything, is logged to
the serial port. The allowable values of the content parameter
and the corresponding messages sent are listed in Table 7-2.

Table 7-2 Content parameter values

Content Messages Sent to Logger
0 Nomne (logging is disabled)
1 Measurement results only
2 All results {measurement and show)
3 All commands and all resalis

This table is identical to the corresponding GPIB Table 6-2
on page 6-15. The default content parameter stored in the
BAUD 0 parameter file is zero so that logging to a remote
serial device is disabled.

AH 2500A Capacitance Bridge
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Chapter 8

Advanced Measurements

This chapter introduces concepts which will help you infer-
pret the meaning of vour three-termminal measurements. Sev-
eral additional commands are introduced here in case you
need the ultimate in accurate measurements. The discussions
here assume you are familiar with the AH 2500A.

The equations used in this chapter assume that you are famil-
iar with how to apply complex algebra o network calcula-
tions. This tuins out to be much easier than it might look at
first. If you need help, there are literally hundreds of books
that discuss basic theory. Reference 8 in the bibliography has
some good theoretical discussions including wye-delta trans-
formations on p. 195. Chapter 9 of this reference also has an
interesting discussion of capacitors and capacitance.

INTERPRETING MEASUREMENT
RESULTS

Sometimes if is desirable to convert raw measurement results
from the AH 25004 to another form. A different form may
better model the unknown sample (as in the case of series
versus parallel configurations), or it may simply make a
physical process more comprehensible {(as in the case of neg-
ative capacitances and conductances).

Trusting the Results

Obviously, there is no point performing complicated calcula-
tions on measurement results unless they are meaningful, In
particular, some users are surprised when they discover that
the AH 2500A capacitance result really reads capacitance
and the loss result really reads loss. There seems to be a ten-
dency to not expect the bridge to be capable of rruly separat-
ing the capacitance result from the loss result. In fact, it does
this very well to the limit of its specifications. The bridge can
almost be thought of as two distinct instruments, one that
measures capacitance and one that measures [oss.

The practical effect of this is that the bridge is very good at
isolating the capacitive contributions of an unknown imped-
ance from the 1oss confributions. Obviously, this is essential
for understanding complicated unknown impedances, but it
can also be a big help with diagnosing transducer and cable
problems. You may only be interested in measuring the
capacitance, for example, but if you are having a problem, it
may be the loss reading that holds the answer! Even if your
interest is only in the capacitance, monitoring the loss for any
unexplained changes will give you increased confidence in
your capacitance results.

AH 2500A Capacitance Bridge

In most cases, a change in your capacitance reading is a
result of a change in the capacitance or inductance of your:
unknown impedance or of its connecting cables, A problem
with stray capacitance is a common possibility.

In most cases, a change in your loss reading is a result of a
change in the dielectric loss or resistance of your unknown
impedance or of its connecting cables. A problem with bad
connections is a common possibility.

There are ways in which a change in dielectric loss or resis-
tance can cause a change in the capacitance reading. There
are also ways in which a change in capacitance or inductance
can cause a change in the loss reading. The existence of such
interactions implies a complicated unknown impedance or
possibly a connecting cable problem. Understanding the the-
oretical basis of these interactions is the subject of the next
section.

WYE-DELTA TRANSFORMATIONS

The three-terminal measurement method used by the AH
2500A allows one to use wye-delta transformations to gain a
better understanding of certain imnpedance configurations,

Suppose that the circuit of Figure 4-2 on page 4-3 is general-
ized so that the three capacitors are replaced with admit-
tapces as shown in Figure 8-1. It is possible to convert
between this delfa network and the one shown in Figure 8-2
which is a wye network using the equations below:

Y, r
HY L
Yo = el Eg. 8-1
HL
YH+YL+YG
Y. r
HEG
Yoo = 0o Fq. &2
R a8
Y. ¥,
LG .
YH+YL+YG
Yo, Yy-+¥, ¥ . +Y, .7
Yy = HLYHG T PRI LG T THGY LG Eq. 8-4
Yig
Y Yyt ¥, ¥y o+ Yy ¥
¥, = LRGP RLY LG Y TG LG Eq. 85
Yo
Y, Y, +Y ¥V +¥ .Y
v, = HLAHG T YL LG T TG LG Eq. 8-6
Yur
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Figare 8-1 Delta network

Y Y

1

Figure 8-2 Wye network

This transformation is very powerful because three-terminal
measurements are fundamentally of the delta variety whereas
real unknown samples are sometimes of the wye variety. The
AH 2500A measures Yy only, while excluding Yy and

Y - In contrast, some samples behave like they are con-
nected in a wye network and can only be understood that
WAaY.

As an example, suppose that a wye network consists only of
resistors so that:

1 1
memﬁ;}andYHuYLmﬁ Eq. 8-7
By applying Eq. 8-1:
R
g Eg. 8-8

P —
HL ™ R(2R,+R)

Suppose further that R = 1 megohm and that R; = [ ohm.
This gives Yy = 10'* ohms (1 teraohm). This demonstrates
that by starting with some readily available resistor values.
one can construct a wye network which, when measured by
the AH 2500A, will appear to be a resistor far larger than is
commmonly available. Since the AH 2500A can measure
extremely large resistances, one use of wye networks could
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be in making performance and calibration checks of the
bridge.

Interpretation of Negative Capacitance

The AH 2500A is capabile of displaying negative capacitance
and toss for values up to 10% of the corresponding full scale
positive values. Negative values, particularly negative loss
values, are not expected to be seen with most impedance
measurements. However, negative values may be encoun-
tered more often than you might expect. They are as mean-
ingful as positive values and can be useful if you understand
them.

Negative capacitance values can be interpreted in two ways.
The common interpretation is simply that a negative capaci-
tance is an inductance. This assumes that the capacitive reac-
tance and the inductive reactance are equal, that is:

jol = w«l«m

Iite Eq. 8-9

where L is the inductance, j is the square rootof -1 and @ is
27 times the frequency. This reduces to:

Eg. 810

and shows that the more negative the capacitance, the smatler
the inductance will be. Since the largest negative capacitance
the AH 2500A can measure is -0.12 pF, the smallest induc-
tance that could be measured is 0.21 henries. While induc-
tances of this size are commonly made, they are near the
upper limit of manufacturability. They are far beyond any-
thing that could be considered to be a stray circuif induc-
tance. This means that any negative capacitances that are
measured by the AH 2500A should not be interpreted as
inductances unless a large inductance has been explicitly
incfuded in the unknown sample. See “INDUCTANCE
MEASUREMENTS” on page 8-8 for a discussion about
measuring real inductors.

The second interpretation of negative capacitance (and of

negative loss) requires the use of wye-delta transformations.
Consider the circuit in Figure 8-3.

Figure 8-3 RCR wye network
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Two resistors R which are in series have their center point
tied to ground through a capacitor C. Eq. 8-1 may be used to
calculate the admittance that this network would present (o
the H and L terminals of the bridge. The result is:

2,
N Bq. .11
- 4+ 0lCIR?

The real (conductance)} term is positive in this result while
the imaginary (capacitive susceptance) term is negative. For
normal resistors and capacitors the conductance and suscep-
tance are both positive. For this to be true, R must be positive
and C must be negative. Since R and C are what the bridge
measures, we have found a simple network which produces
negative capacitance readings for all positive values of R and
C!

Actual Situations

Although this network has been analyzed as a lumped circuit,
it is representative of any resistor which has a distributed
capacitance to ground. Since most resistors have some capac-

itance to ground, this effect would seem to be guite common..

However, the calculation did not allow for any shunt capaci-
tance between the H and L terminals or for any capacitance
shunting the resistors. Such shunting capacitances will have a
positive contribution and will often overwhelm the negative
effect in a real resistor. Therefore, details in the stray capaci-
tances of the unknown sample will ultimately determine
whether the measured capacitance is positive or negative. An
example of a configuration which will produce a negative
capacitance is that of an ordinary resistor whose body passes
through a closely fitting hole in a grounded plane such as that
shown in Figure §-4. The stray capacitance across the resistor
can be made nearly zero by choosing the correct hole diame-
ter.

==

Figure 8-4 Resistor through a grounded plane
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Interpretation of Negative Loss

Now consider a second case using the circuit in Figure 8-5.
Two capacitors C which are in series have their center point

C C
- 11 T
Ho—1] || L

Figure 8-5 CRC wye network

tied to ground through a resistor R. Eq. 8-1 can again be used
to calculate the admittance that this network would present to
the H and L terminals of the bridge. The result is;

-2 CIR 4 2 R2MIC

¥ e
HL P+4R Zw?C?

Eq. 812

The real (conductance) term is negative in this resuit while
the 1maginary (capacitive susceptance) term is positive. For
normal resistors and capacitors, the conductance and suscep-
tance are both positive. This leads to the conclusion that R
must be negative and C must be positive in this equation.
Since R and C are what the bridge actually measures, we
have found a simple network which produces negative loss
readings for all positive values of R and C.

H
Y
Lossy material
L
A =
L

Figure 8-6 Shiclded capacitor showing CRC network
formed by stray capacitances to nearby lossy material
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Figure 8-7 Advanced 3-terminal equivalent circuit

Actual Situations

At least two physical situations can be represenied by this
network. First, any loss to ground within the unknown sam-
ple measurement area which is coupled capacitively to the H
and L terminals could behave like this network. A loss mech-
arism like this can be physically ouiside the actual sample
specimen yet still within the field between the H and L. termi-
nals. See Figure 8-6. Examples include a piece of wood, an
insect. a hand or, more likely, an insulating support. A second
situation occurs when the sample itself has a distributed loss
to ground within its own dielectric. This could be a meaning-
fal effect in the sample.

This calculation assumed no series loss between the Hand L
terminals. If a loss exists, it will make a positive contribution
to the measured reading. If the contribution is large enough,
it can overwhelm the negative contribution so that no net
negative loss is observed. Whether or not this occurs will
depend largely on the particular sample. There are many
materials with sufficiently low loss to eastly allow the nega-
tive contribution to dominate and consequently, negative
losses are not uncommon.

SOURCES OF ERROR

To better understand what kinds of errors can occur when
conneciing three-termenal impedances to the AH 2500A,
Figure 8-7 shows a circuit model of such a connection. The
schematic diagram shows all of the major cizcuit elements
that have already been discussed in “THREE-TERMINAL
MEASUREMENTS"” on page 4-2 and also some new ones
that usually have more subtle effects. The unknown imped-
ance to be measured is represented by Cy and Ry, Undesir-
able stray capacitance or leakage resistance that contributes
to the unknown is represented by Cyy and Ryyy . The extent of
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coverage of the shielding braid in coaxial cables is not
always [00%. To minimize Cyy; . coaxial cables having a
high shield coverage must be chosen to carry the H and L. ter-
minal signals.

The Ieakage resistances in the cable dielectric are indicated
by Rygey. and Ry . These resistances should be very high i
most test configurations and therefore, should not have any
significant effect.

The cable capacitances occur from the center eonductors to
the shields and are proportional to the length of the cable.

These capacitances are modeled by placing half at the near
end as Cygy and C gy and half at the far end as Cygp and

Cigr-

The series resistances of the center conductors of the coaxial
cabies are represented by Rz and R . The series resistance
of the shielding braid is indicated by R, Assuming the con-
nectors on the ends of the cables are in good condition, all
three of these resistances will be proportional to the length of
the cable.

The inductances of the center conductors of the cables are
represented by Ly and Ly . The inductance of the shielding
braid is indicated by L.

The voltage at the H terminal is supplied by the source Vg
driven through an effective resistance Ry and inductance Ly.
All of the series resistances in this drawing and the induc-
tance combine with the cable capacitances (o cause smail

. errors in the measured resnits which increase with the length

of the cables and with Cy.

AH 2500A Capacitance Bridge
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Table 8-1 Approximate uncorrected cable error in capacitance (in ppm)

and loss (in 10°% tan ) vs. length and unknown capacitance

Length 1 pF 10 pF 100 pF 1000 pF 10000 pF 100000 pF | 1000000 pF
im 0.04* (C in ppm) 0.01 .01 0.04 0.40 4.0 40
0.30% (10° and) 0.04 0.08 0.50 5.0 30 500
2 0.15% 0.02 0.02 0.09 0.8 8.0 80
m
1.3* 0.15 .20 1.1 10 100 1000
im 0.40 0.05 (.03 0.13 13 12 120
3.0% 0.35 0.35 1.5 15 150 1500
5 1.3+ 0.18% 0.08 0.25 2.0 20 200
m
1i= I1* .80 3.0 25 250 2500
8.0 0.8* 0.25 0.60 4.0 40 400
0m
70* 7.0% 2.0 7.6 50 500 5000
60* 6.0 13 1.5 9 80 800
20m
S00F 50% 5.0 16 100 1000 10000
200% 20% 2.0 2.5 14 120 1200
30m _
1500% 150% 10 30 160 1500 15000
800* 80 8.0 6.0 23 200 -
50 m
TO00* 700% 50 70 280 2500 -
6500% H650% 55% 20 60 400 -
100 m )
60000 6000* 400* 220 650 5000 -

Effects of Error Sources

Cable Length

For errors caused by Lyc, Lyc, Ryc and Ry ¢ the amount of
error is proportional fo the cable length if the unknown
capacitance Cy is much larger than the cable capacitances
Cugp or Cy - If the unknown capacitance Cy is much
smaller than the cable capacitances, the error is proportional
to the square of the cable length.

Cable Resistance

The presence of Ry + Ry + Ry ¢ causes the measured loss to
be larger than it shouid be by an amount that is proportional
to the unknown capacitance Cy plus the cable capacitances

Cyar or G gp-

Cable Inductance

The presence of Ly + Ly + L ¢ causes the measured capac-
itance to be larger than it should be by an amount that is pro-
portional to (Lyye + L c)(Cx + Cygp)- Unlike all the other
model parameters, Lye, Ly ¢ and L can change in respense
to changes outside of the cables. The reason is that at 1 kHz,
the skin-depth is much greater than the thickness of the coax-
ial shield. Therefore, the shield does not contain the magnetic
field generated by the center conductor of the cable. Because
the field penetrates the shield, the proximity of other conduc-
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tors and especially steel can affect the value of Ly Ly ¢ and
Lge. In addition, there will also be some sensitivity to inter-
ference from externally generated magnetic fields.

These effects will be minimized by minimizing the area
enclosed by the coaxial cables. The use of Andeen-Hagerling
DCOAX dual coaxial cable will minimize and standardize
these effects,

Cable Shield Impedance

The presence of Rgc and L;- causes the measured loss to be
more negative than it should be by an absolute amount. It
causes the capacitance to be larger than if should be due to
the predominantly capacitive cable load. This error is inde-
pendent of Cy and Ry and varies approximately as the cube
of the cable length. Fortunately, it is fairly stable and can be
subtracted out as a zero correction.

Importance of Cable Errors

While all of the above sources of error may seem intimidat-
ing, it is important to keep in mind that for short cables (1-2
meters), the errors will have little, if any, effect on your mea-
sarements. Longer cables and capacitance measurements at
the top of the AH 2500A's range will have some effect and
may require cable compensation with the CABLE command
to achieve highest accuracy.
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I you suspect that the error sources mentioned above are
affecting the measurement results, simple tests such as
changing the length of the cables can quickly demonstrate
whether a cable-related problem exists. For another kind of
definitive test, read “Testing Parameter Importance™ on
page 8-7.

it is very important to understand that the cable errors only
affect the accuracy of the bridge, not the precision. For high
accuracy calibration work, getting the most accurate mea-
suremnents is important: for all other measurements, the high
precision of the AH 2500A is likely to be all that is needed.

You can get a more quantitative grasp of the effect of cable
arrors by referring (o Table 8-1. This gives the approximate
uncorrected error in the capacitance and loss results as a
function of cable length and unknown capacitance. The num-
bers assume that Andeen-Hagerling DCOAX cable is used.
Other cables will show similar trends, but the magnitudes
may differ substantially.

Table entries whose biggest error coniribution is correctable
by using the ZERQO SINGLE command are marked with an
asterisk (*}. These are absolute errors in the sense that they
do not depend upon the unknown capacitance. That causes
them to appear to increase for smaller unknown capacitances
since the error is expressed in ppm rather than in pF.

Connectors: Type 874 vs. BNC

The AH 2500A uses BNC connectors rather than type 8§74 for
two reasons. First, type 874 connectors today are literally as
much as 100 times more expensive than BNC connectors.
Second, BNC connectors are much smaller and therefore
more compatible with modern electronic instruments.

Traditionally, type 874 connectors have been commonly used
for high precision capacitance measurements. While the her-
maphroditic design of these connectors makes them friendly
to use, they offer no performance advantage over BNC's at 1
kHz and for the impedance range measured by the AH
2500A. {At high frequencies they have some advantages.)

Both types of connectors have failure mechanisms that can
cause subtie problems. The type 874 center pin is aftached
with a nut that compresses against a piece of insulating plas-
tic. This plastic yields over time so that the nut becomes
loose and makes the electrical connection of the center pin
unreliable.

BNC plugs have a splined cylinder just inside the outer bayo-
net. These splines are the contacts that mate the shield
between the plug and a jack, Unfortunately, the metatiurgy of
these splines often leaves something to be desired. They fre-
quently yield and thereby lose enough contact pressure to
affect the ground connection. Fortunately, there are six of
these splines in each ping and in the case of the AH 2500A,
there are two BNC connectors having a paraflel ground path.
Since it is rare for all twelve splines to make poor contact,
properly assembled BNC connectors have proven to be quite
reliable when used with the bridge.
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Connectors fail because the resistance in the connector or
between connectors becomes too large. Since loss is a mea-
sure of resistance, a failing connector will be revealed by AH
2500A measurements as an increase in the loss. A failing
connector will not affect the capacitance measarement untit
the effect on the loss component is large.

CABLE ERROR CORRECTIONS

The AH 2500A can automatically correct for errors caused
by the connecting coaxial cables. For the bridge to be able to
perform these corrections, you must enter four parameters
which describe the cable used to connect the bridge to the
device under test. These are cable length, resistance, induc-
tance and capacitance per meter of length. In: addition, you
must use the ZERQ SINGLE and ZERO commands to cor-
rect the cable zero offset.

it is important to understand that all of these corrections are
smmall for short cables and for small to medium capacitances.
Unless your cables are much fonger than one meter or you
need the very highest accuracy, you can ignore the CABLE
commands and hence this section entirely. It will be difficule
to detect any effect from these commands for capacitance
values below about 1000 pF and cable lengths below about
three meters. For values near 1 UF or for long cables, the
effects will be easier to detect. You should read “SOURCES
OF ERROR” on page 8-4 and especially “Importance of
Cable Errors” if you have not done so.

Setting up the Corrections

The cable resistance, capacitance, and inductance parameters
are called the “cable electrical parameters”. Changing these
parameters and the cable Iength is described betow.

Extent of Correction

The extent to which the errors shown in Table 8-1 can be cor-
rected is variable. The major contributor to this variation is
the accuracy of the numbers used for the cable electrical
parameters. Typical accuracies will correct the cable errors
by an order of magnitode. If extra efforts are made to ensure
that each number is accurate, it is possible to correct the
cable errors by two orders of magnitude. The cable correction
maodel] used by the bridge cannot go beyond this level.

Changing the Cable Length

The length of cable between the bridge and the unknown
sample determines the amount of cable resistance, capaci-
tance and inductance that must be corrected for. Conse-
quently, the length in meters of one of the cables can be
entered from a remote device using the syntax:

CABLE LENGTH length

or from the front panel:

[FUNC] [CABLE] [ 1| [FUNC] [CABLE! length

AH 2500A Capacitance Bridge
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Cable length can be entered to the nearest hundredth of a
meter up 1o a maximum of 999.99 meters. The default cable
length in the GAUGE 0 parameter file is one meter.

Changing the Cable Resistance

Cable resistance is the resistance (in millichms) of the center
conductor of one meter of the cable that is used to connect
the AH 2500A to the unknown capacitance. Cable resistance
is changed using the command:

CABLE RESISTANCE resistance

or from the front panel:

[FUNC] [CABLE! [ 2 | [FUNC} [CABLE| resistance

The value of resistance (resistance/meter} can range from 0
to 9999.0 milliohms per meter. The default resistance in the
GAUGE 0 parameter file is 40 miiliohms per meter.

Changing the Cable Inductance

Cable inductance is the inductance of the center conductor in
microhenries per meter of cable that is used to connect the
AH 2500A to the unknown capacitance. Cable inductance is
changed using the command:

CABLE INDUCTANCE inductance

or from the front panel:

[FUNC] [CABLE] [[FUNC] CABLE| inductance

The value of inductance (inductance/meter) can range from
0.00 to 99.99 microhenries per meter. The default value in the
GAUGE 0 parameter file is 1.10 microhenries per meter.

Changing the Cable Capacitance

Cable capacitance is the capacitance in picofarads per meter
of cable that is used to connect the AH 2500A to the
unknown capacitance. Cable capacitance is changed using
the command:

CABLE CAPACITANCE capacitance

or from the front panei:

[FUNC! ICABLE] [FUNC] [CABLE]| capacitance

The value of capacitance (capacitance/meter) can range from
0.0 10 999.9 picofarads per meter. The default value in the
GAUGE 0 parameter file is 70.0 picofarads per meter.
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Measuring the Zero Offset Error

The zero error of the cable is measured by using the ZEROQO
SINGLE command in the standard manner described in
“Zero Compensation Result Mode™ on page 5-4. As
described there, (and unlike the other cable correction com-
mands) this mode must be explicitly activated with the
ZERQ command before it will affect the measurement
results. The ZERO commands will, of course. also allow you
to correct for whatever residual impedance exists in any fix-
ture at the far end of your cable. (The ZERO command can
not (and need not) correct for the cable capacitance itself. It
corrects for a much smaller and more complicated effect that
depends on that capacitance.}

Physical Configuration

It is important that the cable-pair shiclds are connected
together at the far end of the cable. The cable correction cal-
culations made by the bridge will only be correctif this is the
case.

Another important consideration is that the cable must be
routed to its final position before any testing or measure-
ments are performed with it. The routing of the cable influ-
ences especially the capacitive error which is due to Cyyg,
Cy g and Lge. This routing sensitivity occurs because Lee is
affected by the proximity of the cable to metal and other wir-

ing.

Testing Parameter Importance

if you have read how to change the cable parameters above,
you will be able to confidently determine the individual
importance of any of the cable parameters for your particular
application. You need to connect your AH 2500A using your
cables to one of your typical unknown samples. Make a
series of measurements while varying the values of the cable
parameters. See if you can detect in your measurements the
effect of changing the cabie parameter valucs.

In particular, try changing any parameters that you think
might be important for vour particular configuration, The
effects of the electrical cable parameters should be tried with
the length parameter being set to the length of your cable.
You should compare the effect of a default cable parameter
value to the effect of that same parameter being set to zero.
Sittce the cable corrections are small, your sampie will have
to be more stable than the magnitude of the cable corrections
or you will not be able to detect their effect. If you either
can’t detect the cable effects in your measurements or they
are too small to be of concern, then you can use the default
values in the GAUGE 0 parameter file and not be concerned
any further with cable corrections.
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Determining the Parameters of your Cable

I you have decided that cable corrections are necessary in
your application. then you will want to read this section.

If you are using a standard one meter Andeen-Hagerling
DPCOAX-1-BNC cable then the default parameters from the
GAUGE 0 parameter file will be correct for this cable. In
other words, if you have not created a GAUGE 1 parameter
file, then when the bridge 1s turned on, it will automatically
have chosen the correct cable parameters. See Chapter 3
titled “"Parameter and Program Files™ if vou want to learn
how to make your bridge power-on with the correct parame-
ter setfings.

if you are using an Andeen-Hagerling DCOAX cable of a
length other than one meter and you want to set the cable
parameters correctly, then you will have to use the CABLE
LENGTH command to change the length parameter. The
cable electrical parameters will still be correct without mak-
ing any changes.

If you are using any other type of cable and you want to set
the cable parameters correctly, you will have to determine the
parameters for your cable. If your cable is RG-38 or similar,
the three default electrical parameters will be very close to
those for your cable. If that is the case, you may want to just
set the length parameter and forget about adjusting the elec-
trical parameters.

Determining the length is trivial provided that you under-
stand that the length is that of the pair and nor of the sum of
two single coaxial cables, The capacitance/meter and the
resistance/meter are usually available for any commercially
made cables. They are not hard to measure if published spec-
ifications cannot be found. In either case you must under-
stand that these parameters are for a single piece of coaxial
cable and not for the sum of two single coaxial cables. The
resistance/meter can vary significantly since some cables
such as RG-59 and RG-62 have only a copper-coated steel
center conductor rather than solid copper such as R(G-38.

Determining the inductance/meter is not easy because the
correct specification wili not be published. You may find an
inductance specification but it will not be what you are look-
ing for. The problem, as was discussed in “Cable Inductance”
on page 8-3, is that the inductance at 1 kHz is dependent on
more factors than just the construction of the cable. Calculat-
ing the inductance would be difficult even for the simplest
configurations. Measuring it is more practical if the measure-
meni can be made at one kilohertz.

To make the measurement, tie the unknown sample ends of
the cable together so that the center conductors are connected
to each other. At the other end, measure the inductance
between the open H and L cabie ends as shown in Figure 8-8.
The cable shields can be connected in paraile] with the center
conductors, but this will not have a significant effect. This
measurement will be very difficult for short cables such as,
one meter since the inductive component of the impedance
will be small in an absolute sense and will be small refative
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to the resistance of the cable. Few instruments will be capa-
ble of making this measurement for short cables at | kHz.
Having measured the inductance and the length of the cable,
it is then simple to calculate a number for the inductance/
meter parameter.

Inductance bridge —______|

Figure 8-8 Measurement of cable inductance

CALIBRATION AT OTHER
FREQUENCIES

The AH 2500A operates only at | kHz. However, because it
can make capacifance measurements more accurately than
any other current product af any frequency, there is a destre (o
be able to use it as the basis for calibration of capacitors at
frequencies other than 1 kHz. This can in fact be done with
four-terminal capacitance standards and is used by one of the
world's largest electronic instrument manufacturers to per-
form NIST traceable calibrations.

This method requires the use of a network analyzer that cov-
ers the frequency range of interest. The method is described
in reference 7 in the bibliography. This is a brief and highly
technical discussion for the advanced user who wants to par-
sue this topic further.

INDUCTANCE MEASUREMENTS

As discussed in “Interpretation of Negative Capacitance” on
page 8-2, a negative capacitance may be interpreted as an
inductance. You can, in fact, use your AH 2500A to make
accurate measurements of large inductors at 1 kHz.

Unlike capacitors, an important contributor to the loss of

inductors is the resistance of the wire used to make the induc-
tor. For air-core inductors with a low stray capacitance, this is
the primary loss mechanism. The most accurate circuif model
is then a resistor in series with an inductor. You should, there-
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fore, measure inductors with your AH 2500A set to units of
series-kilohms. This will allow you to directly read the series
resistance of an inductor connected between the HIGH and
LOW terminals of the bridge. For air-core inductors such as a
Leeds & Northrup 1520-C Brooks Inductometer (no longer
made), this value will be in close agreement with DC mea-
SUTEIents.

Calculating the Inductance

The inductance can be determined by inserting the measured
negative capacitance value into Eq. 8-2 and calculating the
result. This leads to dividing the magnitude of your measured
negative capacitance in picofarads into 25330.3 to give an
inductance in henries. Table 8-2 shows the conversions for
popular values.

Table 8-2 Negative capacitance to
inductance conversion table

Capacitance Inductance
-120000 pF 021109 H
-100000 pF 0.25330H
-50661 pF 0.50000H
-30000 pF 0.50661 H
-25330 pF 10000 H
-20000 pF 1.2665 H
-12665 pF Z.0000H
-10000 pF 2.5330H
-5066.1 pF 5.0000H
-5000.0 pF 30661 H
-2533.0 pF 10.000 H
-2000.0 pF 12.665 H
-1266.5 pF 20.000 H
-1000.0 pF 25.330H
-506.61 pF 50.000H
-500.00 pF 50.661 H
-253.30 pF 100,00 H
-200.00 pF 126.65 H
-126.65 pF 200,00 H
-100.60 pF 25330H
-50.661 pF 500.00H
-50.000 pF 506.61 H
-25.330 pF 1000.0 H
-20.000 pF 1266.5 H
-12.663 pF 2000.0 H
-10.000 pF 2533.0H
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Measurement of Large Inductances

Although the AH 2500A has the necessary range to measure
extremely large inductances, the accuracy of the measure-
ment decreases as the inductance increases and eveniually
becomes useless for obtaining an inductance value. The prob-
lem occurs when the capacitive reactance of the DUT
becomes significant relative to its inductive reactance,
Because these have opposite signs, they tend to cancel one
another so that the instrument sees a reactance that is bigger
than the inductive component. {The measured capacitance is
smaller than it would otherwise be.)

If the reactances are equal at | kHz, then self-resonance
occurs and the DUT is effectively a resistor. When this
occurs, the measured capacitance value tells nothing about
the actual capacitance or inductance of the DUT; it simply is
an indication of resonance. A lower measurement frequency
would be required to avoid the resonance point.

Table 8-2 goes down to -10 pE but this should be well past
the resonance point for real devices. The stray capacitance
for large inductors increases rapidly with inductance because
of the large number of turns that are required. As a resuolt,
most inductors will not read accurately above about 10 H
using this method.

Loss and G-factor

On the other hand, the measured series resistance is a mean-
ingful value for the DUT at 1 kHz. In fact, the series resis~
tance should be a meaningful 1 kHz measurement whenever
the bridge is able to report a reading above or below reso-
nance. The series resistance in this case will not likely be in
good agreement with the DC value because the large stray
capacitance implics a substantial loss in the insulation that
covers the wire of the inductor.

The bridge can also be used to measuore the Q-factor of a
farge mductor above or below resonance. This is done by set-
ting the bridge to units of dissipation factor (D). The Q-factor
is just the reciprocal of the dissipation factor {Q = 1/D). This
measurement should be valid for any result reported by the
bridge, but as with the series resistance setting, the capaci-
tance reading will only be meaningful for smaller inductance
values,
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Chapter 9

Verification/Calibration

This chapter describes how to verify that your AH 2500A is
properly calibrated and how to re-calibrate it if a verification
shows that recalibration is needed. Several issues regarding
“when to calibrate” and “‘what standards to use” for calibra-
tion are discussed. The bridge's ability to use either its origi-
nal capacitance and transformer calibrations or the most
recent versions of these is described. Finally, the passcode
structure used to protect the calibrations is presented.

GENERAL ISSUES

Recommended Equipment and
Accessories

The following list gives the tools and equipment required to
verify/calibrate the AH 2500A.

1. 0.5 to 1600 pF three-terminal capacitance standard hav-
ing a traceable accuracy of 1 ppm. For Option-E
bridges, 0.5 ppm is recommended. See “Obtaining the
Capacitance Verification Data.” on page 9-9 for a dis-
cussion of what is appropriate.

2. Dual, low noise, low inductance, one meter, coaxial
cables with male BNC ends. Andeen-Hagerling
DCOAX-1-BNC is recommended.

3. For Option-E bridges, a 1 pF to 1 uF three-terminal,
six-decade capacitor box. An accuracy of 0.5 pF from
0 to 600 pF and to +0.5% from 600 pF to ! uF is desir-
able, but traceability is not needed.

4. ACresistance standard having a value of 10 k2 with an
accuracy at 1.0 kHz of 0.005% (0.0025% for Option-
£). See “Finding a Suitable AC Resistor Standard”™ on
page 9-16 for a discussion of what is appropriate.

5. Digital multimeter with an AC voltage accuracy of 1%,

6. Digital frequency meter with an accuracy of 0.001% at
one kilohertz

7. For Option-E bridges, connection to a GPIB or RS-232
device capable of recording the verification results is
desirable,
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Types of Calibrations/Verifications

There are a number of procedures required to verify adequate
calibration of an AH 2500A. These can be grouped into the
various types listed below.

1. Internal - verifies numerous internal calibration points,
especially related to the DAC (or RTMDACQC). See
“ANALOG CIRCUI'S BLOCK DIAGRAMS” on
page 10-2 for an introduction to the DAC circuitry,

2,  Capacitance - verifies that the internal reference stan-
dards are calibrated relative to a traceable standard.

3. Transformer - verifies that the transformer voltage
ratios are correct. {Option-E only)

4. Loss - verifies that the internal phase shifters are accu-
rately producing a 90 degree phase shift.

5. Frequency - verifies that the frequency of the test signal
is within tolerance.

6. Output voltage - verifies that the voltage of the test sig-
nal is within tolerance.

The mternal, capacitance and transformer calibrations are all
maintained by values stored in an EEPROM (re-writable,
non-volatile memory). The loss calibration is derived from
the capacitance and internal calibrations using a patented
phase-shifting technique. The test signal frequency is deter-
mined by a quartz oscillator and a digital divider. The output
voltage is set by an internal trimpot.

Calibration versus Verification

Definitions

A complete calibration of the AH 2500A accomptishes two
major functions:

« Makes all measurements taken with a given AH 2500A
consistent with each other.

* Makes afl measurements taken consistent with and trace-
able to national and international standards.

The internal and transformer calibrations accomplish the first
function. The capacitance and output voltage calibrations
accomplish the second funciion. A calibratien accomplishes
these things by making permanent adjustments to a bridge.

A verification is a test of whether a bridge is sufficiently well
caklibrated and fully functional. A verification does not adjust
a bridge, but its results may show cause to perform a calibra-
tiont or repair. The loss and frequency checks are only verifi-
cations because they are not adjustable.
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DEY FROM LAST IHT: CRL AGE = 345 HRS
DEy FROM ORIG CAP: CRL AGE = 12345 HRAS
QEW FROM ORIG THF: CAL AGE = 12346 HRS

TEHP = -5, iC
TENMF = -4 6L
TEHF = -4.2L (Option-E only)

Figure 9-1 Example of results of SHOW CAL command sent to remote devices

(dEu Fra ) [ fAL [ EEDP ]
( LASE ink ] [ 45 H ) ( 510 ]
(dEu _Fro_ | (AL ALE ] (EETIP ]
(O L LRP ] (12345 H ] o cYs 0]

Figure 9-2 Example of results of SHOW CAL command displayable on non-Option-E bridges

Availahility of the Verification Option

Conventionally, a calibration has typically involved making
some kind of measurement of a calibratable quantity (called a
calibration point here) within an instrument, the result of
which is compared against the desired value for that mea-
surement. If the measured and desired values are close
encugh, no actual adjustment of the instrument being cali-
brated is needed. In this case, a verification has been per-
formed. If the measured and desired values are different, then
an adjustment of the instrument is made. In this case, a cali-
bration has been performed. When a calibration/verification
invoives physicatly adjusting a variable control, the choice of
verifying or calibrating is always available.

Using firmware, today’s instruments can calibrate dozens and
even hundreds of internal instrument settings automatically.
This can make it impractical to provide the option of calibrat-
ing or verifying each calibration point.

The AH 2500A has only one physically adjustable calibration
control (the output voltage). Al other adjustable calibration
points are controlled by firmware.

Firmware CalibrationfVerification

The AH 2500A uses three-step procedures to perform the
firmware calibrations. These steps are:

1. Make calibration point measurements to obtain data
that is suitable for calibrating the bridge. This data is
referred to here as “verification” data until it is perma-
nently stored.

2. Allow examination of this data to determine if a cali-
bration is needed or if a verification is sufficient.

3. If the decision of the previous step is to calibrate, then
permanently store the new verification data {into the
EEPROM) by overwriting the current calibration data.

These steps are executed using versions of the CALIBRATE,
SHOW CALIBRATE and STORE CALIBRATE com-
mands, respectively, These commands are all intreduced in
this chapter. Al versions of the STORE CALIBRATE com-
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mands require passcodes since these are the commands that
actuaily change the calibration of a bridge. Since the other
calibration commands require no passcodes, anyone can ver-
ify the calibration of the bridge at any time.

In other words, after using the CALIBRATE commands to
obtain the internal, capacitance and possibly transformer ver-
ification data, you can use the SHOW CALIBRATE com-
mands to create a report that summarizes this verification
data relative to previously stored calibration data. If the
newly obtained data does not deviate significantly from the
stored calibration data. then the calibration state of the bridge
may be considered to be verified. If the newly obtained data
does deviate significantly from the currently stored calibra-
tion data, then you will probably want to use the STORE
CALIBRATE commands to replace the currently stored cali-
bration data with the newly obtained data. As explained in
“Selecting Update vs. Original Capacitance Calibration
Data” on page 9-11, you may alternately or additionally
change your bridge's selection of Original versus Update
capacitance calibration data. If your bridge is an Option-E,
then you have an additional, equivalent choice with trans-
former calibration data.

Reasons for Verifying Only

In some applications, it is important that a bridge's measure-
ments not change suddenly from one day to the next, even by
tiny amounts. In other words, the day-to-day stability may be
more tmportant than the long-term stability or the accuracy.
In cases such as this, the ability to verify without calibrating
can be essential. A verification can prove that a bridge has
not suffered an unexpected shift in its measurements, yet a
verification will not change the bridge's measurements in any
way. [t might be more helpful for a verification to follow and
document a small drift in a bridge rather than to try to period-
ically correct it. Each such correction would cause a tiny off-
set in the bridge's measurements that might be undesirable.

- The bottom line is that the decision between calibration and

verification is dependent on the application.

AH 2500A Capacitance Bridge
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In general, the above comiments apply mostly to the capaci-
tance calibration rather than the internal calibration. The {at-
ter corrects for changes over time and for differences in
ambient temperature. The errors which are corrected by the
internal calibration occur mostly in the linearity of the AH
2500A. An inpadequate internal calibration will affect the lin-
earity by causing small offsets, steps, or staircase effects in
the measurernents as a function of the actual capacitance or
loss value. Since such errors are too compiex to predict or
externally correct, it is desirable to perform frequent internal
calibrations to minimize them.

Your experience may lead you to believe that internal calibra
tions are not important, because the effects are not easily
observed. However, if you make a series of measurements
which happen to be near a step in your bridge's behavior, an
inadequate internal calibration may cause the measurements
to have a double-valued characteristic. As a result, for maxi-
mum precision, internal calibrations should be performed
every month or two even if the ambient temperature is con-
stant.

A double-valued characteristic may also he observed on a
finer scale as a result of transformer errors. For Option-E
bridges, this double-valued characteristic is correctable by
the Option-E transformer calibration described later. After
calibration the remaining errors should be in the noise. The
extreme stability of the ratio transformers should keep these
errors low so that frequent transformer calibrations should
not be needed and are therefore not recommended.

Deciding When to Calibrate/Verify

Traceability Calibration/Verification

If your application requires iraceability, vou will probably
want {o perform a complete verification/calibration every
year or two. Experience has shown that the stability of the
internal reference standards and of the ratio transformers in
the AH 2500A is sufficient that a traceable verification/cali-
bration performed every year or two is conservative. A
change in these components that causes the bridge to fail its
accuracy spectfication within three years is considered to be a
failure of those components, not just a drift. Of course, cali-
bration/verification must identify faitures also. Therefore,
critical applications must perform traceable verification/cali-
brations with a frequency related to the criticality of the
application. The bottom line is that you must be the ultimate
judge based on vour requirements and experience.

internal Consistency Calibration

While the reference capacitors and ratio transformers in the
AH 2500A are very stable, there are many other components
that are less stable. These components will drift over time
and with changes in temperature. Fortunately, each of these
components that can affect performance is automatically ver-
ified relative to the reference capacitors and ratio transform-
ers when an internal verification is performed.

AH 2500A Capacitance Bridge

Without actually taking the time to perform an internal verifi-
cation, there is no way to know for certain if an internal cali-
bration should be done. However, it is possible to check the
elapsed operating time and the change in temperature relative
to when the last internal calibration was done. This is done
using the SHOW CALIBRATE command introduced below,

Ambient Temperature and Internal Cal's

Unlike other high-precision instruments, the AH 2500A is
capable of operating to its full specifications over a tempera-
ture range that is much wider than that found in calibration
laboratories. The gualification to this statement is that for
highest precision and linearity, an internal calibration should
be performed after the bridge has stabilized at the tempera-
ture at which it is to be operated. If it was recently calibrated
ntear this temperature, then a new calibration is unnecessary.
The SHOW CAL command is very useful here for easily
identifying whether the bridge is being operated near the
temperature at which its Iast internal calibration was per-
formed.

Comparison with the Previous Calibration
Condifions

The approximate clapsed operating time and the change in
termperature relative to when the last internal, capacitance
and transformer calibrations were done can be determined by
issuing the command:

SHOW CALIBRATE

The results of this command as reported to remote devices
are shown in Figure 9-1. The results of the SHOW CAL
command are displayable on the front panel in two or three
lines of three windows each. A non-Option-E example is
shown in Figure 9-2. Each window is accessible using the

(2], [¥], [«land [=] keys in the normal manner.

The first line gives the deviation of current conditions from
those under which the previous internal calibration was
made. The approximate elapsed operating time in hours from
the last internal calibration is given following

“CHRL AGE =7, The difference between the current tempera-
ture and that during the last internal calibration follows
“TEHP =",

The second line specifies the same information relative to the
capacitance calibration. This line additionally specifies
whether the capacitance calibration in current use is the orig-
inal one or an updated one. This is indicated with a label
reading “0BIG” or “UPDT”, respectively, preceding the
“CRP label. The meaning of these labels is discussed in
“Selecting Update vs. Original Capacitance Calibration
Data” on page 9-11.

The third line only appears on Option-E bridges. It contains
transformer calibration information in exactly the same for-
mat as the second line.
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Figure 9-3 Non-Option-E example of results of SHOW CAL 1 command sent to remote devices
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Figure 9-4 Non-Option-E example of results of SHOW CAL 1 command displayed on front panel

Preliminaries

Before performing any verifications, the AH 2500A and is
environment must be stable. The OVEN NOT READY indi-
cator on the front panel must not be on. The bridge must have
been powered on for at least one hour.

in addition, the bridge should be verified in a thermal envi-
ronment that is as close as possible to that in which it will
actually be operated. This means that the covers must be on
the bridge, since that is presumably how it is normally oper-
ated. The bridge must be in the same physical orientation as it
is normally operated. That is, it should not be verified while
sitting on ifs side if it is normally operated in a horizontal
position.

Carrying the thermal considerations one step further, the very
highest precision requires that the bridge have its infernal
verification performed in its operating environment, not in a
calibration lab unless that is where it is normally operated.
This is particularly important if these environments might be
stgnificantly different. An example is the case where the
bridge is normally operated in a rack on a factory floor. The
rack is an additional enclosure that can trap heat and which
will usually contain other instruments which are additional
sources of heat. The rack environment may thus be substan-
tially warmer than the calibration lab environment.
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INTERNAL CALIBRATION

An internal verification checks for drift and temperature
changes in dozens of internal components. It does this by
intercomparing these components against the internal fused-
silica capacitance standard and the main ratio transformer.

Simplified Procedure

The following pages describe not only how to perform an
internal verification, but also how (¢ interpret all of the infor-
mation that such a verification can provide. If you know that
you just want to perform an internal calibration without any
verification checks or other data gathering or interpretation,
then you can skip most of the next few pages. Simply do the
following:

1. Issue the CALIBRATE 1 command described below.

2. [Issue the SHOW CALIBRATE 1 command described
below in “Internal Verification Results” .

3.  Check that the report produced in the previous step
reveals no calibration point that exceeds 100% of its
calibratable range as described in “Identifying the Point
with the Largest Correction” on page 9-8.

4. Issue the STORE CALIBRATE 1 command followed
by a passcode to permanently save the new verification
data as described in “Saving the Internal Verification
Data” on page 9-9.

AH 2500A Capacitance Bridge
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Obtaining the Internal Verification Data

Obtaining the internal verification data only requires that a
command be entered. No special external connections are
required. The LOW input terminal is internally disconnected
during the verification measurements so if doesn’t matter
what is connected to it. The HIGH output terminal is inter-
nally grounded so it doesn’t matter what impedance is con-
nected to it either. The command that initiates the internal
verification measurement is:

CALIBRATE 1

The verification measurement procedure takes about eight
minutes for non-Option-E bridges and 30 minutes for
Option-E bridges. The front panel will display L AL -
beAEE BUSY during this process and will show r £ A dY
when the procedure has successfully completed.

If the procedure fails, the front panel will show the message

I 'mt CHL FAILurE. Thisindicates that a hardware fail-
ure has occurred. If this happens, refer to Chapter 11 titled
“Diagnosis and Repair”.

Internal Verification Resulls

The kind of internal verification data that is reported depends
on whether your bridge is an Option-E or not, Option-E
bridges produce a 34 line report giving the status of every
internal calibration point in the bridge. Non-Option-E
bridges just give a summary of this report showing the largest
current internal verification error. The one internal calibration
point that is furthest from its nominal value is also shown.

To get a report sumiumarizing the new internal verification
data obtained with the CAL 1 command, issue the command:

SHOW CALIBRATE 1

If you had not previousty issued a CAL 1 command, the front
panel will show the message [AL dAER RAbSEnk
indicating that no new internal verification data exists.

Internal Verification Summary for Non-Option-E
Bridges

On Non-Qption-E bridges, the SHOW CALIBRATE 1 com-
mand will produce the report shown in Figure 9-3 on remote
devices. The equivalent windows in Figure 9-4 can be shown
on the front panel.

Full internal Verification Report for Option-
Bridges

On Option-E bridges, the SHOW CALIBRATE 1 command
will produce the report shown in Figure 9-5 on remote
devices. An equivalent report can be shown on the front
panel. The first two lines of the front panel report have the
same format as the non-Option-E windows in Figure 9-4. All
the remaining lines have the same format as the second line

AH 2500A Capacitance Bridge

in this figure and will show the same information as in
Figure 9-5.

Verification Conditions: SH CAL 1,2 or3vs SH CAL

The first two fields in the line of the SHOW CAL 1 (or
SHOW CAL 2 or 3 commands introduced later) report
beginning “DEL FROM give the elapsed operating time and
the temperature difference between the conditions used to
obtain the currently stored calibration values and the condi-
tions used to obtain the new verification data. Note that this is
similar but not identical to the results reported by the SHOW
CAL command. That command compares the conditions
used to obtain the currently stored calibration data with cur-
rent conditions. These two reports will give nearly identical
resutts if the SHOW CAL command is issued soon before or
after the CAL 1 command is executed (or CAL 2 or 3 com-
mands infroduced later). That way the time and temperatures
will be the same. On the other hand, if the SHOW CAL com-
mand is issued at a different time or temperature from that of
the CAL 1 (or 2 or 3) command, then the time and (empera-
ture results from the SHOW CAL and SHOW CAL 1 (or 2
or 3) commands will differ.

Checking the Biggest Cal Point Change

The last field in the first line of the report shown in Figure 9-
3 or Figure 9-5 reports the percent deviation in the calibra-
tion point that had the biggest change between the currently
stored internal calibration values and those just obtained with
the CAL 1 command. This change is the value of most inter-
est in the entire report. The larger this change is, the greater
the need to update the internal calibration values.

This change is a combination of the effects of time and of any
difference in the temperature at which the two sets of internal
calibration data were obtained. If a significant change has
occurred and it has been many months since an internal cali-
bration has been done, then it is desirable to save a new cali-
bration. On the other hand, if a significant change has
occurred but an internal calibration was just done only days
ago, then for non-Option-E bridges, the change is likely to be
the result of temperature differences. In this case, it may
malke sense to save the new verification data only if you
intend to operate the bridge at the new verification tempera-
ture. (Option-E bridges are temperature corrected so their
internal calibrations are affected less by temperature.)

A change greater than 100% requires saving the new internal
verification values if the specifications are not to be exceeded
at the temperature at which the verification data was
obtained.
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Figure 9-5 Option-E example of results of SHOW CALt command sent to remote devices

Interpreting the Calibration Point Data

This section describes the meaning of the calibration point
data for both internal verifications and for the Option-E trans-
former verifications discussed later.

The bottom line in Figure 9-3 and the bottom 29 lines in
Figure 9-5 contain internal verification data. There are two
lines above these bottom lines that provide headers for the
columns of data. Figure 9-5 shows typical data for every
internal calibration point for a typical Option-E bridge.
Figure 9-3 shows only the ore internal calibration point that
is furthest from its nominal value for a non-Option-E bridge.

Figure 9-8 on page 9-14 shows typical transformer verifica-
tion data for an Option-E bridge.

The Reference Labels

The first field in each line of the reports is the reference label
for the calibration point. For many points, this aumber is
identical to the reference label in the parts lists and schematic
diagrams. For the remaining calibration points, no corre-
sponding single parts exist. Table 9-1 identifies the compo-
nents or assemblies which affect each internal calibration
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point. For Option-E transformer verifications, Table 9-1 on
page 9-7 contains the corresponding information.

Meaning of the “I” and “Q” Pairs

The remaining fields in the reports occur in “1” and “Q”
pairs. These pairs represent the two components of a vector.
Vector components are reported here becaunse that is how the
correction values are internally represented.

The “I” or in-phase value is that component of the error
which is in phase with the desired output characteristic of the
calibration point. The “Q" or guadrature value is that compo-
nent of the error which differs in phase by 90 degrees with
respect to the desired output characteristic of the calibration
point.

In the case of a resistor, the in-phase error is in the resistance
and the quadrature error is in the stray capacitance across the
resistor. In the case of a capacitor, the in-phase error is in the
capacitance and the quadrature error is in the loss of the
capacitor. In the case of a ratio transformer, the in-phase error
is that component of the divided voltage from a given tap that
is in phase with the signal applied to the transformer. The
quadrature error is the component of the divided voliage
from this tap that is 90 degrees out of phase with respect to

AH 2500A Capacitance Bridge
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Table 9-1 Components or assemblies which affect the internal calibration points

In-phase Ratio of range- | Standard
Calibration tolerance used scale to Deviation Corresponding components and
Points equaling non-Option-E of scatter assemblies which affect each internal
100% of in-phase devi- in devia~ calibration point
range ation scales tion values
Gain error in DAC driver circuit which includes
R171 0-06% 0 3% C210B/C210C, R17LB/RI7IA and U127
Rl6l, RI79 35% 2 7%
R138, R139 7% 4 7%
R162, R180 35% 4 7%
R164, R181 7% 7 6% ) .
R177. R183 0.5% 15 1% These resulstor references kll-ave the same labels as in
the parts lists and schematics.
R159. R1467 0.5% 20 4%
R160, R168 0.1% 30 4%
RI58, R166 5% 30 5%
R176,R182 5% 30 10%
RI78, R184 0.35% 50 3%
c211 60 ppm 70 4% Capacitance ratio of C210A to C210B
Cvil G.08 pprm/V 2 T% AC voltage coefficient of the capacitance of C210B
: Output voltage of the guadrature generator circnit
QGO1 2% 0 3% comprising U107 - U110 and related components
3V in Zero error in T101, magnetic field from T101 cou-
ZEO1 HDASUM 3 3% pled into connecting circuitry on A101, C‘:ZI 0 and
onal A601, ground currents due to stray capacitances,
signa loose board mounting screws, etc.
3uVin . Alternate measurement of ZEO1 that confirms cor-
ZE02 HDASUM 3 4% rect operation if range-used figures for ZEO1 and
signal ZEO2 are nearly equal
U407 15 mV 3 3% DC zero offset of U407 filter circuit
U406 15 mV 3 3% DC zero offset of U406 filter circuit
U416 3LSB 2 10% DC zero offset of analog-to-digitat converter U416

the signal applied to the transformer. Any three-terminal net-
work is interpreted in a similar manner to this ratio trans-
former example.

The Range-Used Pair

The right-most [ and Q pair in the reports gives the values
used t0 make the firmware calibration corrections. These val-
ues are expressed as the percentage of the available firmware
correction range that is required to compensate for the devia-
tion of the part or assembly from its nominal valtue.

A value of 0% means that the calibration point has exactly
the value that it is expected to have {as measured by the caki-
bration circuitry of the bridge). For example, if R167 has an
in-phase range-used value of 0% then its actual resistance
equals its nominal resistance of 200k to the limit of the
bridge's internal intercomparison capability.

AH 2500A Capacitance Bridge

The Deviation Pairs

The first | and ( pair in each line of the reports gives the cur-
rent change for this part relative to the last calibration value
pair that is currently stored, For internai calibrations, it is this
stored pair that is currently being used to make corrections.
For Option-E transtformer calibrations discussed later, this
stored pair conttains the Update calibration data.

The second 1 and Q pair in each line gives the current change
for this part relative to the original calibration value pair that
was first stored in the bridge when it was manufactured. For
internal verifications, this stored pair of values is available
for historical purposes only. It is not used to make any cor-
rections. It is used to help determine what the total drift in
this internal calibration point has been since the date of man-
ufacture or the date of replacement of A10] or C210. For
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Option-E transformer calibrations, this stored pair contains
the Original calibration data.

A 0% deviation represents the best correction of which the
calibration firmware is capable. By definition. the deviation
of every intermnal verification value at the moment that the
verification data is generated by the CAL 1 command is 0%,

Bases of Percent Scales Used

There are two different bases used for the percentage values
given in this report. The percentages reported {or the “I range
used” are based on a scale where the limit of the calibratable
range is £100%. Only this column of values uses these per-
cent scales. Each vaiue in the “Q range used” column uses a
scale that is half as sensitive as the correspouding value in the
“ range used” column. These scales are the same for Option-
E and non-Option-E bridges. For internal verifications,
‘Table 9-1 lists the actual tolerance of the part or calibrated
guantity which corresponds to 1060% of the firmware calibrat-
able in-phase range.

As an example, consider the resistor R158 which shows an
in-phase correction value of 21% in Figure 9-5 on page 9-6,
According to Table 5-1, this resistor is correctable up to 5%
of its nominal value. This means that the resistor actually
deviates from its nominal value by 5x0.21 = 1.05% as mea-
sured by the bridge’s intercompatison circuit.,

All other values which are given as percentages in the inter-
nal verification report use a scale where 100% is a deviation
of a verification value that will cause the bridge to function at
the limit of one or more of its spectfications. Since Option-E
bridges have tighter specifications. their deviation scales are
typically a factor of two smaller (more sensitive) than those
for the non-Option-E bridges.

The deviation scales are smaller than the range-used scales.
Int other words, a given temnperature change or drift in a cali-
bration point will have a bigger effect in the deviation col-
umins than in the range-used columns. For internal calibration
points, a 1% change in an in-phase range-used value will be
magnified in the corresponding in-phase deviation value by
anywhere from two to seventy times. The exact magnifica-
tion depends on the internal calibration point and is listed as a
ratio in Table 9-1 for non-Option-E bridges. For internal cali-
bration points, the ratios for Option-E bridges are obtained
by multiplying the ratios in the table by two. For transformer
calibration points, the magnification ratios are listed in
Table 9-1 on page 9-7.

As with the range-used scales, each value in the Q-deviation
columns uses a scale that is half as sensitive as the corre-
sponding value in the I-deviation columns.

Scatter in the Deviation Values

If you try to study the verification deviation data (not the
range used) you will soon discover that some of the numbers
change significantly from one verification to the next. ftis
important to understand that many of the deviation values are
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highly magnified. In many cases, the noise in the input ampli-
fier of the bridge determines the amount of scatter in the
deviation values, It is this noise that causes the deviations to
change from one verification 1o the next even when the
bridge stays at a constant ambient temperature. As a resuit, it
is not productive to try to draw conclusions about the verifi-
cation data near the level of this noise.

The normal amount of scatter varies from one calibration
point to another. The amount that is considered normal is
given as a standard deviation in Table 9-1. If you find that
any deviations for your bridge taken at constant temperature
have a standard deviation that is higher than what is listed in
the table by more than a factor of three then there is reason to
suspect a problem in your bridge.

Identifying the Point with the Largest Correction

The tast line in Figure 9-3 reports the one internal calibration
point that is furthest from its nominal value. The correspond-
ing line in Figure 9-5 can be identified as the one internal cal-
ibration point having the largest magnitude in the *'T BRNGE
USED” and "0 RANGE USED” columns. In this example,
that calibration point is R178 which has a magnitude of 24%.
This calibration point has the largest correction value of all
the internai calibration points in the bridge. Having a large
correction value does not degrade the performance of the
bridge provided that it does not exceed 100%.

If either the T or Q percent of range for this calibration point
exceeds 100% and the internal verification was performed
within the bridge's specified operating temperature range of 0
to 43 °C, then the bridge may be considered to have a hard-
ware failure, The same is trae for Option-E transformer veri-
fications.

For points that exceed 100% of range, it will usually still be
possible to perform a verification unless the 100% limit is
greatly exceeded. The offending part shouid be identified and
replaced before the bridge can be properly calibrated. See
Chapter 11 titled “Diagnosis and Repair” for general instruc-
tions.

The reported percent-of-range-used includes both the change
in the part since the time of first calibration during manuiac-
ture of the bridge and the initial tolerance of the part at the
time that the bridge was manufactured. A calibration point
may therefore report a substantial percentage but still be very
stable (and thus fully acceptable). To identify a part as being
unstable requires the information from several verification
reports taken over a period of time. Only then can a possible
drift in a calibration point be distinguished from the initial
manufactured tolerance of a part.

It is important to understand that a part that appears to be less
stable than others, might only appear that way over a limited
range of ambient temperatures. A part that has a larger tem-
perature coefficient than it should may not appear in this
report over a narrow range of femperatures, yet might require
a large correction at all other temperatures.

AH 2500A Capacitance Bridge
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Effect of Temperature on Internal Verifications

The AH 2500A specifications assume an internal calibration
at the ambient operating temperature. This is especially true
for the non-Option-E version of the bridge.

The Option-E version of the bridge contains additional inter-
nal calibration data in the form of temperature coefficients
(T/C’s) for all internal calibration points. This T/C data is
generated when the bridge is manufactured and is considered
to be permanent unless A101 or C210 is replaced. This T/C
data is used to adjust the internal calibration data so that it is
correct for the temperature at which the bridge is actually
operating.

The internal verification report generated by Option-E
bridges shows the deviations ajffer temperature corrections
have been applied. These temperature corrections improve
the accuracy of the internal calibration points by a factor in
the range of six to twenty over that of the non-Option-E
bridge. Since the deviation scale used in the Option-E
bridges is twice as sensitive as that of the non-Option-E
bridges, the reported deviation percentages due to changes in
ambient temperature will be from three to ten times smaller
for Option-E bridges than for non-Option-E bridges.

By obtaining and reporting internal verification data at sev-
eral different ambient temperatures vou should easily be able
to observe the effect on the deviations of the calibration
points for a non-Option-E bridge. Ambient temperature
changes of 3 °C will cause deviations above the noise level of
the data. Ambient temperature changes of 10 °C will likely
cause deviations larger than 100% that will prevent the
bridge from meeting its published specifications. If you try
this same experiment on an Option-E bridge, vou will have to
use a significantly wider temperature range to observe equiv-
alent effects.

Saving the Internal Verification Data

The internal verification data obtained with the CAL 1 com-
mand can permanently replace the current data by issuing the
command:

STORE CALIBRATE 1

You will be prompted for a passcode immediately after issu-
ing this command. You may enter any of the three allowed
passcodes as explained in “THE CALIBRATION PASS-
CODES” on page 9-17. This command takes a few seconds
to execute and will display the r £ Ad/Y prompt when it is
finished. After this command is executed, all subsequent
measurements will use the new calibration data. If no new
internal verification data exists then the front panel will show

the message L AL dHER RbSEnk.
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CAPACITANCE CALIBRATION

The capacitance calibration corrects for drift in the fused-sil-
ica standard inside the AH 2500A. This calibration requires
the presence of new internal verification data. If no new
internal verification data is present, then the capacitance veri-
fication will automaticaily generate (but not store) such data
in addition to obtaining the capacitance verification data. For
maximum precision, the capacitance verification should be
performed under the same environmental conditions as a new
internal verification. This is true even if you intend to store
only the capacitance verification data and not the internal
verification data.

Obtaining the Capacitance Verification
Data.

Obtaining the capacitance verification data for the bridge
requires that a high-accuracy capacitance transfer standard be
connected to the bridge. Due to the extremely high accuracy
that is possible with the AH 2500A, there is an issue of what
is available to use as a capacitance standard.

You need access to one of three realistic transfer standard
configurations. These are:

1. A high-accuracy, fused-silica standard capacitor such
as an Andeen-Hagerling AH 1100/11A having a trace-
able calibration.

2. A gas-dielectric, stacked-plate capacitor such as a
Model 1404 having a traceable calibration.

3.  Asecond AH 2300A with a traceable calibration and a
gas-dielectric, stacked-plate capacitor.

If you have access to the first kind of transfer standard and
you are satisfied with its level of traceability, vou can use
such equipment to both verify and calibrate an AH 2500A to
the limit of its specifications.

If you have access to the second kind of transfer standard,
you can perform a verification of your AH 2500A, but only to
an accuracy level of about 30 ppm. This is true even if the
capacitor was freshiy calibrated by a primary lab. The prob-
lem is that these capacitors are prone to suddenty changing
their value in response to thermal and mechanical environ-
mental stress by amounts as high as about 30 ppm. Unfortu-
nately. such stresses tend to oceur during shipping to and
from the primary cal iab. Verification to 30 ppm may be suffi-
cient for some applications, but it is more than an order of
magnitude worse than the AH 2500A is capable of.

If you have access to the third transfer standard configura-
tion, you can perform a verification/calibration that is nearly
as good as in the first case. A gas-dielectric capacitor is guite
suitable for making short-term transfers of capacitance vai-
ues from one AH 2500A to another if the gas-dielectric
capacitor is kept at a constant temperature and not moved.
Ideally, the value of the gas-dieleciric capacitor should be the
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Figare 9-6 Example of results of SHOW CAL 2 command senf to remote devices
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Figure 9-7 Example of results of SHOW CAL 2 command displayable on front panel

same as the value of the capacitor that was used to calibrate
the AH 2500A that is providing the traceable source value.

The value of your standard must be in the range of 0.5 to
16060 pF. Values of 10.0 pF and above are preferred since the
measurement uncertainty at lower values will begin to limit
the attainable accuracy. For example, a 1.0 pF standard wiil
add 1 ppm to the uncertainty of the verification.

When you are ready to obtain the verification data, use a
DCOAX-1-BNC to connect your capacitance transfer stan-
dard to your AH 2500A. If you use any other cable, it should
be one meter fong and must have an internal, coaxial shield
with 100% coverage. If you use a pair of single cables, then
they should be twisted around each other to minimize their
inductance. Make sure that the CABLE command parameters
are set correctly since this will cause an error otherwise.

If your transfer standard is another AH 2500A, use it to care-
fully measure your gas-dielectric capacitor, carefully record
the value and finally connect the gas-dielectric capacitor to
the AH 2500A to be verified/calibrated.

When the desired capacitor is connected, issue the command:

CALIBRATE 2 CALIBRATE standardvalue

where standardvalie is the value of the connected standard
capacitor in picofarads. The value may be entered from
remote devices in any floating-point or scientific notation. A
EAd FPAr error will be reported if standardvalue is not in
the range of 0.5 to 1660 pF.

After this command is entered, the bridge will spend about
20 seconds making the verification measurement. 1f no new
internal verification data exists, then about eight minates will
be added to this time for non-Option-E bridges and 30 min-
utes for Option-E bridges. The front panel will display
CALLrAEE BLUSY during this time. The front panel will
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show r £ AdY when the procedure has successfully com-
pleted.

If the value of the connected standard as measured by the
bridge disagrees with the Original calibration of the bridge
by more than 0.01% then the message UPdE Skd
E+ror will be displayed on the front panel. An error of this
magnitude is most likely due to entering an incerrect valoe
for the connected transfer standard. Otherwise, such an error
is considered to be a hardware failure and is beyond the cor-
rection ability of the bridge's firmware.

Capacitance Verification Report

To get a report summarizing the new capacitance verification
data obtained with the CAL 2 command, issue the command:

SHOW CALIBRATE 2

This will produce the report shown in Figure 9-6 on remote
devices, The equivalent windows in Figure 9-7 can be shown
o the front panel. If you had not previously issued a CAL 2
CAL command, the front panel will show the message

L AL dHAEAR R&S5SEnt indicating that no new capacitance
verification data exists.

The second and third lines of the capacitance verification
report are each similar to the first iine of the internal verifica-
tion report, The capacitance verification report has two lines
instead of one because the AH 2500A maintains two sets of
capacitance calibration data. One is the Update set and the
other is the Original set. The bridge can use either set of data,
The set in use is indicated by the first line of the report where
a one indicates the Update set and a zero indicates the Origi-
nal set. See “Selecting Update vs. Original Capacitance Cali-
bration [Data” below for more information.

AH 2500A Capacitance Bridge
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The relative time and temperature verification conditions for
each of these two sets of data are given. The same comments
apply to the SHOW CAL 2 command as were discussed for
the SHOW CAL 1 command in **Verification Conditions: SH
CAL 1, 2 or 3 vs SH CAL” on page 9-5.

Checking the Capacitance Verification Change

The most important numbers in the capacitance verification
report are the ones at the end of the second and third lines.
These show the deviation of the new verification capacitance
value from the stored Update and Oniginal capacitance cali-
bration values, respectively. The deviations are given in ppm.
These numbers give the factor by which every capacitance
measurement taken by the bridge will be changed (relative to
the old values) if the new verification data is saved.

You should understand that these deviations represent the
sum of four sources of error:

1. The absolute efror in the old calibration vatues {Origi-
nal or Update).

2. The drift in the bridge in the Hme between obtaining the
old calibration values and the new verification value.

3. The change in temperature of the bridge between the
time that the old calibration values were obtained and
the time that the new verification value was obtained.
This introduces an error of as much as 0.03 ppm/°C for
non-Option-E bridges or 0.01 ppr/°C for Option-E.

4. The absolute error in the new verification value.

Unfortunately, there is no way to know how much error was
contributed by each source. A knowledge of the relative
degree of confidence in each source is usually the most there
is to go on. A high degree of confidence should be placed in
the Original calibration value and in the bridge's ability to
maintain that value. Deviations of the new verification value
from the Original value of more than about fwo ppm should
be treated with skepticism.

Saving the Capacitance Verification Data

The new capacitance verification data obtained with the CAL
2 command can permanently replace the current data by issu-
ing the command:

STORE

CALIBRATE 2

You will be prompted for a passcode immediately after issu-
mg this command. You may enter either of the two allowed
passcodes as explained in *“THE CALIBRATION PASS-
CODES” on page 9-17. This command takes a few seconds
to execute and wilt dispiay the - £ fd4 prompt when it is
finished. If no new capacitance verification data exists then
the front pane! will show the message [ HL dJAEA

ABSE nk. This command does not store any internal verifi-
cation data even though it may have generated such data.

AH 2500A Capacitance Bridge

The new verification data is immediately stored as Update
capacitance calibration data. Executing this command will
also aufomarically set the capacitance Update switch to a
one. All subsequent measurements will use the new calibra-
tion data only if the Update/Original switch remains set to
one {Update),

NOTE

It is important to understand that the bridge maintains two
sets of capacitance calibration data. The currently selected
set determines which of two (usuaily totally different) cali-
bration sources has calibrated the bridge. If this setting is not
what you intend for it to be, then your capacitance calibra~
tion source will not be what you think it is.

Selecting Update vs. Original Capacitance
Calibration Data

The AH 2300A maintains two sets of capacitance calibration
data. One is the Update set and the other is the Original set.
The bridge can use either set of data. The set currently in use
is determined by the setting of the capacitance Update/Origi-
nal switch. This is a firmware switch that is stored in the
EEPROM with the other calibration data.

‘When the bridge is manufactured, the Update and Original
calibration data sets are identicat. If the bridge is later re-cal-
ibrated with new capacitance data, this data will overwrite
the data in the Update capacitance set but not in the Original
capacitance set. This allows the bridge to be re-calibrated
without losing the Original calibration values. This is useful
because the Original values should be very accurate and are
therefore useful as references. It is also useful to keep the
Original values for historical purposes.

The Update/Original capacitance switch may be changed
with the following command:

STORE CALIBRATE 2 SPECIAL update

You will be prompted for a passcode immediately after issu-
ing this command. You may enter either of the two allowed
passcodes as explained in “THE CALIBRATION PASS-
CODES” on page 9-17. The update parameter is entered as a
“1” if the Update capacitance calibration data is to be used to
take measurements. When updare is entered as a “0”, the
Original capacitance calibration data will be used. The state
of the Update/Original capacitance switch can be determined
with the SHOW CALIBRATE and SHOW CALIBRATE 2
commands.
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Saving All Verification Data

The new internal and capacitance verification data obtained
with the CAL 1, CAL 2 and/or CAL 3 commands can per-
maneniiy replace the current data by issuing the command:

STORE CALIBRATE

Only new sets of verification data that are present will be
stored. You will be prompted for a passcode immediately
after issuing this command. You may enter either of the wo
allowed passcodes as explained in “THE CALIBRATION
PASSCODES™ on page 9-17. This command takes a few sec-
onds to execute and will display the r £ AdY prompt when it
is finished. The new verification data is stored in the same
way as if a STORE CAL 1. STORE CAL 2 und STORE
CAL 3 command were all execated. This command automat-
ically sets the capacitance Update switch if that data was
stored. Simkarly, the transformer Update switch is set if that
data was stored. If no new verification data exists then the
front pancl will show the message L HL dHER HLSEAE.

TRANSFORMER CALIBRATION

TFhe three raiio transformers (T101, T102 and T103) used in
the AH 2500A are extremely hinear and extremely stable. As
a result, there is no provision to verify or calibrate these

transformers in the nop-Option-E version of the AH 2500A.

However, the Option-E version of the bridge allows verifica-
tion and calibration of the Hinearity of the more critical taps of
these transformers on T101 and T103. The linearity is
checked by performing internal intercomparisons of trans-
former faps. No external reference fransformer is used and no
commercial ratio transformer has ever been made that is even
close to being good enough for this purpose,

Obtaining Transformer Verification Data

Obtaining the transformer verification data requires first con-
necting a 1 pF to 1 uF three-terminal, six-decade capacitor
box to the HIGH and LOW terminals of the bridge. The veri-
fication will go smoothly if this box is accurate to 0.5 pF
from 9 to 600 pF and to 20.5% from 600 pF to 1 pF. How-
ever, this box need not be traceable since the calibrated val-
ues of its capacitors are not transferred to the bridge. It is the
stability and settability of the capacitors in this box that are
important.

Once this is done, the command that initiates the transformer
verification procedure is:

CALIBRATION 3

If internal verification data was recently generated then this
command will quickly respond to a remote device with the
prompt:

SET CHP Jgparn.a >
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or to the front panel display with the prompt:

EEL THP k

J

[
(300000 |

If no new internal verification data exists, then about 30 min-
utes will be taken to create new iniernal verification data. The
front panel wiil display [ALbrAEE bLUSY during this
time.

When the prompt message finally appears, you must set the
decade capacitor box to exactly the value that is given by the
prompt. Then press the key on the front panel or enter
X or STEP from a remote device, If the measurement was
successful, another prompt will appear having a different
value from the last. If the measurement was unsuccesstul, the
prompt will be repeated. This will occur until a successful
measurement is faken or you abort the procedure with a
BEVICE CLEAR.

An unsuccessful measurement can be the result of a number
of different flaws in the decade capacitor or the cables con-
necting it. One of the most likely problems is that the decade
box is slightly out of calibration. If this is the problem, the
repeated prompt will indicate whether you should raise or
lower the setting of the decade box. If you should raise it, the
front panel will display a “"” in the lower right corner and a
remote device will show a *“*” to the left of the “>". If you
should lower it, the front panel will display a “ =" in the
lower right corner and a remote device will show a “-” to the
left of the *>".

If neither character is shown, then the problem was too much
noise in the meuasurements. Rotate the knobs of the decade
box back and forth to clean them. Also make sure the coax
cables are as far as possible from power transformers includ-

‘ing the one in the left rear comer of the AH 2500A.

If none of these solutions work, abort the CAL 3 procedure
and simply make an ordinary measurement of the decade
capacitor at the setting that the CAL 3 command was calling
for. If an error message is reported, then a gross problem
exists, More likely, the decade capacitor is ouf of calibration
so that an incorrect value was being set up. The decade
capacitor can be re-calibrated or the value that is set up can
be offset by the amount of error in the decade capacitor. The
worst case occurs if the decade box has “holes” in its range
so that it is impossible to set-up the required value. This can
only be solved by re-calibrating or replacing the box.

You do not need to be concerned about the possibility of
incorrectly calibrating the bridge as a result of selecting the
wrong capacitance. Hach transformer verification measure-
ment is either passed or failed by the bridge. If it passes, the
measurement was good encugh even if the decade capacitor
hox was not accurate.

The CAL 3 command will prompt you a total of 20 times for
new settings of the decade capacitor box. If you answer the
prompts as soon as they appear, then the time taken to per-

AH 2500A Capacitance Bridge

Co4



form the CAL 3 will be about an hour. When you have suc-
cessfuily responded to all of these, the rEAdY prompt
will appear on the front panel.

Transformer Verification Report

To get a report on Option-E bridges semmarizing the new
transformer verification data obtained with the CAL 3 com-
mand, issue the command:

SHOW CALIBRATE 3

If you had not previously completed the CAL 3 procedure,
the front panel will show the message [AL dALA
RbSEnt indicating that no new transformer verification
data exists.

The SHOW CALIBRATE 3 command will produce the
report shown m Figure 9-8 on page 9-14 on remote devices.
An equivalent report can be shown on the front panel.

The first three lines of the report in Figure 9-8 contain the
sarne kind of information as the three lines of the capacitance
verification report in Figure 9-6 on page 9-10.

The first line indicates whether the Original or Update trans-
former calibration data is being used by the bridge. See
“Selecting Update vs. Original Capacitance Calibration
Data” on page 9-11.

The second and third lines of the transformer verification
report show the elapsed time and temperature differences
between the newly generated transformer verification data
and the transformer data stored in the Update and Original
sets. The same comments apply to the SHOW CAL 3 com-
mand as were discussed for the SHOW CAL 1 command in
“Verification Conditions: SH CAL 1, 2 or 3 vs SH CAL” on
page 9-5.

The bottom 34 lines contain the data for each transformer
calibration point. These lines have the same basic structure
and meaning as those in the internal verification report. They
are discussed in “Interpreting the Calibration Point Data” on
page 9-6 and in its subsections,

The transformer verification report shows four groups of cal-
ibration points. These are listed in Table 9-2 below. These are
identified by type as to whether the data is used to verify and
correct errors or whether the data is just used for verification.

Table 9-2 The transformer verification groups

Label | Transformer Verification Groups | Type

AT Linearity of attenuator transformer taps | Cal
Al Inductance of attenuater transformer taps Ver

K Series resistance of attenuator relays Ver

MT Linearity of main ratio transformer taps Cal

AH 2500A Capacitance Bridge

Checking the Transformer Verification Data

As with the intemal verification data. the percent of range
used for both I and () should be checked for every calibration
point to verify that none exceed 100%. Similarly, the devia-
tion of the newly generated verification data relative to the
stored data that is currently used (Update or Original) should
be checked for every calibration point. The I and Q percemt-
ages for each of these must also be less than 100% and pref-
erably less than 30% for all points except MT01 and MTO02
which should be less than 60%. Ratio transformers are very
insensitive to temperature so the temperature at which the
verifications are obtained should have little effect. If these
checks pass, then you need not proceed any further with the
transformer verification other than to save a copy of the veri-
fication report.

Calibration groups AT and MT are used to verify and, if
needed, to correct the Hinearity of the main and attenuator
ratio transformers (T101 and T103). These calibration points
should be very stable to a level where they might never need
to be stored. It is preferable not to arbitrarily store new trans-
former verification data unfess the report indicates deviations
larger than what could be expected from normal scatter in the
data. Arbitrarily storing new transformer verification data
introduces small changes into the bridge's characteristics
without improving its performance. {This is different from
the case of the internal calibrations where frequent calibra-
tions are desirable.)

Calibration group AL is used to verify but not to correct the
inductance of the attenuator taps. If the range-used percent-
ages for these calibration points is too large, then there is a

hardware problem in the bridge that must be repaired.

Calibration group K is used to verify but not to correct the
resistance of the attenuator relays. These calibration points
should be watched more closely than any others because
experience has shown that these relays are the most unreli-
able component in the bridge. If a range-used percentage for
one of these calibration points is too positive, then the corre-
sponding relay must be replaced. Negative percentages indi-
cate & problem with the relay connected to the next higher tap
voltage, not with the relay having the negative percentage.

Only in-phase calibration point values are reported for the
AL and K calibration groups. All quadrature values are
always reported as zeros for these two groups,

Saving the Transformer Verification Data

The new transformer verification data obtained with the CAL
3 command can permanently replace the corrent data by issu-
ing the command:

STORE CALIBRATE 3

You will be prompted for a passcode immediately after issu-
ing this command. You may enter either of the rwo allowed
passcodes as explained in “THE CALIBRATION PASS-
CODES” on page 9-17. This command takes a few seconds
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Figure 9-8 Example of results of SHOW CAL 3 command to remote devices (Option-E only)

to execute and will display the r £ HdY prompt when it is
finished. If no new transformer verification data exists then
the front panel will show the message LAL dAER

AbSE mE. This command will store the internal verification
data that it used to make its measurements.

NOTE

It is important to understand that the bridge mainiains two
sets of transformer calibration data. The currently selected
set determines which of two (usually totally different} cali-
bration sources has calibrated the bridge. If this setting is not
what you intend for it to be, then your transformer calibra-
tion source will not be what you think it is.

The new verification data is immediately stored as Update
transformer calibration data. Executing this command will
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automatically set the transformer Update switch to a one. All
subsequent measurements wilt use the new calibration data
only if the transformer Update/Original switch is left setto
one (Update).

Selecting Update vs. Original Transformer
Calibration Data

The AH 2500A with Option-E maintains two sets of rans-
former calibration data in the same manner that it maintains
two sets of capacitance calibration data. (See “Selecting
Update vs. Original Capacitance Calibration Data” on

page 9-11.) One is the Update set and the other is the Origi-
nal set. The bridge can use either set of data for its trans-

~ former corrections. The set currently in use is determined by

the setting of the transformer Update/Original switch.

AH 2500A Capacitance Bridge
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Table 9-3 Components or assemblies which affect the Option-E transformer calibration points

Signal in-phase Ratio of range~ | Standard
Calibration | néme from tolerance used scale to Deviation Corresponding components
Points tap related equaling non-Option-E of scatter and assemblies which affect
to this cal 100% of deviation in devia- each internal calibration point
point range scales tion values
AT10 M-0.5 1.8 ppm 35 Absolute linearity correction of
ATO9 M-0.2 2.5 ppm 5 atlenuator tapS on TIOI expressed
as ppin of the voltage at the tap
ATO8 M-0.1 3.5 ppm 5% being corrected.
ATO7 M-0.05 5 ppm 7
AT06 M-0.0167 7 ppm
ATOS5 100T 10 ppm Absolute linearity correction of
ATO4 20T 18 ppm 59 attenuator taps on T103 expressed
as ppm of the voltage at the tap
ATO3 10T 25 ppm 7 being corrected.
AT02 T 35 ppm 7%
ATO1 I'T 70 ppm 10%
ALO7 M-0.05 0.35 ppm Voltage error in T101 due to tap
ALOS M-0.0167 0.5 ppm inductance in ppm of voltage at tap.
T%
ALOS 1007 1.3 ppm ’ Voltage error in T103 due to induc-
ALO4 30T 1.8 ppmt 3 tance of tap expressed as ppm of the
oA . 33 voltage at the tap being corrected,
: 5 ppm
ALO2 3T 35 ppm 10%
ALO1 1T 7 ppm
K7 M-0.05 0.350Q Excess resistance of aftenuator
K118 M-0.0167 0.250 refays. The nominal relay resistance
is usually 0.075€2 bui for some of
Ki19 100T 0.18¢ 2 7% these relays it may be as high as
K120 30T 0.13Q 0.15€2. Labels are identical to those
K133-K135 | 10T, 3T, 1T 0.10Q in Figure F-25 on page F-65.
MTG9-MT05 | MO0.9-MO0.5 0.08 ppm 1.5 Absolute linearity of niain ratio
MTO4 MO.4 0.08 ppm 10% transformer (TEO{) €Xp1'6886d as
ppm of the voltage at the M1.0 tap
MTO03 M0O.3 0.06 ppm 5
MTa2 MO.2 0.04 ppm 15%
MTO1L MO.1 0.03 ppm 20%
Error in the voltage of M-(1.1 tap
refative to the average of the volt-
MT1 M-0.1 3.5 ppm 7 3% ages between all the other adjacent
taps of the main ratio transformer
expressed in ppm of the M-0.1 tap.

The Update/Original transformer switch may be changed

with the following command:

“1" if the Update transformer calibration data is to be used to

take measurements. When update is entered as a “0”, the
Original transformer calibration data will be used.

STORE CALIBRATE 3 SPECIAL update

The state of the Update/Original transformer switch can be

determined with the SHOW CALIBRBATE and SHOW

You will be prompted for a passcode immediately after issu-

ing this command. You may enter either of the two allowed

passcodes as explained in “THE CALIBRATION PASS-
CODES” on page 9-17. The updaie parameter is entered as a

CALIBRATE 3 commands. The SHOW CALIBRATE com-
mand when issued from an Option-E bridge reports an addi-

tional line as shown in Figure 9-1 on page 9-2.
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LOSS VERIFICATION

This section describes how to verify the phase shifter cir-
cuitry in the bridge. There is no adjustment that can be made
so this is a pass/fail test.

Finding a Suitable AC Resistor Standard

This verification requires a three-terminai AC resistance stan-
dard with a value of 10.000 k€2 and an accuracy of 0.005%
(0.0025% for Option-E} at 1 kHz. The actual value is not crit-
ical, but the accuracy of the value is important. This is not a
commonly available standard so several ways of finding such
a standard will be described.

1. The most expensive solution is to identify 2 commer-
cial product that meets these specifications and to buy
it. There are products that are physically capable of
meeting these specifications, but usuvally the published
specifications do not make this clear. It will also be dif-
ficuit to get direct calibrations of such products at 1
kHz. NIST is planning to offer such calibrations begin-
ning in about 1995,

2. Aslightly easier approach may be to use a resistance
standard or decade resistor that is known {o be very fre-
quency independent from DC to 1 kHz. This can be
used as a transfer standard to transfer the DC value to 1
kifz. There are commercial products that give the resis-
tance error as a function of frequency. If such a product
is calibrated at DC with an accurate standard, it will
then be sufficient at 1 kHz. The initial accuracy and
long-term stability of the transfer standard is not impor-
tant since it will be calibrated anyway. The frequency
independence is what matters.

The transfer standard should be a three-terminal device
which means that it should be fully shielded. Often,
these products are housed in a metal case but use
unshielded banana jack connectors. If a banana jack s
provided that is grounded to the case and if it has a
standard 0.75 inch spacing from one of the two jacks
that connect to the resistance, then commonly available
BNC-to-banana adapters can be used to connect the
coaxial cables from the bridge to the resistance transfer
standard. One Pomona Model 1645 BNC-female-to-
shielded-dual-banana-plug adapter and one Pomona
1269 BNC-female-to-dual-banana-plug adapter will
work. Since the resistance standard has only three
banana jack posts, the ground on one of the banana
plugs would not be connected to anything. The shielded
adapter should he connected to the LOW terminal.

Care should be used when a decade resistance box is
used as the transfer standard. Boxes that have decade
resistors above 10 kQ per step may be too frequency
dependent to use. Even though such higher values
would not be needed for this test, their stray capaci-
tance is present even if they are not switched in.
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3. The least expensive approach is to make your own
transfer standard. This is actually easy to do. The key
component is a 10 kL resistor that is stable and fre-
quency independent. Common resistors such as a type
RN55C (30 ppmy/°C) will work. A type RNSSE (25
ppm/°C) will work better. A type RNC90Y will work
very well. The lower their temperature coefficient, the
easier it 18 fo trapsfer a value from DC o 1 kHz without
having to worry about room temperature changes.

The best choice is to buy a high quality precision resis-
tor that is already specified to the desired level of accu-
racy. Types that use the RNC90Y style construction are
excellent. DO NOT use a wire wound resistor unless it
is non-inductively wound, If your resistor has a metal
case, the case must be grounded.

An ordinary resistor is easily converted to a three-ter-
minal one by installing the resistor in a metal box. A
box with a female BNC connector at each end such as
Pomona Model 2390 is suitable. The resistor should be
located in the middie of the box to minimize stray
capacitance to the box. DO NOT uim the value of the
transfer resistor by paralleling with resistors having
megohms of resistance. Such resistors are probably
much more frequency dependent.

Once this resistor box is calibrated at DC to an accu-
racy of 0.005% (0.0025% for Option-E), it is ready to
use. A resistor box made this way should be calibrated
at DC before every verification. Furthermore, if there is
concern about its stability or about room temperature
variations, then its value should be rechecked after the
verification is performed.

Performing the Verification

Once a trustworthy resistance standard is in hand, the actual
verification is simple to perform.

To do this, set the averaging time to seven and the loss vnits
to series-kilohms. Connect the standard and take a few mea-
surements. They should all read 10.000 k€2 to within 0.02%
(0.01% for Option-E). If this check fails, it might be that the
ambient temperature is now too different from that at which
the last internal calibration was performed. If this check stiil
fails after verifying the internal calibration, the foss measure-
ments may be failing the accuracy specifications of the
bridge. To correct this, the AH 2500A {or its main board)
must be returned to the factory for repair. See “REPAIR
SERVICE” on page 1-7 and “Main Board (A101) Removal

. and Installation” on page 12-8.

AH 2500A Capacitance Bridge
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CHECK HIGH TERMINAL VOLTAGE
Issue the command then take a

measurement with nothing connected to the measurement
terminals. This will leave the HIGH terminal with {5 volts
present. Using an AC meter with an accuracy of 1% or better,
measure the voltage from the HIGH terminal center conduc-
tor to ground. If the HIGH terminal output voltage is not
within 3% of the nominal value (15 £0.75 volts), it should be
adjusted. The procedure for this is given in “Adjustment of
HIGH Terminal Signal Level” on page 11-22.

CHECK THE BRIDGE FREQUENCY

At the time the output signal level is checked as directed in
the previous section, the frequency of this signal can be
checked also. This is done by simply connecting a digital fre-
quency meter to the HIGH terminal and taking a reading. The
frequency shouid read 1.0000 +0.00005 kHz. If it is margin-
ally outside the tolerance, then the 4.096 MHz crystal oscilla-
tor Y301 is out of tolerance. If it is off by factors of two, then
there is a failure in the frequency division circuitry on the
processor board A301 or the MUX board A401. See the
chapter titled “Diagnosis and Repair” on page 11-1 for gen-
eral repair information.

THE CALIBRATION PASSCODES

The AH 2500A uses three different passcodes to control
access to the commands which change the calibration data.
These passcodes are:

1. The Owner passcode. This is the highest levei pass-
code. This passcode cannot be changed. It is accepted
by every cominand which reguires a passcode. It is the
only passcode accepted by the STORE CALIBRATE
CREATE commands which are used to change the
other passcodes.

2. The Calibrator passcode. This is the intermediate level
passcode. This passcode is accepted by every version of
the STORE CALIBRATE command.

3. The User passcode. This is the lowest level passcode.
This passcoede is accepted only by the STORE CALI-
BRATE 1 command.

4. The Replace passcode. This is a very special repair
passcode that orly functions with norn-option-E bridges.
This passcode is only accepted by the STORE CALI-
BRATE 2 CALIBRATE standardvalue command. See
“Main Board Installation Procedure” on page 12-8 or
“Standard Capacitor Installation Procedure” on
page 12-12 for more information.
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These passcodes are intended to be applied in a specific way.
The Owner passcode shouid be heid by the owner of the
bridge and revealed to no one else. i the owner of the bridge
is the only user and the only person to ever perform a calibra-
tion, then this will usually be the only passcode that ever
needs to be used.

if the owner wishes to assign the responsibility of fully cali-
brating the bridge to another person, then the owner should
give that person the Calibrator passcode. The owner can
change the Calibrator passcode after the person doing the cal-
ibrating is finished.

Some applications may require that an internal calibration be
performed frequently. This will be especially true for high
precision work or for operation where the bridge’s internal
calibration needs to track significant changes in ambient tem-
perature. In such cases, the owner may want to allow the
operator to perform internal calibrations only. The owner can
do this by providing the operator with the User passcode. The
owner can change the User passcode after the operator is fin-
ished taking measurements.

If the main board or capacitance standard is replaced, then
the Replace passcode will be required to re-calibrate the
bridge (if it is not an option-E). The consequences of using
this passcode are that fotally new internal and capacitance
calibrations are performed and all past calibration history is
lost. Due to the irreversible consequences of mis-using this
capability, this passcode (and therefore the owner passcode)
must be tightly controlled. Like the other changeable pass-
codes, the owner can give this passcode to a repair person.
When the repair is finished, the owner should change the
Replace passcode.

Changing the User Passcode

The User passcode can be changed with the command:

STORE CALIBRATE CREATE 1

After entering this command, you will be prompted for a
passcode with the front panel message Jnr LodE. You
maust enter the Owner passcode. If the wrong passcode is
entered, the message bHd PASSL odE will appear on the
front panel.

After entering the correct Owner passcode, a second prompt
will appear: U5+ [ odE. You then enter a six digit number
that you wish to be the new User passcode.

If you are working from a remote device, you will also be
prompted for the Owner passcode. The characters that you
enter for the passcode will not be echoed.
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Changing the Calibrator Passcode

The Calibrator passcode can be changed with the command:

STORE CALIBRATE CREATE 2

This command functions identically to the STORE CALI-
BRATE CREATE 1 command except that after entering the
Owner passcode, you will be prompted with: LAL [ adE.
You then enter & six digit number that you wish to be the new
Calibrator passcode.

Changing the Replace Passcode

The Replace passcode can be changed with the command:

STORE CALIBRATE CREATE 3

This command functions identically to the STORE CALI-
BRATE CREATE 1 command except that after entering the
Owner passcode, you will be prompted with: - PL [adE.
You then enter a six digit nomber that you wish to be the new
Replace passcode.
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Chapter 10

Circuit Descriptions

This chapter describes the detailed workings of the circuitry
of the AH 2500A. If vou have not read "BASIC BRIDGE
CIRCUITS™ on page 4-1 and preferably all of Chapter 4.
“Measurement Essentials”™. you shouid do so before starting
to read the analog circuit sections of this chapter. The basic
bridge circuit that is used by the AH 2500A is explained and
shown there in Figare 4-1 on page 4-1. The analog circuitry
described in this chapter is an elaboration of the basic bridge
shown in that figure.

This chapter describes the AH 2500A on two levels of detail.
The higher level is based on block diagrams. There are two
fundamental block diagrams presented: one is the Digital
Circuits block diagram and the other is the Analog Circuits
block diagram. The Analog block diagram is shown as two
figures. One is the complete Analog Circuits Block Diagram
shown in Figure F-2 on page F-5, The other is a more
detailed diagram of the ratio transformer multiplying digital-
to-analog converter shown in Figure 10-1 on page 10-3.
These diagrams accurately reflect all circuits of the AH
2500A and should provide sufficient understanding of the
internal hardware operation of the AH 2500A for all but
repais purposes.

The lower level description of the circuilry is based on the
schematic diagrams of the individual boards of the AH
2500A presented in Appendix F, “Drawings and Parts Lists”.
An understanding at this level of detail is intended for main-
tenance purposes or to grasp a fine point of the AH 2500A%s
operation.

CAUTION

The descriptions given in this chapter are intended to help
understand and maintain the instrument. Subtle design
considerations are not discussed and therefore the
information given here is not suitable for making
modifications to the instrument. Consult the factory before
attempting any possible modifications.

Notation

A slash (/) is used to label signals that use a low voltage to
represent a true condition.

Every schematic in Appendix F, “Drawings and Parts Lists”,
has a border showing the numbers one through four horizon-
tally and the letters A throaugh D vertically. These establish a
course reference grid. The current chapter uses references
such as “U335 in area 1A4” to mean that chip U335 is
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located on the first page of the schematic in grid square A4.
This same notation is also used within a multi-page sche-
matic in piaces where signals go from one page 1o another,
This helps locate the signal name on the referenced page.

DIGITAL CIRCUITS
BLOCK DIAGRAM

The biock diagram of the digital circuitry is shown'in
Figure F-1 on page F-3. This is a diagram of the circuitry
contained on the processor, display and keypad circuit
boards. The operation of the circuits is conventional and
straightforward in most respects.

Buses

The diagram shows individual signal interconnections as sin-
gle lines. Four groups of signat lines calied buses are shown
as double lines. Labels in each bus indicate the kind of sig-
nals in that bus. If not all the signals in a bus connect to a
block, then labels in the stubs that connect the bus to the
block indicate which lines from that bus actually connect to
the block.

The names of the four major buses are Address, Data, Selec-
tion, and Control. The Address bus contains the sixteen pro-
cessor address signals (AD-A15). The Data bus contains the
eight processor data signals (D0O-D7). The Selection bus con-
tains a miscellaneous assortment of timing and selection sig-
nals. The Control bus contains four signals: reset (RESET),
interrupt (IRQ), YO clock (§,), and the read/mot-write signal
(R-/W). With the exceplion of the R-/W signal, the “high
true” vs.” low true” distinction is ignored by the block dia-
grams and the related discussion.

Clock Signals

All clock frequencies in the AH 2300A except for the serial
baud rates are derived from a single 4.056 MHz crystal oscil-
lator {Y301). A binary frequency divider (U301} produces
the 2.048 MHz clock signal for the processor, Another divi-
sion by two followed by synchronization (U335) to the pro-
cessor clock, provides the /0 clock () for some of the
interface circuits that connect to the processor, The binary
frequency divider further divides the clock to create timing
signals of eight and sixteen kilohertz (8F and 16F). These are
sent to the analog measurement circuitry where they are used
to derive the one kilohertz test frequency used by the AH
2500A.
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Processor and Memory

A 6502 series microprocessor is used with three different
kinds of memory (RAM, EPROM, and EEPROM) (U304~
U308) to form the basic compating circuitry. A power-fail
detection circuit (U318) will reset the processor if the 3 volt
supply falls too low. This reset signal is also routed 1o all
other circuits in the AH 2500A that need to be initialized if
the power fails. A write protect circuit (U331) helps ensure
that the EEPROM is not accidentally written to.

Timing and Selection Logic

This is the one biock in the digital block diagram where the
detail has been greatly abbreviated. The actual circuitry con-
sists of a coliection of many gates and decoders. This block
generates the signals that allow the processor to select which
block it is to transfer data to or from on any given clock
cycle.

Rear Panel Interfaces

The GPIB (U323) and seral (1J329) interfaces are each
implemented with integrated cireuits (IC's) designed specifi-
cally for these functions. The serial interface IC implements
both an'RS-232 and a 20 ma. current loop interface. The RS-
232 transmit and receive data lines can be swapped under the
controf of a latch (U339), Additional RS-232 control lines
(R, DCD, CTS, DTR, and RTS) are optionally availabie for
use. The sample switch interface is implemented with a mul-
tifunction IC (U326) called a PIA (Peripheral Interface
Adapter) and some common line driver 1C’s (U327, U337
and U338). The external trigger input is readable by the pro-
cessor using both one input of an octal latch (U320) and one
special line to a PIA (U310).

Front Panel Keypad

The keypad is on & separate circuit board on the front panel
connected to the processor board with a ribbon cable. The
keypad switches (SW501-SW518)} are connected in a two-
dimensional array. This array is connected to a keypad
encoder 1C (U309). The keypad encoder is, in turn, con-
nected to a PIA (U310} which provides the interface to the
Processor.

Front Panel Display

The display is on a separate circuit board on the front panel
connected to the processor board with a ribbon cable. The
display consists of eight, dual seven-segment LED displays
(DS501-DS308) and two quad LED displays (DS509 and
DS310). The seven-segment LED’s are connected in a two-
dimensional array which is driven using a multiplexed

method. The anodes of the seven-segment displays are driven .

by transistors (501-Q504) which are controlled by a four-
bit latch (1U501). The cathodes of the seven-segment displays
are driven directly by four octal latches (U503-U506). The
two quad LED displays are driven directly (U507}, All of
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these latches are loaded from a single byte-wide latch (U317)
and selected by signals from a decoder (U316).

Analog Measurement Interface

This interface (J303) connects to all of the analog measure-
ment circuitry in the AH 2500A. The processor board uses an
octal latching buffer (U311) to drive eight data lines (TDO-
TD7) that provide control data 10 the analog measurement
circuitry. Four address lines (AD-A3) and two selection lines
{52W and S3W) from the processor board allow control data
to be multiplexed onto these eight data lines. A PLA (U310)
provides a start-conversion signal {STCN) to an analoz-to-
digital converter.

The processor board can read ten lines of digitized data from
the analog measurement circuitry. The most significant eight
of these lines {AD2-AID9) are readable using a PLA (U310},
the least significant two lines (ADO and AD1) are readable
using two bits of an octal latch (U320). Two more bits of this
latch are used to read the level detection signals (LEV A and
LEV B). Another bit reads timing information from the
power line.

Option Board Interface

A connector (J317) on the processor board provides proces-
sor signals fo allow operation of an internally mounted option
board. These signals consist of the eight processor data lines
(DO-D7), the four least significant processor address lines
(A0Q-A3), three lines decoded from the processor address
fines (57, S12, S102) and the four control lines (RESET,
R-W, ¢, and IRQ).

DIP Switch and Timers

A PIA (1U326) allows the microprocessor (o read an eight
position DIP switch that is on the processor board. This PIA
and U319 both have a pair of programmable, 16 bit, internal
counter/timers that can interrupt the processor.

ANALOG CIRCUITS
BLOCK DIAGRAMS

The main analog block diagram of the AH 2Z500A is shown in
Figure F-2 on page F-5. This is a diagram of the circuitry
contained on the multiplexer, main and preamp circuit boards
and as part of the capacitance standard assembly. This dia-
gram contains two major blocks that are essentially identical
to one another. Each is cailed a “Ratio Transformer Multiply-
ing Digital-to-Analog Converter” and is abbreviated as
“RTMDAC” or just “DAC”. An RTMDAC is shown in more
detail in Figure 10-1 on page 10-3.

Many blocks are connected by short arrows with the word
“control”. These arrows are used to indicate the presence of
binary control lines from the processor that set up functions
in the associated block.

AH 2500A Capacitance Bridge
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Figure 10-1 Ratio transformer multiplying D to A converter (RTMDAC)

If there is a “most important part” in the AH 25004, it must
be the main ratio transformer (T101) shown near the left side
of the main analog block diagram, Figure F-2 on page F-5.
As shown in the basic bridge circuit in Figure 4-1 on page
4-1, this transformer forms two of the four legs of the bridge.
It also is responsible for the extremely high linearity and ratio
stability of the AH 2500A.

Sine Synthesizer

The main ratio transformer must be energized with a high
quality, one kilohertz, sine wave. To achieve good frequency
stability, this sine wave is derived from the crystal-controfled
processor clock. Two signals (8F and 16F) shown in the
upper left comer of the main analog circuits block diagram
come from the processor board. They are first processed by
the alternate controlier (U418 and U419) to create signals
whose phase can periodically shift by 180°. This provides a
way of rejecting external noise having frequencies near one
kilohertz.

The sine synthesizer (U408} produces a simple analog com-
bination of three digital signals from the alternate controller.

AH 2500A Capacitance Bridge

The signals needed to synchronize a phase-sensitive detector
are also produced by U408. The full/half attenuator {Q101}
allows the SYNTH signal to be passed unchanged or attenu-
ated by one half under the control of the processor. The har-
monics of the SYNTH signal are removed by the bandpass
filter (U101 to produce the desired sine wave.

The main transformer drivers {U102, U103 and U104) pro-
vide the power required to drive T101 near its saturation volt-
age. Should anything load T101 to the extent that the drivers
cannot fully energize the transformer, the overload detector
(U1035) will produce a signal that indicates a “high to ground
short” problem.

Attenuator L.eg of the Bridge

The lower left leg of the basic bridge circuit in Figure 4-1 on
page 4-1 is the attenuator (ATN) leg. Effectively, the function
of this leg is to select the range of capacitance or loss that the
AH 2500A s to measure. This requires selecting one voltage
from a wide range of transformer taps. That voltage is con-
nected to the external DUT (Device Under Test} through the
HIGH terminal on the rear panel of the bridge.
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The attenuator must provide the widest possible range of
voliages since it is this range that is largely responsible for
the wide range of capacitances that the AH 2500A can mea-
sure. The higher attenuator voltages are provided by a wind-
ing on the main ratio transformer (T101) having six taps. To
get much lower voltages, a single tum winding on the main
transformer drives another transformer (T103) called the
attenuator transformer. This 250 turn transformer divides the
single turn voltage from the main transformer into an addi-
tional 250 parts. The attenuator transformer has five more
taps that provide voltages as small as 1.0 or 0.5 millivolts.

All of the attenuator taps are selected using reed relays.
These preserve the low output impedance of the two raiio
transformers. This low impedance allows one to think of the
DUT as being driven by the HIGH terminal of the bridge.

Variable Leg of the Bridge

The upper left leg of the basic bridge circuit in Figure 4-1 on
page 4-1 is called the variable leg. It is the most complex leg.
After the attenuator leg has been set to the optimum range
that corresponds to the value of the DUT, the variabie leg
must be adjusted so as o reduce the bridge imbalance to a
minimum.

Since the DUT will have both a capacitance and a loss, the
variable leg must be able to independently balance both of
these quantities. Since the AH 2500A uses capacitance (as
opposed to resistance) standards as references, any current
resulting from the capacitance of the DUT will have the same
phase as currents flowing directly from T101 through the ref-
erence capacitors. Thus the part of the variable leg of the
bridge that balances the capacitive current from the DUT is
called the “in-phase” part. The loss current from the DUT is
balanced by the “quadrature” part of the variable leg. The
currents flowing in the quadrature leg are 90° out of phase
with currents flowing in the in-phase leg.

in-Phase Relays and RTMDAC

The in-phase part of the variable leg can be adjusted to a pre-
cision of over seven decades. The two most significant
decades (RD’s) use reed relays that directly switch voltages
from the main ratio transformer fo reference capacitors A and
B. These two decades are identical except that the reference
capacitors differ by a factor of ten from each other. The cur-
rent through a reference capacitor is very precisely propor-
tional to the selected transformer voltage times the value of
that reference capacitor.

The remaining decades use the in-phase RIMDAC, also
called the “IDAC”. Figure 10-1 on page 10-3 shows one of
the RTMDAC’s combined with the operational amplifier
(U128). This amplifier, when combined with input and feed-
back resistors, forms a precision adder. The adder functions
in the textbook manner where the ountput voitage is the sum
of each input voltage multiplied by the feedback resistance
(R1718) and divided by the corresponding input resistance.
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This makes the precision adder and the associated input and
feedback resistors, combined with the driven reference
capacitor (C210CY}, functionally equivalent to a set of refer-
ence capacitors. The value of an equivalent reference capaci-
tor is equal to the value of C210C times the vatue of R171B
divided by the value of an input resistor. ’

To reduce the number of switching elements, each full
decade in the RTMDACs uses a bi-quinary scheme. This
requires the ability to switch an input resistor of the adder to
seven different ratio transformer taps related to each other by
voltage ratios of -1, 0, 2, 4, 6, 8. and 10. A second input resis-
tor that is ten times larger is switched to taps having voliage
ratios of 0 or 10. Switching these two resistors to the avail-
able transformer tap combinations will give the equivalent of
any integer ratio from -1 to 10. This gives a total of twelve
choices, the same as with the two most significant relay
decades. All switching in the RTMDAC’s is done with
CMOS analog switches rather than relays.

Quadrature Phase-Shifter and RTMDAC

The quadrature part of the variable leg (also called the
“QDAC™) is virtually identical to the in-phase part except for
two important respects. First, the quadrature part lacks the
two most significant relay decades found in the in-phase part.
This prevents the AH 2500A from measuring large capacitors
that also have a high loss. However, large, quality capacitors
are not likely to have a high loss.

Second, the ratio transformer that drives the QDAC is not the
main ratio transformer (T101), but rather an auxilizry one
{T102) driven by a signal that is accurately shifted in phase
by 90°. This phase-shifted RTMDAC driving a reference
capaciior is functionally equivalent to an un-phase-shifted
RTMDAC driving a reference resistor, The QDAC is virtu-
ally identical to the IDAC.

The signal that drives T102 is created with a precision phase-
shifting circuit (U106-U110) known as the Series/Parallel/-
Bypass circuit or S/P/B. This is actually composed of two
independent 90° phase shifters operated in parallel with one
another. The advantage of having two occurs if they can also
be connected in series with each other. A series connection
{made with Q103 and Q106 closed and 102, Q104 and
Q105 open) causes them to produce an cutput signal that is
1807 out of phase with their input signal. If the input and out-
put signals have the same amplitude and if they are combined
in an adder, the output of the adder will be zero when the
phase has been accurately shifted by 180°. If the 90° phase
shifters are adjustable, this provides a way of calibrating
them so that the sum of their phase shifts is correct. A parallel
connection of the two (made with Q102, Q104 and Q106
closed and Q103 and (105 open) then provides a much more
accurate 90° phase shift.

AH 2500A Capacitance Bridge
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Preamp

The function of the preamplifier is to amplify the wide range
of imbalance voltages that can exist at the center node of the
bridge, particularly the nanovolt level signals that occur
when the bridge is nearly balanced. With no DC bias voltage
applied, the bias enable relay {(K602) connects the center
node of the bridge directly to one end of the DUT via the
LOW terminal. While taking measurements, the operate/caii-
brate relay connects the input of the preamplifier to the DUT.
If a charged capacitor is connected to the input of the bridge,
the DC on low detector will report that condition. This detec-
tor will also report the presence of low frequency AC noise.

The output of the preamplifier is further amplified by a wide-
range, programmable gain amplifier (ACG). The ratio of the
minimum to the maximum gain of this amplifier is ten thou-
sand. The signal is then passed through a two-stage, one kilo-
hertz, bandpass filter. Only signals near one kilohertz remain.
Finally, the signal is monitored by a dual-level peak detector.

In the event that measurements are t0 be made with a DC bias
applied to the DU, the bias enable relay (K602) will insert a
blocking capacitor between the DUT and the input of the
preamplifier. The same relay also connects the DC bias input
to the DUT through a bleeder resistor. Another relay (K603)
allows a choice of two different values of the bieeder resistor
(R643 and R644).

Detector, Multiplexer and A/D.

The cutput of the peak detector goes to the input of a phase-
sensitive detector. This circuit produces two output signals.
One is proportional to a component of the detector input sig-
nal that has a specific phase with respect to the SYNTH sig-
nal. The other is proportional to the component of the input
signal that is shifted in phase by 907 relative to the first com-
ponent. Each of these signals is passed through a low-pass
filter (U406 and U407} to remove the remmnanis of the one
kilohertz signals. The resulting signals (I and Q) are used to
determine the relative amounts of imbalance in the in-phase
and quadrature sections of the bridge. These and six other
signals are switched one at a time through the eight-input
multiplexer (MUX) (U410) to a programmabie gain amplifier
(DCG) (U411 and U412). The gain is set to maximize the
signal levels for measurement by the following analog-to-
digital converter (U416). This A/D measures the residual 1
and Q imbalance signals of the bridge. These can be used to
calculate the three least significant digits of capacitance and
loss measurements reported by the AH 2500A.

The A/D also measures the other six inputs to the multi-
plexer, several of which have already been identified. The
TEMP signal comes from a thermistor in the area of the
RTMDAC’s and is used to make temperature corrections.
The OVEN signal indicates whether the oven in which the
reference capacitors reside is at operating temperature. The
PWRMON signal monitors a combination of power supply
voltages, The M0.1R signal allows direct measurement of the
main ratio transformer sine wave.
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Internal Calibration

To achieve the highest possible accuracy without using any
more high precision components i its construction than nec-
essary, the AH 2500A uses sophisticated firmware fo inter-
nally and automatically calibrate components of lesser
precision. These components are calibrated against the very
stable ratio transformers and against the largest reference
capacitor. The largest reference capacitor is, in turn, intended
to be periodically calibrated against primary or other very
accurate standards. The interconnections needed to perform
these internal calibrations are all shown in the block dia-
grams.

Every full decade in the variable leg of the bridge has the
ability to select transformer taps having ratios of -1 and 10.
This feature allows adjacent decades to be compared. If a
given decade is set to -1 and the adjacent decade of lesser sig-
nificance is set to 10, the sum of the results should be zero.
The summation occurs at the center node of the bridge. Any
non-zero result that is present here can be amplified and mea-
sured by the preamplifier and A/D. The magnitude of the
result is stored by the processor and is used to correct the
decade of lesser significance. This scheme allows calibration
of all the decades relative to the most significant one. The
quadrature decades may be calibrated against the in-phase
decades by bypassing the 90° phase shifters. This is done by
closing Q105 and opening Q104 and Q106.

POWER SUPPLY

The power supply schematic is shown in Figure F-7 on page
F-19. The power supply is a simple linear type to minimize
the creation of unnecessary electrical noise (EMI). The
power supply consists of a power line module, a transformer,
and a printed circuit board. The power line module allows the
selection of four different line voltages with which to power
the AH 2500A. These different operating voltages are
obtained by connecting the two primary windings of the
transformer in series or parallel and by connecting to either
all the turns of one of these windings or to 83% of the turns.
The power line module is located on the rear panel of the AH
2500A and contains an easily accessible fuse.

The power transformer has two center-tapped secondary
windings. One of these windings feeds a full-wave diode
bridge (U704). The two outputs of this bridge each charge a
3300 KF capacitor (C705 and C706}. These capacitors pro-
vide two sources of unregulated power of about +24 and -24
volts. Bach of these sources feeds a regulator, (U70% and
U702) the outputs of which provide a source of regulated +12
and -12 volt power. '

The other winding of the transformer feeds two diodes that
charge a 15,000 ¥ capacitor (C711). Three capacitors
{C703, C704, and C715) plus a resistor (R702) are present to
attenuate EMI generated by the AH 2500A processor that
might otherwise be conducted outside through the line cord.
The voltage on C711 is regulated by U703 to provide five
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Figure 10-2 I/O timing signals

volt power for the logic circuits of the AH 2500A. A crowbar
circuit (Q701, VR70L, R701, and C714) protects the logic
circuits from overveltage in the event that U703 fails. The
crowbar works by detecting an overvoltage and responds by
shorting the 5 volt supply to ground. This happens within
microseconds and will cause the fuse (F702) to open.

PROCESSOR BOARD

The processor board contains essentially ail of the high speed
digital logic used in the AH 2500A. 1t is located on the top
side of the AH 2500A chassis.

Clock Circuits

The circuttry described in this section is on the fourth sheet
of the four processor board schematics in Figore F-12 on
page F-31

The ulitmate source of all clock signals in the AH 2500A
except for the serial baud rates is a 4.096 MHz crystal oscil-
lator {Y301).

The other clocks are derived from this by a binary divider IC
(U361, Two of these clocks are §, and ¢y, which are used
on the processor board. The remaining two clocks are 8F and
16F which are eight and sixteen kilohertz. These are sent to
the analog measurement circuitry where they are used to
derive the one kilohertz test frequency used by the AH
2500A. The 2.048 MHz clock, ¢, directly drives the micro-
processor. The £.024 MHz clock, &, is supplied to the tim-
ing circuits described below.
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/O Timing Circuits

The circuitry described in this section is on sheet one of the
processor board schematics in Figure F-9 on page F-25.

All of the /O (input/output) circuits use signals derived from
a 1 MHz clock rather than from the 2 MHz clock that the pro-
cessor uses. (For timing purposes, the EEPROM is consid-
ered to be an /O circuit.) Some special circuitry is used to
create the 1 MHz signals and to synchronize them to the 2
MHz signals. A “D" flip-flop (U335 in area 1 A4) uses ¢,
from the processor to clock ¢y, to produce ¢.. This syn-
chronizes ¢, to ¢,. The relationship of these three clock sig-
nals to one another is shown by the top three traces in
Figure 10-2. All /O circuits that require a clock that is syn-
chronized to the processor use .

Every time an 1/0 circuit is addressed, the processor is forced
to perform the read or write cycle at half its normal speed.
This ensures that the cycle occurs at a speed that is compati-
ble with the I/O circuit. Figure 103-2 shows the relationships
between the required signals. When an I/O circuit address is
requested by the processor, some address decoding logic
(U314 pin | in area 1B2) indicates this by producing the sig-
nal shown in the figure. This signal causes the output of a
“D thp-flop (U335 pin 9 in area 1A3) to go high on the next
rising edge of ¢, as shown in the figure. The output of this
flip-flop causes a gate (U334 pin 8 in area 1A3) to pull the
RDY line low. The processor will not change its address,
data, and read/write lines as long as the RDY line is low.
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The next negative-going transition of ¢, sets a J-K flip-flop
(U339 in area 1 A3). The signal produced by the Q output of
this flip-fop is shown in the figure. This signal is what grants
the 1/0 address by enabling the [/O address decoder logic.
Setting U339 immediately resets U335, Since U339 also
drives U334, the RDY line continues to be held low.

The next negative-going transition of &, clears the J-K flip-
flop (U339). This disables the [/O address decoding fogic. It
also causes the RDY line to go high allowing the processor to
complete the current read or write cycle.

If a write cycle 1s in progress, the R-/W line wiil go low as
shown in the figure. One of the signals generated during a
write cycle is /WRS. As shown in the figure, this is a double
pulse. Only the second of the two puises causes data to be
written. The first pulse never has any effect because it does
not overlap the I/0 address granted signal (U339 pin 3). The
same situation exists with /RDS which also occurs as a dou-
ble pulse.

Reset Circuit

The reset circuit is in: area 1A2 of the processor board draw-
ings. It is composed of U318, R301, C301, VR301, and
R302. The 3.3 volt zener diode (VR301) drops the 5 volt
power supply level so that pin 2 of U318 can monitor that
tevel. If the supply falls too fow, pin 2 will cause U318 to
trigger. This causes U318 to discharge C301 and the U318
output to go from low to high. The output will go low again
after the 5 volt power supply is high enough and C301 has
had time to recharge through R301. The RESET signal gen-
erated by U318 is used to reset the entire AH 2500A. Ttis
also used to hold /WR and the EEPROM write enable circuit
(U331) disabled until the 5 volt power is stable.

Selection Logic

Three decoder [C’s and an assortment of gates mostly on
sheets one and four of the processor board schematics in
Figure F-9 on page F-25 and Figure F-12 on page F-31 are
used to generate the signals needed to allow the processor o
select the various memory and 1/O devices.

Starting with the most significant address lines (A14 and
Al5), al of 4 decoder £1/2 of U303 in area 1B3) is used to
divide the 65536 byte address space of the processor into
four equal address ranges. A given output of the decoder is
true for addresses falling within one of these four address
ranges. The three decoder outputs (pins 5, 6 and 7) that are
true (low) for the three highest address ranges are used to
select the three EPROM memories. Using hexadecimal num-
bers, these ranges are 4000-7FFF, 8000-BFFF, and CO00-
FFFFE. The lowest address range (0000-3FFF) causes pin 4 of
U303 to be low. This range is further subdivided.

All of the remaining discussion under the Selection Logic
heading assumes that an address within the range 0000-3FFF
has been selected. If address line A12 or A13 is false (low)
then the output {pin 11) of U334 will be low. This will make
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pin 8 of a gate (U332 in area [ B2} true (low) for all addresses
in the range 0000-2FFF. The signal from this pin is used to
select the RAM memory [C (U308 in area 1CI). This gives a
usable RAM memory space of 6144 bytes.

If address lines A12 and A13 are both true (high) then the
output (pin 3) of U315 will be true (low). This will make pin
1 of U314 true (high) for all addresses in the range 3000-
3FFF. The signal from this pin is used to select the other half
of the 1 of 4 decoder IC (U303 in area 1B2). The decoder fur-
ther subdivides the 3000-3FFF range.

All of the remaining discussion under the Selection Logic
heading further assumes that an address within the range
3000-3FFF has been selected. The enable input of U303 (pin
15) is used as a timing qualifier so that the outputs of U303
can never be true during the time when the address lines are
changing. This makes these outputs “clean” so that they can
be used to perform triggering in addition to selection,

Pin 13 of U303 is used as an enabling input rather than as an
address input. This means that U303 actually functions as a |
of 2 decoder and therefore only output pins 9 and 10 can be

used. Address line A1l determines which of the two outputs
is true. If the address is in the range 3800-3FFF, pin 9 is true
{low). This is used to select the 2048 bytes in the EEPROM.
If the address is in the range 3000-37FF, pin 10 is true (low).
This address range is further subdivided.

All of the remaining discussion under the Selection Logic
heading further assumes that an address within range 3000-
37FF has been selected. A 1 of 8 decoder (U322 in area 1B2)
is used to decode 1/16 of this address range. Two gates
{U332) and two enable inputs on U322 are used to enable
U322 when A8, A9 and A10 are false (low) and A7 is true.
This enables 17322 only for addresses in range 3080-30FF,

Pin 7 of U322 is true (low) creating /S7 which is used for
selection on the option board for addresses in the range 3050~
30FF.

Pin 9 of U322 is true (low) creating /S6 which is used to
select the PIA U310 for addresses in the range 30E0-30EE

Pin 10 of U322 is true (low) creating /35 which is used to
select the UART (U329 in area 22} and the GPIB controller
{U323 in area 2B4) for addresses in the range 30D0-30DF,
The UART has a second chip select input (pin 2) tied to
address line A3 so that the UART is selected for addresses in
the range 30D8-30DF. Since A2 is not used, the UART actu-
ally can be selected by two functionally equivalent address
ranges: 30D8-30DB and 30DC-30DF. Address line A3 also
goes to a gate (U330 in area 2D3}. The output of this gate
enables the GPIB controiier for addresses in the range 30D0-
30D7.

Pin 11 of U322 is true (low) creating /S84 which is used fo
select the PIA 1326 for addresses in the range 30C0-30CF
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Pins 12 and 13 of U322 are true (low) creating signals which
are used to enable a pair of gates (U321 in area 1A1). These
gates qualify the selection signals with a write strobe signal
(/WRS) so that selection occurs only during a processor write
cycle. The outputs of these gates (/S2W and /S3W) are fur-
ther decoded by logic on the multiplexer board which loads
the numerous latches on the analog boards. If either /S2W
and /S3W becomes true, U315 in area LA creates DATLAT,
the falling edge of which passes the corresponding byte of
data through an intermediate buffer (U311 in area 3D2). The
rising edge latches the data. Addresses in the range of 30A0-
30AL and 30B0O-30BF cause /SZW and /S3W, respectively, to
become true.

Pin 15 of U322 is true (low) creating a signal which is used to
¢nable a gate (U314 in area | A1) for addresses in the range
3080-308F. This gate gualifies this signal with a write strobe
signal (/WRS) so that DISLAT is true only during a processor
write cycle. The rising edge of this signal is used to pass the
corresponding byte of data through an intermediate buffer
(U317 in area 2C4). The falling edge latches the data. The
same signal also enables a  of 8 decoder (U316 in area 2D4)
which further subdivides the 3080-308F address range.
Address line A3 is tied to the low-true enable input (pin 4} of
U316 so that the decoded outputs are only true for addresses
in the range 3080-3087. Seven of the eight outputs of this
decoder are used to strobe the various latches on the front
panel display board.

Pin 14 of U322 is true (low) creating /S which is further
decoded by a 1 of 4 decoder (1/2 of U313 in area 4C2) for
addresses in the range 3090-309F.

Pin 6 of U313 is true (low) creating /S12 which is used for
selection on the option board for addresses in the range 3098-
309B. Pin 4 of U313 is true (low) creating /S10 which is fur-
ther decoded by another 1 of 4 decoder (the other half of
U313 in area 4C2) for addresses in the range 3090-3093.

Pin 9 of U313 is true (low)} only for address 3093 creating
/EEWREN which triggers the EEPROM write-enable
monostable circuit (U331 in area 1C1). Pin 10 of U313 is
true (low} creating /8102 which is used for selection on the
option board only for address 3092. Pin 11 of U313 is true
(low) only for address 3091 creating /S101 which enables an
octal buffer (U320 in area 3A4) to pass data from the analog
boards through to the processor data lines,

Memory

The AH 2500A uses three 16K byte EPROM (electrically-
programmable, read-only memory) IC’s (U303-U307 in area
1D2 and 1D3) operating in the address range 4000-FFFE. A
single 8K byte RAM (Random-Access Memory) IC (U308 in
area 1D1) operates in the address range 0000-1FFF. Actually
the decoding is for addresses 0000-2FFF so that address
range 0000-0FFF is indistinguishable from range 2000-2FFF,
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A single 2K EEPROM (Electrically-Erasable, Programma-
ble, Read-Only Memory) [C (U304 in area 1D2) operates in
the address range 3800-3FFF. This kind of non-volatile mem-
ory storage is used in the AH 2500A so as to avoid the ase of
batteries. The limitation with this kind of memory is that it is
only gaaranteed to function reliably for 10,000 write cycles,
Tor that reason, extensive error checking is incorporated into
the firmware of the AH 2500A to ensure the integrity of the
data. Since al} the calibration data for the AH 2500A resides
in this EEPROM. two protection schemes are used to protect
the reliability of this data. First. the write-enable input to the
EEPROM (pin 21) can only be activated after having previ-
ously set a monostable (U331 in area 1B1). In other words,
the firmware can only write to the EEPROM after having first
written to U331, Furthermore, the write operation to the
EEPROM must occur shortly after the write operation to
U331 otherwise the monostable will time-out thus preventing
the EEPROM from being written to. The second protection
scheme uses the reset signal (/RESET) to immediately clear
17331 as soon as a low voltage condition is detected on the 5
volt power supply. This disables the write enable signal to the
EEPROM under questionable power conditions.

Software Timers

Timing information used by the firmware is available from
the two PIA’s (U310 and U326). These each have a compre-
hensive internal timing divider circuit that is accessible to the
microprocessor. These timers are capable of interrupting the
processor after a programmable time interval has elapsed.

Serial Interfaces

The serial interface IC (U329 in area 2C2) implements both
an RS-232 and a 20 ma. current loop interface. Four type
1489 RS-232 receiver logic elements (U328 in area 2C2) and
three type 1488 RS-232 driver logic elements (U327 in area
2B2) are used to create an RS-232 interface using RI, DCD,
CTS, DTR, and RTS conirol lines in addition to the transmit
and receive data lines, The control lines need not be used and
can be disabled by tying them high using JP312-1P314.
JP310 can be used to ignore R and receive DSR instead.

For conventence, the RS-232 transmit and receive data lines
can be swapped using a bit in the AH 2500A BAUD com-
mand. This is done using a relay (K301 in area 2A1-2C1}
which is controlled by a latch (U339 in area 2C3}. The latch
is at the same processor address as the EEPROM write pro-
tact monostable and is set or reset depending on the contents
of data lines DO and D1, A transistor (Q302 in area 2A1) pro-
vides the drive current for the relay.
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Sample Switch

The sample switch port is a general purpose interface having
eight paraliel output lines and one output control line. The
tatter is intended to serve as a strobe line. These nine tines are
all taken from a PIA (U326 in area 4D4). These signals serve
as inputs to type 1488 line drivers (U327, U337 and U338 in
area 4D3) which provide levels at the rear panel connector of
about +12 and -12 volts. All the major power supplies of the
AH 23500A are available at this port so that limited amounts
of power can be provided to external devices. See Appendix
D, “Sample Switch Port” for a complete description of how
to make connection to this interface and of how to use the AH
2500A to control these lines.

FRONT PANEL
(KEYPAD AND DISPLAY BOARDS)

The dispiay and keypad boards are mounted directly behind
the front panel of the AH 2500A. The keypad board simply
holds the switches in place and connects them in a two-
dimensional array. The two pages of schematics for these
boards start with Figure F-15 on page F-37.

Most of the display board is used to mount and drive eight
dual seven-segment. common anode, LED displays. The six-
teen seven-segment digits are wired in an array of four
groups having four digits each. The anodes of every fourth
digit are tied together. Four power transistors (Q501-Q304 n
area 1C2) each drive one of these groups of anodes from the
5 volt power supply. An octal latch (U501 in area 1D4) con-
trols these four transistors.

The cathodes of identical segment positions of the first four
digits are tied together; the cathodes of identical segment
positions of the fifth through eight digits are tied together.
and so on. Since each digit has a decimal point, each of these
groups of four sequential digits has eight cathode lines whose
currents must be selectively sunk to ground. This is done
with four octal latches (U503-U506), one for each group of
sequential digits. The current through each group of four
LED’s is limited by an 82 £2 resistor in series with each out-
put of each of these four octal latches. The resistors are con-
tained in four resistor networks (RNS01-RN504).

There are thus a total of five octal latches that control the
seven-segment displays; four that sink the cathode currents
and half of a fifth one that controls the anode currents. The
microprocessor illuminates the seven-segment displays every
fourth digit at a time. It does this by loading the four octal
tatches that control the cathodes with the data for every
fourth digit. It then turns on the anode driver for 2.1 millisec-
onds. This {lluminates the desired LED segments. The micro-
processor clears the data in the octal latches anytime from 0.1
to 2.1 milliseconds after having been loaded, depending on
the value of the Brightness level parameter. Since the data is
inverted, the display is bianked for the remainder of the 2.1
millisecond period. The microprocessor performs this opera-
tion every 2.1 milliseconds, four times, before the cycle
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repeats. The cycle occars 120 times per second which is fast
enough that the viewer is not aware that the segments are not
being simultaneously illuminated.

The dispiay segments are not designed to be driven continu-
ously at the current levels used by the AH 2500A without
causing possible damage to them. A monostable (U502 in
1D3) protects against this event by shutting down the anode
drivers unless the microprocessor is continuously active. The
eight remaining L.LED’s on the display board are driven from
an octal tatch (U307 in 2D4) in a non-multiplexed manner.
The variable brightness feature of the display is achieved by
having the microprocessor vary the fraction of the time dur-
ing each display cycle when the LED’s are illuminated.

PREAMP BOARD

The two page schematic of the preamp board begins with
Figure F-28 on page F-73.The circuits on the preamplifier
{preamp) board are discussed in the order in which the signal
flows through them. In addition, since the output of the
preamplifier board goes directly to the multiplexer board, the
discussion of this signal flow continues immediately in the
next section on the multiplexer board.

Input Protection

Protection circuitry at the input of the preamp is essential not
only to protect the preamplifier circniiry against excessive
voltages applied to the LOW terminal of the AH 2500A, but
also to protect the fused-silica reference capacitors which are
connected directly to the LOW terminal. The reference
capacitors are protected by a gas-discharge device (E601 in
area 1C4) that will attempt to limit the LOW terminal voltage
to less than 140 volts with respect to ground. This not only
protects against excess voltages applied to the LOW termi-
nal, but also against those applied to the DC BIAS input.

The FET (Q601 in 1D2} at the input of the preamp must be
protected against relatively low voltages. This is done using
two diode strings, one for positive overloads (Q603, CR603
and CR604} and one for negative overloads (Q602, CR605
and CR606). These diede strings will clamp the input voltage
to about +2 volts. The current through these diode strings is
limited by a sertes resistor (R645 (or L601 in older bridges))
and by a lamp (DS601). The lamp provides additional protec-
tion for large overloads since its resistance may then increase
substantiatly,

A second lamp (DS602 in 1C4) protects the operate/calibrate
relay (K601 in 1C3) contacts. In calibrate mode, this relay
shorts the LOW terminal to ground through DS602. If the
AH 2500A were measuring a charged capacitor at the
moment that K601 was closed, essentially the full charge of
the capacitor would be absorbed by 1DS602. (The HIGH ter-
minal has very low impedance and would dissipate very little
of the charge.)
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DC Bias

The DC bias circuitry in shown in area 1D3. The original val-
ues of the bleeder resistors (R643 and R644) are 1.0 megohm
and 100 megohms, but these can be removed and other val-
ues substituted. A two stage filter (R640, C621, R642 and
C622) reduces any noise that might be present in an external
bias power supply. If K603 is closed to select the lower of the
two bleeder resistors. R642 is shunted by R641 so that the fil-
ter resistance does not contribute significantly to the bleeder
resistance.

Operate/Calibrate Relay

To perform internal calibrations, the LOW terminal of the
AH 2500A must be disconnected from the internal circuitry.
Energizing the Operate/Calibrate relay (K601 in area [C3)
causes this disconnection. The relay aiso shorts the LOW ter-
minal to ground through DS602 so that no signal from the
LOW terminal can be capacitively coupled across the open
relay contacts.

In addition, the relay connects the preamp input (and thus the
center node of the basic bridge) to a 2.2 k€2 resistor (R637).
The other end of this resistor can be switched to ground
under processor control by Q608. The shunting action of this
resistor causes a substantial reduction of the voltage at the
input to the preamp. This ability is needed by certain test rou-
tines whose action would otherwise overload the preamp,

Preamplifier

The preamp is basically a two stage. low noise, complemen-
tary-pair FET amplifier (Q601 and Q606 in 1D1 and 1DZ).
The N-channel/P-channel FET-pair provides good rejection
of DC power supply variations. The clamping diode (Q604)
across Q601 improves recovery from overload voltages,

BC on Low Detector

A ransistor {(Q605 in 1D2) and amplifier (U601 in 1B2) are
used to detect the presence of DC voltages on the LOW ter-
minal. When detected, U601 drives the LOW terminal
through a 200 megohm resistance {R609 plus R610) to
attempt to discharge small DC voltages that may be present
across the DUT. For larger DC voltages on the LOW termi-
nal, the output of Us01 will be greater. This will cause the
LOW terminal to be driven harder through a 250 k€2 resis-
tance (R638 and R639) as a result of turning on one of two
diodes {Q602 or Q603). This ensures that larger excess DC
voltages are removed quickly. Filter capacitors (C605 and
(C608) prevent noise from being fed back to the input of the
preamp.

The output of U601 also passes through a two stage, low
pass, RC filter (R612, C607, R611 and C606). This signal
(DCONL) is sent to the A/D on the multiplexer board where
its voltage can be read by the processor. This allows the pro-
cessor to detect and report sifuations where a persistent DC
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voltage exists on the LOW terminal. An adjustment (R615 in
1B1) allows setting DCONL to zero when the LOW terminal
voltage is zero.

Programmable Gain Amplifier

To accommodate the wide range of voltages present on the
LOW terminal. a programmable (variable) gain amplifier
(ACG) follows the preamp. This is implemented using an
operational amplifier (op-amp) ard a 1-0f-8 CMOS analog
switch (U602 and U603 in 2C3 and 2C4). The processor uses
the analog switch to set the value of the feedback resistance
for the op-amp. The switch shunts the unused part of the
feedback resistance. The smallest feedback resistance is set
with a trimpot to compensate for the variability of the inter-
nal resistance of the analog switch. The gain of this stage is
simply the sam of all the unshunfed feedback resistors
(R616-R625) divided by the 30 kL2 mput resistor (R608).

Bandpass Filter

The signal from the programumable gain amplifier is passed to
a two stage filter to limit the signal to frequencies near 1.0
kHz. Each stage (U604 and U605) is an infinite-gain, multi-
ple-feedback filier. Additional gain is provided by the follow-
ing stage of amplification (U606}. This stage produces the
PAMPOUIT signal which goes to the peak detectors on the
multiplexer board.

MULTIPLEXER BOARD

The two page schematic of the multiplexer board begins with
Figure F-18 on page F-45. Most of the circuitry on the multi-
plexer board is used to process the PAMPOUT signal from
the preamp board. As a resuli, the discussion of the signal
flow in the preamp board continues, in order, betow.

The mulktiplexer board circuitry also helps create the main 1.0
kHz test frequency used by the AH 2500A. The discussion of
the generation of the test frequency starts with the Sine Syn-
thesizer section and continues in the order of the signal flow
into the description of the main board.

In addition, the logic used by the processor to select all the
analog circuitry is on this board.

Peak Detectors

Two comparators (U401 in area 1C4) are set to switch at
about 1.2 volts and four volis to monitor the PAMPOUT sig-
nal. If a positive peak voltage greater than 1.2 volts oceurs in
the PAMPOUT signal, the output at U401, pin 7, will become
negative. This will set the latch (U402, pin 8) making LEV A
true if it is not aiready. Similarly, if a positive peak voltage
greater than four volts occurs in the PAMPOUT signal, the
output at U401, pin 1, will become negative. This will set the
latch (U402, pin 6) making LEV B true if it is not already,
LEV A and LEV B are digital signals which go directly to the
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processor board. A fow-pass filter (R405 and C421} ensures
that unusually fast noise does not set the peak detectors.

Phase-Sensitive Detector

The PAMPOUT signal passes through a low-pass filter (R406
and C401 in 1D3) and is buffered by an op-amp (U403} con-
figured as a follower. A second op-amp (U404) provides an
inverted version of the same signal.

The heart of the phase-sensitive detector is a four-channel
analog switch (Li405 in 1D2). This switch acts on the normal
and inverted PAMPOUT signals to produce two output sig-
nals. One of these signals (I) is proportional to the compo-
nent of PAMPOUT that is late in phase by 45° with respect to
the SYNTH signal. The other output signal (Q}) is propor-
tional 1o the component of PAMPOQUT that is early in phase
by 45° relative to the SYNTH signal. The 90° relationship
between [ and Q is important, but the phase relationship of
these two signals relative to the SYNTH signal is arbitrary
but must be constant.

Q-Filter Input

-Filter Input

Figure 1-3 Phase sensitive detector wavelorms

The way in which the analog switch accomplishes the detec-
tion process is better understood by referring to the wave-
forms in Figure 10-3, Waveform 1 is an example of how the
PAMPOUT signal will sometimes appear. In this example,
waveform | is out of phase with waveform FFD. Waveform
FFD 1s one of the square waves generated by the sine synthe-
sizer shift register (U408 in 1B3). When low, this signal turns
on the section 3 switch of U405, passing the positive peak of
waveform | to the input of the Q low-pass filter (U406 in
1D1).
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When waveform 2 is high, the complement of the FFD signal
turns on the section 1 switch of U405, passing the positive
peak of the inversion of waveform 1 to the input of the Q fil-
ter (LJ406). The shape of the signal that results at the input of
the Q filter is shown as waveform 3 in the same figure.
Notice that all of the area between the signal and the zero
axis is above the axis. This means that the filtered signal (Q)
will have a substantial DC component,

Now consider what happens to the | signal in response to
waveform 1. Waveform 1 in this example is shifted in phase
by 270° with respect to waveform FFB. Waveform FFB is
another of the square waves generated by the synthesizer
shift register (U408), When low, this signal turas on the sec-
tion 4 switch of U405, passing a positive-going crossing of
waveform 1 to the input of the { low-pass Chebychev filter
{1407 in 1C1). When waveform 4 is high, the complement of
the FFB signal turns on the section 2 switch of U405, passing
a positive-going crossing of the inversion of waveform 1 to
the input of the 1 filter. The shape of the signal that results at
the input of the I filter is shown as waveform 5 in the figure.
Notice that half of the area between the signal and the zero
voltage axis is above the axis and the other half is below. The
area above the axis will tend to cancel the area below so that
the filtered signal (1) will have no DC component.

The FFB signal is fixed in phase (early by 45°) with respect
to the SYNTH signal and the FFB and FFD signals are
shifted in phase by 90° relative to sach other. Thus the [ and
Q signals are the results of detecting quadrature related com-
ponents of the PAMPOUT signal relative to the SYNTH sig-
nal.

Multiplexer

The multiplexer (MUX in area 2D3) uses a common 1-of-§
CMOS analog switch. Its input sources are identified in the
discussion on the Analog Block Diagram in “Detector, Multi-
plexer and A/D.” on page 10-5.

Programmable Gain Amplifier

The op-amp (U411 in 2D3) and 1-of-8 analog switch (U412)
create a programmable gain, DC amplifier (DCG). The pro-
cessor can set the gain (o be one, two, four or cight. The ana-
log switch connects the negative input of the op-amp to a tap
on a series connected string of resistors (R426-R429). The
feedback resistance between the output (pin 6} and the nega-
tive input (pin 2) of the op-amp divided by the input resis-
tance from the negative input (pin 2} of the op-amp to ground
gives the gain of the amplifier. Unity gain is a speciat case
which is achieved by connecting R433 directly between the
output and the negative input with no input resistor con-
nected to ground. The remaining four switches in U412 are
not used.
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Figure 10-4 Sine synthesizer logic

Analog-to-Digital Converter

The single chip analog-to~digital converter {A/D) (U416 in
2C2) produces a ten-bit output on ten signal lines. The result
is available 10 to 30 pseconds after the start conversion sig-
nal (STCN) goes low. If the converter type is an ADS73N,
the data ready output (pin 18) drives the hi and lo byte enable
lines (pins 19 and 20) to enable the ten data output lines.

Selection L.ogic

Also on the multiplexer board is the logic that the processor
uses to select all of the registers that control the analog
boards. This logic is on sheet two of the multiplexer schemat-
ics shown in Figure F-19 on page F-47. This is just a confinu-
ation of the address decoding done on the processor board to
create /SZW. Two 1-0f-8 decoders (U417 and U420 in area
2A3) are used to create /850-/S5A having addresses of 30A0-
30AA. All are used as low true signals except for /854 which
is inverted by U418 to create 554. The addresses 30AB-30BF
are not used. These are associated with the anconnected out-
puts of U420 and the partially decoded signal (/S3W) from
the processor.

Sine Synthesizer

The sine synthesizer (U408 in 1B3)} is found on the first sheet
of the multiplexer board schematics. It and the alternate con-
troller (U418 and U419} are also shown, more clearly, in the
schematic of Figure 10-4.
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The heart of the sine synthesizer is a four bit shift register
whose fourth bit complemented output is fed back to the
input of the first bit. This causes the shift register to continu-
ally cycle through eight states. The waveforms created by
each bit are shown in Figare 10-5 on page 10-13. To always
obtain the waveforms shown, it is essential that the shift reg-
ister be initialized with the /RESET line.

By combining the signals from the shift register in the appro-
priate ratios, a good approximation of a sine wave is easily
created. The AH 2500A combines the B, C and D waveforms
so0 that the contribution from C and D is equal but the coniri-
bution from B is /2 times C or D. This is done by using 100
k€ resistors (R423 and R425) for Cand D but 1 69.8 k(2
resistor (R424) for B. The summing point of these three resis-
tors is the SYNTH node. The SYNTH waveform is shown in
Figure 10-5. The relationship between the steps in the
SYNTH waveform and signals B, C and D is easy to see.

The SYNTH signal is routed through J410 in 2A4 to the main
board where it ultimately drives the main transformer. The
J420 connector in 1Al is reserved for an option board that
provides fine control of the voltage level of the SYNTH sig-
nal {and thus of the signal applied to the DUT). A dedicated
regulator (U409 in 1C3) powers U408 to ensure that the B, C
and D signals are stable and noise-{ree.

AH 2500A Capacitance Bridge
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Figure 10-5 Sine synthesizer waveforms

Alternate Controller

The function of the alternate controiler (U419) is to periodi-
cally shift the phase of the SYNTH signal by 180°. It does
this by briefly doubling the clock frequency of the synthe-
sizer shift register (U408). This causes one full eycle (1.0
ms.) of the sine wave to occur in half the time it normally
would (0.5 ms.). The periodicity with which this occurs is
entirely under the control of the processor using firmware
timers.

When the processor decides that it is time to shift the phase
of SYNTH, it sets the first alternate controtler flip-flop
{U419A) creating ALTEN. The second flip-flop (U419B)
holds off the effects of ALTEN unti] bit C of the synthesizer
shift register makes a positive transition. This makes COM-
PRS go true synchronously with the shift register. The COM-
PRS signal enables the gates (LU418) so that exactly four
extra clock pulses from the [6F clock are inserted between
the clock pulses in the 8F clock pulse train. These signals are
shown in Figure 10-5. This briefly doubled clock frequency
causes the synthesizer shift register to shift at twice its nor-
mal rate. This, in turn, causes the SYNTH signal to be cre-
ated at twice its normal rate. This effectively inserts one
cycle of a 2.0 kHz sine wave precursor into the normal 1.0
kHz 8YNTH signal. Every time this is done the phase of
SYNTH will shift by 180°. The effect is easy o see in
Figure 10-5.

AH 2500A Capacitance Bridge

MAIN BOARD

The main board and the standard cell assembly form three of
the four legs of the basic bridge shown in Figure 4-1 on page
4-1. Oaly the leg which contains the DUT is not on the main
board because the DUT is external to the bridge. The six page
detailed schematic of the main board begins with Figure F-21
on page F-57.

The discussion of the generation of the 1.0 kHz test fre-
quency starts with the Sine Synthesizer section in the multi-
plexer board description and continues in the order of the
signal flow immediately below.

Full/Half Attenuator

The full/half attenuator attows the processor to control
whether the main transformer has the maximum allowable
voltage applied or only half of that value. This is used to pro-
vide a wider selection of voltages from the HIGH terminal of
the bridge than is possible with the taps on the main and
attenuator transformers alone. It also provides a way of
checking the voltage coefficient of the AH 2500A since it can
change the voitage applied to the entire bridge. Such a
change will not affect the balance point of the bridge if the
voltage coefficient is zero.

The state of the atienuator is controlled by & latch which pro-
duces the signal FULSIG (pin 15 of U112 in area 2B4).
When this signal is false (low), the P-channel FET (Q101 in
area 1C3) is non-conducting and no attenuation of the
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SYNTH signal occurs. When FULSIG is true (high), Q101
conducts causing an AC current to flow from the SYNTH
signal through a [ pF capacitor (C103) and 8.66 k€3 resistor
(R101) to ground. This additional current flow doubles the
existing flow to ground (mostly through an 0.022 UF capaci-
tor (C102)) and thereby reduces the signal level at the junc-
tion of C102 and C103 to half its unattenuated value.

Bandpass Fiiter

A bandpass filter greatly reduces the harmonics that exist in
the SYNTH signal. Those harmonics are large for the seventh
and above. This conventional filter is butlt using U101, C102,
€104, R102, and R103 in area {D3.

Main Transformer and Driver

The input to the main transformer driver is an adjustable gain
stage (U102, R104, R105 and R109 in area 1D3). The vari-
able resistor {(R104) is used to set the voitage that drives the
main transformer {T101) so that the maximum voltage avail-
able from the HIGH terminal of the AH 2500A is 15 volts.
The main transformer is designed so that it begins {o satorate
at only a few volts above that level.

Atow-pass RC filter composed of a 12.1 k€2 resistor and an
0.022 uF capacitor (R108 and C110 in area 1D2) further
removes harmonics from the original SYNTH signal so that
an excellent quality sine wave is produced.

The forty turn primary of the main transformer (T101 in
1D1) is driven by a push-pull amplifier (U103 and U104 in
areas 1D2 and 1C1) which produces a 10 volt RMS signal
across it. A 22 uF blocking capacitor (C108) prevents any
BC currents from flowing through T101. This blocking
capacitor and other stray impedances introduce voltage drops
in the driving circuit that make the sine wave across the pri-
mary of T101 less perfect than it would otherwise be. To cor-
rect these errors, an error amplifier (U105} compares the
difference between the desired sine wave and the actual main
transtormer voltage as measured from a tap (QIN). The error
amplifier magnifies the error voltage by a factor of ten and
applies the resulting correction voitage to the push-putl
amplifier through a 100 k€2 resistor (R110).

In addition, the correction voltage (if any) is rectified by a
diode (CR103) which charges a 0.1 uF capacitor (C111).
This rectified voltage is used to create the OVRLD signal
which can be read by the processor using the A/D on the mul-
tiplexer board. The presence of an OVRLD signal indicates
¢hat T101 is overloaded, usually as a result of too much cur-
rent flowing from the HIGH terminal to ground. When this
occurs, the processor reports the “high to ground short™ error
by placing an “H” in the upper right corner of the front panel
capacitance display. A resistor divider (R117 and R118)
ensures that the OVRLD signal does not exceed the range of
the inputs of the multiplexer (U410} on the multiplexer
board.
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The main ratio transformer (T101) has five windings. The
most important characteristic of T101 is that the volitage per
turn for every turn of every winding is the sarne. This is true
for every turn to an extremely high degree of precision. This
is true even if some current is being drawn from the trans-
former causing the voltage per turn to decrease slightly; the
voltage per tumn will decrease equally for all turns. Only if
excessive currents are drawn will the voltage per turn start to
become unequal among the windings.

Quadrature Phase Shifter

As explained in the section "Quadrature Phase-Shifter and
RTMDAC” on page 10-4. the quadrature phase shifter actu-
ally consists of two identical, independent, 90° phase shifters
which are normally connected in paraliel with each other.
Each of these phase shifters consists. in turn, ot two 45°
phase shifters (U107 & U108 in area 2D3 and U109 & U110
in area 2C3) connected in series. Each 45° phase shifter con-
sists of an RC network (R120 & C114, etc.) followed by a
high input impedance amplifier ¢1J107, etc.). The RC net-
work does the actual phase shifting, while the amplifiers pro-
duce a low output impedance to drive the next stage. The
amplifiers (U107 and U109) associated with the first stage
43° phase shifters are simply follower circuits. The amplifiers
(U108, R124 & R125 and U110, R134 & R136) associated
with the second stage, 45° phase shifters provide a gain of
two to restore the signal level lost by the two RC networks.
The resistance in the second stage RC networks is composed
of two resistors (R197 & R123 and R132 & R133). The first
of each of these two resistors is selected at the time of manu-
facture to get a total phase shift of 0° from the output of the
series connected 43° phase shifters.

The 90° phase shifters are switched into their various config-
urations using FET switches. N-channel FET switches (Q103
and Q105) are used when a positive control voltage should
close a switch, P-channel FET switches (G102, Q104 and
Q106) are used when a positive control voltage should open a
switch.

The control voltages are produced using two identical cir-
cuits ((Q107 and Q108) and (Q109 and Q110) in area 2B3}.
These circuits convert the 0 to +5 voit range from the proces-
sor coatrolled latch (U112) to signals having arange of -24 to
+24 volts. The operation of the first of these two identical cir-
cuits is described below.

When the processor sets pin 10 0f U112 to @ volts, this caases
no current to flow through R143 into the base of Q107 which
turns Q107 off. With Q107 off, no current flows through

R 144 into the base of Q108 turning Q108 off also. With
Q108 off, there is no current through R146 which makes the
collector of Q108 equal to the negative supply voltage of -24
volts.

When the processor sets pin 10 of UL12 to + 3 t0 45 volts,
this causes a current to flow through R143 info the base of
Q107 which turns G107 on. With Q107 on, a current flows
through R144 into the base of Q108 turning Q108 on also.

AH 2500A Capacitance Bridge
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With Q108 on, its collector voltage is equal to the positive
supply voltage of +24 volis.

Quadrature Transformer Driver

The quadrature transformer driver (U111 in area 2C2) gets its
tnput signal from the output of the quadrature phase shifter.
This 2 volt rms signal is obtained directly or indirectly
(depending on the setting of the quadrature phase shifter)
from the 0.8 tap of the IDAC winding of the main ratio trans-
former. T101. The function of the quadrature transformer
driver is both to provide sufficient carrent to drive the
quadrature ratio transformer (T102) and to accurately
amplify the signal from the quadrature phase shifter by 1.25
so that the voltages across the IDAC winding of TI01 and the
QDAC winding of T102 are equal to within about 0.1%.

The 2 volt signal from the quadrature phase shifter goes to
pin 3 of U1l where it is compared against the signal on pin
2 of U111 which comes from the 0.8 tap (QSENS) on the
quadrature ratio transformer, T1H02. The output of U111 on
pin 6 produces a signal with an amplitude that causes the
voitage across T102 (QDRV) to be 2.5 volts. It is the 1.25
turns ratio of the 1.0 to 0.8 taps of T102 that causes U111, pin
6, to drive T102 so that the QDRV voliage is precisely cor-
rect {2.5 volts rms).

A blocking capacitor (C120) is in series with T102 to prevent
any significant DC current from flowing through T102.
Diodes (CR109, CR110) limit the voltage that can exist
across C120.

The two op-amps (U148A & B in 2A1) are used to correct
for DC offset voltages in the amplifiers of the quadrature
phase shifter. The quadrature phase shifter is DC coupled to
the quadrature transformer driver so that the driver will
amplify any DC offsets fed to its input. To cancel these, the
output of U111 is connected to an integrator (U148B). The
integrated output is inverted {U148A) and fed to the negative
input of U111 in such a way as to cancel any BC voltages
applied to the positive input of U111, The integrator output
continually adjusts until there is no DC voltage at the input o
U148A. This insures that the blocking capacitor, C120, has
only a very small DC voltage across it so that the diodes,
CR109 and CR110, do not conduct.

RTMDAC’s

The basic operation of the RTMDAC’s is discussed in the
section “In-Phase Relays and RTMDAC” on page 10-4.

The IDAC and the QDAC of the main hoard schematics in
Figure F-23 on page F-61 and Figure F-24 on page F-63,
respectively, are very similar to each other. They may, at first,
appear to be very different from the simplified diagram in
Figure 10-1 on page 10-3, but schematically, they are very
similar to that figure. The schematics look different from the
simplified diagram because the signal lines in the schematics
are bussed and because the analog switch IC’s are shown in
the schematics rather than the individual switching elements.

AH 2500A Capacitance Bridge

There are two kinds of analog switch IC used. One is the
4053 which can connect one of two inputs to a common out-
put. The other is the 4051 which can connect one of eight
inputs to a common output. The 4053's are used in the “bi”
part of the bi-quinary switching scheme. The 4051°s are used
in the “quinary” part of the bi-quinary switching scheme. In
addition to their quinary function of selecting the five 0.2,
0.4, 0.6, 0.8 and 1.0 taps of the ratio ransformers, each 4051
also can select the 0.0 tap (ground) and the -0.1 tap. Thus
each 4051 actually selects & total of seven taps.

The processor controls each bi-quinary decade by loading a
four-bit latch consisting of a 74HC175. Three of these bits
are used to controf one 4051 and the fourth bit is used to con-
trol one section of a 4053.

The biggest difference between the simplified diagram in
Figure 10-1 and the actual schematic is in the large value
resistors shown on the simplified diagram. The schematics do
not show any large value resistors. Instead, they show resis.
tive dividers that accomplish the same thing. These dividers
allow smaller resistors to be tied to the common terminals of
the analog switches of lesser significance.

The two RTMDAC’s share a single precision adder (U128 in
area 3B1). The entire switched resistor network of both
RTMDAC’s feeds into the input of UI28. Similarly, two
resistive dividers are each shared by both RTMDAC’s. The
divider using R163 and R165 (in area 3B3) and other resis-
tors causes any 2 MQ resistors that are tied to the common
point between R163 and R165 to have the same effect as a 20
M2 resistor connected directly to the negative input of U128,
Similarly, the divider using R137 and R140 (in area 3B3) and
other resistors causes any ! MC2 resistors that are tied fo the
common point between R137 and R140 to have the same
effect as a 200 MQ resistor connected directly to the negative
input of U128. The operation of this area of the circuit is
much easier to understand by referring to the simplified dia-
gram in Figure 10-1.

For most of each RTMDAC, the on-resistance of the analog
switches is large compared to the resistors in series with them
50 that the effects of the on-resistance can be ignored, How-
ever, for the most significant two decades this is not true. As
aresult, these decades use follower IC’s consisting of
LM310's and LLM318’s to reduce the effective output imped-
ance of the analog switches substantially below that of the
analog switches by themselves.

All of the analog switches in the RTMDAC’s are powered
from £3 volt supplies provided by two reguiators {lJ129 and
U130 in area 3A4). These supplies are used because the voli-
age capabilities of the analog switches are not sufficient to
operate from £12 volt supplies.
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Decade Relay Banks

The basic operation of the decade relay banks {(RD’s) is dis-
cussed in the section “In-Phase Relays and RTMDAC” on
page 10-4 and is shown in the Analog Circuits Block Dia-
gram Figure F-2 on page F-5. The schematic is in the upper
half of sheet five of the main board schematic drawings
shown in Figure F-25 on page F-65. The Analog Block Dia-
gram shows the analog part of this circuit without any simpli-
fications.

A CD4514 one-of-sixteen latching decoder (U144 and U145
in area 3D1 and 5D3) controls each decade. These decoders

can be loaded directly from the processor. Tweive of the six-
teen output lines from each decoder drive ULN2803A drivers
which, in turn, drive the relay coils. The processor can close
one relay in each bank at a time.

Attenuator

The basic operation of the attenuator {ATN) is discussed in
the section “Attenuator Leg of the Bridge” on page 10-3. and
is shown in the Analog Circuits Block Diagram in Figure F-2
on page F-5. The schematic is inn the lower left corner of sheet
five of the main board schematic drawings shown in

Figure F-25 on page F-65. The Analog Block Diagram shows
the analog part of this cireuit without any significant simplifi-
cations. The selection of the attenuator relays uses Ul46 and
occurs in exactly the same manner as described above for the
decade relay banks.

Oven Controller

The oven controller controls the power that keeps the stan-
dard cell assembly at a very constant and repeatable tempera-
ture when the AH 2500A is operating. The schematic for the
oven controller is located on sheet six of the main board
schematic diagrams shown in Figure F-26 on page F-67.

The oven controller is a purety linear design. Its input is
taken from a high-stability resistance bridge (R201, R202,
R203 and RT20! in area 6C4) located on the standard cell
assembly. The voltage at the junction of R203 and the ther-
mistor, RT201, is an indication of the cell temperature. The
magnitude of this negative voltage decreases as the cell tem-
perature increases. The processor moaitors this voltage and
hence the cell temperature via the OVEN line, Resistors
R201 and R202 form a high stability divider against which to
compare the ceil temperature. The objective is to raise the
temperature of the cell until the voltage at the center points of
the two arms of the bridge is precisely equal.

The high precision op-amp ((J201} compares the two halves
of the resistance bridge. This op-amp is configured as an inte-
grator using an 0.47 pF capacitor (€202) and 2 33 M resis-
tor (R206} to produce a long time constant. As the cell
reaches ifs operating temperature, the output of U201 will
stabilize at a DC level which reflects the amount of power
needed to keep the cell at its operating temperature.
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The next stage (U202} is a linear amplifier with several lead
and lag circuits that are needed to make the controlier stable.
The dynamic behavior of the controller is designed to be
underdamped. with the osciilations falling at feast a factor of
three on every cycle. A resistor (R210) biases the positive
input of U202 slightly negatively so that the output of U202
is also shifted negatively. This is done because U202 operates
from symmetrical plus and minus 12 volt power supplies but
drives a power circuit operating between ground and -24
volts. The op-amp, U202, drives a transistor (Q203) which
gives an additional gain of about ten. The transistor, Q203.
drives a darlington transistor pair (201 and Q202) which
control the current through the heater on the cell. The power
transistor, 201, is located on the cell since a significant
amount of power is dissipated by this transistor which helps
to heat the cell,

STANDARD CELL ASSEMBLY

The standard cell assembly consists of three fused-silica
capacitors enclosed in a hermetically sealed cell. This cell is
located in an msulated box which allows the cell to be very
precisely temperature confrolled. A flexible circuit is
attached ro this cell that holds and makes connection to some
of the parts associated with the oven controller described
above,

Reference Capacitors

The three reference capacitors (C210A, C210B and C210C)
are connected to the rest of the bridge as discussed in the sec-
tion “In-Phase Relays and RTMDAC” on page 10-4 and as
shown in the Analog Circuits Block Diagram in Figure F-2
on page F-5. The details of the interconnections are shown in
area 5B2 in Figure F-25 on page F-65.

The three reference capacitors are tied to a common point
{(STCOM). This is carefuily shielded and brought out of the
standard cell oven box through a coaxial cable to the preamp
board. The other ends of the three reference capacitors are
brought out of the standard cell oven box via the flexible cir-
cuit. A connector (P214) on the end of the flexible circuit
plogs into the main board.
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Chapter 11

Diagnosis and Repair

The purpose of this chapter is to describe how to repair an
AH 2500A that is suspected of having a problem. If there is
no reason (o suspect that a problem exists, then there will be
fittle reason to read any of this chapter.

if you believe that your AH 2500A is functioning properly,
but you wish to verify this, see Chapter 9, *Verification/Cali-
bration”. It is important to know that the function of calibrat-
ing or verifying a bridge is a totally different operation from
the diagnostic tests described in this chapter.

The routines that verify the AH 2500A perform very demand-
ing tests that will only pass if the bridge is performing to its
published specifications. On the other hand, the diagnostic
tests described in this chapter perform few demanding tests.
Almost all of these tests are simple in nature. Each test is
designed to exercise as little circuitry as possible so that if a
test fails, only a small amount of circuitry is suspect,

REPAIR PHILOSOPHY

You can approach the problem of diagnosing and repairing
the AH 2500A in at least four different ways or in any combi-
nation thereof. These are:

I.  Send the bridge to the factory for repair.

2. Identify the subassembiy that needs repair and send that
to the factory.

3. Identify and replace the subassembly that has failed.

4. [Identify and replace the specific component that has
failed (resistor, IC, etc.).

Which of these you choose will depend on the time and
expense involved in shipping to and from the factory, your
ability to stock spare subassemblies, and your access to local
repair expertise.

Table 11«1 Some abbreviations used in this chapter

Abbreviation Full name Description Applies to
=> Implies Omne thing implies another thing relationships
ACG AC Gain The variable gain control circuit in the preamp U602, U603, U609
AD Analog-to-Digital The Iwait an.alog—io—fiigital converter used to read | Udls
Converter most signals in the bridge
ATN ATteNuator The circuit used to drive the HIGH terminal Ul4d6, Ki13-120, etc
Digital-to-Analog The RTMDAC ci.rcuit used to precisely gelec{ volt- | Sheets3 &4 oi.’ rt?ain
DAC Converter ages from the main and quadrature transformers. board schematics
See “RTMDACs” on page 10-15,
DCG DC Gain The variable gain control circuit on MUX board U411, U412, 13413
FS Full Scale The fargest signal that can be measured by the A/D | U416
IDAC phse DAC | gl i o trstormr | boutd schematies
max maximum Usually used to mean the larger of two signals
MSD Most Significant Decade | The most significant decade of one of the DAC's U122, U138
MSRD Most Sig. Relay Decade | The most significant relay decade U145, K121-132
MUX MultipleXer The circuit that selects the signal read by the A/D U410
pfo part of Only part of the item following “p/o” is applicable
PAC | omamurepac | retotte FMDAC it e s S
0| mmbwn | e sun T e | G0
S| SencupumlcBypass | Sl e gl e S 2
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The repair philosophy of this chapter suppoits all of the
above options. The self-tests built into the AH 2500A are
capable of localizing many failures well enough to be able to
perform repairs by replacing either the lowest level part that
has failed or the subassembly that contains the part. Whether
this is practical or not depends upon the particular faiture and
your available expertise.

Consult the Factory

If you are able to, a brief discussion with the factory (via
phone or fax}) will often determine whether or not a problem
is easy to fix locally. Since the factory maintains historical
failure statistics, the factory can often help by identifying a
particular part that is the likely source of failure

PRELIMINARY TROUBLESHOOTING

If you believe your bridge has a problem and you have not
read this chapter previously, you will want to familiarize
yourself with this section first.

Abbreviations Used

There are a number of terms used in this chapter to describe,
primarily, different major sections of the circuitry in the
bridge. Some of these terms are too long to use frequently so
a number of abhreviations have been defined to use in their
place. Table 11-1 lists these abbreviations. In addition, many
signal names are used that are not listed in this table but
which are found in Chapter 10, “Circuit Descriptions” and in
the schematics in Appendix F, “Drawings and Parts Lists”.
Major subassembly names and their reference numbers are
shown in Figure 11-3 and Figure 11-4 at the end of this chap-
ter.

Recommended Tools and Equipment

The following lst gives the minimum tool and equipment
requirements needed to diagnose a problem in the AH
2500A.

1. Phillips #2 screwdriver

2. Multimeter with an AC voltage accuracy of 1% and an
input impedance of at least 10 megohms.

3. Metered and current limited 0-250VDC, vartable, lab
power supply.

4. BNC to dual male banana plug cable to connect power
supply to a female BNC jack.

5. Triggered DC-50 MHz oscilloscope and probe
6. 1000 pF three-terminal capacitor

7.  Andeen-Hagerling DCOAX-1-BNC (or equivalent}
coaxial cable pair with male BNC ends.

8. Two BNC Tee adapters

11-2  Diagnosis and Repair

@.  One BNC 50€) terminator
16. One male BNC to binding-post adapter.
1. One 2 k€ and one 10 kQ 5% carbon resistor

12. Tools suitable for soldering and unsoldering parts on
printed circuit boards.

While there are certainly other items that might be useful, if
the ones listed aren’t sufficient to find the problem, chances
are that other or more powerful tools won't either. The kinds
of problems that may be encountered require the skill to be in
the technician, not the equipment.

Before You Start

Significant diagnostic work can be performed on an AH
2500A on either of two levels.

1. All of the diagnostic self-test routines can be performed
without removing the covers of the bridge. Thus, you
may be able to isolate the area in which a failure has
occurred without opening the bridge.

2. After everything possible has been done with the cov-
ers still on the bridge. further diagnostic and repair
work can only be done by working inside. This should
only be done by an experienced technician in order to
protect both the worker and the equipment.

WARNING !

Voltages high enough to canse a serious shock may be
present in three areas of the bridge. All but the DC bias con-
nector are normally covered even when the top and bottom
covers of the bridge have been removed. However, further
disassembly can expose these voltages. These exist in the
area of the power line module, the front panel power switch,
and in the preamp box and on the DC bias connector if an
external DC bias is applied. See Figure 11-3 and Figure 11-4
at the end of this chapter for the location of these four areas.

Understanding the Circuitry

Any serious troubleshooting reguires a good understanding
of how the suspected circuits operate. The relevant sections
of Chapter 10, “Circuit Descriptions” should be read. The
relevant parts of the block diagrams and schematics in
Appendix F, “Drawings and Parts Lists” should be studied
before attempting any repairs.

Removal of Covers

While the removal of covers is fairly straightforward, there
are a few tricks that will make the job easier and will reduce
the chances of damaging the bridge in the process. For the
reasons given in the caution message below, it is important to
understand the correct way to remove the covers so that
unnecessary disassembly is avoided.

AH 2500A Capacitance Bridge
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Table 11-2 Actions to take in response to possible failure symptoms

Symptoms

Possible problems

Actions to take

No indicators illuminate on the
bridge front panel.

No power from line.

Check power line.

Bridge fuse is blown.

Replace fuse with proper size. See “Checking/Replacing
the Fuse™ on page 1-6.

Bridge fuse blows soon after
power-on.

Bridee power supply
(A701) is overloaded.

Unplug A701 output P702. 1f fuse still blows, repair or
replace A701 or T701. Otherwise, further isolate the
excess load by unplugging other subassemblies.

Bridge power supply
is defective,

Repair or replace A701 or T701.

No indicators illuminate on the
bridge front panel. but fuse is OK
and power line has power.

Processor bd. (A301)
failed. A501 unplugged

Check the 5V power supply at connector 1302 on A301.
If it is within 4%, repair or replace A301.

Five volt power sup-
ply is bad on A701.

Checkfreplace 5V PS fuse (F702). Check/replace 5V
regulator (1J703) and diodes CR701 and CR702

Bridge does not indicate completion
of the power-on self tests by putting
a message on the front panel display.

Processor board
(A301) failure.

Check the 5V power supply at connector J302 on A301.
If it is within 4%, repair or replace A301.

Bridge completes power-on self-
tests but reports an error message on
its display.

The reported error
message indicates the
probiem.

The power-on selfl tests are identical to the group one
diagnostic tests explained in section “Processor and
Front Panel Tests” on page 11-14. Refer 1o that section to
proceed further.

Bridge completes the power-on self-
tests successfully by reporting

CPU EESE PRSS5Ed on front
panel display, but won’t accept com-
mands from the front panel keypad.

Keypad (A502) is
locked out, keypad is
defective or U309 or
U310 on processor
board (A301) is defec-
tive.

Press [LOCAL]. HL 0L AL [ ocouk appears then Nre-
mote and Nlocout stafes are set in the Baud | parameter
set. Clear these settings from a remote port or set posi-
tion T of SW301 on, apply power {o the bridge, press
[FUNC] [STORE]| [FUNC] [BAUD] [ENTER], and reset
position 1 of SW301 off. Check/replace W506, U309 or
U310. Otherwise replace A302 or A301,

Bridge gets an 1 error indication on~

HIGH terminal is over-

Disconnect the HIGH and LOW cables to the bridge.

the front panel with each measure-
merd result with nothing connected
to the HIGH and LOW terminals.

stuck closed, HIGH
terminal voltage set too
high

the front panel with each measure- loaded by a low imped-
ment result. ance to ground.
Bridge gets an 1 error indicationon | An ATN or RD relay is | Run the Relay Decade and Attenuator diagnostic tests

with particular attention to the stuck reed tests. If these
pass, refer to “Adjustment of HIGH Terminal Signal
Level” on page 11-22

Bridge gets error message (other
than ) on the front panel with each
measurement result and with noth-
ing connected to the HIGH and
LOW terminals.

Bridge may appear to be working,
but fails calibration/verification.

A problem exists
somewhere in the mea-
surement circuitry in
Al01, A401, A60T,
C210, or interconnect-
ing cables.

Perform the tests described in “Checking Power Supply
Voltages” on page 11-4. If these are correct, then run all
the diagnostic self-tests described in this chapter.
Actions to be taken in response to tests that fail are
described with the individual test descriptions.

OVEN NOT READY front panel
indicator never goes out.

The oven, its control-
ler, or the oven monitor
has drifted or failed.

Run the diagnostic self-tests. If they pass, the oven or its
control circuit on the main board is bad,

Bridge exhibits an intermittent
failure.

A loose or corroded
contact or mechanical
damage exists some-
where.

Run ali non-interventional diagnostic self-tests and any
that require intervention that are suspected of being rele-
vant. While running these tests, subject the instrument to
whatever environmental stress seems to trigger the inter-
mittent behavior. The most common séresses that cause
intermittents are vibration and temperature changes.

AH 2500A Capacitance Bridge
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CAUTION

Unlike many low-frequency instruments, the chassis of the
AH 25004 is considered to be part of its precision
measurement circuitry. For this reason, the screws that hold
the printed circuit boards and the various mechanical parts
together must be considered to be critical components. Not
only must every single screw that is removed be replaced, but
these screws must be forqued 16 the values listed hevein using
a calibrated torque screwdriver where specified. It is
extremely important that all work inside the AH 25004
strictly follow the procedures in Chapter 12, “Disassembly/
Reassembly”.

Ground Reference Poinis

Every printed circuit board assembly except for the power
supply and keypad has a convenient ground post. This pro-
vides for easy connection of a ground test lead such as that on
an oscilloscope probe. The post is a round turret-style and is
identical on all boards. This post style is not used for any
other purpose in the bridge. The recommended ground refer-
ence point on the power supply is the negative end of the
largest capacitor C711. This end is in the middle of the board.
All ground reference points are identified in Figure 11-3 on
page 11-40 and Figure 11-4 on page 11-41 at the end of this
chapter.

Troubleshooting Basic Symptoms

If your bridge exhibits a specific symptom, you should look
up the recommended actions fo take in Table 11-2. This table
will direct you to try some additional manual tesis or to begin
performing the diagnostic self-tests. Whatever actions are
suggested by this {able should be performed before trying
any diagnostic self-tests. Conclusions suggested later, related

to self-test failures, assume thai this table has been consulted.

Checking Power Supply Voltages

The voltages produced by all the power supplies and power
regulators in the AH 2500A are easily checked. All but two
power sources are required to have a tolerance of 24%. The
remaining two are the unregutated sources labeled as +24V
and -24V. In reality, they may range in magnitude from 20 to
32 volts depending largely on the power line voltage. The
points that are recommended for checking these voliages are
identified in Figure 11-3 on page 11-40 and Figure 11-4 on
page 11-41 at the end of this chapter.
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Any power sources found to be out of tolerance musst be fixed
before proceeding with any further tests. In many cases, a
failed regulator is the problem, but you must also be on the
lookout for excess loading of a power source. Power is pro-
vided to the SAMPLE SWITCH connector, so that is a possi-
ble source of excess loading if anything is connected to it.

The bridge contains three unregulated power supplies (+8V,
+24V, -24V), from which ten regulated voltages are gener-
ated. The +8V supply is internal to the the power supply
board (A70D).

DIAGNOSTIC TEST ESSENTIALS

The AH 2500A contains about 350 individual self-tests that it
can perform. These are arranged into over 50 groups. The
names of these groups are listed in Table 11-6 on page 11-11.

The purpose of these tests is not to verify that the bridge is
operating properly. The purpose is {0 help find and fix a prob-
able failure that has previously been determined to exist.

Most of these tests are very simple and can be executed rap-
idly and repeatedly to create signals that are easily observ-
able and interpretable on an oscilloscope, if needed. The
measurement circuiiry is reset at the beginning of each test so
that a scope loop can be set up that sees all signals involved
in performing each test. Each test functions independently of
all other tests.

Initiating Self-tests: the TEST command

All of the self-tests are initiated with the following command
syntax:

TEST [tesigrouplo.testlo {.testgrouphi. testhi]]
[REPEAT {counsi]

where the test parameters have the following meanings:

testgrouplo  The number of the group containing the
first test to be executed.

testlo The number within the first group of the
first test to be executed

testgrouphi  The number of the group containing the
last test to be executed.

testhi The number within the last group of the last
test to be executed

count The number of times the entire range of

specified tests is to be executed. If
REPEAT with no count is entered, the tests
will be executed indefinitely.

AH 2500A Capacitance Bridge
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The test parameter options allow the following possibilities:

1. TIssue the TEST command with no parameters. This
causes all tests that do not require intervention or obser-
vation to be executed.

Example: TEST

2. Issue the TEST command with only the restgrouplo
parameter. This causes only the tests having that test
group number to be executed,

Example: TEST 62

3. Issue the TEST command with the tesrgrouplo.testlo
parameters. This causes only the one specified test to be
executed.

Example: TEST 62.2

4, Issue the TEST command with the fesigroupio then
testgrouphi parameters, This causes all the tests having
those test group numbers plus all test groups in between
to be executed.

Example: TEST 62, .78

3. Issue the TEST command with the testerouplo.testlo
then testgrouphi.testhi parameters. This causes all the
tests from the lowest number specified to the highest
number specified inclusive to be executed.

Example: TEST &2.2 .78 .2

6. All of the above five forms of the TEST command may
optionally be followed with REPEAT and an optional
repeal count to specify the number of times the tests are
to be executed.

Example: TEST &%, 65 REFEAT 3808

The range of valid test group numbers is not contiguous. As a
result, it is possible to enter test number ranges that do not
start and/or end on a valid test group number. Nevertheless,
there may be executabie test numbers within the entered
range. If such tests are found, they will be executed. If not, a
bHd PAr error will be reported.

Execution of the tests can be aborted at any time with the
DEVICE CLEAR command.

Recommended Command Sequence

The TEST command by itself is the easiest version of the
command to Tun since it requires no external hardware. It
executes most important tests except for those in one group:
the attepuator tests. The command sequence TEST; TEST

91 . .94 3TEP provides the most powerful test sequence
that is also easy to run. This seguence can be set up and then
left to run once without intervention. These commands can
also be used to make a simpie program that can be run repeti-
tively. A program is required if repetition is desired since the
test REPEAT qualifier applies only to the TEST command
and not to a multiple command line such as this sequence.
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Performing the 90 series tests requires some external parts
which are described in “The External Pl Network” on
page 11-37. The 90 series tests will prompt you to connect
this network. If you connect the network before issuing the
command sequence, you can end the sequence with the
STEP command so that the tests won't stop o issue a
prompt.

Format of the Test Results

As explained later, you can chose whether all tests or just
faited tests report a result. A result contains three or four
basie kinds of information.

1. The number of the test that was executed is reported
along with a count of the number of times that the tests
have been repeated.

2. The reported result gives two values which form a win-
dow. A third valee is reported which indicates that the
test passed if the value is within the window and that
the test failed otherwise.

3. Most of the result consists of test variables that show
the exact state of every settable bit in the measurement
circuitry of the bridge at the time when the test com-
pleted. This information can be important for establish-
ing the exact state of the bridge if a failure occurs.

4, The number of tests that have failed (FCNT) and the
group and number of the last test to have failed (ETF)
are reported on the front panel display, FCNT is zeroed
and LTF is cleared each time a TEST command is exe-
cuted unless the command is part of a program, In that
case, FCNT and LTF are inttialized only at the begin-
ning of the root program. This allows failure informa-
tion to accumulate in programs which contain
complicated test sequences.

All of the variables reported by each test result are listed in
Table 11-3. The format of these variables is given in this
table and the number of characters used to report each vari-
able is indicated by the nurmber of lefters in the entries in the
format column. The way in which these variables are format-
ted on the front panel and on remote devices is given in the
next two sections. The values that each of these tes{ variables
can have are listed in Table 11-4 on page 11-8. The precise
effect of setting a variable to each value is also Hsted in this
table.
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Front Panel Format

Each test result is displayed on the front panel as six separate
windows in the order and format shown below. You can
examine each window in the usual manner by pressing the
and kevys each time you want to advance from one
window to the next.

Twelve of the variables have labels preceding them, These
arer 2, ESE s Loz, pifs M 2 00 B E B FDnE:,

and L £F . These are all constants except for pfpf.

The default window visible in the front panel display while
tests are running is the first one which shows the repeat count
and the group and number of the currently executing test.
This window gives a real-time display of the progress of the
tests.

In addition, the [« ] and [ =1 keys may be used to move
through the six display windows while the tests are actually
running. This allows monitoring vvv while repeating a single
test to check for sensitivity to various stimuli in real-time.

[ r: cccece }
[ ESk-ggnn ]
[ pfpf = vvy }
[ Lpd [m ]
e ]
[ Lo = 111 ]
{ Fa Lt ]

[ rumaiyigisigisis J
[ 4193954 24954g }

[ FLak-eee

Table 11-3 Test variables reported

by the TEST results
Format Name Description
cecree Repeat Shows number of times the
eeee count (R=) | test(s) have been executed
n Test Shows test group.number
E&- {(TST=} of currently executing fest
hhh Hi limnit High limit of test window
i Lo Hmit Low Hmit of test window
ofiof PASS/ Indicates whether vvv was
bIP. FAIL | within the test window
Value measured or derived
oy Value from running the test.
Holds E nef or AAA on the
summary fine.
r ACG (G=) | Preamp AC gain setting
d DCG (G=) | DC gain setting
m MUX(C=) | MUX channel selected
a ATN (H=) | Attenuator tap selected
; Test/Cal Test/Cal relay and shunt
relay (T=) | resistor states
b Bias (B=) | DC bias relay states
f Full/Half | Test signal amplitude
¢ S/P/B Quz}érature phase shifter
setting
Relay decade positions
12 RD selected
iyinisigisie IDAC In-phase DAC setup value
Quadrature DAC setu
919293944596 | QDAC | 7, P
Error Shows the number of tests
vee count that have failed since the
. start of a TEST or PRO-
(FCNT=) | GRAM command.
s Test Shows test group.number
&s (ETF=) of the Last Test Failure.

L) N

[ LEF:genn

Remote Device Format

Fach test result is sent to a remote device as a single line hav-
ing the format shown helow.

R=coccce T5T=genn LO=ll pipfsvww Hi=hhh Gpd

Most of the test variables are decimal, buta, r, 7 and g can
also have some hexadecimal values, Ten of the variables
have labels preceding them. These are T5T=, LO=, pfpf,
HI= G, C, A, T and B. These are all constants except for pfpf.
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Format of the Summary Line

After the last test in each test cycle has been executed and
optionally reported, a summary line may optionally be sent to
remote devices. After the last test in the last test cycle of a
repeated fest has been executed and reported, one swmmary
line will be sent to the front panel.

The repeat count, the failure count, and the group and num-
ber of the tast test failore are reported. These are described in
more detail in item four of “Format of the Test Results” on
page 11-5. The SHOW TEST command can report all of the
available information about the last test Tailure.

AH 2500A Capacitance Bridge
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Front Panel Format

The format of the summary line on the front panel display is:

[ FLnkzeee }
[ LEF zeomn }

{ ~Ioocooe }

[ ESE-End ]

The £ Sk - & nd words distinguish the first window of the
summary line from that of an ordinary result line.

Remote Device Format

The format of the summary line on a remote device is:
F=ccecce TST=99.99 FONT=eee LTF=gg.nn

The test group and number is always 9. 3% on this line
(rather than EHD} so that it is easily identified as the summary
line by a program running on a remote device.

Reviewing the Last Test Failure: the SHOW
TEST command

The data for the last test that failed can be re-displayed by
issuing the command:

SHOW TEST

This conmand does not provide any new information, it only
re-displays exactly the test failure resulf line and most recent
summary line that was previously shown. It is useful if the
failed test was not printed or if the front panel display was
not set to halt on a test failure. This command allows test fail-
ure data to be retrieved even though it may have been acci-
dentally or intentionally overwritten by other results on the
front panel. If no test failure occurred, then the test group and
number will be 0.0,

This command is also useful at the end of a program or multi-
command line to guaransee that a result will be sent 10 a
GPIB controller. 1t aiso forces a summary line to be sent in
case the “reported results” parameter discussed below is set
to one to disable the summary line,

Selection of Options: the TEST FORMAT
command

You have a choice of several options in the way the TEST
command is executed, These are:

¢ The TEST command can be set to halt on several differ-
ent conditions. Generally, front panel operation requires
that testing stop so that a test result on the front panel is
not overwritten by later information. Sinee this is not
usually an issuae for results sent to a remote device, test-
ing there should automatically resume after each test
fatlure is reported.
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® The TEST command can be set to report the results from
all tests or just from those that failed. Usually, onty
failed tests are of interest. but sometimes it is useful to
see how the test variables were sel when a test passed.
Knowing why one test passed can help understand why
another test failed.

® The TEST command can be set so that it not only
reports no resuits at all, but so that the bridge does not
even make any readings with its A/D unless such mea-
surements are critical for the test to be useful. By not
making any readings. the number of data and strobe sig-
nals sent to the measurement circuiiry per test cycle is
greatly reduced. This is essential if an oscilioscope is to
be able to easily show only the signals most relevant to a
particular test. See “Making Measurements on a Specific
Test State™ on page 11-14.

These options may be selected with the command:
TEST FORMAT hoc.rpr

where hoc is the “halt on condition” parameter and rpr is the
“reported results” parameter.

The hoc parameter can be set to the values below. The effects
of each setting are listed.

0 Test execution does not stop until all tests are finished.

1 Execution of the tests will halt on every occurrence of
an error report {(test FAIL).

2 Execution of the tests will halt on every occurrence of
any test result.

=3 Halt after entered number of test failures has occurred.
Any number from 3 to 999 may be entered.

Pressing [STEPI on the front panel causes tests to continue.

When tests are executed from a remote device and a “halt on
condition” occurs, the normal *>" prompt is replaced with a
“+” prompt. Either the STEP or X command can be issued in
response to this prompt to cause the tests to continue.

The default value of the hoc parameter is stored in the
BASIC 0 parameter file as a zero,

The rpr parameter can be set to the values below, The effects
of each setting are listed.

0  No test results are measured or reported. The word
SLOPE is displayed in place of pfpf = vvv on the
front panel. See "Observing Tests with an Oscillo-
scope” on page 11-14.

1 Only error results are sent to remote devices. All
results, failed or not, are shown on the front panel.

2 Ounly error results and the test summary line are sent
to remote devices. All test results, failed or not, are
shown on the front pancl.

3 Al results, failed or not, are sent to remote devices
and are shown on the front panel.
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For rpr=1. the SHOW TEST command can be used at the
end of a test or series of tests to force a summary line to be
sent. This will guarantee that a message is sent to the GPIB.
However, if an indefinite REPEAT has been specified and no
test failure occurs, no message will ever be sent.

For rpr=2 or 3, the optional summary line is reported after
each test cycle specified by the REPEAT count.

If tests are being executed from within a program, then sum-
mary lines are not shown on the front panel. The SHOW
TEST command can be used at the end of a program to force
the sumumary line to appear on the front panel.

The defauit value of the rpr parameter is stored in the
BASIC § parameter set as a two.

Table 1i-4 Test variable values showing functions and
activated parts & pin numbers, (Column 1 of 5)

Table 11-4 Test variable valies showing functions and
activated parts & pin numbers. (Column 2 of 5)

Variable Part-pin
value selected Function
a=1 K135 Sets ATN 10 0.001 V (f=F)
a2 K134 Sets ATN to 0.003 V {f=F)
a=3 K133 Sets ATN 10 0.01 V {=F)
a=4 Ki20 Sets ATN to 0.03 V {=F)
a=5 K119 Sets ATN to 0.1 V (=)
a=6 KI18 Sets ATN 10 0.25 V {(f=F)
a=7 K7 Sets ATN t0o 075V (=5
a=8 K115 Sets ATN to 1.5V (f=F)
a=9 K116 Sets ATN to 3.0V (f=F)
a=A Klil4 Sets ATN t0 7.5V (F=F)
a=B K113 Sets ATN to 13V {=F)
a=0C none Sets ATN to open
_ , Test relay K601 is open and
=0 uelo Q608 is not conducting
_ Test relay K601 is closed
=1 U610-10 and Q608 is not conducting
_ Test relay K601 is closed
=2 U610-2.10 1 1 d Q608 is conducting
Bias enable relay K602 and
b=0 U610 bias resistor selector K603
are open
Bias enable relay K602 is
b=1 Uei0-7 closed and bias resistor
selecror K603 is open
Bias enabie relay K602 and
b=2 U610-7.15 | hias resistor selector K603
are closed
f=H 112 Sine generator set to Half
f=F U112-15 Sine generator set to Full
Q103 and Q106 conduct;
§=8 U112-:10 | Q102, Q104 and Q105 do
not conduct; 180° phase shift
102, Q104 and Q106 con-
s=P U112 duct: Q103 and Q105 do not
conduct; 90° phase shift
Q103 and Q05 conduct:
s=B U112-2,10 | Q102, Q104 and Q106 do
not conduct; 0° phase shift
rp=0 K13} Switch M0.0 to C210A
r=1 K130 Switch MO.1 to C210A
=2 K129 Switch M3.2 to C210A
Fp=3 Ki28 Switch M{.3 to C210A
=4 K127 Switch M0.4 to C210A

Variable Part-pin
value seiected Function
pipt = N/A ‘"PASS‘" E.ndicatcs; that vy
PASS was within the test window
pinf = N/A “FAIL" indicates that vy
FAIL was outside the test window
p=0 U603-13 | ACG is set to the minimum
p=1 U603-14 | ACG is 10/3x the min.
p=2 Ua03-15 | ACGis 10X the min.
p=3 Ue03-12 | ACG is 100/3x the min.
p=4 U603-1 ACG is 100x the min.
p=5h U603-3 ACG is 1000/3x the min.
p=6 Ues03-2 ACG is 1000x the min.
p=7 U603-4 ACG is 10000/3x the min,
p=8 U603 N/C | ACG is 10000 min.
d=0 U412-13 | Set DCG o 1x
d=1 U412-14 | Set DCG to 2x
d=2 U412-15 1 Set DCG to 4%
d=3 U412-12 | Set DCG to 8x
wet | vanors [ e
=2 U410-15 | Selects PWRMON signal
=3 U410-12 | Selects the OVRLD signal
m=4 U410-1 Selects the DCONL signal
=5 U410-5 Selects the TEMP signal
m=6 U410-2 | Selects the M 0.1 R signal
m=7 U4i0-4 Selects the OVEN signal
a=90 Ki3s Sets ATN o 0.0V
11-8 Diagnosis and Repair
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Table 1i-4 Test variable values showing functions and

activated parts & pin numbers. (Column 3 of 5)

Table 11-4 Test variable values showing functions and
activated parts & pin numbers. {Column 4 of 5)

Variable Part-pin Variable Part-pin
value selected Function value selected Function
=5 K126 Switch M0.5 to C210A iz Is even U124-12 | Switch IP 0.0 to R166
r=6 K125 Switch M0.6 1o C210A i3 is odd U124-13 + Switch IP 1.0 to R166
=7 Kiz4 Switch MO.7 to C210A iz=00r1 J120-13 | Switch [P 0.0 to R159
ry=28 K123 Switch M0.8 to C210A isy=20r3 | Ul20-14 | SwichIP0.2 0 R159
ry=9 K122 Switch M0.9 1o C210A iz=4orb U120-15 | Switch IP0.4 10 R159
rp=A K121 Switch M1.0 to C210A iz=0Bor7 | UI20-12 | Switch IP (.6 to R159
r=C U145-14 | No connection to C210A iy=80r9 U120-1 Switch IP 0.8 to R139
Fi=F K132 Switch M-0.1 to C210A iz=AorB U120-5 | SwitchIP 1.0t R159
ra=0 K1H Switch M0.0 to C210B iz=EorF U120-4 | Switch P-0.1 to R139
ry =1 Kiio Switch M0.1 to C210B iyiseven U123-12 | Switch 1P 0.0 10 R164
ra =2 K109 Switch M0.2 to C210B iy is odd Ul123-13 | Switch [P 1.0 to R164
r:=3 K108 Switch M0.3 to C210B ig=0orl UH19-13 | Switch IP 0.0 to R158
ro=4 K107 Switch M0.4 to C210B ig=20r3 UT19-14 | Switch IP 0.2 10 R158
r=5 K106 Switch M0.5 to C210B iy=40r5 UI19-15 | Switch IP 0.4 to R158
rp =6 K105 Switch M0.6 to C210B ig=6or7 U119-12 1 Switch IP 0.6 to R138
rp= 7 K104 Switch M0.7 to C210B is=8o0r8 U1i9-1 Switch IP (1.8 to R158
=8 K103 Switch M0.8 to C210B is=AorB UT19-5 | Switch IP 1.0 1o R158
rh=9 K102 Switch M0.9 to C210B ig=EorF UT19-4 | Switch [P-0.1 to R158
Fae= A K101 Switch M1.0 10 C210B is is even U123-2 | Swich P 0.0t R162
m=C U144-14 | No connection to C210B is is odd U123-1 | Switch IP 1.0 10 R162
m=F Kii2 Switch M-0.1 to C210B is=00r1 U154-13 | Swiich IP0.0 to R138
iy is even U124-2 Switch IP0.0 to U126 pin 3 ie=20r3 U154-14 | Switch IP 0.2 to R138
iy is odd U124-1 Switch IP }.0to UI126 pin 3 is=40rb U154-15 | Switch [P 0.4 1o R138
iy =0o0r1 U122-13 | Switch TP 0.0 to U127 pin 3 is=Bor7 | Ul154-12 | Switch I[P .6 to R138
iy =20r3 | Ul22-14 | Switch{P0.2 to U127 pin 3 is=8or8 U154-1 Switch IP 0.8 to R138
iy =40rb U122-15 | Switch P04 to U127 pin 3 is=AorB Ui54-5 Switch IP 1.0 to R138
iy =6o0r7 U122-12 | SwitchiP0.6 to UI27 pin 3 is=EorF Uis4-4 Swietch IP-0.1 to R138
ij=8¢r8 U122-1 Switch IP 0.8 to U127 pin 3 ig =0 Ui23-5 | SwichIP0.0to Risl
ii=AorB U122-5 | SwichiP1.0to U127 pin 3 e =5 Ui23-3 | Swich IP 1.0 to R161
i =EorF U122-4 Switch IP-0.1 to U127 pin 3 gy IS even Ui43-5 Switch Q 0.0 o U141 pin 3
iy is even U124-5 Switch [P 0.0 1o R167 g, is odd U143-3 Switch Q 1.0 to U141 pin 3
i is odd Ul24-3 | Switch [P 1.0to R167 g1 =00r1 U138-13 | Switch Q 0.0 to U140 pin 3
in=00r1 U121-13  Switch IP0.0 1o U125 pin 3 gr=20r3 | Ul38-14 | SwitchQ 0.2 to Ul4d pin 3
ir=20r3 Ul21-14 | SwitchIP0.2to U125 pin 3 gy =4ord | UI38-15 | Switch Q 0.4 to U140 pin 3
ip=4o0rb U128-15 | Switch TP 0.4 to U125 pin 3 gr=06o0r7 | U138-12 | Switch Q 0.6 1o U140 pin 3
ih=6or7 Ul23-12 | SwitchIP0.6to U125 pin 3 g1 =80r9 LF138-1 Switch (¢ 0.8 to U140 pin 3
ih=80r9 U121-1 | Switch IP 0.8 to 1125 pin 3 gy=AorB | UlL38-5 | Switch Q1.0 to U140 pin 3
iy=AorB UL21-5 | Switch IP 1.0 to U125 pin 3 gs=EorF | Ul384 | Switch Q-0.1 to U140 pin 3
in=EorfF U121-4 | Switch [P-0.1 to U125 pin 3 Gy Is even Ul43-12 | Switch Q0.0 to R183
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Table 11-4 Test variable values showing functions and
aetivated parts & pin numbers. (Column 5 of 3)

THE INDIVIDUAL DIAGNOSTICS

This section describes the self-tests initiated by the TEST

11-10  Diagnosis and Repair

Variable Part-pin . command. Included are what each individual diagnostic self-

value selected Function test does, what parts are tested and what parts are suspect

¢ is odd Ui43-13 | Switch Q 1.0 t0 R183 when a test fails. This information is presented in a number

- ™ ' ; of sections, each of which contains a table which covers a
gr =0 or i UT37-13 | Switch Q0.0 to U139 pin 3 different major body of tests. In some cases, little more infor-
gp=20r3 | UlI37-14 | Switch Q 0.2 to U139 pin 3 mation than is contained in each table is needed, but special
g =4 or5 U137-15 | Switch Q 0.4 to U139 pin 3 setup and interpretation instructions are given where appro-

- ; ' " - priate. The sections. tables, and test groups and numbers in

e 172 7
q2=86o0r7 Ul37-12 | Switeh Q 0.6 to U139 pin 3 the tables are presented in the order in which the tests are
gr=8or9 U137-1 Switch Q 0.8 to U139 pin 3 exccuted. All test group titles are listed in Table {1-6.
gp=AorB | U375 | SwichQ 1010 U139 pin 3 Effective ase of these tests assumes that you have read “PRE-
gr=EorF U374 | Switch Q-0.1 0o U139 pin 3 LIMINARY TROUBLESHOOTING” on page 11-2 and

s is even U143-2 Switch Q 0.0 to R182 “DIAGNOSTIC TEST ESSENTIALS” on page 11-4 with

. : _ special attention to Table [1-2 on page 11-3,

g 18 odd U143-1 Switch Q 1.0 w0 R182
g3=00r1 | UI36-13 | Switch Q0.0 to R177 Information Common to all the Tests
g3=20r3 U136-14 | Switch Q0.2 o R177
gy=4o0r5 | U136-15 | Switch Q 0.4 to R177 Reference Numbers
gy=8or7 | Ul36-12 | Switch Q0.6 o R177 Most of the test descriptions in the tables contain reference
g3 =80r9 U136-1 Switch Q 0.8 to R177 designators to specific parts in the AH 2500A. These refer-

- - , ence numbers are identified on the parts lists and schematics
gz=AorB  UI36S | SwitchQ 1.0toRI77 in Appendix F, “Drawings and Parts Lists”. The system used
gr=EorF U136-4 ¢ Switch Q-0.1 to R177 to assign the reference numbers is identified in Table 11-5.

g4 I8 even [1142-2 Switch Q0.0 to R181 Fable 11-3 Tdentification of

q4 15 odd Ul42-1 Switch Q 1.0 1o RI81 reference number series
gq=00r1 U135-13 | Switch Q0.0 w0 R176 Reference Associated
gi=20r3 | UI35-14 | Switch Q0.2 t0 R176 number printed circuit board

; series or assembly
gy=4o0rb | UL3SI5 | Switch Q0.4 1w0R176
ge=60r7 U135-12 | Switch © 0.6 1o R176 1xx Main PC board except for oven circuit
di=80r9 U135-1 Switch O 0.8 1o R176 2xx (;apagltance §tanda'rd assembly and oven
P Ths S : circuit on main board

=A 135-3 itch Q 1.0 to R17
q4 Eor = B L Sw1 cE1 Q o 0 o 3xx Processor PC board

=k j135- Switch Q-0.1 t
4 o 13 SWI chQ ° 4xx Multiplexer PC board

5 i3 €ve U142-12 itch Q 0o RI8O

ds 1 ever witch Q 5 ° 0 Sxx Front panel PC boards

75 is odd U142.13 | Switch Q L.O o R1&

s 1;0 [1 =E SWI ch Q OX% Preamp PC board

=0« U155-17 itch Q 0.0 o R139
9 5 o 3 > SWJ Ch Q 55 2 Txx Power supply PC board and transformer

= U155-14 itc 2toRI39
as or witch Q 0 9xx Chassis and related parts
gs=4orb U155-15 | Switch Q 0.4 to R139
gs=60r7 | UI55-12 | Switch Q0.6 to R139 Ordering of the Tests
gs =8 or9 U155-1 | Switch Q0.8 0 R139 The order in which the tests have been designed to execute is
gs=AorB U1s5-3 Switch Q 1.0 to R139 important because the conclusions drawn about a test are
gs=EorF U155-4 Switch Q-0.1 to R139 based on the asa".umptz‘on that all previous tests problctbily

= : - passed. In practice, this means that the first test to fail (i.e. the

g6 =0 U142-5 Switch Q 0.0 to R179 one having the lowest number) is the one most likely to indi-

gg =5 U142-3 Switch Q 1.0 1o R179 cate the source of a faiture. All subsequent test failures may

merely be indirect consequences of the first test failure. Parts
and/or signals listed as being suspect on FAIL assume that afl
previous tests have passed. Otherwise, parts listed previously
are also suspect.
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Table 11-6 Test groups executed by the TEST command,
showing those requiring intervention or observation. (Column 1 of 2)

Test intr/ Assemblies
group Test group title obs tested
1 Test processor beard circuits I A301
2 Test front panel display LED segments O 1 AS01, A3
10 Test ability of some TDx lines to transmuit data A301, A401.A101
11 Test power monitor (PWRMON) and power supply quality A401, A701, A301
12 Test all DCG settings and value of OVEN monitor line Ad01.A181, C210
13 Test bridge temperature { TEMP) value A401, A101
20 Test DC BIAS circuit series resistance I ABGI
21 Test that preamp can handle high DC bias voltages I A601
22 Test operation of calibration & test relay (K601) 1 AB01
23 Test ability to operate upper half of bridge A401, A101, AB01
24 Isolate excess noise I A401, A101, A601
25 Test preamp shunt A601
26 Test DC on LOW input detector (DCONL) A401. A6D1
30 Test that level detection latches (LEVA & LEVB) will latch in clear state Ad0]
31 Test that level detection latches (LEVA & LEVB) will set and stay set A401
32 Test for noise quality Ad01, A601
33 Test phase sensitive detector A401
34 Test A/D for missing codes A401, A301
4) Test ability to set sine generator (o full/half and test waveform symmetry A401, A101
41 Test main ratio transformer overload (OVRILD) detector | A401, A101
50 Test LOW ACG against IDAC AB0T, A101
51 Test HIGH ACG against IDAC AB0T. A101
52 Test LOW ACG against QDAC A601, A101
53 Test HIGH ACG against QDAC A601, A101
60 Test that each switch element in MSD of IDAC can cause a change Al0]
61 Test that each switch element in second MSD of IDAC can capse a change Al061
62 Test that each switch element in third MSD of IDAC can cause a change Al01
63 Test that each switch element in fourth MSD of IDAC can cause a change Al0]
64 Test that each switch element in fifth MSD of IDAC can cause a change Al101
65 Test that each switch element in MSD of QDAC can cause a change Al0t
66 Test that each switch element in second MSD of QDAC can cause a change Al01
67 Test that each switch element in third MSD of QDAC can cause a change Al0l
68 Test that each switch element in fourth MSD of QDAC can cause a change Ald1
69 Test that each switch element in fifth MSD of QDAC can cause a change Al01
T Test gain ratios of MSD of IDAC Aldl
T Test gain ratios of second MSD of IDAC - Al0l
72 Test gain ratios of third MSD of IDAC Algl
73 Test gain ratios of fourth MSD of IDAC Algl
74 Test gain ratios of fifth MSD of IDAC Algl

AH 2500A Capacitance Bridge
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Table 11-6 Test groups executed by the TEST command,
showing those requiring intervention or observation. (Colamn 2 of 2)

Test intr/ Assemblies
group Test group titie obs tested
75 Test gain ratios of MSD of QDAC A101
76 Test gain ratios of second MSD of QDAC A0}
T Test gain ratios of third MSD of QDAC Al01
78 Test gain ratios of fourth MSD of QDAC Al01
79 Test gain ratios of fifth MSD of QDAC Al0E
86 Test magnitude of S5/P/B quadrature generator settings Al101
81 Test phase of S/P/B gquadrature generator settings Al101
82 Test MSRD for a stuck closed relay A101
83 Test second MSRD for a stuck closed relay Al01
54 Test MSRD for any change between open and selected states Al0i
85 Test second MSRD for any change between open and selected states A101
86 Test relative signal levels from MSRD Al0%
87 Test relative signal levels from second MSRD Al101
90 Test ATN for presence of any stuck closed relays Al
91 Test ATN for stuck closed relays and set up for meter measurement i AlO1
92 Test ATN for a stuck open or closed relay i Al
93 Test ATN setup for voltage ratios tests H Al01
94 Test ATN for correct voltage ratios i Al10%

Test Descriptions

The test descriptions given for the tests in the following
tables are necessarily brief. They contain enough information
to identify what each test does, but not enough to fully define
the test. More information is contained in the test results
which show the test setup when the test completed. Note that
the descriptions in the tables describe what the bridge will
do, not what the operator is to do.

Most tests except for those in “Processor and front panel
tests” on page 11-13 end by having the A/D make a reading.
Since this usually happens, the last A/D reading of a test is
not explicitly described. However, a number of tests take two
A/D readings. In this case, the first reading is described and
the second is implied. The internal test setup for the second
reading is assumed to be the same as that for the first unless
described otherwise.

Most tests read the [ and Q MUX channels. For these tests,
the MUX test variable is reported in the test results as zero (1)
if the I channel reading was the farger of { and Q. Otherwise
MUX is reported as one {Q). This is true even if vwv contains
a derived value rather than a direct reading of the | or Q chan-
nels.
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Tests that Require Operator Intervention

Most of the self-tests can be performed without operator
intervention and so can be run individually or in groups for
long periods of time, if desired. Tests that require operator
intervention or observation are labeled with an I oran O
respectively in Table 11-6. Tests requiring intervention will
display a request on the front panel and send it to the remote
devices. After the request has been satisfied, pressing the
key on the front panel wiil cause tests to continue. The
STEP or X command on GPIB devices and the STEP com-
mand or the X key on RS-232 devices will have the same
effect.

The prompt that is sent or displayed usually requires that just
one action be performed before the key is pressed to
continue. In some cases, more than one action is required, In
these cases, the prompt will indicate only the last action that
is to be performed. It is up to the operator to be aware of tests
that require more than one action. An example is the “DC
BIAS Resistor Tests” on page 11-16. Both of these fests
require that an external shunt be connected, an external DC
voltage be applied, and finally that a meter reading be taken.
The prompt r EAd ULE For ~BY3is asking only for
the last action, but all three actions must be completed before
the key is pressed to continue the tests,

AH 2500A Capacitance Bridge
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Table 11-7 Processor and front panel tests

Test
no.

Description

Parts/signhais
verified on PASS

Parts/signals
suspect on FAIL

Test processor board circuits

1.1

Prompt with "ARE YOU SURE?", write then read and com-
pare the 6551 UART registers.
On error, show: UArE Error

U329

U301-304, U307,
U308, U314, U315,
U322, U329, etc.

1.2

Prompt with “ARE YOU SURE?". compare frequencies of
system vs. UART clocks.
Onerror.show: FrEY rko Errar

Y301, Y302

U301, U329, Y301,
Y302

1.4

Prompt with “ARE YOU SURE?”, write then read and com-
pare the U326 command and status registers,

On error, show: 5528 Eer 4325

U326

U322, U326, U332

1.5

Prompt with “ARE YOU SURE?”, write then read and com-
pare the U310 command and status registers.

On error, show: 5527 Err U310

U310}

U310, U322, U332

1.6

Prompt with “ARE YOU SURE?Y”, verify the checksum of
the U305 EPROM.
Onerror. show: LHELSUN Err U305

U305

U305, G303

1.7

Prompt with “ARE YOU SURE?”, verify the checksum of
the U306 EPROM.
On error, show: THEDSUN Er- U306

U306

U306, U303

1.8

Prompt with "ARE YOU SURE?", verify the checksum of
the 17307 EPROM.
On error, show: CHELSUT Err U307

U307

U307, U303

1.9

Prompt with “ARE YOU SURE?", write then read all but the
lowest addresses of the RAM,
Onerror, show: HI  ~AD Error

U308 data

U308

i.10

Prompt with “ARE YOU SURE?”, verify that each RAM
address is unique.
On error, show: dlUAL Ade Freare

U308 address

U308

Prompt with “ARE YOU SURE?", verify all checksummed
blocks and complemented bytes in EEPROM.

Onerror, show: EEPr 1 Errar HR where “HH” rep-
resents the failing block number in hexadecimal. See

Table 11-19 on page 11-42 for more information about the
failing block number.

U304

U304, U303, U315

1.12

Prompt with “ARE YOU SURE?Y”, verify that unenabled

writes to the EEPROM do not cause data to change.
Onerror, show: EEP-ON SAFE Err-

p/o U330, U331

U330, U331, U319

113

Prompt with “ARE YOU SURE?”, write then read and com-
pare the GPIB command and status registers.
Onerror, show: PN Errar

1323

U323, U322

1.14

Prompt with “ARE YOU SUREY”, test ability of 11326 1o
generaie interrupts.
Onerror, show: | ntbruPlk Error

326

U326, U302

Test front panel display LED segments

INuminate each segment in front panel display one-by-one.
Watch to see that one and only one illuminates.

Display board (A3S0G1)
No error message given

AS01, U3te, U317
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Making Measurements on a Specific Test State

When each test is finished executing, it leaves the bridge in
the final configuration for that test. This is the configuration
shown in the test result line. This allows meter or logic probe
measurements to be made on the bridge as it was configured
for the last test of a series,

Observing Tests with an Oscllloscope

Any test may be configured to repeat continuously using the
REPEAT option of the TEST command. This causes repeti-
tive signals to be generated in the circuitry that a given test is
exercising. A triggered oscilloscope can examine these sig-
nals by triggering each time the fest starts over. A trigger sig-
nal is provided for this purpose on pin nine of U420. This
point is identified in Figure 11-3 on page 11-40.

The quality of the scope loop signal may be enhanced by
issning the TE FO . 8 command described in “Selection of
Options: the TEST FORMAT command™ on page 11-7. This
will run the tests at maximum speed and will minimize the
other strobe and data signals that would otherwise appear on
the oscilloscope.

Processor and Front Panel Tests

Processor Tests

The processor tests are the most basic of all the tests because
if these do not pass, it may not even be possible to run any
other tests. It is this group of tests that is executed immedi-
ately after the AH 2500A powers on. Test group | in

Table 11-7 on page 1113 describes these tests.

If these tests are initiated by the TEST command the prompt
ArE Youw SurE will appear on the front panel. You must
press the key ([1]) if you want the tests to be exe-
cuted. This guestion is asked because everything stored in
RAM will be initialized when these tests are run. GPIB and
RS-232 communications wil} also be initialized. Due to the
special nature of these tests, they are only reported to the
front panel. If the processor tests pass, the message L PU
EESE PHSSE d appears on the front panel display when
all the tests are finished. The display will be blank until then
but the column of LED indicators to the right will be active.
If any tests fail, the first test to fail will report an error mes-
sage to the front panel. These messages and their meanings
are all listed in Table 11-7 on page 11-13. The format of these
error messages is totally different from all others generated
by the TEST command.

Front Panel Tests

Test 2.1 can be run if the front panel display appears to have
a problem. This test will illuminate each LED in the colemn
to the right of the numeric displays and also each segment of
every LED digit. This test does not report any errors and
therefore has no value unless its effects are carefully
observed by watching the front panel.
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The test tries to illuminate one and only one LED at a time.
The display should be watched carefully for cases where
more than one LLED becomes lit. If this occurs, some kind of
short or addressing problem is to be suspected. [f a single
LED segment does not light when it should, the failure is in
that segment or the connection fo it. If groups of LED s fail
to light, then the failure is in the driver circuits.

MUX and A/D Tests

These are the very first tests performed on any of the mea-
surement circuitry, The measurement circuitry is considered
to consist of the MUX board (A401), the main board (A101),
the preamp board {A601) and the capacitance standard
assembly (C210).

First Attempt to Use any Measurement Data and
Strobe Lines.

The first tests will use data {TDx) and strobe lines (Sxx) that
have not been previously tested so these tests must be as sim-
ple as possible. Test group 10 changes some MUX and DCG
settings, exercising /S57, TDO, TD1, TD2, TD6 and TD7 in
the process. The test passes if the A/D can see any change.
The A/D need not work very well for these tests to pass, but it
must be able fo take a reading.

NOTE

Tests 10.5 and 10.6 can not be expected to pass until the oven
has reached its normal operating temperature.

First Attempt to Use MUX, DCG and A/D to get an
Accurate Number.

Test group 11 uses the A/D to read the PWRMON signal.
This signal is a combination of the +5, +12, -12 power supply
voltages, Since you have giready checked these voltages
using the instructions in “Checking Power Supply Voltages”
on page 11-4, test 11.1 is the first attempt to use the MUX,
DCG and A/D to get an accurate reading of a DC voltage
level.

Test 11.2 simply doubles the DCG relative to the last test to
build confidence that the A/D and DCG are working.

Power Supply Quality Tests

The last test of group i1 takes a hard look at the PWRMON
signal for the presence of ripple. This is the first time the A/D
is required to make many measurements in a single test.

If these tests pass, it means that either the power supplies are
working well or that the A/D is not working weli enough to
see smaller changes.

AH 2500A Capacitance Bridge
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Table 11-8 First MUX and A/D tests (A401)

Test Description Parts/signals Parts/signals
nG. verified on PASS suspect on FAIL
10 Test ability of some TDx lines to fransmit data
10.1 | Leave U410 MUX inputs A, B & C clear: Read | U416 A/D sees less than | Preamp, MUX

half of F.S. boards

16.2 | Set U410 MUX inpuat B U416 A/D sees achange | TDO. U311, U410,

U411, U413, U416

103 | Set U410 MUX input A& B U416 A/D sees achange | TD1, U311, U410,

U411, U413, U416
104 | Set U410 MUX input A& B & C U416 A/D sees achange | TDZ2, U311, U410,
U41t, U413, U416
10.5 | Select OVEN with U410 MUX, set U412 DCG switch input | U416 A/D sees a change | TD6, U311, U410,
A. This changes DC gain from | to 2 U411, U413, U4le
10.6 | Select OVEN with U410 MUX, set U412 DCG switch input | U416 A/D sees a change | TD7, U311, U410,
B. This changes DC gain from 1 to 4 U411, U413, U416
11 Test power monitor (PWRMON) and power supply quality
111 | Set U410 MUX to PWRMON input, DCG=! +5, +12.-12 P S, A/D U410-416
gets |st accurate number

11.2 | Set U410 MUX to PWRMON input, DCG=2 U416 input overloads U411, U412, U414
11.3 1 Set U410 to PWRMON input., DCGe=1 Power ripple acceptable | Power supply, U416
12 Test all DCG seftings and value of OVEN monitor line
12.1 1 Select OVEN, Compare DCG=! against DCG=2 Relative DCG 172 U410-416
12.2 | Select OVEN, Compare DCG=2 against DCG=4 Relative DCG 2/4 U410-416
12.3 | Select OVEN, Compare DCG=4 against DCG=8 Relative DCG 4/8 U410-416
124 | Select OVEN with U410 MUX. Set DCG=1 DCG=1, A/D value U410-416, OVEN
12.5 | Select OVEN with U410 MUX,, Set DCG=2 DCG=2, A/D value U410-416. OVEN
12.6 | Select OVEN with U410 MUX, Set DCG=4 DCG=4, A/D> value U410-416, OVEN
12,7 | Select OVEN with U410 MUX, Set DCG=8 DCG=8, A/D) value U410-416, OVEN
13 Test bridge temperature (TEMP) value
13.1 | Select TEMP with U410 MUX TEMP in range RT101,R131, U410,

U129, 0130

Complete DCG vs. A/D Tests Using OVEN Line

Test group 12 checks all of the DCG (DC Gain) settings
asing the A/D. The first three tesis compare the ratios of adja-
cent DCG settings using the A/D to make the measurements.
Each test requires that the A/D be working well enough to
take two measurements whose ratio is 1/2. Because these are
ratio measurements, the OVEN signal voltage is not impor-
tant but it must produce values within the A/D's range.

NOTE

Test group 12 can not be expected to pass until the oven has
reached its normal operating temperature.

AH 2500A Capacitance Bridge

The last group of four tests measures the OVEN line at the
tour different DCG settings. These tests assume that the
OVEN line voltage is accurately known since they try to
make four different, accurate readings of the OVEN line with
the A/D. Since these are effectively comparisons of the A/D
against the DCG, a failure could be from either of these or
from an inaccurate OVEN value. The next section explains
how to directly measure the value of the OVEN voltage.

Manual Oven Circuit Tests

The OVEN voltage should be -0.537V£5%. This can be
measured at the negative end of C201 on the main board as
shown in Figure 11-4 at the end of this chapter. If this voltage
is out of tolerance, either the oven assembly {C210) is bad or
the related circuitry on A0l is defective. If the oven control-
ler is functioning, the OVEN voltage will be identical {after
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warm-up) with the R201/R202 reference voltage on pin 6 of
J114 shown in the same figure. If the oven controller is func-
tioning, the voltage driving Q201wiil be 2 to 7V more posi-

tive than the ~24V power supply (after oven warm-up). This
can be measured on pin 3 of J114 shown in the figure. If the

oven controller is suspected of having dynamic control prob-
lems, the signal to look at is pin 6 of U202 which is shown in
the figure. If there are any signals here which are changing at
a rate faster than 1 Hz, then the controller has a problem.

Measure the TEMP Line

Test group 13 simply measuores the TEMP line and verifies
that the voitage that indicates the temperature of the bridge is
within a very wide window. This is another test to verify that
the MUX will switch to the desired input.

Preamp Tests

The preamp tests differ from the tests in other test sections
because the preamp fests require many external setups. Fur-
thermore, cach external setup is different from all the other
preamp setups.

WARNING !

The voltages used in these tests present a shock hazard. The
voltage to which you set your DC power supply will also be
present at several points inside the bridge as shown in
Figure 11-4 at the end of this chapter.

CAUTION

The voltages used in this test can cause serious damage (o
your bridge If improperly applied. Make sure that these
voltages are only applied to the DC BIAS input connector.
As an added precaution, you can set the current-limit on the
power supply as low as possible while still maintaining the
required test voltage.

NOTE

Removal and replacement of the preamp cover and disasser-
bly and reassembly of the preamp musi be done according fo
the procedures in Chapter 12, “Disassembly/Reassembly”
with special attention to "HIGH and LOW Cable (W902 and
WO01) Removal and Installation” on page 12-11.

Subtle performance degradation may occur otherwise.
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DC BIAS Resistor Tests

The value of the series bias resistors (R643 and R644) can be
directly measured externally with an ohmmeter. The value of
these resistors is 1 and 100 megohms, respectively. The ohm-
meter used must be able to measure resistance at least as high
as the higher value expected to be found. Unfortunately,
ohmmeters that can read this high are not found in many labs,
50 a different way of measuring the resistors will be
described here.

The following measurement procedure is reguired when the
AH 2500A displays each prompt that results from running
test group 20:

1. Wait for the prompt for the test to appear (RERD ULT
FOR R64Z or RG44 ).

2. Shunt the LOW terminal to ground with 10 k. Use a
BNC to banana-jack adapter with a 10 k£2 resistor
between the posts. WARNING! If the resistor fails to
make connection, one banana post will have the full
voltage that is applied to the DC BIAS input

3. Use a power supply to connect a 100V level between
the DC BIAS input and ground.

4. Read the voltage across the 10 k{2 resistor.
5. Remove the DC bias and the 10 k€2 shunt.
6. Pressthe key to continue execution of the tests.

The 10 k€2 resistor and R643 or R644 form a voltage divider
which divides the applied 100 volts o the level read by the
meter. If R644 is 100 megohm, the voltage will be divided by
10000 and test 20.1 passes if the meter reads between about
0.008 and 0.0012 volts. If R643 is | megohm, the voltage
will be divided by about 100 and test 20.2 passes if the meter
reads between about 0.9 and 1.1volss.

Measuring these resistors can be useful not only for checking
the proper functioning of the preamp circuitry, but also to see
if either series resistor has been changed by someone and if
s0, to what value. See “Optimizing the Series Resistance” on
page 4-14 for more information.

If the value of R643 or R644 are not correct or not what is
desired, the original resistors may be shunted or replaced
with other values. These resistors may be located by refer-
ence to the preamp assembly drawing in Figure F-27 on page
F-72. Next to each resistor is a pair of forked solder termsi-
nals. Any resistor soldered to these terminal pairs will paral-
lel the corresponding original resistor. You may add or
replace these resistors with any value of your choice provid-
ing that it is not less than 10k€. An original resistor can be
replaced by clipping its leads to remove it. Its replacement
woulid then be soldered into the adjacent forked terminals.

AH 2500A Capacitance Bridge
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Table 11-9 Preamp tests (A601)

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FAIL
20 Test DC BIAS circuit series resistance
20.1 | Select high impedance bias with K602 on, K603 off, prompt | K602 closes. K603 open, | C619, Us10, K602,
with message: rEAd ULE For r&4YY Operator then high impedance BIAS K603, R644
applies 100V to the DC BIAS input, shunts the LOW termi- | connection is made,
nal with 10 k£ to ground and reads the voltage there. R644

20,2 | Select low impedance bias with K602 on, K603 on. prompt | K602, K603 both close, | C619, Usi, K602,
with message: rEAd ULE Far rB&Y3 Operator then low impedance BIAS K603, R643
applies 100V to the DC BIAS input, shunts the LOW termi- | connection is made,
nal with 10 k€2 to ground and reads the voltage there, R643

21 Test that preamp can handle high DC bias voitages

2E.1 | Prompt for connection of 100 volts to DC BIAS input with DCONL not detected, C619, UJs10, Koo1,
message: r £Ad Lo 100U Operator tests for 100 volts C619 blocks DC voltage | K602, K603
on LOW input. Wait for key to be pressed after con-
nection. Prompt to disconnect setup with df 5l ann
SEEUP. See WARNING! and Caution statements in text.

21.2 | Prompt for connection of 250 volts to DC BIAS input with E601 limits voliage Co619, U610, K602,
message: L ann dl bo &l HS. Operator tests for no K603
more than 180 volts on LOW terminal. Wait for key to
be pressed after conmection. Prompt for disconnection of
setup with df SLonn SEEUP. See WARNING! and
Caution statements in text,

22 Test operation of calibration & test relay (K601}

22.1 | Prompt for connection of 100 voits to DC BIAS input with D8602 is good. K601 DS602, K601,
message: - EAd Lo ol 150 Operator tests LOW ter- | closes. Q607, U610
minal for less than 0.015 voits,

DC BIAS High Voltage Tests

If the AH 2500A is working correctly, it should be possibie to
apply DC bias voltages to the DC BIAS input with no
observable effect on the measurement circuitry.

The following procedure is used to run test 21.1:

1. Wait forthe prompt r £Hd Lo 100U to appear.

2. Connect a voltmeter between the LOW input terminal
and ground. A BNC to banana-jack adapter might be
helpful here. The input impedance of the meter must be
known and must be at least 10 megohms.

3. Use a power supply to connect a 100V level between
the DC BIAS input and ground. WARNING! 160V
should also be present on whatever you have connected
to the LOW terminal.

4. Read the voltage on the meter.

5. Press the key to cause the test routine to com-
plete the test by checking the DCONL signal.

6. Whenthe d! S0 oan SEEUP prompt appears, dis-
connect the meter and power supply from the bridge.
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7. Press the [STEP| key to report the test result or to con-
tinue execution of tests.

You should have measured exactly the same voltage on the
LOW terminal as you connecied o the DC BIAS connector if
your meter has an infinite input impedance. If your meter has
a 10 megohm input impedance, you should have measured a
voltage that is about 91% of that which you connected to the
DC BIAS connector. The test routine checks the DCONL line
to ensure that the applied DC voltage is totally blocked by
€619 from entering the high gain amplifier,

Test 21.2 is similar to the previous test except that the voltage
applied to the DC BIAS connector is higher. This test checks
that it is possible to moderately exceed the upper limit on the
DC bias voltage specification without causing damage to the
bridge.

WARNING !

The voltages used in these tests present a shock hazard. The
voltage to which you set your DC power supply will also be
present at several points inside the bridge as shown in
Figure 11-4 at the end of this chapter.

Diagnosis and Repair 11-17



The following procedure is used to run test 21.2:

1. Wait for the prompt Lonn d Eao bi AS to
appear.

I

Connect a voltmeter between the LOW input terminal
and ground. A BNC to banana jack adapter might be
helpful here. The input impedance of the meter must be
known and must be at least 10 megohms.

3. Connect a variable, metered. 250 volt lab power supply
between the DC BIAS input and ground. WARNING!
The voltage applied by this supply will also be present
on whatever you have connected to the LOW terminal.

4. Slowly increase the voltage of the power supply while
watching its voltmeter and the one you have connected
to the LOW input terminal. Somewhere in the range of
100 to 180 volts, your voltmeter should suddenly drop
in vatue and then remain consiant while you continue to
increase the voltage of your lab supply. Note the voit-
age on your meter just before the sudden drop occurred.

NOTE

As you increase the voltage, the overvoltage protector (E601)
should discharge. This drops the voltage significanily in an
extremely short time and generates a large transient. This
transient will sometimes cause the latches controlling the
preamp relays (K601, K602 and K603) fo change state.
Anomalous behavior resulting from this is considered accept-
able since the transient itself is an abnormal condition,

5. Press the [STEP| key to cause the test routine (0 com-
plete the test.

6. Whenthe d! 5L onn SELUP prompt appears, dis-
connect the meter and power supply from the bridge.

7. Press the [STEP] key to continue execution of tests. The
bridge always reports a PASS for this test since it
makes no measurements.

The voltage read on the LOW terminal in step four of the
procedure must not exceed 180 volts. This voltage should be
lower than that applied by the power supply because the
overvoltage protector (E601) should limit the voltage. It is
extremely important that this protector work correctly since it
protects the capacitance standard (C210) from excessive
voliages and static discharges.

CAUTION

The voltages used in this test can cause serious damage to
your bridge if improperly applied. Make sure that these
voltages are only applied to the DC BIAS input connector.
As an added precaution, you can set the current-limit on the
power supply as low as possible while still maintaining the
requived test voltage.
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Calibration and Test Relay

The calibration and test relay (K601) must close if many of
the remaining self-tests are to pass. This refay disconnects the
LOW input terminal from the bridge circuitry and allows a
shunt {R637} to be placed across the preamp input. When this
relay closes, any charge that exists on an externally con-
nected capacitor is discharged into DS602.

The following procedure is used to run test 22.1:

1. Wait for the prompt rEAd Lo 00150 to
appear.

2. Connect a voltmeter between the LOW input terminal
and ground. A BNC to banana-jack adapter might be
helpful here.

3. Use a power supply to connect a 100V level between
the DC BIAS input and ground.

4. Verify that the meter reads less than 0.015 volts.

5. Disconnect the meter and power supply from the
bridge.

6. Press the [STEP] key to continue execution of tests.

If the voltage in step four was correct, DS602 is good and
K601 closed. No PASS/FAIL result is reported by the bridge
for this test.

First Tests of Upper Half of Bridge

At this point, as many tests of relatively simple circuits have
been done as possible and it is time to make the first test of
the bridge as a whole, minus the attenuator (ATN) circuits.
The upper halfl of the bridge is shown as legs one and three in
Figure 4-1 on page 4-1. Fest group 23 requires no interven-
tion.

Zero Test

Test 23.] appears to be simple because it merely requires a
roughly zero result. However, this is the first {est to use the
RD's and DAC to drive a signal through the capacitance stan-
dard (C210), into the preamp and through the phase-sensitive
detector to the I and Q channels of the MUX. Even though
the driving signal is intended to be zero, any failure of one of
the farge number of components in the RD's and DAC could
cause this assamption to be false. The preamp must also be
sufficiently guiet (low noise) for the test to pass.

Since so many parts are invalved for the first fime in test
23.1, it is impractical to suggest where to look for the cause
of a failure without performing more tests. A very useful
manual test that should be performed onty if test 23.1 fails, is
to run test 24.1 with the LOW terminal input shorted to
ground. The resistance of this short is not critical, but must
not contain loops that might pick up noise. A zero-ohm ter-
minator is perfect for the job.

AH 2500A Capacitance Bridge
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Table 11-10 First system tests

Test Description Parts/signals Parts/signais
no. verified on PASS suspect on FAIL
23 Test abiilty to operate upper half of bridge
23,1 | With DAC and RD's at zero, read max of 1 & Q channels 1f preamp and detector See manual test

with U410 MUX, ACG=0. have gain then DAC and | described in text
RD's can produce zero
23.2 | Set 2nd MSRD to (1.1, MSD of IDAC and QDAC to 1.0, AJD sees maximum U401, U402, DAC,
ACG=0, read max of 1 & @ channels with U410 MUX signal Preamp board
24 Isolate excess noise
24.1 | Prompt {o short LOW input to ground with message: Preamp and detector are | A401, A601. FAIL
Shork Lo ko Lrd With DAC and RD's at zero, read | not noisy. (Preamp on [ast test & PASS
max of | & @ channels with U410 MUX, ACG=0. K601 con- | cover must be on) here => A101
nects preamp to LOW input.
25 Test preamp shunt
25.1 | Set 2nd MSRD t0 0.1, MSD of IDAC and QDAC to 1.0, R637 shunt kills preamp | U610, Q608, Q609,
ACG=0, read max of I & Q; then enable Q608 shunt gain by expected ratio K601 contacts
26 Test DC on LOW input detector (DCONL)
26.1 | With DAC and RD's at zero, shunt enabled. ACG=0, read DCONL is near zero, U6, K601, K602,
DCONL with A/D K601 is energized. DS60T, related
R615 is set correctly preamp parts, U410
26.2 | Set 2nd MSRD 10 0.1, MSD of IDAC and QDAC to 1.0, DCONL circuit passes a | U601, K601, K602,
ACG=0, shunt disabled, scan DCONL. with A/D to measure signal of expected size; 38601, related
peak-io-peak value K602 not energized preamp parts, U410

TEST 24.% BEPEAT should be run with this short in piace.
If the test continues to fail, the preamp is 100 noisy ot is pick-
ing up a stray signal or the phase-sensitive detector is gener-
ating a signat that isn’t supposed to be there. At this point, an
oscilloscope might be helpful for tracing the source of the
extraneous signal.

If the test passes with the short in place, the DAC or RD's are
not able to set up a zero value. This kind of Tailure will prob-
ably be narrowly isolated by later self-tests.

Non-zero Test

Test 23.2 is the first test to use the RIY's and DAC to select a
non-zero signal from the main ratio transformer and send it
through the capacitance standard (C210), into the preamp
and through the phase-sensitive detector to the I and Q chan-
nels of the MUX. The number of components that could
cause this test to fail is even larger than in the previous test.
Now the main ratio transformer must be energized with a
sinewave signal and all the circuitry of the previous test must
be able to pass a signal. {The previous test will pass if any of
its circuits are dead.)

If this test fails, most subsequent tests will ail also, but the
generator tests of test group 40 wiil be meaningful. They wili
demonstrate whether the main ratio transformer is energized
or not.
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If the main ratio transformer is energized, it is unlikely that
the signal is not reaching the preamp. The reason is that both
the DAC and RD's are selecting stgnals from the main ratio
transformer, This provides three independent paths to the
preamp. Thus, if the transformer is energized and the test is
failing, the problem is likely to be in the preamp or in the
phase-sensitive detector on the MUX board. This is an excel-
lent opportunity to use an oscilloscope to trace the problem.
The signal levels fed to the preamp are large enough to be
visible on a scope throughout the entire signal path. The out-
put signal from the preamp (PAMPOUT) is measurable on
the MUX board at the point shown in Figure 11-3 at the end
of this chapter. This signal should be a | kHz square wave
with a peak-to-peak amplitude of 22 volts +15%. If this sig-
nal is non-existent, then the problem must be in the preamp.
Otherwise, the problem is on the MUX board.

Preamp Shunt Test

In order to perform the RD, ATN and some other tests, the
gain of the preamp must be reduced below its normal mini-
mum. This is accomplished by shunting the preamp input to
ground with a resistor (R637) using Q608 as the switch. Test
25.1 checks that this shant is able to reduce the preamp gain
by a sufficient amount. I this test fails, the shunt circuit is the
problem.
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Table 11-11 Level detector tests

Test Description
no.

Parts/signals
verified on PASS

Parts/signals
suspect on FAIL

30 Test that level detection latches (LEVA & LEVB) will latch in clear state

30.1 Leave DAC and RD's at 0, ACG=0
Assert, then nnassert /CLRT on mux board.

LEVA stays latched in
clear state

U401, U402,
Preamp board

i
.
)

Leave DAC and RD's at 0, ACG=0
Assert, then unassert /CLRI on mux board.

LEVB stays latched in
clear state

U401, U402,
Preamp board

3 Test that level detection laiches (LEVA & LEVE} will set and stay set

ACG=0, then clear MSRD, IDAC and QDAC

3L.1 | Set2nd MSRD 1o 0.1, MSD of IDAC and QDAC 10 1.0,

LEVA stays latched in
set state

U461, U402, DAC,
Preamp board

ACG=4, then clear MSRD, IDAC and QDAC

31.2 | Set2nd MSRD to 0.1, MSD of IDAC and QDAC to 1.0,

LEVB stays latched in
set state

U401, U402, DAC,
Preamp board

BC on LOW Input Detector Tests

Test group 26 checks that the DCONL signal detects positive
and negative DC voltages on the LOW input and that
DCONL does not detect any DC when none is present. This
is dome by applying alarge AC signal to the preamp input and
then verifying that the DCONL signal detects it.

NOTE

Removal and replacement of the preamp cover and disassem-
bly and reassembly of the preamp must be done according to
the procedures in Chapter 12, “Disassembly/Reassembly”
with special attention 10 “HIGH and LOW Cable (W902 and
W01 ) Removal and Installation” on page 12-11.

Subtle performance degradation may occur otherwise.

A marginal failore of test 26.1 indicates that trimpot R615
may need to be adjusted. This is done by issuing the com-
mand [TESTI [2 1 & |/« 1 ] [REPEAT} [ENTER]. The [ =] key
can then be used to make the front panel show the second
window in the test result which contains the DCONL value
as read by the A/D. The trimpot may then be adjusted while
watching the DCONL value in the upper display. The allow-
able window values for DCONL are shown in the third win-
dow of the test result. If the DCONL value cannot be brought
within the acceptable window of values, then a hardware fail-
ure has occurred.

MUX Board Tests Requiring a Good
Preamp

Tests of Level Detection Lalches

Test group 30 tests the ability to laich and hold the two level
detection latches in the clear state. A failure here could be a
result of an inability to stay latched in the clear state or from
a false signal detection. If test 23.1 passed, the preamp
should not be producing enough signal to set the level detec-
tors.
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Test group 31 does essentially the opposite of the previous
test. This group checks the ability of these tatches to set and
then to stay set. If test 23.2 passed, the preamp should be pro-
ducing enough signal to set the level detectors and any fatiure
should, therefore, be in the level detector or latches them-
selves.

Tests Using Noise

The tests desecribed in Table 11-12 all require some fairly ran-
dom noise. The source of this noise is intended to be predom-
inantly Johnson noise from the input stage of the preamp.
These tests configure the bridge to feed zero signal to the
preamp input and to set the preamp gain kigh enough to see a
significant amount of noise from the input stage.

Noise Quality Tests

Test group 32 verifies that the preamp can generate noise.
This is the first test that requires the preamp to have a very
high gain. If good (random, white) noise is being generated,
the signals from the [ and Q channels of the phase-sensitive
detector will have a DC level that is small compared with the
peak voltage. The test Tails if this is not true. (A constant sin-
ewave will have an almost pure DC output.)

If no tests have previously failed, a failure of this test indi-
cates that the preamp probably doesni’t have enough gain to
generate the required noise level. An oscilloscope can show
whether the preamp output (PAMPOUT) has sufficient noise.
The noise should be in the range of 1 to 5 volts peak-to-peak.
This test point is identified as PAMPGUT in Figure 11-3 at
the end of this chapter. If the noise is not as high as it should
be, then the problem is in the preamp.

AH 2500A Capacitance Bridge
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Table 11-12 Tests using noise

Test Description Paris/signals Parts/signals
no. verified on PASS suspect on FAIL
32 | Test for noise quality
32.1 | Select I channet with U410, set ACG to 8, enable shunt Average level of noise is | U403-409, Preamp

small relative to peak board

32.2 | Select @ channel with U410, set ACG to 8. enable shunt Average level of noise is | U403-409, Preamp

small relative to peak board
33 Test phase sensitive detector

33.1 | Select and read | channei with U410, set ACG to 8, enable I vs. Q amplitudes are U404, U405, U406,

shunt: then select and read Q channel roughly equal U407, U410

33.2 | Select and read Q channel with U410, set ACG 10 8. enable Q vs. | amplitudes are U404, U405, U406,

shunt; then select and read [ channel roughly equal U407, U410
34 | Test A/D for missing codes

34,1 | Set ACG=8, DCG=8, s0 A/D reads noise at 100+% of FS A/D has no missing U404, U405, U406,

from I channel. then take many readings codes U407, U410

Phase-Sensitive Detector Test

Assuming that the noise generated by the preamp is truly ran-
dom, it will not be synchronized with the bridge's one kilo-
hertz test signal. This means that the amount of noise
detected by the I and @ channels of the phase-sensitive detec-
tor should be equal. Test group 33 tests for this situation. The
two tests in this group are identical except that the first exits
with the I channel selected by the MUX and the second exits
with the Q channel selected.

A failare of this test may indicate that phase-sensitive detec-
tor is not working correctly, but it might also indicate that the
noise used as a test source has been contaminated by a leak
from the bridge's one kilohertz test signal.

Do a Rigorous Test of the A/D

Test group 34 uses noise to test for the presence of every
code from the A/D. Since the noise is expected to be random,
making a farge number of readings with the A/D should
eventually provide statistics on the occurrence of every sin-
gle output code that the A/D is supposed to be able to pro-
duce. The test passes if no missing codes are found.

If the test fails, and vvv=0, then missing codes were found by
the test. If vwv=0, then vyv contains a hexadecimal number
showing which of the parallel lines from the A/D did not
change. The number can range from 001 o 3FE A value of
001 means that the least significant output fine from the A/D
did not change. A 002 means that the second least significant
didn’t change. A 004 means that the third teast significant
didn't change. A 200 means that the most significant didn’t
change. If more than one line is stuck then vvy will be the
hexadecimal sum of the individual faifures.
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The most common cause of failure is the A/D itself. How-
ever, if any of its parallel data output lines are reported as
being stuck, an oscilloscope or logic probe can observe
whether the A/D data output lines toggle while this test is
running. If they do, then the problem may be that U310 or
U320 on A301 is not able to read some of these lines.

Generator Tests

These are all non-interventional tests except for the last one,

Main Transformer Signal Readings

Test group 40 checks the ability {o drive the main ratio trans-
former with a sinewave at half and full signal levels. The
peak-to-peak amplitude and symmetry about zero of the sig-
nal are read by the A/D at both full and half levels.

If alf four tests fail, either the transformer is nof being driven
at ali or the MO.1R signal is not being selected by the MUX.
I£ both amplitude tests fail, but the symmetry tests pass, the
problem is likely to be in U104{ or U102 or the transformer is
overloaded which the next test group will detect. H one of the
amplitude tests passes and the other fails, the problem is
likely to be in the FULL/HALF circuit composed of U112
and Q101. If the symmetry tests fail, the cause is likely to be
cne of the push-pull drivers (U103 or U104) of the main ratio
transformer.

Main Transformer Qverload Detector Tesis

Test group 41 checks the ability to detect when excess cur-
rent is required to drive the main ratio transtormer. The cir-
cuit using U105 accomptlishes this by creating the OVRLD
signal which is read by the A/D via the MUX,

If test 41,2 fails when no overload is expected to be present,
either the OVRLD detector is generating a fulse signal or the
transformer current really is excessive. Excess current can be
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Table 11-13 Main ratio transformer generator and driver tests

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FAIL
40 Test ability to set sine generator to full’half and test waveform symmetry
40,1 | Select M 0.1 R with U410 MUX, leave generator level at Main transformer has U410, U102, U103,

half. measure sinewave peak-to-peak volts with A/D expected voltage level U104, G105

40.2 | Select M (1.1 R with U410 MUX, leave generator level at Main transformer signal | U410, U102, U103,

half. measure sinewave symmetry with A/D 18 symmetric U104, U105

40.3 | Select M 0.1 R with U410 MUX, set generator level to full, Main transformer has U416, U102, U103,

measure sinewave peak-to-peak volts with A/D expected voltage level U104, UIGS

404 | Select M 0.1 R with U410 MUX. set generator level to full. | Main transformer signal | U410, U102, U103,

measure sinewave symunetry with A/D is symmetric U104, U105
41 Test main ratio transformer overload (OVRLD} detector

41.1 | Select OVRLD with U410 MUX, set ATN selector Uld6t0 | OVRLD signal is not U102-U105. U144-

open, set RD selectors Ul44, U145 o open generated on no overload | 152, K101-136

41.2 | Setect OVRLD with U410 MUX, set ATN selector U146 to OVRLD signal is gener- | U105, Ul4ds, U147,

13V, prompt to load HIGH to ground with a terminator using | ated on overload Uis2
the message: [Lznn EEr ko Hl LH Measure OVRLD

after operator presses key. Prompt for disconnection

of setup with dl Sl ona SEELFP

caused by a short of some kind in the main ratio transformer
or misadjustment of trimpot R104, but it is most commonly
caused by a relay that is stuck closed in the RD's or ATN cir-
cuits. Stuck refays in these circuits are specifically dealt with
by test groups 82 through 92. The procedure for adjusting
R104 is given in the next section.

Test 41.2 is used to verify that an overload can be created and
detected. This test requires that an external load with a suffi-
ciently low resistance be placed between the HIGH terminal
and ground. An ordinary 50£ BNC terminator plugged into
the HIGH terminal is all that is needed. The following proce-
dure is used:

1. Wait for the prompt Lonn EEr Eo HILH o
appear.

2. Pluga 50€Q BNC terminator into the HIGH terminal.

3. Press the key to cause the test routine to con-
plete the test by checking the OVRLD signal.

4. Whenthe 2l SComn SEEUP prompt appears,
unplug the 508 terminator from the HIGH terminal.

5. Press the [STEP] key to report the test result or to con-
tinue execution of tests.

A fajlure of this test is probably in the U105 overload detec-
tion circuit. However, since no ATN tests have been previ-
ously performed, a failure could also result from no overload
being generated if K113 does not close,
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Adjustment of HIGH Terminal Signal Level

Trirmepot R104 on the main board adjusis the HIGH terminal
output veitage. f this voltage is set tvo high, the OVRLD
signal may be generated. The trimpot is identifled in

Figure 11-4 at the end of this chapter.

Issuing the command [TEST] [2] 0 [ ¢ || 1 ] [ENTER]| will
cause the HIGH terminal to be driven by its maximum signal
level of 15 volts, It will remain at this level even after the test
is finished. The HIGH terminal output voltage can be mea-
sured with respect to ground with a voltmeter having an AC
voltage accuracy of 1% or better. The trimpot should be set
so the meter reads 15 volts #5%.

Preamp vs. DAC Tests

These two sets of tests are the most complete check of the
ACG (AC Gain) circuit in the preamp. These tests verify that
each gain setting of the ACG circuit works and has nominally
the right gain. Each ACG setting is also tested to see that it
has the correct gain ratio relative to its neighbors.

The tests are performed by using the DAC to generate differ-
ent test volfages, Since the DAC is essentially untested at this
point, the ACG tests are also the most significant tests of the
DAC performed thus far. For this reason, the entire set of
tests is performed twice, once using the IDAC as the signal
source and once using the QDAC. This way, both seis of tests
must have similar failares before the ACG circuit is the main
suspect.
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Table 11-14 Preamp versus DAC tests

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FAIL
50 Test LOW ACQG against IDAC
30.1 1 Set ACG to zero. adjust IDAC so A/D reads max of 1 & Q ACG and IDAC work at | U602, Us03, U609,

channets at ~25% of FS these settings preamp, IDAC

50.2 1 Set ACG to zero, adjust IDAC so A/D reads ~25% of FS, ACG onefzero magni- Us02, Us03, Us9

then set ACG to one tudle ratio is acceptable

50.3 | Set ACG w one, adjust IDAC so A/D reads max of [ & Q IDAC sig. level approx. | IDAC

channels at ~25% of FS right at this gain setting

50.4 | Set ACG to one, adjust IDAC so A/D reads ~25% of FS, then | ACG two/one magni- uei2, Ueh3, Us0e

set ACG to two tude ratio is acceptable
50.5 | Set ACG to two. adjust IDAC so A/D reads max of 1 & Q IDAC sig. level approx. | IDAC
channels at ~25% of FS right at this gain setting

50.6 | SetACG to two, adjust IDAC yo A/D reads ~25% of FS, then | ACG three/two magni- U602, Us03, UeDY
set ACG to three tude ratio is acceptable

51 Test HIGH ACG against IDAC

51.1 | Set ACG to three, enable shunt, adjust IDAC so A/D reads IDAC sig. level approx. | U602, Us03, U609,

max of I & Q channels at ~25% of S right at this gain setting preamp, IDAC

51.2 | Set ACG to three, enable shunt, adjust IDAC so A/D reads ACG four/three magni- U602, U603, 11609

~25% of FS. then set ACG to four tude ratio is acceptable

51.3 | Set ACG to four, enable shunt, adjust IDAC so A/D reads IDAC sig. level approx. | IDAC

max of I & Q channels at ~25% of S right at this gain setting

51.4 | Set ACG to four, enable shunt. adjust IDAC so A/D reads ACG five/four magni- Ued?2, Usl3, Us0Y

~25% of FS, then set ACG to five tude ratio is acceptable

51.5 | Set ACG to five. enable shunt. adjust IDAC so A/D reads IDAC sig. fevet approx. | IDAC

max of 1 & Q channels at ~23% of F§ right at this gain setting

51.6 | Set ACG to five, enable shunt, adjust IDAC so A/D reads ACG six/five magnitude | U602, U603, Us0Y

~25% of FS, then set ACG to six ratio is acceptable

ST | Set ACG to six. enable shunt, adjust IDAC so A/D reads max | IDAC sig. fevel approx. | IDAC

of I & Q channels at ~25% of FS right at this gain sefting

51.8 | Set ACG to six, enable shunt, adjust IDAC so A/D reads ACG seven/six magni- U602, U603, UshY

~25% of FS, then set ACG to seven tade ratio is acceptable

51.9 | Set ACG to seven, enable shunt. adjust IDAC so A/D reads IDAC sig. fevel approx. | IDAC

max of I & Q channels at ~25% of FS right at this gain setting

51.10 | Set ACG 1o seven, enable shunt, adjust IDAC so A/D reads ACG eight/seven magni- | Us02, U603, UsOY

~23% of 'S, then set ACG to eight tude ratio is acceptable

51.11 | Set ACG to eight, enable shumt, adjust IDAC so A/D reads IDAC sig. level approx. | IDAC

max of I & Q channels at ~25% of FS right at this gain setting
52 Test LOW ACG against QDAC

52.1 | Set ACG to zero, set S/P/B to B, adjust QDAC so A/D reads | ACG and QDAC work at | U602, U603, U609,

max of I & Q channels at ~25% of FS these settings preamp. QDAC

52.2 | Set ACG to zero, adjust QDAC so A/D reads ~25% of FS, ACG onefzero magni- Ua2, Us03, U609

then set ACG to one tude ratio is acceptabie

532.3 | Set ACG to one, adjust QDAC so A/D reads max of 1 & Q QDAC sig. level approx. | QDAC

channels at ~25% of F§ right at this gain setting

324 | Set ACG to one, adjust QDAC so A/D reads ~25% of FS, ACG twofone magni- Us02, Us03, U609

then set ACG to two tude ratio is acceptable
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Table 11-14 Preamp versus DAC tests

channels at ~25% of FS

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FAIL
52.5 1 Set ACG to two, adjust QDAC so A/D reads max of [ & Q QDAC sig. level approx. | QDAC

right at this gain setting

then set ACG to three

52.6 @ Set ACG to two, adjust QDAC so A/D reads ~25% of FS,

ACG three/two magni- U602, Us03, U609

tude ratio is acceptable

53 | Test HIGH ACG against QDAC

max of ¥ & Q channels at ~25% of FS

33.1 | Set ACG 1o three, enable shunt, adjust QDAC so A/D reads

Ue02. U603, Us09,
preamp, QDAC

QDAC sig. level approx.
right at this gain setting

~25% of FS, then set ACG to four

53.2 | Set ACG to three, enable shunt, adjust QDAC so A/D reads

ACG fourfthree magni-
tude ratio is acceptable

Uea02, U603, U60Y

max of I & Q channels at ~25% of FS

33.3 | Set ACG (o four. enable shunt, adjust QDAC so A/D reads

QDAC sig. level approx.
right at this gain setfing

QDAC

~25% of FS, then set ACG to five

534 | Set ACG to four, enable shunt, adjust QDAC so A/D reads

ACG five/four magni-
tude ratio is acceptable

U602, U603, Us09

max of I & Q channels at ~25% of F§

53.5 | Set ACG to five, enable shunt, adjust QDAC so A/D reads

QDAC sig. level approx.
right at this gain setting

QDAC

~25% of FS, then set ACG to six

53.6 | Set ACG to five, enable shunt. adjust QDAC so A/D reads

ACG six/five magnitude | U602, U603, U609

ratio is acceptable

max of I & Q channels at ~25% of FS

537 | Set ACG o six, enable shunt, adjust QDAC so A/D reads

QDAC sig. level approx. | QDAC

right at this gain setting

~25% of FS, then set ACG to seven

53.8 | Set ACG to six. enable shunt, adjust QDAC so A/D reads

ACG seven/six magni- Ue02, Us03, Usd9

tude ratio is acceptable

max of I & Q channels at ~25% of FS

53.9 | Set ACG to seven, enable shunt, adjust QDAC so A/D reads

QDAC sig. level approx.
right at this gain setting

QDAC

max of I & Q channels at ~25% of FS

53.10 | Set ACG to seven, enable shunt, adjust QDAC so A/D reads | ACG eight/seven magni- | U602, U603, U609
~25% of FS, then set ACG to eight tude ratio is acceptable
5311 | Set ACG to eight. enable shunt, adjust QDAC so A/D reads QDAC sig. level approx. | QDAC

right at this gain setfing

Failures of oniy one set of tests imply that there is a problem
in the DAC. This is not of much concern at this point because
much more specific DAC tests are performed later and these
tests should be of more help in localizing DAC problems.

A failure of both of the low gain ratio tests 50.2 and 52.2
indicates that the trimpot R624 may need adjustment. This is
done by issuing the command [TEST| [ ]o |« [ 2
[ENTERL (Test 52.2 should work equally well.) If
“halt on error’” is set, use [TEs 1] [FORMAT] [0 | [ENTER] to
reset this bit so the gain ratio will be shown continuously
even if it is causing an error. The [w ] key can then be used to
make the front panel show the second window in the test
result which contains the gain ratio value as read by the A/D.
The trimpot may then be adjusted while watching the gain
ratio value in the upper display. The allowable window val-
ues for the gain ratio are shown in the third window of the
test result. If the gain ratio value cannot be brought within the
accepiable window of values, then a hardware failure has
occurred.

11-24  Diagnosis and Repair

Main Board Tesis

At this point, if all prior tests have been rurn, then alt have
been completed on all major assemblies except for the main
board. Except as noted, all the main board tests are designed
to localize problems on the main board. Failures of any of
these tests are not lkely to help identify failures on other
boards.

There are many simple, independent, firmware testable cir-
cuits on the main board. As a result, most of the likely fail-
ures on this board can be repaired without replacing the
hoard.

The main board tests assume that the rest of the bridge is
functioning because most of the other circuits are required to
do the main board tests. All but the ATN tests use the bridge
in its test/calibration mode which closes the test/calibration
relay (K601) in the preamp. This disconnects the LOW ter-
minal 50 that it doesn’t matter what is exiernally connected to
it. Otherwise, these tests operate the bridge in its normal
manner, This involves sglecting particular DAC and RD set-
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Table 11-15 Comprehensive DAC tests

Test Description Parts/signalis Parts/signals
no. verified on PASS suspect on FAIL
60 Test that each swiich element in MSD of IDAC can cause a change
60.1 | Set IDAC MSD to 1P 0.0 using U122, ACG=0, A/D reads A/D) sees a change => U118, U122, U127

max of [ & Q; then set U122 t0 [P 1.0 U122 pin 5 connects

60.2 | Set IDAC MSD to 1P 0.0 using U122, ACG=0, A/D reads A/D sees a change => U1L8, U122, U127

max of [ & Q: then set U122 to {P 0.8 U122 pin | connects

60.3 | Set IDAC MSD 10 1P 0.0 using U122, ACG=0, A/D reads A/D sees a change => UTE8, U122, U127

max of [ & Q: thenset U122 to 1P 0.6 U122 pin 12 connects

60.4 | Set IDAC MSD to [P 0.0 using U122, ACG=0, A/D reads A/D sees a change => U118, U122, U127

max of [ & Q: thenset U122 to IP 0.4 U122 pin 15 connects

60.5 | SetIDAC MSD toIP 0.0 using U122, ACG=0, A/D reads A/D sees a change => U118, U122, U127

max of I & Q: thenset U122 0 1P 0.2 U122 pin 14 connects

60.6 | Set IDAC MSD 10 IP 0.0 using U122, ACG=0, A/D reads A/D sees a change => U118, U122, 1127

max of [ & Q: then set U122 to IP-0.1 U122 pin 4 connects

60.7 | Set IDAC MSD to 1P 0.0 using U124, ACG=0, A/D reads A/D sees a change => U118, U124, U126

max of [ & Q; thenset Ul24 pin 1 o 1P 1.0 U124 pin | connects
61 Test that each switch element in second MSD of IDAC can cause a change

611 | SetIDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D A/D sees a change => U1, U121, Ul12s

reads max of [ & Q; then set U121 50 [P 1.0 U221 pin 5 connects

61.2 | Set IDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D A/D sees a change => U117, U121, U125

reads max of I & Q; then set U121 to IP 0.8 U121 pin 1 connects

61.3 | SetIDAC Znd MSD to 1P 0.0 using U121, ACG=0, A/D A/D sees a change => U117, U121, 4125

reads max of I & Q; then set U121 0 IP (1.6 U121 pin 12 connects

61.4 | Set IDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D A/D sees a change => U117, U121, U125

reads max of I & Q; then set U121 to TP 0.4 U121 pin 15 connects

61.5 | Set IDAC 2nd MSD to IP 0.0 using U121, ACG=0, A/D A/D sees a change => U117, U121, U125

reads max of I & Q; then set U121 t0o TP 0.2 U121 pin 14 connects

61.6 | Set IDAC Znd MSD to IP 0.0 using U121, ACG=0, A/D AJD sees a change => Ut17, U2, U125

reads max of I & : then set U121 o 1P -0.1 U121 pin 4 connects

61.7 | Set IDAC 2nd MSD to IP 0.0 using U124, ACG=0, A/D AJD sees a change => U7, U124

reads max of 1 & Q: thenset U124 pin 3 w0 1P 1.0 U124 pin 3 connects
62 Test that each switch element in third MSD of IDAC can cause a change

62.1 | Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D A/D sees a change => U116, Ui20

reads max of I & (Q; then set U120 w0 IP 1.0 U120 pin 5 connects

62.2 | Set IDAC 3rd MSD to IP 0.0 using U120, set ACG=2, A/D A/D sees a change => Ulls, Ui20

reads max of I & ; thenset Ul20 0 [P O.8 U120 pin 1 connects

62.3 | Set IDAC 3rd MSD to [P 0.0 using U120, set ACG=2, A/D A/ sees a change => UlLle, U120

reads max of [ & Q; thenset U120 t0 IP 0.6 U120 pin 12 connects

62.4 | Set IDAC 3rd MSD to [P 0.0 using U120, set ACG=2, A/D A/D) sees a change => Ulle, U220

reads max of [ & ; then set U120 10 IP 0.4 U120 pin 15 connects

62.5 | Set IDAC 3rd MSD to [P 0.0 using U120, set ACG=2, A/D A/D sees a change => Ulle, U120

reads max of 1 & Q; thenset U120 10 IP 0.2 U120 pin 14 connects

62.6 | Set IDAC 3rd MSD to 1P 0.0 using U120, set ACG=2, A/D A/D sees a change => Ulle, U120

reads max of [ & ; then set U120 0 IP-0.1 U120 pin 4 connects

62.7 | SetIDAC 3rd MSD to 1P 0.0 using U124, set ACG=2, A/D A/D sees a change => Ull6, U124

reads max of 1 & Q; then set U124 pin 13 w0 IP 1.0 U124 pin 13 connects
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Table 11-15 Comprehensive DAC tests

Test Description Parts/signais Parts/signals
no. verified on PASS suspect on FAIL
63 Test that each switch element in fourth MSD of IDAC can cause a change
63.1 | Set IDAC 4th MSD to 1P 0.0 using U119, set ACG=4, A/D A/D sees a change => U115, U119
reads max of [ & Q: thenset Ul19 w0 IP 1.0 U119 pin 5 connects

63.2 | Set IDAC 4th MSD to IP 0.0 using U119, set ACG=4, A/D A/D sees a change => UL15. U119
reads max of I & Q: then set U9 to [P 0.8 U119 pin | connects

63.32 | Set IDAC 4th MSD to IP 0.0 using U119, set ACG=4, A/D A/D sees a change => U115, U119
reads max of I & Q: thenset U190 IP 0.6 U149 pin 12 connects

63.4 | Set IDAC 4th MSD o IP 0.0 using U119, set ACG=4, A/D A/D sees a change => Uils, Unig
reads max of [ & Q; thenset Ul19 w0 1P 0.4 U119 pin 15 connects

63.5 | Set IDAC 4th MSD to IP 0.0 using U119, set ACG=4, A/D A/D sees a change => U115, U119
reads max of | & ; then set U119 0 1P 0.2 U119 pin 14 connects

63.6 | Set IDAC 4th MSD to IP 0.0 using U9, set ACG=4, A/D A/D sees a change => U115, U9
reads max of 1 & Q; then set U119 to 1P -0.1 U119 pin 4 connects

63.7 | Set IDAC 4th MSD to 1P 0.0 using U123, set ACG=4, A/D A/D sees a change => Ull5, 0123
reads max of [ & Q: then set U123 pin 13t0 TP 1.0 U123 pin 13 connects

64 Test that each switch element in fifth MSD of IDAC can cause a change

64.1 | Set IDAC 5th MSD to 1P 0.0 using U134, set ACG=6, A/D A/D sees a change => Ul53, U154
reads max of [ & Q: thenset Ul wIP 1.0 U154 pin 5 connects

64.2 | Set IDAC 5th MSD to IP 0.0 using U134, set ACG=6, A/D A/D sees a change => U153, Ul54
reads max of 1 & Q; then set U134 0 IP 0.8 U154 pin 1 connects

64.3 | Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D A/D sees a change => U153, U154
reads max of I & Q; then set U154 0 1P 0.6 U154 pin 12 connects

64.4 | Set IDAC 5th MSD to [P 0.0 using U154, set ACG=6, A/D A/D sees a change => U153, U154
reads max of | & Q; thenset Ul54 0 [P 0.4 /154 pin 15 connects

64.5 | Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D AJ/D sees a change => U153, U154
reads max of [ & (J; then set U154 {0 1P 0.2 U154 pin 14 connects

64.6 | Set IDAC 5th MSD to IP 0.0 using U154, set ACG=6, A/D A/D sees a change => U133, Ul54
reads max of I & ; then set U154 to IP -0.1 17154 pin 4 connects

64.7 | Set IDAC 5th MSD to IP 0.0 using U123, set ACG=6, A/D A/D sees a change => U553, U123
reads max of T & Q; thenset Ul23 pin | to IP 1.0 U123 pin 1 connects

64.8 | Set [DAC 5t MSD to IP 0.0 using U123, set ACG=6, A/D A/D sees a change => Ut12, U123
reads max of [ & Q; thenset U123 pin 30 [P 1.0 U123 pin 3 connects

65 Test that each switch element in MSD of QDAC can cause a change

65.1 | Set QDAC MSD to IP 0.0 using U138, ACG=0, A/D sees a change => U134, U138, U140
A/D reads max of I & Q1 then set U138 to IP 1.0 U138 pin 5 connects

65.2 | Set QDAC MSD (o IP 0.0 using U138, ACG=0, AJD sees a change => U134, U138, U140
A reads max of [ & Q; thenset U138 to IP 0.8 U138 pin | connects

65.3 | Set QDAC MSD to IP 0.0 using U138, ACG=0, A/D sees a change => U134, U138, U140
A/D reads max of [ & Q; thenset U138 to IP 0.6 U138 pin 12 connects

654 | Set QDAC MSD to IP 0.0 using U138, ACG=0, A/D sees a change => 1134, 17138, 1140
A/D reads max of I & ; then set U138 1o IP (.4 U138 pin 15 connects

655 | Set QDAC MSD to IP 0.0 using U138, ACG=0, A/D sees a change => U134, U138, U140
AD reads max of I & Q; then set U138 to IP Q.2 U138 pin 14 connects

65.6 | Set QDAC MSD to IP 0.0 using U138, ACG=0, A/D sees a change => U134, U138, U140
A/D reads max of I & ; then set U138 to IP -0.1 U138 pin 4 connects
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Table 11-15 Comprehensive DAC tests

Test Description Parts/signals Paris/signals
no. verified on PASS suspect on FAIL
657 | Set QDAC MSD to 1P 0.0 using U143, ACG=0, A/ sees a change => U134, U143, U141
A/D reads max of I & Q: then set U143 pin3 w0 [P 1.0 U143 pin 3 connects
66 Test thai each switch element in second MSD of QDAC can cause a change
66.1 | Set QDAC 2nd MSD to 1P 0.0 using U137, ACG=0, A/D sees a change => U133, U137, U139
A/D reads max of I & Q: then set U137 to 1P 1.0 UT37 pin 5 connects
66.2  Set QDAC 2ad MSD 1o 1P 0.0 using U137, ACG=0, A/ sees a change => U133, U137, U139
A/D reads max of 1 & ; then set U137 to IP O.8 U137 pin 1 connects
66.3 | Set QDAC 2nd MSD to IP 0.9 using U137, ACG=0, A/D sees a change => U133, U137, U139
A/D reads max of | & Q: then set U137 o IP 0.6 U137 pin 12 connects
66.4 | Set QDAC 2ad MSD to IP 0.0 using U137, ACG=0, AfD sees a change => U133, U137, U139
A/D reads max of T & Q: then set U137 w0 [P 0.4 U137 pin 15 connects
66.5 | Set QDAC 2nd MSD to [P 0.0 using U137, ACG=(), A/D sees a change => U133, U137, U139
A/ reads max of | & Q: then set U137 0 IP 0.2 U137 pin 14 connects
66.6 | Set QDAC 2nd MSD to IP 0.0 using U137, ACG=0, A/D sees a change => 133, U137, U139
A/D reads max of 1 & Q: then set U137 t0 [P -0.1 U137 pin 4 connects
66.7 | Set QDAC 2nd MSD 1o [P 0.0 using U143, ACG=0, A/D sees a change => U133, Ui43
A/ reads max of | & Q: then set U143 pin 1310 1P 1.0 U143 pin 13 connects
67 Test that each switch element in third MSD of QDAC can cause a change
67.1 | Set QDAC 3rd MSD to 1P 0.0 using U136. ACG=2, A/D sees a change => U132, U136
AfD reads max of | & Q; then set U360 IP 1.0 U136 pin 5 connects
67.2 | Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, A/D sees a change => U132, Ut36
A/D reads max of I & @ then set U136 to IP 0.8 U136 pin 1 connects
67.3 | Set QDAC 3rd MSD to 1P 0.0 using U136, ACG=2, A/D sees a change => Ul32, Ui36
A/D reads max of { & Q; thenset Ul36 10 [P 0.6 U136 pin 12 connects
67.4 | Set QDAC 3rd MSD to TP 0.0 using U136, ACG=2, A/D sees a change => U132, Ui36
A/D reads max of 1 & Q; then set UI36 10 P04 U136 pin 15 connects
67.5 | Set QDAC 3rd MSD to IP 0.0 using U136. ACG=2, A/D sees a change => U32, Ui
A/D reads max of I & Q; then set UI36t0 IP 0.2 U136 pin 14 connects
67.6 | Set QDAC 3rd MSD to IP 0.0 using U136, ACG=2, A/ sces a change => U132, U136
A/ reads max of [ & ; then set U136 t0 1P -0.1 U136 pin 4 connects
67.7 | Set QDAC 3rd MSD to IP 0.0 using U143, ACG=2, A/D sees a change => U132, U143
A/D reads max of 1 & Q: then set Ui43 pin 1 to IP 1.0 1143 pin | connects
68 Test that each switch element in fourth MSD of QDAC can cause a change
68.1 | Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, A/D sees a change => T3, U135
A/D reads max of [ & ; then set UI35 w0 IP 1.0 U135 pin 5 connects
68.2 | Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, A/D sees a change => U3i, U35
A/D reads max of [ & ; then set U135 to [P 0.8 U135 pin 1 connects
68.3 | Set QDAC 4th MSD 1o IP 0.0 using U135, ACG=4, A/D sees a change => U331, U135
A/D reads max of I & Q; then set U135 to IP 0.6 U135 pin 12 connects
68.4 | Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, A/D sees a change => U131, U135
A/D reads max of I & Q; then set U35t 1P 04 U135 pin 15 connects
68.5 | Set QDAC 4th MSD to IP 0.0 using U133, ACG=4, A/D sees a change => U131, U135
A/D reads max of I & Q; then set UI35 w0 IP 0.2 U135 pin 14 connects
68.6 | Set QDAC 4th MSD to IP 0.0 using U135, ACG=4, A/D sees a change => U13E, U35
A/D reads max of I & Q; then set U135 10 IP -0.1 U135 pin 4 connects
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Table 11-15 Comprehensive DAC tests

Test Description Parts/signals Parts/signais

no. verified on PASS suspect on FAIL

68.7 | Set QDAC 4th MSD to 1P 0.0 using U142, ACG=4, A/D sees a change => U131, U142
A/D reads max of I & Q: then set Ul42 pin [ to [P 1.0 U142 pin 1 connects

69 Test that each switch element in fifth MSD of QDAC can cause a change

69.1 | Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, A/D sees a change => U114, U155
AJD reads max of | & Q; then set UI55to IP 1.0 U155 pin 5 connects

69.2 | Set QDAC 5th MSD to 1P 0.0 using U155, ACG=6, A/D sees a change => Uli4, U155
ASD reads max of I & : then set U155 t0 [P 0.8 U155 pin | connects

69.3 | Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, A/D sees a change => Uil4, U155
A/D reads max of [ & Q: then set U155 w0 IP 0.6 U't55 pin 12 connects

69.4 | Set QDAC 5th MSD to IP 0.0 using U155, ACG=6, A/D sees a change => Uli4, U155
A/D reads max of [ & (); then set UI5510 1P 0.4 U155 pin 15 connects

69.5 | Set QDAC 5th MSD to IP 0.0 using UE55, ACG=6, A/D sees a change => U114, U155
AJ/D reads max of [ & (J: then set U155 1o [P 0.2 U155 pin 14 connects

69.6 | Set QDAC 5¢h MSD to [P 0.0 using U155, ACG=6, A/D sees a change => Ull4, ©155
A/D reads max of | & Q: then set U155 to 1P -0.1 U155 pin 4 connects

69.7 | Set QDAC 5th MSD to IP 0.0 using U142, ACG=6, A/D sees a change => Ull4, U142
A/D reads max of T & Q; then set Ul42 pin 13 to IP 1.0 U142 pin 13 connects

69.8 | Set QDAC 5th MSD to [P 0.0 using U142, ACG=6, AJ/D sees a change => Uli3, U142
A reads max of | & QQ; then set Ul42 pin 3 w0 1P 1.0 U142 pin 3 connects

70 Test gain ratios of MSD of IDAC

70.1 | Set MSD of IDAC 10 IP 1.0 using U122, set ACG=2, enable | IDAC sees reasonable U118, U122, U127
shunt, A/D reads max of ] & Q signal at this setting

70.2 | SetIDAC MSD to IP 1.0 using U122, set ACG=2. enable IDAC MSD generates U118, U122, U127
shunt, A/D reads max of I & Q: thenset U122 t0 [P 0.8 correct 10/8 ratio

703 | Set IDAC MSD to IP 0.8 using U122, set ACG=2, enable IDAC MSD generates U118, U122, U127
shunt, A/D reads max of 1 & Q; then set U122 o TP 0.6 correct 8/6 ratio

70.4 | Set IDAC MSD to 1P 0.6 using U122, set ACG=2, enable IDAC MSD generates U8, U122, U127
shunt, A/Dreads max of [ & Q; thenset U122 t0 IP 0.4 correct 6/4 ratio

70.5 | Set IDAC MSD to 1P 0.4 using U122, set ACG=3, enable IDAC MSD generates Ulig, U122, uUs27
shunt, A/D reads max of I & Q: then set Ul22 w0 IP Q.2 correct 4/2 ratio

70.6 | Set IDAC MSD to IP 0.2 using U122, set ACG=3, enable DAC MSD generates U118, U122, U127
shunt, A/D reads max of 1 & Q: then set U122 to P -0.1 correct 2/1 ratio

70.7 | Set IDAC MSD to IP 0.2 using U122, set ACG=3, enable IDAC MSD generates U118, U124, U126
shunt, A/D reads max of [ & Q; thenset U122 to TP 0.0 & set | correct 2/1 ratio
UlZdpin 15w P10

71 Test gain ratios of second MSD of IDAC

711 | Set MSD of IDAC to [P -0.1 using U122, enable shunt, set IDAC MSD relative to Ul17, U121, €125
ACG=4, A/Dreads max of 1 & Q, thenset U122 to IP 0.0 and | 2nd MSD generates cor-
set 2nd MSD of IDAC to 1P 1.0 using U121 rect 1/1 ratio

71.2 | SetIDAC 2n0d MSD o [P 1.0 using U121, enable shunt, set | IDAC 2nd MSD gener- U117, U121, U125
ACG=4, A/D reads max of [ & Q; then set U121 to IP 0.8 ates correct 10/8 ratio

713 | Set IDAC 2nd MSD to [P 0.8 using U121, enable shunt, set | IDAC 2nd MSD gener- U7, U121, U125
ACG=4, A/D reads max of I & Q; then set U121 to IP 0.6 ates correct 8/6 ratio

714 | Set IDAC 2nd MSD to [P 0.6 using U121, enable shunt, set | IDAC 2nd MSD gener- U7, UL21, Ul2s
ACG=4, A/D reads max of 1 & Q; then set U121 to IP 0.4 ates correct 6/4 ratio
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Table 11-15 Comprehensive DAC tests

Test Description Parts/signals Parts/signais
no, verified on PASS suspect on FAIL
71.5 | Set IDAC 2nd MSD to IP 0.4 using U121, enable shunt, set IDAC 2rd MSD gener- UL17, Ui21, U125
ACG=5, A/Dreads max of I & Q: thenset U121 to IP 0.2 ates correct 4/2 ratio
71.6 | SetIDAC Znd MSD 1o [P 0.2 using U121, enable shunt, set | IDAC 2nd MSD gener- U7, U121, U125
ACG=S, A/D reads max of [ & Q; then set U121 to IP -0.1 ates correct 2/1 ratio
71.7 | Set IDAC 2nd MSD to IP 0.2 using U121, enable shunt, set IDAC 2nd MSD gener- U117, 0124
ACG=5, A/D reads max of I & Q; then set U121 10 IP 0.0 ates correct 2/1 ratio
and set Ul24 pind to [P 1.0
72 Test gain ratios of third MSD of IDAC
72.1 | Set20d MSD of IDAC 1o IP -0.]1 using U121, set ACG=1, A/ | IDAC 2nd MSD refative | Ul16, U120
D reads max of I & Q; then set U121 to IP 0.0 and set 3rd to 3rd MSD generates
MSD of IDAC to 1P 1.0 using U120 correct 1/1 ratio
72.2 | Set IDAC 3rd MSD to IP 1.0 using U120, set ACG=1, A/D IDAC 3rd MSD gener- Ulti6, U120
reads max of I & Q; thenset U120 to [P 0.8 ates correct 10/8 ratio
72.3 | SetIDAC 3rd MSD to IP 0.8 using U120, set ACG=1, A/D IDAC 3rd MSD gener- Ull6. U120
reads max of I & Q; then set U120 t0 IP 0.6 ates correct 8/6 ratio
72.4 | SetIDAC 3rd MSD to IP 0.6 using U120, set ACG=1, A/D IDAC 3rd MSD gener- Uli6, U120
reads max of I & Q: then set U120 t0 1P 0.4 ates correct 6/4 ratio
72.5 | Set IDAC 3rd MSD to IP 0.4 using U120, set ACG=2, A/D IDAC 3rd MSD gener- Ul16, 4120
reads max of [ & Q: then set U120 t0 [P 0.2 ates correct 4/2 ratio
T72.6 | Set IDAC 3rd MSD to [P 0.2 using U120, set ACG=2, A/D IDAC 3rd MSD gener- U116, U120
reads max of I & Q; then set U120 to IP-0.1 ates correct 2/1 ratio
727 1 Set IDAC 3rd MSD to IP 0.2 using U120, set ACG=2, A/D IDAC 3rd MSD gener- Ull6, Ul24
reads max of I & Q: then set U120 t0 IP0.0 and set U124 pin | ates correct 2/1 ratio
14t0lP 1.0
73 Test gain ratios of fourth MSD of IDAC
73.1 | Set 3rd MSD of IDAC to [P -0.1 using U120, set ACG=3, A/ | IDAC 3rd MSD relative | U115, U119
D reads max of 1 & Q. then set U120 10 IP 0.0 and set 4th to 4th MSD generates
MSD of IDAC 1o IP 1.0 using U119 correct 1/1 ratio
73.2 | SetIDAC 4th MSD to 1P 1.0 using U119, set ACG=3, A/D IDAC 4th MSD gener- U115, U119
reads max of | & QQ; then set UliG w0 [PO.8 ates correct 10/8 ratio
73.3 | Set IDAC 4th MSD to IP 0.8 using U119, set ACG=3, A/D IDAC 4th MSD gener- U115, U119
reads max of [ & Q: then set Uli9 0 [P 0.6 ates correct 8/6 ratio
73.4 | SetIDAC 4th MSD to IP 0.6 using U119, set ACG=3, A/D IDAC 4th MSD gener- U115, U119
reads max of { & ; then set U119 w P04 ates correct 6/4 ratio
73.5 | SetIDAC 4th MSD to IP 0.4 using U119, set ACG=4, A/D IDAC 4th MSD gener- U115, U119
reads max of 1 & Q; then set U119 10 [P 0.2 ates correct 4/2 ratio
73.6 | SetIDAC 4th MSD to IP 0.2 using U119, set ACG=4, A/D IDAC 4th MSD gener- U115, U119
reads max of 1 & ; then set U119 to [P -0.1 ates correct 2/1 ratio
73.7 | SetIDAC 4th MSD to IP 0.2 using U119, set ACG=4, A/D IDAC 4th MSD gener- U115, U123
reads max of 1 & Q; then set U119 to IP 0.0 and set U123 pin | ates correct 2/1 ratio
14t 1P 1.0
74 Test gain ratios of fifth MSD of IDAC
74.1 | Set 4th MSD of IDAC to IP -0.1 using U119, set ACG=5, A/ | IDAC 4th MSD relative | U133, U154
D reads max of I & , then set U119 to IP 0.0 and set 5th to 5th MSD generates
MSD of IDAC to 1P 1.0 using U154 correct 1/1 ratio
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Test Description Parts/signals Paris/signhais

no. verified on PASS suspect on FAIL

74.2 | Set IDAC 5th MSD to IP 1.0 using U154, set ACG=3. A/D IDAC 5th MSD gener- U153, U154
reads max of [ & Q; thenset U154 to IP 0.8 ates correct 10/8 ratio

74.3 | Set IDAC 3th MSD to 1P 0.8 using U154, set ACG=3. A/D IDAC 5th MSD gener- U153, U154
reads max of T & Qs thenset Ul54 0o IP 0.6 ates correct 8/6 ratio

74.4 | Set IDAC 5th MSD to IP 0.6 using U154, set ACG=5, A/D IDAC 5th MSD gener- U153, U154
reads max of F & () thenset UlS4 to [P 04 ates correct 6/4 ratio

74.5 | Set IDAC 5th MSD to IP 0.4 using U134, set ACG=6, A/D IDAC 5th MSD gener- U153, U154
reads max of T & Q: thenset U154 t0 1P 0.2 ates cotrect 4/2 ratio

74.6 | SetIDAC 5th MSD to IP 0.2 using U154, set ACG=6, A/D IDAC 5th MSD gener- U153, U154
reads max of 1 & Q; then set U154 to 1P -0.] ates correct 2/§ ratio

74.7 | Set IDAC 5th MSD to IP 0.2 using U154, set ACG=6, AD IDAC 5th MSD gener- U153, U123
reads max of 1 & Q: then set U154 t0 IP 0.0 and set U123 pin | ates correct 2/1 ratio
15t0IP 1.0

74.8 | SetIDAC 5th MSD to IP 1.0 using U123 pin 15, set ACG=6, | IDAC 5th MSD relative | U112, U123
A/D reads max of ] & Q: then set U123 pin 150 IP0.0and | to 6th MSD generates
set IDAC 6th MSD using UI23 pind to IP 1.0 correct 2/1 ratio

75 Test gain ratios of MSD of QDAC

75.1 | Set MSD of QDAC to Q1.0 using U138, set ACG=2, enable | QDAC sees reasonable U134, U138, Ui40
shunt, A/D reads max of 1 & Q channels signal at this setting

75.2 1 Set QDAC MSD 1o 1.0 using U138, set ACG=2, enable QDAC MSD generates U134, U138, Ui40
shumt, A/D reads max of [ & Q; then set U380 Q0.8 correct 10/8 ratio

73.3 | Set QDAC MSD to Q (.8 using U138, set ACG=2. enable QDAC MSD generates U134, U138, Ui40
shunt, A/D reads max of [ & Q: then set U138 0 Q 0.6 correct 8/6 ratio

754 | Set QDACMSD to QQ 0.6 using U138, set ACG=2, enable QDAC MSD generates Ul34, U138, U140
shunt, A/D reads max of T & Q; then set U138 t0 Q 0.4 correct 6/4 ratio

75.5 | Set QDAC MSD to Q 0.4 using U138, set ACG=3, enable QDAC MSD generates U134, U138, 1140
shunt, A/D reads max of 1 & Q; then set U13810 Q 0.2 correct 42 ratio

75,6 1 Set QDAC MSD to Q 0.2 using U138, set ACG=3, enabie QDAC MSD generates U134, U138, U140
shunt, A/D reads max of I & Q; then set U138 t0 Q -0.1 correct 2/1 ratio

757 | Set QDAC MSD to (3 0.2 using U138, set ACG=3. enable QDAC MSD generates 1134, U143, U141
shunt, A/D reads max of T & Q; then set U138 to Q 0.0 and correct 2/1 ratio
setUl43 pind to Q 1.0

76 Test gain ratios of second MSD of QDAC

76.1 | Set MSD of QDAC to Q -0.1 using U138, enable shunt, set QDAC MSD relative to | U133, U137, U139
ACG=4, A/D reads max of 1 & Q, then set UI38to Q0.0 and | 2nd MSD generates cor-
set 2nd MSD of QDAC to Q 1.0 using U137 rect 1/1 ratio

76.2 | Set QDAC 2Znd MSD to Q 1.0 using U137, enable shunt, set | QDAC 2nd MSD gener- | U133, U137, U139
ACG=4, A/D reads max of 1 & Q; then set U370 Q0.8 ates correct 10/8 ratio

76.3 | Set QDAC 2nd MSD 1o Q 0.8 using U137, enable shunt, set | QDAC 2nd MSD gener- | U133, U137, U139
ACG=4, A/D reads max of 1 & Q; then set U370 Q 0.6 ates correct 8/6 ratio

76.4 | Set QDAC 2nd MSD to @ 0.6 using U137, enable shunt, set | QDAC 2nd MSD gener- | U133, U137, U139
ACG=4, A/D reads max of 1 & Q; then set U137 0 Q 0.4 ates correct 6/4 ratio

76.5 | Set QDAC 2nd MSD to Q 0.4 using U137, enable shunt, set | QDAC 2Znd MSD gener- | U133, U137, U139
ACG=5, A/D reads max of 1 & Q; then set U137 t0 Q0.2 ates correct 4/2 ratio

76.6 | Set QDAC 2nd MSD to Q 0.2 using U137, enable shunt, set | QDAC 2nd MSD gener- | U133, U137, U139
ACG=3, A/D reads max of I & (Q; then set U137 t0 Q -0.1 ates correct 2/1 ratio
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76.7 | Set QDAC 2nd MSD to Q 0.2 using U137, enable shunt, set | QDAC 2nd MSD gener- | U133, U143
ACG=5, A/D reads max of [ & Q; then set U137 to Q0.0 and | ates correct 2/1 ratio
set Ul43 pin 1410 Q 1.0

77 | Test gain ratios of third MSD of QDAC

77.1 | Set 2ad MSD of QDAC to Q -0.1 using U137, set ACG=1, QDAC 2nd MSD rela- U132, Ui36
AJD reads max of 1 & Q; then set U137 10 Q 0.0 and set 3rd | tive to 3rd MSD gener-
MSD of QDAC to Q 1.0 using U136 ates correct 171 ratio

77.2 | Set QDAC 3rd MSD to 3 1.0 using U136, set ACG=1, A/D | QDAC 3rd MSD gener- | U132, U136
reads max of 1 & Q: then set U136 to Q 0.8 ates correct 10/8 ratio

77.3 | Set QDAC 3rd MSD to Q 0.8 using U136, set ACG=1, A/D | QDAC 3rd MSD gener- | U132, U136
reads max of I & O then set U136 t0 Q 0.6 ates correct 8/6 ratio

774 | Set QDAC 3rd MSD to (¥ 0.6 using U136, set ACG=1, A/D | QDAC 3rd MSD gener- | UI32, U136
reads max of [ & Q; then set U360 Q0.4 ates correct 6/4 ratio

77.5 | Set QDAC 3rd MSD to @ 0.4 using U136, set ACG=2, A/D | QDAC 3rd MSD gener- | U132, U136
reads max of I & Q; then set UI3610 Q0.2 ates correct 4/2 ratio

77.6 | Set QDAC 3rd MSD to Q 0.2 using U136, set ACG=2, A/D | QDAC 3rd MSD gener- | U132, U136
reads max of 1 & Q; then set U136 to Q -0.1 ates correct 2/1 ratio

777 | Set QDAC 3rd MSD to Q 0.2 using U136, set ACG=2, A/D QDAC 3rd MSD gener- Ul32, Ul43
reads max of I & (; then set U136 t0 Q 0.0 and set U143 pin | ates correct 2/1 ratio
15t0Q 1.0

78 Test gain ratios of fourth MSD of QDAC

78.1 | Set 3rd MSD of QDAC to Q -0.1 using U136, set ACG=3, A/ | QDAC 3rd MSD relative | U131, U135
D reads max of I & Q; then set U136 to Q 0.0 and set 4th to 4th MSD generates
MSD of QDAC to Q 1.0 using U135 correct 1/] ratio

78.2 | Set QDAC 4th MSD to Q 1.0 using U135, set ACG=3, A/D QDAC 4th MSD gener- | U131, U135
reads max of I & ; then set U135 0 Q0.8 ates correct 10/8 ratio

78.3 | Set QDAC 4th MSD to Q 0.8 using U135, set ACG=3, A/D QDAC 4th MSD gener- | U131, U135
reads max of I & Q; then set U135 t0 Q 0.6 ates correct 8/6 ratio

78.4 | Set QDAC 4th MSD 1o Q 0.6 using U135, set ACG=3, A/D QDAC 4th MSD gener- | U131, U133
reads max of I & Q; then set UI3510 Q04 ates correct 6/4 ratio

78.5 | Set QDAC 4th MSD to O 0.4 using U135, set ACG=4, A/D QDAC 4th MSD gener- | U131, U133
reads max of [ & Q; then set UlI35t0 Q0.2 ates correct 4/2 ratio

78.6 | Set QDAC 4th MSD to Q 0.2 using U135, set ACG=4, A/D QDAC 4th MSD gener- | U131, U135
reads max of I & (Q; then set U135 t0 Q -0.1 ates correct 2/1 ratio

78.7 | Set QDAC 4th MSD to Q 0.2 using U135, set ACG=4, A/D QDAC 4th MSD gener- | U131, U142
reads max of [ & (@; then set U135 to Q 0.0 and set Ul42 pin | ates correct 2/1 ratio
15t0Q 1.0

79 | Test gain ratios of fifth MSD of QDAC

79.1 | Setdth MSD of QDAC to Q -0.1 using U133, set ACG=5, A/ | QDAC 4th MSD rela- Ul14, U155
D reads max of [ & Q; then set 17135 to Q 0.0 and set 5th tive to 5th MSD gener-
MSD of QDAC to @ 1.0 using U155 ates correct 1/] ratio

79.2 | Set QDAC 5th MSD to QQ 1.0 using U153, set ACG=5, A/D QDAC 5th MSD gener- | Ull4, U155
reads max of I & Q; then set U155 t0 Q 0.8 ates correct 1/8 ratio

79.3 | Set QDAC 5th MSD to Q 0.8 using U155, set ACG=5, A/D QDAC 5th MSD gener- | U114, U155
reads max of { & Q; then set U155 t0 Q 0.6 ates correct 8/6 ratio
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Ho. verified on PASS suspect on FAIL
79.4 | Set QDAC 5th MSD to Q 0.6 using U155, set ACG=5, A/D QDAC 5th MSD gener- | Ul14, 13155
reads max of 1 & Q; then set U155 10 Q 0.4 ates correct 6/4 ratio
79.5 | Set QDAC 5th MSD to Q 0.4 using U153, set ACG=6, A/D | QDAC 5th MSD gener- | Ull4, U155
reads max of 1 & (Q; then set U155 10 Q 0.2 ates correct 4/2 ratio
79.6 | Set QDAC 5th MSD to Q 0.2 using U155, set ACG=6, A/D QDAC 5th MSD gener- | Utl4, U155
reads max of 1 & (Q; then set U155 t0 Q -0.1 ates correct 2/1 ratio
79.7 | Set QDAC 5th MSD to (3 0.2 using U155, set ACG=6, A/D | QDAC 5th MSD gener- | Ull4, U142
reads max of [ & (; then set U155 t0 Q (.0 and set U142 pin | ates correct 2/1 ratio
1410Q1.0
79.8 | SetQDAC 3th MSD to @ 1.0 using U142 pin 14, set ACG=6, | QDAC 3th MSD rela- U3, U142
A/D reads max of I & Q; then set Ul42 pin 14 0 Q0.0 and | tive to 6th MSD gener-
set QDAC 6th MSD using Ul42 pind 1o Q 1.0 ates correct 2/1 ratio

tings, the precision sum of which produces a result at the
input of the preamp. This sum is amplified, detected, and then
read by the A/D for comparison against a window of accept-
able values.

Test for Stuck DAC Switches

This large body of tests consisting of groups 60 to 69 checks
each bit position of the DAC one at a time, Each of these
tests strmply tooks for any change to occur as a result of
changing the given analog switch from the zero voltage
transformer tap to each of the other taps. Each test passes
provided that a detectable change occurred. These tests are
intended to find any analog switch elements that do not
change in response to a command from the microprocessor.

A failure of a single test indicates a failed analog switch ele-
ment or its connection to the frapsformer. In this case, the
exact pin number associated with the failure is identified by
the test.

A failure of several closely related tests requires identifying
the meaning of the pattern of the {ailures. The pattern is
likely to indicate a failure of the larch that controls the anafog
switch, of the interconnection between the two, or of a digital
input of the analog switch.

All of these tests are looking for differences relative to the
case where all DAC control digits are set to zero, As.a result,
the case of an analog switch stuck while connected (o a trans-
tormer zero lire is not explicitly reported. However, this case
will produce its own characteristic symptoms. These symp-
toms show up as the failure of all other tests that iy to pro-
duce a change relative fo the stuck zero line.
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Check Voltage Ratios from DAC

The second large body of tests consisting of groups 70 to 79
checks the ratios of voltages selected from the transformers.
For the most part, the tests compare voltage ratios of adjacent
transformer taps. The tests start with the highest transformer
tap to the MSD of the IDAC. Selection of this tap is com-
pared against the tap having the next lower voltage. The A/D
checks that the ratio of these voltages is approximately cor-
rect. The comparison process continues with each pair of
adjacent transformer taps, going from the MSD of the IDAC
through the least significant. The process is repeated in pre-
cisely the same way for the QDAC,

A failure in these test groups with no failure in groups 60 to
69 may indicate a change in an associated precision DAC
resistor, but this is not likely. The reason is that while these
groups of tests check the resistors much better than the previ-
ous groups of tests, the resistors are stil! crudely measured
relative to that done by the verification process described in
“INTERNAL CALIBRATION” on page 9-4.

A more likely cause of failure is some kind of addressing
problem. The previous body of tests fooked for any change at
all. The current body of tests look for the right change. This
means that the current body of tests will defect a situation
where the wrong transformer line was selected. These tests
will also detect a situation where more than one transformer
line is somehow selected (presumably with more than one
analog switch 1C).

Magnitude Test of S/P/B Generator

Test group 80 compares the magnitude but not the phase of
the three different setiings of the S/P/B quadrature generator
against a single setting of the IDAC. The IDAC setting is first
read by the A/D to verify that a reasonable signal level exists
there to make comparisons against. Fach of the remaining
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‘Table 11-16 S/P/B quadrature generator tests

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FALL
80 Test magnitude of S/P/B quadrature generator settings
80.1 | Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I | IDAC makes reasonable | U118, U122, U127,

& ) channels signal at this setting U128
80.2 | Set MSD of IDAC to TP 1.0 using U122, A/D reads max of I | A/D reads equal signals U118, U122, U127,
& Q channels, then reset IDAC, set S/P/B to S and MSD of trom IDAC vs. QDAC U134, U138, U140,
QDAC to 1P 1.0 using U138 with S/P/B = § U107-U112, U148
80.3 | Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I | A/D reads equal signals U118, U22, U127,
& Q channels, then reset IDAC, set S/P/B to P and MSD of from IDAC vs. QDAC U134, U138, U149,
QDAC to IP 1.0 using 1138 with S/P/B =P U107-U112, U148
80.4 | Set MSD of IDAC to IP 1.0 using U122, A/D reads max of I | A/D reads equal signals | U118, U122, U127,
& (Q channels, then reset IDAC, set S/P/B to B and MSD of from IDAC vs. QDAC U134, U138, U140,
QDAC to IP 1.0 using U138 with S/P/B =B U107-1J112, U148
81 Test phase of S/P/B quadrature generator settings
81.1 | SetIDACMSD t01P-0.1, ACG=4, A/D reads max of I & Q; | A/D sees at least a factor | U107-U112, U148,
Set S/P/B to B, set QDAC Znd MSD to Q 1.0, and ACG=6 of ten decrease U122, U127, uiae
81.2 | SetIDACMSD toIP 1.0, ACG=2, A/D reads max of 1 & Q; | A/D sees at least a factor | U107-U112, U148,
Set S/B/B to 8, set QDAC MSD to Q 1.0 and ACG=4 of ten decrease U2, U125, U139
81.3 | SetIDACMSD toIP 1.0, ACG=2, A/D reads I & (; 90° phase shift caicu- U107-U112,U148,
Set 5/P/B to P, set QDAC MSD to Q 1.0 and clear IDAC fated between A/D rdgs. Ul21, U125, U139
814 | SetS/P/B toP, set QDAC MSD to Q 1.0, ACG=2, A/D reads | 90° phase shift calcu- U107-U1132, U148,
1 & Q; Then clear QDAC, set IDACMSD t0o IP 1.0 fated between A/D rdgs. | U121, U125, U138

three tests note that level, then read the corresponding QDAC
level for each of the S/P/B settings. The difference resulting
from each of these three comparisons is calculated and
checked to see if it falls within the expected window,

A failure of test 80.1 indicates a problem localized only to
the circuitry associated with U122, A failure of all of the
remaining three tests probably indicates a problem localized
only to the circuitry associated with U138, A failure of only
one or two of the last three tests indicates a failure of the cor-
responding circuitry in the S/P/B generator in Figure F-22 on
page F-59.

Phase Testis of S/P/B Generator

Test group 81 is a more demanding set of tests of the S/P/B
generator than the previous group. The first pair are null tests.

Test 81.1 is a precise null comparison of an IDAC setting
against a QDAC setting with S/P/B set to Bypass. If all the
DAC tests passed, this test is Hkely to do so also. [ not, only
the small arnount of circuitry associated with Q105 is sus-
pect. In Bypass mode, the quadrature generator is not con-
nected at all which is why this test tends to be easy to pass.

AH 2500A Capacitance Bridge

Test 81.2 is another precise null comparison similar to 81.1,
but S/P/B is set to Series. This time the QDAC is driven with
a signal that is phase shifted by 180° relative fo that driving
the IDAC, This requires that the quadrature generator phase
shifters be operable and that the circuitry which switches
them work also. A failure of this test after passing the test
81.1 indicates a problem in the quadrature generator.

Tests 81.3 and 81.4 set S/P/B to Parailel which is the normal
operating mode. In this case the QDAC is driven by a signal
that is precisely phase shifted by 90° relative to that in the
IDAC, These tests check to see if signals coming from these
two sources are related to each other by approximately 90°.
These two tests are identical except that the setup order is
reversed between the two. This allows both test configura-
tions to be reported. A failure of this test after passing tests
81.1 and 31.2 indicates a problem in the quadrature generator
or its switching circuitry.

Test Relay Decade (RD) for Stuck Relays

Test groups 82 and 83 use the overload detector (U103} 1o
identify a stuck relay in either relay decade. These tests try to
find a sitwation where more than one relay can be closed in a
given RD. If this occurs, the closed relays will directly short
a winding of the main ratio transformer, requiring much more
than the normal current to drive the transformer.
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Table 11-17 Relay Decade (RD) tests

Test Description Parts/signals Parts/signals
no. verified on PASS suspect on FAIL
82 Test MSRD for a stuck closed relay
82.1 | Set MSRD to M1.0, 2nd MSRD open, set MUX to OVRLD | Suspecton PASS: K121 | H arelay in this
82.2 | Set MSRD to M(.9, Znd MSRD open, set MUX to OVRLD | Suspect on PASS: K122 | decade is stuck
82.3 | Set MSRD to MO.8, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K123 | closed, the symptom
82.4 | Set MSRD to M0.7, 2Znd MSRD open, set MUX to OVRLD Suspect on PASS: K124 witl be that OVRLD
82.5 | Set MSRD to M{.6, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K125 | will be detected for
82.6 | Set MSRD to M0.5, 2nd MSRD open. set MUX to OVRLD | Suspecton PASS: K126 | every test for this
82.7 | Set MSRD to M0.4, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K127 | decade except for
82.8 | Set MSRD to M0.3, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K128 | the one that is really
82.9 | Set MSRD to M0.2, 2Znd MSRD open, set MUX to OVRLD | Suspect on PASS: K129 | stuck. In other
82.10 | Set MSRD to M0.1, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K130 | words, if just one
82.11 | Set MSRD to M0O.0, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: K131 | test passes, the
82.12 | Set MSRD to M-0.1, 2nd MSRD open, set MUX to OVRLD | Suspect on PASS: Ki32 | passed relay is bad.
83 Test second MSRD for a stuck closed reiay
83.1 | Set 2nd MSRD to M1.0, MSRD open. set MUX to OVRL.D | Suspect on PASS: K101 | If a relay in this
83.2 | Set2nd MSRD to M(.9, MSRD open, set MUX to OVRLD | Suspect on PASS: K102 | decade is stuck
83.3 | Set2nd MSRD to M0.8, MSRD open, set MUX to OVRLD Suspect on PASS: K103 closed, the symptom
83.4 | Set2nd MSRD to M0.7, MSRD open, set MUX to OVRLD | Suspect on PASS: K104 | will be that OVRLD
83.5 | Set2nd MSRD to M0.6. MSRD open, set MUX to OVRLD Suspect on PASS: K105 will be detected for
83.6 | Set 2nd MSRD to M0.5, MSRD open, set MUX to OVRLD | Suspect on PASS: K106 | every test for this
83.7 | Set2nd MSRD to M0.4, MSRD open, set MUX to OGVRLD | Suspect on PASS: K107 | decade except for
83.8 | Set2nd MSRD to M0(.3, MSRD open, set MUX to OVRLD | Suspect on PASS: K108 | the one that is really
839 | Set2nd MSRD to M0.2, MSRD open, set MUX to OVRLD Suspect on PASS: K109 stuck. In other
83.10 | Set 2nd MSRD to MO, 1, MSRD open, set MUX to OVRLD Suspect on PASS: K110 | words, if just one
83.11 | Set2nd MSRD to MO0.0, MSRD open, set MUX to OVRLD | Suspect on PASS: K111 | test passes, the
83.12 | Set 2nd MSRD to M-0.1, MSRD open, set MUX to OVRLD | Suspecton PASS: K112 | passed refay is bad.
84 Test MSRD for any change between open and selectfed states
84.1 1 Set MSRD to open, enable Q608 shunt, A/D reads max of 1 MSRD generates K121-132, U145,
&Q reasonable open signal U149, G150

84.2 | Set MSRD to open, enable Q608 shunt, A/D reads max of 1 A/D sees any change, KI1zZ1,Ul45, U149
& Q; then set MSRD to M L0 K121, plo Ul45, U149

84.3 | Set MSRD to open, enable Q608 shunt, A/D reads max of 1 A/D sees any change, K122, U143, U150
& Q; then set MSRD to M0.9 K122, p/fo U145, U150

84.4 | Set MSRD to open, enable Q608 shunt, A/D reads max of | AJ/I sees any change, K123, U145, U149
& (; then set MSRD to MO.8 K123, p/o U145, U149

84.5 | Set MSRD to open, enable Q608 shunt, A/D reads max of 1 AJD sees any change, K124, Ui45, U150
& (; then set MSRD to M0.7 K124, plo U145, U150

84.6 | Set MSRD to open, enable Q608 shunt, A/D reads max of 1 A/ sees any change, K125, Ul45, U149
& Q; then set MSRD o M0O.6 K125, pfo Ul4as, U149

84.7 | Set MSRD to open, enable Q608 shunt, A/D reads max of 1 A/D sees any change, K126, U145, U150
& Q; then set MSRD to M0.5 K126, pfo Ul45, U150
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Table 11-17 Relay Decade (RD) tests

Test Description Paris/signals Parts/signals
1o, verified on PASS suspect on FAIL
84.8 | Set MSRD to open, enable Q608 shunt, A/D reads max of I A/D sees any change, K127, U145, U149
& (Q; then set MSRD to M0.4 K127, pfo Ul45, U149

84.9 | Set MSRD to open, enable Q608 shunt, A/D reads max of } A/D sees any change, K128, U145, U130
& Q; then set MSRD to M0.3 K128, pfo Ui45, U150

84.10 | Set MSRD to open, enable Q608 shunt, A/D reads max of | A/D sees any change, K128, U145, U150
& Q; then set MSRD to MO0.2 K129, p/o U145, U150

84.11 | Set MSRD to open. enable Q608 shunt, A/D reads max of AJD sees any change, K130, Uids, Uis0
& Q; then set MSRD to MO.1 K130, p/fo U145, U150

84.12 | Set MSRD to open, enable Q608 shunt, A/D reads max of [ A/D sees any change, K131, Utds, Uls0
& Q: then set MSRD to M0.O K131, pflo U145, U150

84.13 | Set MSRD to open, enable Q608 shunt, A/D reads max of [ A/D sees any change, K132, U145, U150
& (); then set MSRD to M-0.1 K132, pfo U145, U150

85 Test second MSRD for any change between open and selected states

851 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max | MSRID generates K101-112, U144,

of [ & Q reasonahle open signal U149, U151

85.2 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max A/D sees any change, K101, Uid4, U149

of I & (Q; then set 2nd MSRD to M1.0 K101, p/o Ut44, U149

85.3 | Set 2Znd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, K102, Uid4, U151

of I & Q; then set 2nd MSRD to M0.9 K102, p/fo Uld4, Ul5t

85.4 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, K163, Ul44, U151

of I & Q; then set 2nd MSRD to M0.8 K103, pfo Ul44, U151

85.5 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, K104, Ut44, U151

of I & @ then set 2nd MSRD to M0.7 K104, plo U144, U151 :

85.6 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max AJD sees any change, K105, Ut44, U151

of 1 & Q; then set 2nd MSRD to M0.6 K105, pfo Ul44, U151

837  Set 2nd MSRD to open, enable Q608 shunt, A/D reads max A/D sees any change, K106, Ul44, U151

of I & Q; then set 2ad MSRD to MO.5 K106, pfo Ut44, U151

85.8 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, K107, Ul44, U149

of I & Q; then set Znd MSRD to M0.4 K107, plo Ul44, U149

83.9 | Set 2nd MSRD to open, enable Q608 shunt, A/D) reads max | A/D sees any change, K108, Uld4, U151

of T & ; then set 2nd MSRD to M0.3 K108, plo Ut44, Ul51

85.10 | Set 2Znd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, K109, Uld4, U149

of 1 & Q; then set 2nd MSRD to M0.2 K109, plo U144, U149

85.11 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max A/ sees any change, Ki10, Ulad, Uisl

of 1 & Q; then set 2nd MSRD to MO.1 K110, p/o U144, U151
85.12 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max | A/D sees any change, Kil1, Uldd, U149
of T & Q; then set 2nd MSRD to M0.0 K111, plo U144, 17149

85.13 | Set 2nd MSRD to open, enable Q608 shunt, A/D reads max A/D sees any change, K112, Ul44, U151
of I & Q; then set 2nd MSRD to M-0.1 K112, p/o Ul44, U151

86 Test relative signal levels from MSRD

86.1 | Set MSRD to M1.0, enable Q608 shunt, MSRD generates signal, | K121, U145, U149
A/D reads max of 1 & K121, plo U145, U149

86.2 | Set MSRD to M1.0, enable Q608 shunt, A/D reads max of | MSRD generates 9<10, K122, U145, U150
& Q; then set MSRD to MG.9. K122, plo U145, U150
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Table 11-17 Relay Decade (RD) tests

Test Description Parts/sighals Parts/signals

no. verified on PASS suspect on FAIL

86.3 | Set MSRD to M0.9, enable Q608 shunt, A/ID reads max of [ | MSRD generates 8<9, K123, U145, U149
& €Q; then set MSRD to M0.8 K123, pfo U145, U149

86,4 | Set MSRD to MO.8, enable Q608 shunt, A/D reads max of | MSRD generates 7<8, K124, U145, U150
& Q; then set MSRD to MO.Y K124, p/fo U145, U150

86.5 | Set MSRD to M0.7, enable Q608 shunt, A/D reads max of I MSRD generates 6<7, K125, 0145, U149
& Q; then set MISRD to MO.6 K125, plfo U143, U149

86.6 | Set MSRD to M0.6, enable (3608 shunt, A/D reads max of | MSRD generates 5<6, K126, U145, U150
& (Q; then set MSRD to MO.5 K126, p/o U145, U130

86.7 | Set MSRD to MO0.5, enable Q608 shunt, A/D reads max of I MSRD generates 4<5, K127, U145, U149
& (Q; then set MSRD to M0.4 K127, plo U145, U49

86.8 | Set MSRD to MO0.4, enable Q608 shunt, A/D reads max of 1 MSRD generates 3<4, K128, U145, U130
& Q; then set MSRD to M0.3 K128, p/fo U145, U150

86.9 | Set MSRD to M0.3, enable Q608 shunt, A/D reads max of I MSRD generates 2<3, K129, U145, U150
& (Q; then set MSRD to MO.2 K129, p/o Ut45, U150

86.10 | Set MSRD to MO0.2, enable Q608 shunt, A/D reads max of I | MSRD generates 1<2, K130, U145, U150
& Q; then set MSRD to M0.1 K130, p/o U143, U150

86.11 | Set MSRD to M0.1, enable Q608 shunt, A/D reads max of I | MSRD generates 0<1, K131, U145, U150
& (Q; then set MSRD to MO.O K131, p/o U145, U150

86.12 | Set MSRD to M0.0, enable (608 shunt, A/D reads max of [ MSRD generates 0<1, K132, U145, U150
& (Q; then set MSRD to M-0.1 K132, p/o U145, U150

87 Test relative signal levels from second MSRD

87.1 | Set MSRD to M{.1, enable Q608 shunt, A/D reads max of I | 2Znd MSRD relative to K101, U144, 1149
& Q; then set MSRD to MO0, 2nd MSRD to M1.0 and again | MSRD makes 1/1 ratio,
read max of T & Q Ki0L, p/o Ul44, 1145

87.2 | Set 2nd MSRD fo M1.0, enable Q608 shunt, A/D reads max | 2nd MSRD makes 9<10, | K102, Ul44, U151
of 1 & Q; then set 2nd MSRD to M09 K102, p/fo U144, U131

87.3 | Set2nd MSRD to M(.9, enable Q608 shunt, A/D reads max | 2nd MSRD makes 8<9, K103, U144, U151
of I & Q; then set 2nd MSRD to MO.8 K103, p/fo U144, U151

87.4 | Set2nd MSRD to M(.8, enable Q608 shunt, A/D reads max | 2nd MSRD makes 7<8, K104, Ul44d, U151
of [ & Q; then set 2nd MSRD to M0.7 K104, p/o U144, U151

87.5 | Set Znd MSRD to M0.7, enable Q608 shunt, A/D reads max | 2nd MSRD makes 6<7, K105, Ul44, U151
of I & Q; then set 2nd MSRD to M0.6 K105, p/fo Ul44, Ul51

87.6 | Set Znd MSRD to M(.6, enable Q608 shunt, A/D reads max | 2Znd MSRD makes 5<86, K106, Ul44, U151
of [ & Q; then set 2nd MSRD to M0.5 K106, p/o U144, Ul51

87.7 | Set 2nd MSRD to M0.5, enable Q608 shunt, A/D reads max | 2nd MSRD makes 4<5, K107, Ut44, U149
of [ & Q; then set Znd MSRD to MO.4 K107, pfo Ut44, Ui49

87.8 | Set2nd MSRD to MO0.4, enable Q608 shunt, A/D reads max | 2nd MSRD makes 3<4, K108, U144, U151
of I & Q; then set 2nd MSRD to M0.3 K108, p/o Ul44, U151

87.9 | Set 2nd MSRD to MO.3, enable Q608 shunt, A/D reads max | 2nd MSRD makes 2<3, K109, Ut44, U149
of [ & (Q; then set 2nd MSRD to M0.2 K109, p/fo Ul44, U149

87.10 | Set Znd MSRD to M0.2, enable Q608 shunt, A/D reads max | 2nd MSRD makes 1<2, Kilg, U144, U151
of I & (; then set 2nd MSRD to MG.1 K110, p/o U144, U131

87.11 | Set2nd MSRD to M0.1, enable Q608 shunt, A/D reads max | 2nd MSRD makes O<I, Ki1l,Ui44, U149
of I & Q; then set 2nd MSRD to M0.0O K111, pfo Ul44, Ut49

87.12 | Set 2nd MSRD to MO.0, enable Q608 shunt, A/D reads max | 2nd MSRD makes 0«1, K112, U144, U151
of I & (Q; then set 2nd MSRD to M-0.1 K112, p/fo U144, U151
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Figure 11-1 Schematic of PI network

These tests operate by closing each relay in a RD one at a
time. If any relay in that decade is stuck closed, then all the
tests for that decade will fail (detect an overload) excepr for
the test that attempts to ciose the relay that is stuck closed.
Closing the relay that is already stuck closed will be the only
test in the group which has only one relay closed, all other
tests will have two closed (assuming only one relay is stuck
closed).

Test Decade Relay Positions for any Change

Test groups 84 and 85 check for any relay that is stuck closed
or open. This is done by comparing the case where all relays
are open with the cases where each relay is closed one ata
time. The tests look for any change at all between the two
cases. If any change is seen, then the selection Jogic is capa-
ble of selecting something and a relay is capable of going
from open (o closed.

Test Adjacent Relays for Relative Signal Level

Test groups 86 and 87 check each RD to ensure that of any
two adjacent relays, the one intended to connect to the higher
transformer tap generates a signal level that is higher also.

A failure of these tests only, probably indicates that the selec-
tion logic is not selfecting the right relays.

Attenuator Tests

All but the first two (group 90) attenuator (ATN) tests require
the connection of an external PI network between the HIGH
and L.LOW terminals. Even though these tests require inter-
vention, they are important tests and shouid be run if a prob-
lem is suspected, especially i an “H” error is being reported
during normai measurements.

Fhe External Pl Network

‘When these tests are run, they will display a message on the
front panel showing: Lanm Pl Hl ko L o. Atthis time
the PI network must be connected. The network consists of a
1000 +20% pF capacitor connected between the HIGH and
LOW terminals. The HIGH terminal is shanted to ground
with a 10 kE€2 resistor. The LOW terminal is shunted to
ground by a shielded 30 resistor. The schematic of this net-
work is shown in Figure 11-1.

AH 2500A Capacitance Bridge

10 kQ
resistor

Binding-
post-to-
BNC
adapter

50
terminator

& To bridge *

Figure 11-2 Picture of a typical PI network

The suggested physical configuration will have a dual BNC
cable connecting a three-terminal, 1000 pF capacitor to the
bridge. One BNC Tee must be inserted in series with each
side of this cable. It doesn’t matter which end of the cable the
Tee's are on, but the capacitor end is probably more conve-
nient. A 50 BNC terminator is plugged into the Tee on the
[.OW side. A terminator is used here because it is an easy
way to connect a shielded shunt resistor to the sensitive LOW
mput. A BNC to binding-post adapter should be piugged into
the Tee connected to the HIGH side. An ordinary 10 k€2 resis-
tor should be connected between the adapter's binding posts.
Shielding of the 10k£2 resistor is not needed due to the low
impedance of the HIGH terminal. A picture of the suggested
implementation of the network is shown in Figure 11-2.

The physical implementation described above uses only
componenis that may be purchased off-the-shelf. Other phys-
ical implementations of the PI network will also work, pro-
vided that they are stable and do not allow the LOW input to
pick up noise.

Test for Any Stuck Closed Relays in ATN

Test group 90 uses the overload detector to check for the
presence of a stuck closed relay in the attenuator, Each of
these two tests simply closes one of the two highest ATN
relays and then checks the OVRLD line, If any other ATN
relay is also closed, OVRLD will show it. This test dees not
identify which relay was stuck closed, only that one or more
are stuck closed somewhere in the attenuator. Nevertheless,
this information is useful when combined with the results of
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Table 11-18 Attenuator tests

Test Description Partsfsighals Paris/signails
no. verified on PASS suspect on FAIL
90 Test ATN for presence of any stuck closed relays
90.1 | Set both RD's open, ATN to 5V tap, set MUX to OVRLD no OVRLD => no ATN Ul46, U147, U152,
902 | Set both RD's open, ATN to 7.5V tap. set MUX to OVRLD | relays stuck closed K113-120, K133-36
91 Test ATN for stuck closed relays and set up for meter measurement
91.1 | Prompt for connection of Pl network with message: No ATN retays .03V or | Ulds, U147, U152,

Lann P! Hl Eo Lo, set ATN to open, greater stuck closed K113-120, K133-36
A/D reads max of 1 & Q
92 Test ATN for a stuck open or closed relay

92.1 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | U146, U152, K113

reads both | & Q, then set ATN to 15V tap 15V tap changes reading | stuck open or closed

92.2 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | Ul46, U152, K114

reads both | & Q, then set ATN to 7.5V tap 7.3V tap changes reading | stuck open or closed

92.3 | Prompt for connection of Pl network, set ATN to open, A/D> | All taps open vs. ATN at | Utd6, U152, K116

reads both I & Q, then set ATN to 3.0V tap 3.0V tap changes reading | stuck open or closed

92.4 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | Utde, U152, K115

reads both [ & Q, then set ATN to 1.5V tap 1.5V tap changes reading | stuck open or closed

92.5 | Prompt for connection of Pl network, set ATN to open, A/D | All taps open vs. ATN at | Uide, U147, K117

reads both I & Q, then set ATN to 0.75V tap 0.75V changes reading stuck open or closed

92.6 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | Ul46, Ui47, K118

reads both I & ), then set ATN 10 0.25V tap . 0.25V changes reading stuck open or closed

92.7 | Prompt for connection of Pl network, set ATN to open, A/D | All taps open vs. ATN at | U146, U152, K119

reads both I & Q, then set ATN t0 0.1V tap 0.1V tap changes reading | stuck open or closed

92.8 | Prompt for connection of P1 network, set ATN to open, A/D | ATN taps open vs. ATN | U146, U152, K120

reads both 1 & Q, then set ATN to 0.03V tap at 0.03V changes reading | stuck open or closed

92.9 | Prompt for connection of PI network, set ATN to open, A/D> | All taps open vs. ATN at | U146, U152, K133

reads both I & Q, then set ATN to 0.01V tap 0.0V changes reading stuck open or closed

92.10 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | U146, U147, K134

reads both 1 & (Q, then set ATN to 0.003V tap 0.003V changes reading | stuck open or closed

92.11 | Prompt for connection of PI network, set ATN to open, A/D | All taps open vs. ATN at | U146, U147, K135

reads both [ & Q, then set ATN to 0.001V tap 0.001V changes reading | stuck open or closed

92.12 | Prompt for connection of PI petwork, set ATN to open, A/D | Alitaps open vs, ATN at | U146, U152, K136

reads both [ & Q, then set ATN to 0.0V tap 0.0V changes reading stuck open or closed
93 Test ATN setup for voltage ratios tesis
93.1 | Prompt for connection of PI network, set ATN to 15V tap; A/D reads within Ut46, U152,
A/D reads max of I & Q; exit reporting 1 expected range Ki13
932 | Prompt for connection of PI network, set ATN to 15V tap; A/D reads within Ul46, U152,
A/D reads max of I & (; exit reporting Q expected range Kil13
94 Test ATN for correct voitage ratios
94,1 | Prompt for connection of external P network, set ATN 0 15/7.5 ratio is correct Uids, U2,
15V tap, A/D reads max of I & Q; then set ATN to 7.5V tap K113, K114
94,2 | Prompt for connection of external PI network, set ATN 0 7.5/3.0 ratio is correct Uide, 1152,
7.5V tap, A/D reads max of 1 & (; then set ATN to 3.0V tap Kil4, K116
94.3 | Prompt for connection of external PI network, set ATN to 3.0/1.5 ratio is correct Ul46, U152,
3.0V tap, A/D reads max of I & (; then set ATN to 1.5V tap K115 K116
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Table 11-18 Attenuator tests

Test Description Parts/signals Parts/signals

no. verified on PASS suspect on FAIL

94.4 | Prompt for connection of external PI network, set ATN to 1.5/0.75 ratio is correct U146, U147, U152,
1.5V tap, A/D reads max of T & Q; then set ATN to 0,75V tap K115, K117

94.5 | Prompt for connection of external PI network, set ATN to 0.75/0.25 ratio is correct | U146, U147,
0.75V tap, A/D reads max of 1 & Q; then set ATN to $.25V K117, K118

94.6 | Prompt for connection of external PI network. set ATN to 0.25/0.1 ratio is correct Ulde, U147, U152,
0.25V tap, A/D reads max of | & Q; then set ATN 10 0.1V tap K118 K119

94.7 | Prompt for connection of external PI network, set ATN to (.1/0.03 ratio is correct Ul4e, U152,
0.1V tap. A/D reads max of I & Q; then set ATN to 0.03V wap K119, K120

94.8 | Prompt for connection of external PI network, set ATN to 0.03/0.01 ratio is correct | Ul4ds, U132,
.03V tap, A/D reads max of 1 & (Q; then set ATN to 0.01V K126, K133

94.9 | Prompt for connection of external PI network, set ATN to 0.01/0.003 ratio is Ul46, U147, U152,
0.01V tap, A/D reads max of 1 & Q; then set ATN to 0.003V | correct K133, K134

94.10 | Prompt for connection of external PI network, set ATN to 0.003/0.001 ratio is Ul4ds, U147,
0.003V tap, A/D reads max of I & Q; then set ATN 10 0.001V | correct K134,K135

94.11 | Prompt for connection of external PI network, set ATN to 0.001=0.0 U146, Ut47, U152,
0.001V tap, A/D reads max of I & Q: then set ATN to 0.0V K135 K136

test group 92 since that group is unable to distinguish a stuck
closed relay from one that is stuck open.

Test for Specific Stuck Closed or Open Relays

Two test groups are involved here. Test group 91 has one pre-
liminary test that basically checks that the external PI net-
work produces the expected signal levels. This test will also
fail if certain ATN relays are stuck closed, but the previous
test group is more suifable for this purpose.

This test is also useful because it leaves all the attenuator
relays open when it is finished. This means that a meter read-
ing of the AC voitage on the HIGH terminal should be less
than 0.3 mV provided that the meter is shunted by a 2k€2
resistor. If a higher voltage is read by the meter, then it is
because an attenuator relay is stuck closed. The voltage read
by the meter should be exactly the same as the transformer
tap voltage selected by the stuck relay. The relationship
between transformer tap voltages and the relays that select
these is given in lest group 92 of Table 11-18. For example,
suppose the meter reads 1.5 voits. Then test number 92.4
shows that the 1.5V transformer tap is selected by refay
K115 and that is the relay that is stuck.

Test group 92 contains tests that check each ATN relay one
by onte. These tests check for any relay that is stuck closed or
open. Each test first sets all ATN relays open, then reads the
same I and (Q signals that were read in the previous test group
{91). Each test then compares these I and Q baseline readings
with I and Q readings taken with one relay closed. If any
change in the I or Q readings is detected, the test passes. The
detection of a change indicates that the selection logic is

AH 2500A Capacitance Bridge

capable of selecting something and a relay is capable of
going from open to closed.

Check Attenuator Voltage Ratios

Test groups 93 and 94 compare the voltages produced by
adjacent attenuator settings. Test group 93 just vses the A/D
to measure both phases resulting from setting the ATN to 15
V. The higher of these values is also measured as the starting
point for test group 94. This is done by test 94.1 which
checks the 15/7.5 ratio.

‘Test group 93 is not very useful by itself for checking the
attenuator, however, it is unigue because i sets up the whole
bridge circuit in a way that allows some exploration. The
effects of creative modification of the PI network can be
observed in the two-phase readings that are taken by the A/D
and reported by this test group.

In each test of group 94, the A/D reads the voltages produced
by adjacent attenuator settings, calculates the ratio and com-
pares it against the expected value. These tests are not
intended to detect smali errors in the ratios; that is the job of
the verification/calibration routines. A failure of these tests
only, probably indicates that the selection logic is not select-
ing the right relays.

NOTE

Some attenuator voltages might be half of what vou expect.
Check the Full/Half setting (f} in the result line, If it is zero,
then the voltage at the HIGH terminal will be half of the
nominal tap voltage label.
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Table 11-19 EEPROM (U304) errors, consequences and repair procedures

Effect
Power-on error Execution error of errot Repair procedure
Measure- | Non-option-I: Re-write the Original calibration data by
( EERrFall } ( [ Bl HBER } mers performing the operation described in step 13 of “Stan-
[ Error ih ] ( Error D } are not dard Capacitor Installation Procedure” on page 12-12.

possible Option-E: The EEPROM must be replaced at the factory.
where ki = [0~ Ib

Measure- | Non-option-E: Re-write the Internal calibration data by

[ EED-50 ] [ TRl dHEH ] ments performing the procedure described in “INTERNAL

{ Errar Ak ] [ Error 7 ] are not CALIBRATION” on page 9-4. (A capacitance calibration
possible will also generate the Internal calibration data.)

where b= 1L -25 Option-E: Same as non-Option-E. (A transformer calibra-

tion will also generate and store the internal cal data.)

Measure- | Non-option-E: Re-write the Capacitance Update calibra-

[ CEP-aN } [ AL dAER } ments tion data by performing the procedure described in
[ Crror OB J { Error 2 } are not “CAPACITANCE CALIBRATION” on page 9-9.
- possible

Option-E: Same as non-Option-E.

Measure- | Non-option-E: Does not apply

[ EEProll } [ LRL dREA J ments Option-E: Re-write the Transformer Update calibration
( Errar hh J| [ Errar 3 ] nol data by performing the procedure described in *“TRANS-
possible | FORMER CALIBRATION” on page 9-12.
where hh =2 1-24d
File Initialize the file space by performing the DELETE com-
{ EEM- a0l ] [ EEPral] ] operations | mand with no gualifiers.
( Erraor hh JI [ Error 2F ) ;ﬁ:{;ﬁe
where kh =L - 15
None Bridgeis | The EEPROM must be replaced.
{ EEFeFall ) totally
{ Error hh } inoperable
where hh = T6- 11
None Bridgeis | The EEPROM must be replaced.
(EEPrah ] totally
[ E-rar BO ] inoperable
None Elapsed The EEPROM must be replaced if the timer is to work.
| EEPrall ] hours
g {imer is
or !
{ Ercar 4 ] inoperable
None Comrect Non-option-E: Re-enter the User, Calibrator and Replace
[ .| } passcodes | passcodes described in “THE CALIBRATION PASS-
[ Crrar B } are not CODES” on page 9-17.
accepted

Option-E: Re-enter the User and Calibrator passcodes
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Chapter 12

Disassembly/Reassembly

This chapter describes how to remove and replace all the
major subassemblies that comprise the AH 2500A. For an
experienced fechnician, much of what is described here will
be obvious. However, there are a number of subtleties that
are specific to the AH 2500A that must be correctly dealt
with if the instrument is not to be damaged and its perfor-
mance is not to be impaired. For this reason, no matter how
much experience you may have, you are cautioned to read
the sections in this chapter that apply to any repairs that you
attemnpt to perform.

WARNING !

The information in this section is for the use of trained ser-
vice personnel only. Electrical shock and other hazards may
be present. Do not attempt to perform these procedures
unless you are qualified to do so. Remaove the power line cord
before removing the covers or removing or replacing any
boards.

Tools and Equipment Required

You need the following tools to perform the disassembly/
reassembly procedures that follow.

1. #2 Phillips head screwdriver.
2. Small flat blade screwdriver.

3. Torque screwdriver set to 18 in-lbs
(200 N-cm) with a #2 Phillips bit.

4. Right-angle torque wrench set to 18 in-lbs (200 N-cm)
with a #2 Phillips bit.

5. Right-angle torque wrench set to 75 in-lbs (800 N-cm)
with a deep 5/8 inch {16 mm) hex socket.

6. Diagonal cutters.

7. Integrated circuif insertion/extraction tool for 24 & 28-
pin IC for replacing firmware.

8. Soldering equipment if you are replacing the power
supply (A701) assembly.

AH 2500A Capacitance Bridge

Integrated Circuit Removal Techniques

It is easy to damage a printed circuit board in the process of
trying to remove an integrated circuit (1C). The damage usu-
ally results from trying to “save” the IC which requires heat-
ing all of its pins simultaneously. This is a difficult process
which always applies more heat to the circuit board than is
needed and often applies enough to cause damage.

Since the AH 2500A circuit boards are much more valuable
than any IC on them, no attempt should ever be made o
“save” an IC. With this philosophy. any DIP IC can easily be
removed with a minimal possibility of damaging the circuit
board that it is on. The steps in this process are:

1. Working from the parts-side of the circuit board with a
fine pair of diagonal cutters, clip each lead of the IC
that is to be removed. The clipping must be done as
close to the body of the IC as possible. When all are
clipped, the (now leadless) body of the IC will come
right out.

2. Asoldering iron can now heat each lead from the sol-
der-side of the circuit board while a fine pair of pliers
used {rom the paris-side of the board pulls the clipped
lfead from the plated-through hole when the solder has
meited.

3.  The solder is now ready to be removed from the holes,
but no flux is on the sofder. This will make it flow with
more difficulty than ctherwise. Applying a little fresh
rosin-core solder to each hole will greatly improve the
solder’s ability to flow.

4. A solder-sucker can now remove the solder from each
piated-through hole. The fresh flux applied in the previ-
ous step should cause the cleared holes to be clean and
shiny.

CAUTION

To prevent static damage to the instrument, always observe
the following anti-static techniques when handling any
boards or assemblies.
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Anti-static Handling Techniques

Electrostatic discharge (ESD) can be a cause of electronic
component failure. It can occur at static levels below human
perception and can affect both passive and active devices.
The following guidelines should be observed when handling
assemblies used in the AH 2500A.

f.  The workbench should be covered with a conductive
mat that is connected to earth ground through a
1 Megohm resistor.

2. You should wear a conductive wrist strap that is
attached to earth ground through a | megohm resistor.

3. Metal equipment at the workstation must be grounded,
including shelving and soldering and de-soldering
equipment. One common ground should be provided at
the workstation.

4. Non-conductors such as plastics and cardboard should
not be present at the workstation and there should not
be rugs or carpet on the floor.

5. Anti-static material should always be used for shipping,
storing and transporting electronic assemblies.

Hardware Used for Disassembly and
Reassembly

Table 12-1 lists the hardware used in the disassembly/reas-
sembly procedures described in this chapter.

Table 12-1 Hardware used in disassembly/
reassembly

Part Used for

6-32 x 1/4 Phillips
pan-head screw

Mounting Keypad and Display
boards. Securing HIGH coaxial

cable shield,
6-32 x 1/4 Phillips | Large, brown, vinyl-covered side
oval-head screw panels.

6-32 x 3/8 Phillips
oval-head screw

6-32 x 1/2 Phillips
oval-head screw

6-32 % 7/16 Phil-
lips truss-head
screw

6-32x 3/8 Phillips
pan-head screw

Small, brown, vinyl-covered side
COVELS.

Top and bottom bezels.

Top and bottom covers.

shield, and bias coax shield. Front
feet.

£-32x 3/8 Phillips
pan-head screw bly mounting. Lockwashers

required with power supply.

Mounting all boards except Keypad
and Display boards. Securing LOW
input shield, standard capacitor coax

Preamp cover. Power supply assem-

CAUTION

The chassis of the AH 25004 forms an integral part of its
circuitry, Printed circuit boards and other components must
make very low resistance contact at their points of
attachment to the chassis. All screws that are loosened must
be re-tightened to the value of torque specified by the
procedures. Failure to do so can cause subtle performance
problems. (Don’t even think about not instailing oll the
screws!}

Screws holding printed circuit boards will become looser
with time due to relaxation in the circuit board. This is
acceptable, but only emphasizes the need to fully tighten any
screws that are loosened during repair.

12-2 Disassembly/Reassembly

«but Pue never p%
the screwss back, much

fess tightened them to
\ the specifiad torque...

Figure 12-1 Consequences of sloppy werkmanship
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REMOVAL AND INSTALLATION

PROCEDURES

Removal and Installation of Covers

Prior to Cover Removal

1.

2.

Remove all external eguipment connections from the
AH 2500A.

Disconnect the power line cord from the AH 2500A.

Top Cover Removal Procedure

1.

Place the instrument top side up with the front panel
facing you.

Identify the two bezel screws with the help of
Figure 12-2. Loosen these screws two turns,

Remove the four screws holding the large,
brown top cover.

Refer to Figure 12-2. Place the instrument on end as
shown in the figure, with the front panel facing down

and the top cover facing you.

Remove the top cover =by pulling straight up.

Bottom Cover Bemoval Procedure

i

Place the instrument bottom side up with the front
panel facing you.

Loesen the two bottom bezel screws two turns. These
SCrews are in a position opposing that shown in
Figure 12-2.

Remove the four bottom cover screws holding the
large, brown bottom cover.

Refer to Figure 12-2. Place the instrument on end as
shown in the figure, with the front parel facing down
but with the bottom cover facing vou.

Remove the botiom cover by pulling straight up. If you
feel resistance at about the position of the cover shown
int the figure, check to see if the screws holding the front
feet are interfering with the edge of the midplane or
with the rear panel. If they are, pull the center of the
bottom cover toward you enough to allow the screws 1o
clear the midplane or rear panel. The midplane is easily
identified as MP902 in the exploded parts view

Figure F-3 on page F-9.

AH 2500A Capacitance Bridge

Cover screw
positions

i

Midplane

Bezel screws

Figure 12-2 Cover removal and installation

Top Cover Installation Procedure

1.

Refer to Figure 12-2. Place the instrument on end with
the front panel facing down and the top of the bridge
facing you.

Install the top cover by sliding it straight down. If vou
feel resistance, be sure that the cover is straight. Slight
misalignment is enough to cause it to bind in its track.

Place the bridge top side up with the front panel facing
Yot

CAUTION

Over-tightening the cover screws may permanently deform
the cover. Use only enough force to tighten the screws and

not deform the cover. DO NOT use a torque screwdriver on
these screws.

4,

5.

Install but do not tighten the four 6-32 x 7/16 truss-head
top COVer SCrews.

Securely tighten the two screws holding the bezel.
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External trigger A701 to Backpanel screws
cable {W918)
Figure 12-3 Power supply assembly (A701) detail
6. Tighten the four top cover screws. See the caution 3. Place the bridge bottor side up with the front panel

above.

Calibration requirements for replacement of individual
subassemblies are given in the associated procedures. If
you are uncertain as to whether you have done anything
that may require additional calibration, it is a good idea
to perform verifications on the bridge as described in
Chapter 9, “Verification/Calibration”.

Bottom Cover Installation Procedure

i

12-4

Refer to Figure 12-2. Place the bridge on end as shown
in the figure with the front panel facing down but with
the bottom of the bridge facing you.

Install the bottom cover by sliding it straight down. If
you feel resistance, be sure that the cover is straight.
Slight misalignment is enough to cause it to bind in its
track, If vou still feel resistance, check to see if the
screws holding the front feet are interfering with the
midplane or the rear panel. If they are, pull the center of
the bottom cover towards you enough to allow the
screws {o clear the edge of the midplane or rear panel.
The midplane is easily identified as MP902 in the
exploded parts view Figure F-3 on page F-9.

Disassembly/Reassembly

facing you.

4. Install but do not tighten the four 6-32 x 7/16 truss-head
top cover screws.

CAUTION

Over-tightening the cover screws may permanently deform
the caver. Use only enough force to tighten the screws and

not deform the cover. DO NOT use a torgue screwdriver on
these screws.

3. Securely tighten the two screws holding the bezel.

6. Tighten the four bottom cover screws. See the caution
above.

7. Calibration requirements for replacement of individual
subassemblies are given in the associated procedures. If
you are uncertain as to whether you have done anything
that may require additional calibration, itis a good idea
to perform verifications on the bridge as described in
Chapter 9, “Verification/Calibration”.

AH 2500A Capacitance Bridge
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Power Supply (A701) Removal and
Installation

Power Supply Removal Procedure

1. Remove the top and bottom covers using the proce-
dures in “Removal and Installation of Covers” on
page 12-3,

2. Place the bridge bottom side up with the rear panel fac-
ing you,

3.  Refer to Figure 12-3. Remove the two screws and lock-
washers holding the power supply assembly to the mid-
plane.

4. Place the bridge top side up with the rear panel facing
you,

5. Unplug the power connector that is attached to J302 on
the processor board (A301).

6. Using a pair of diagonal cutters, cut off the six wire
leads from the power transformer secondary windings
as close to the power sapply board as possible.

7. Using a pair of diagonal cutters, cut off and remove the
two cable ties holding the power switch cable (W701)
and external trigger coaxial cable (W918).

8. Remove the two screws and lockwashers holding the
power supply assembly (A701) to the rear panel and
remove the power supply assembly from the bridge.

Power Supply Installation Procedure

1. Place the bridge top side up with the rear panel facing
you.

2. Carefully strip 1/8 inch of insulation from the ends of
the power transformer leads. This must be done very
gently since the leads are easily pulled out of the trans-
former.

3. Refer to Figure 12-3. Orient the power supply assembly
(A701) and place it into the bridge chassis. Install the
two 8-32 x 3/8 pan-head screws and two #8 lockwash-
ers that attach the power supply assembly to the rear
panel. The lockwashers go on the outside of the back
panel.

4. Pluag the power connector from the power supply
assembly into J302 of the processor board (A301).

5. Put the stripped ends of the power transformer leads
into the holes on the power supply board according to
the wire color codes near the holes. These will be sol-
dered to the opposite side of the boared.

6. Turn the bridge over so the bottorn is facing vp and the
rear panel is towards you.

7. Instal] the two 8-32 x 3/8 pan-head screws and two #8
lockwashers that attach the power supply assembly to

AH 2500A Capacitance Bridge

the midpiane. The lockwashers must be directly under
the heads of the screws.

8. Stand the bridge with the front panel facing down and
the bottom of the bridge towards you.

9. Using a torque wrench, tighten these two screws and
the two that attach the power supply to the rear panel to
18 in-lhs (200 N-cm).

10. Lay the bridge down with the bottom facing up and the
rear panel towards you.

11. Solder the six wires from the power fransformer sec-
ondary windings to the pads of the printed circuit
board.

12. Using two cable ties, secure the power switch cable and
the external trigger cable to the power supply assembly
at each of the two sets of holes in the power supply
frame.

13. Check the power supply voltages using the procedure
described in “‘Checking Power Supply Voltages” on
page 11-4.

14. If the voltages are now correct, then install the covers
using the procedures in “Removal and Installaton of
Covers” on page 12-3.

15. If no other change was made fo the bridge, the calibra-
tiont should not have changed. Refer to Chapter 9, “Ver-
ification/Calibration” if you need to verify this.

Processor Board (A301) Firmware
Replacement

Firmware Replacement Information

The firmware for the AH 2500A consists of one EEPROM
(U304) and three ROMSs (U305, U306 and U307). located on
the processor board (A301).

The EEPROM contains factory generated information that is
unique to a particular bridge and is wsually replaced only if a
failure occurs.

The three ROMs contain the operating firmware for the
bridge and are always replaced as a complete set. There are
several ROM versions of these sets. The correct set to use
depends on the serial number of the bridge.

CAUTION

Observe the handling methods described in “Anti-static
Handling Techniques” on page 12-2 when replacing any of
the firmware components.
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The procedures below describe replacing both the EEPROM
and the ROM sets. If you are replacing only the EEPROM or
only the ROM sets, skip the steps that are not appropriate.

Firmware Removal Procedure

1.

Remove the top cover using the “Top Cover Removal
Procedure” on page 12-3.

Place the bridge top side up with the rear panel facing
you.

Refer to Figure 12-5 on page 12-14. Locate the proces-
sor board (A301) and on it locate the EEPROM and
socket labeled U304. Using an integrated circuit extrac-
tor or a small flat-blade screwdriver, carefully pry the
EEPROM loose. Make sure it comes straight up out of
its sacket to avoid bending the pins in case you should
need fo re-install it later.

Locate the three ROMs and sockets labeled U303,
U306 and U307, Using an integrated circuit extractor or
a small fiat-blade screwdriver, carefuily pry the three
ROMs loose. Make sure they come straight up and out
of their sockets to avoid bending the pins in case you
should need to re-install them later.

Firmware Installation Procedure

1.

12-6

Locate the socket labeled U304 on the processor board
(A301). Remove the EEPROM labeled U304 from the
conductive foam it is shipped in and orient it so the
semicircular notch indicating pin 1 faces towards you.
The notched end of the EEPROM will match up with
the notch symbol silkscreened underneath the socket if
the EEPROM is oriented propesly. Align the pins and
insert the EEPROM into the socket U304,

Locate the sockets Iabeled U305, U306 and U307 on
the processor board (A301}. Remove the three ROMs
fabeled U305, U306 and U307 from the conductive
foam they are shipped in and orient them so the semi-
circular notch indicating pin 1 faces towards you. The
notched end of the ROMs will match up with the notch
symbols sitkscreened underneath the sockets if the
ROMS are oriented properly. Align the pins and insert
the ROM labeled U305 into the socket labeied U3035.
Do the same with U306 and U307.

Install the top cover using the “Top Cover Installation
Procedure” on page 12-3.

If the ROMs were replaced by others with the same
version numbers, then the bridge should be ready to
operate. If the version was different, or if the EEPROM
was replaced, then follow the instructions that come
with the replacement parts.

Disassembly/Reassembly

Processor Board (A301) Removal and
Installation

Processor Board Removal Procedure

L.

To replace the processor board withowr replacing the
Armware, first perform the “Firmware Removal Proce-
dure” | then skip to step four of this procedure.

To replace the processor board and the firmware it con-
tains, start with this step. Remove the top cover using
the “Top Cover Removal Procedure” on page 12-3.

Place the bridge top side up with the rear panel facing
you.

Refer to Figure 12-5 on page 12-14. Unplug the power
supply power connector from J302.

Unlatch and unplug the six ribbon cable assemblies in
the following order from J306, J304, J303, J313, J305,
and J312. Unplug the exfernal trigger cable (W918)
from J318.

Remove the six screws holding the processor board and
remove the board,

Processor Board Installation Procedure

1.

Place the bridge fop side up with the rear panel facing
you,

Refer to Figure 12-5 on page 12-14. Orient the proces-
sor board (A301} and install the six 6-32 x 3/8 pan-head
TNOUTHINg sCrews.

Using a torque screwdriver, tighten the six screws to 18
in-lbs (200 N-cm).

Plug the external trigger cable (W918) into J318 of the
processor board. The orientation of the plug in the
socket does not matter.

Plug in and latch the ribbon cable from the keypad
assembly (A502) into J306.

Plug in and latch the ribbon cable from the multiplexer
assembly (A401) into J303.

Plug in and latch the ribbon cable from the display
assembiy (AS01) into J304,

Plug in and laich the GPIB cable assembly (W913) into
1313,

Plug in and latch the sample switch cable assembly
{W905) into J305.

. Plug in and latch the RS-232 cable assembly (W912)

inio J312.

. Plug in the power supply (A701) power connector into

J302.
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12. H the processor board does not have the firmware

3.

installed, follow the “Firmware Installation Procedure”
otherwise install the top cover using the “Top Cover
Instailation Procedure” on page 12-3.

If the firmware was reused, the bridge shouid be opera-
tional. Refer to Chapter 9, “Verification/Calibration” if
you need to verify this.

Display Board (A501) Removal and
Installation

Display Board Removal Procedure

L.

Remove both covers using the procedures in “Removal
and Installation of Covers” on page 12-3.

Place the bridge bottom side up with the rear panel fac-
ing you.

Remove the two screws holding the lower edge of the
display board.

Place the bridge top side up with the rear panel facing
you.

Remove the two screws holding the top bezel and
remove the top bezel.

Refer to Figure 12-5 on page 12-14. Unlatch and
unplug the ribbon cable from J304 on the processor
board (A30D).

Remove the two screws holding the upper edge of the
display board and remove the board.

Display Board Installation Procedure

I

Refer to Figure 12-5 on page 12-14. Ortent the display
board (A501) and install it from the top side of the
bridge. Install the two pan-head 6-32 x 1/4 screws that
hold the upper edge of the board in place.

Plug the display board ribbon cable into J304 on the
processor board and latch it

Place the bridge bottom side up with the rear panel fac-
ing you. Install the two pan-head 6-32 x 1/4 screws that
hold the iower edge of the board.

Place the bridge on end with the front panel facing
down and the bottom facing you. While supporting the
front panel from below so as not to bend it, tighten the
two lower screws to 18 in-1bs (200 N-cm). The front
panel s easily supported by squeezing it with one hand
up against the bottom bezel,

Turn the bridge so the front panel is facing down and
the top is facing you. While again supporting the front
panel from below, tighten the two upper screws to 18
in-lbs {200 N-cm).

Install the top bezel but do not tighten the screws.
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Install the covers using the procedures in “Remwoval and
Installation of Covers” on page 12-3,

Use the test in “Test front panel display LED segments”
on page 11-13 to check the operation of the
display.

Keypad Board (A502) Removal and
Installation

Keypad Board Removal Procedure

1.

Remove both covers using the procedures in “Removal
and Installation of Covers™ on page 12-3.

Place the bridge botiom side up with the rear panel fac-
ing you.

Refer to Figure 12-6 on page 12-15. Remove the bot-
tom bezel (MP921).

Remove the two screws holding the lower edge of the
keypad board.

Place the bridge top side up with the rear panel facing
you.

Refer to Figure 12-5 on page 12-14. Unlatch and
unplug the ribbon cable from J306 on the processor
board.

Remove the two screws holding the upper edge of the
keypad board and remove the board.

Keypad Board Installation Procedure

1.

Place the bridge top side up with the rear panel facing
you.

Refer to Figure 12-6 on page 12-15. Orient the keypad
board (A502) and install it from the top side of the
bridge. Install the two pan-head 6-32 x 1/4 screws that
hold the upper edge of the board in place,

Plug the ribbon cable into J306 on the processor board
{A301) and latch it.

Place the bridge bottom side up with the rear panel fac-
ing you. Install the two pan-head 6-32 x 1/4 screws that
hold the lower edge of the board.

Tarn the bridge so the front panel is facing down and
the top is facing you. While supporting the front panel
from below so as not to bend it, tighten the two upper
screws to 18 in-Ibs (200 N-cm). The front panel is eas-
ity supported by squeezing it with one hand up against
the top bezel.

Turn the bridge so the front panel is facing down and
the bottom is facing you. While again supporting the

- front panel from below, tighten the two upper screws o

18 in-lbs (200 N-cm).

Disassembly/Reassembly 12-7



Turn the bridge so the bottom side is up and the front
panel is facing you. Install the bottom bezel but do not
tighten the screws,

Install both covers using the procedures in “Removal
and Installation of Covers” on page 12-3.

Multiplexer Board (A401) Removal and
Installation

Muitiplexer Board Removal Procedure

i

Remove both covers using the procedures in “Removal
and Instaliation of Covers” on page 12-3.

Place the bridge bottom side up with the front panel
facing you.

Refer to Figure 12-6 on page 12-15. Unlatch and
unplog the ribbon cable that is attached to J110 on the
main board (A101).

Place the bridge with the top side up and the front panel
facing you.

Refer to Figure 12-5 on page 12-14. Unlatch and
unplug the display board ribbon cable from J304 on the
processor board 1o allow access o J303 on the proces-
sor board.

Unlatch and unplug the ribbon cable that is attached fo
J3043 on the processor board (A301).

Remove the four screws holding the multiplexer board
and remove the board.

Multiplexer Board Installation Procedure

I

12-8

Place the bridge top side up with the front panel facing
you.

Refer to Figure 12-5 on page 12-14. Orient the mulii-
plexer board (A401} and install it from the top side of
the bridge. Route the ribbon cable from J410 on the
multiplexer board down between the display board and
the midplane. This cable will be attached to the main
board (A101} later. Install the four 6-32 x 3/8 pan-head
screws to hold the muttiplexer board in place.

Tighten all four screws to 18 in-Ibs (200 N-cm).

Plug the ribbon cable from J403 on the multiplexer
board (A401} into J303 on the processor board (A301)
and latch it.

Plug the display board ribbon cable into J304 on the
processor board and latch it

Turn the bridge over so the bottom side is up and the
front panel is facing you.

Refer to Figure 12-6 on page 12-15. Plug the ribbon
cable from J410 on the multiplexer board into J110 on
the main board {A 101} and latch #t.

Disassembly/Reassembly
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I the multiplexer board has been replaced with a differ-
ent one or if U409 has been replaced on it, the calibra-
tion of the HIGH terminal output voltage must be
checked/adjusted. The procedure for this is given in
“Adjustment of HIGH Terminal Signal Level” on

page 11-22.

Install both covers using the procedures in “Removal
and Installation of Covers” on page 12-3.

Replacement of the multiplexer board requires that an
internal calibration be performed on the bridge. See
“INTERNAL CALIBRATION” on page 9-4. No other
calibration is affected.

Main Board (A101) Removal and
Installation

Note that the main board is replaceable with a different main
board only if the bridge is not an Option-E. Due to the special
equipment and calibration procedures required, replacement
of an Option-E main board can only be done at the factory.

Main Board Remowval Procedure

1.

6.

Remove the bottom cover using the “Bottom Cover
Rernoval Procedure” on page 12-3.

Place the bridge bottom side up with the rear panel fac-
ing you.

Refer to Figure 12-6 on page 12-15. Unplug the HIGH
coaxial cable {(W902) center conductor pin from socket
Ji1L.

Remove the screw holding the HIGH coaxial cable
{(W902) shield near socket J111, Set this screw aside for
iater. It is shorter than all the other main board screws.

Unlatch and unpliug the preamp (A601) ribbon cable
from J107.

Unlatch and unplug the ribbon cable from the multi-
piexer board (A401) from J110.

Unplug the flexible circuit connector on the standard
capacitor (C210} from 114 oa the main board.

Remove the nine screws holding the main board to the
midplane and remove the main board.

Main Board Installation Procedure

1.

Place the bridge bottom side up with the rear panel fac-
ing you.

Orient the main board (A101} as shown in Figure 12-6
on page 12-15. Install the nine 6-32 x 3/8 pan-head
screws holding the main board o the midplane. Then
tighten these screws to 18 in-1bs (200 N-cm).

AH 2500A Capacitance Bridge
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3. Plug the ribbon cable from the multiplexer board
(A401) into J110 and latch it.

4. Plug the ribbon cable from the preamp board (A601)
into J107 and latch .

5. Plug the flexible circuit connector on the standard
capacitor into 1114 on the main board.

6. Install the 6-32 x 1/4 pan-head screw holding the HIGH
coaxial cable (W901) shield near socket J111 and then
tighten it to 18 in-lbs (200 N-cm).

CAUTION

DO NOT use alonger screw to hold the HIGH coaxial cable
(W90 ) shield. This shield terminal must not short to the
midplane or subtle problems will occur. A longer screw could
also distort or break the main board.

internal and capacitance calibration data stored in its
EEPROM. Any previous calibration data will be gone.

CAUTION

Re-calibrating the main board is an irreversible procedure
that destroys the original calibration done at the time of
manufacture of the bridge. Execution of this procedure is
intended only for the case where the main board or the
capacitance standard have been replaced with different
assemblies.

7. Plug in the HIGH coaxial cable center conductor pin
into socket 3111,

8. [f the main board has been reptaced with a different one
or if the main generator circuit on page one of the main
board schematics has been repaired, the calibration of
the HEGH terminal output voltage must be checked/
adjusted. The procedure for this is given in “Adjust-
ment of HIGH Terminal Signal Level” on page 11-22.

9. Install the bottom cover using the “Bottom Cover
Installation Procedure” on page 12-4.

1G. If the original main board has been re-instalied, then
only an internal calibration need be performed. An
internal calibration is especially important if any parts
were replaced. See “INTERNAL CALIBRATION” on
page 9-4 for an explanation of this procedure.

11. If this is a non-Option-E bridge and the original board
was replaced with a different board, then an extensive
internal and capacitance recalibration of the bridge is
required. This is done by performing the capacitance
calibration setup as described in “Obtaining the Capaci-
tance Verification Data.” on page 9-9. When the setup is
ready and bridge is stable, do not use the calibration
command given in that section. Instead, use the com-
mand:

STORE CALIBRATE 2
CALIBBATE standardvalue

You will be prompied for the Replace passcode with the
prompt r #L L adE. After you enter this special pass-
code, the bridge wil} spend about eight minutes making
the calibration measurement. The front panel will dis-
play CALbFrAEE BLISH during this time and will
show £ AdY when the procedure has saccessfully
completed. At this time, the bridge will contain all new

AH 2500A Capacitance Bridge

12. If there is any reason (o believe that the main board is
not fully functional after having been re-instailed, it
may be desirable to verify the loss calibration as
described in “LOSS VERIFICATION" on page 9-16.

Preamp Board (A601) Removal and
Installation

Preamp Board Removal Procedure

t. Remove the bottom cover using the “Bottom Cover
Removal Procedure” on page 12-3.

2. Place the bridge bottom side up with the rear panel {ac-
ing you. Refer to Figure 12-6 on page 12-15.
3.  Mark the preamp cover top so it can be replaced with

the same side up. Remove the four screws holding the
preamp cover to the preamp enclosure.

4. Refer to Figure 12-4. Unplug the LOW coaxial cable
(W901) center conductor pin from JGOS.

Unplug the standard capacitor (C210) coaxial cable
center conductor pin from J609.

Remove the screw holding the LOW coaxial cable
shield (W9{1) and the standard capacitor (C210) coax-
ial cable shield.

7. Unlatch and unplug the ribbon cable going {0 J107 on
the main board {A101).

8.  Unplug the DC bias coaxial cable (W619) center con-
ductor pin from J619.

w

Remove the screw holding the DC bias coaxial cable
(W619) shield near J619.

10. Remove the four screws holding the preamp board
(A601) and remove the board.

Disassembly/Reassembly 12-9
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Preamp Board Instatlation Procedure

1.

12-10

Place the bridge bottom side up with the rear panel fac-
ing you.

Orient the preamp board {A601} as shown in Figure 12-
4 and install the four 6-32 x 3/8 pan-head screws hold-

ing the preamp board. Tighten these screws to 18 in-lbs

{200 N-cm).

Install the 6-32 x 3/8 pan-head screw holding the DC
bias coaxial cable (W619) shield near 1619 and tighten
it to 18 in-Ibs (200 N-cm). Hold the terminal lug as the
screw is being tightened so that the lug doesn’t rotate
against other parts.

Piug the IDC bias coaxial cable center conductor pin
into J619,

Disassembly/Reassembly

Plug the preamp board ribbon cable into J107 on the
main board (A101).

Install the 6-32 x 3/8 pan-head screw holding the LOW
coaxial cable (W901) shield and the standard capacitor
{C210) coaxial cable shield. The lug on the LOW ter-
minal cable shield should be next to the board and the
lug on the standard capacitor cable shield should be on
top. Orient the LOW cable and lugs as shown in the fig-
ure. Tighten the screw to 18 in-Tbs (200 N-cm) while
maintaining the lug orientations.

Install the .OW coaxial cable center conductor pin into
1808,

Route the standard capacitor cable center conductor
over the top of the LOW terminal cable center conduc-
tor and instail the pin into J609.

AH 2500A Capacitance Bridge
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10.

Replacement of the preamp does not require adjustment
of the two trimpots on the board. These are set at the
factory and only require adjustment if the diagrostic
self-tests indicate a problem.

Orient the preamp cover with your marked side ap.
This s done to ensure that the anodizing does not pre-
vent the cover from making good electrical contact
with the preamp enclosure. Install the four 8-32 x 3/8
pan-head preamp cover screws hand tight. DO NOT
overtighten or use a torque screwdriver. The cover will
be distorted if excess torgue is used.

NOTE

If the preamp cover does not make good electrical contact
with the preamp enclosure, the preamp will not be adequately
shielded. This can cause measurements to be noisier than
they should be. If poor electrical contact is suspected, the
anodizing can be broken through by votating the four preamp
screws back and forth as they are being tightened.

1.

i2.

Instali the bottom cover using the “Bottom Cover
Instaiiation Procedure” on page 12-4.

Replacement of the preamp board requires that an inter-
nal calibration be performed on the bridge. See
“INTERNAL CALIBRATION” on page 9-4.

HIGH and LLOW Cable (W902 and W901)
Removal and Installation

HIGH and LOW Cable Removal Procedure

L

Perform steps 1-6 of the “Preamp Board Removal Pro-
cedure” on page 12-9.

Refer to Figure 12-6 on page 12-15. Unplug the HIGH
coaxial cable (W902) center conductor pin from socket
Jii,

Remove the screw holding the HIGH coaxial cable
{W902) shield near socket J111. Set this screw aside for
later. It is shorter than all the other main board screws.

Using a pair of diagonal catters, cut off and remove the
two cable ties that hold the HEGH coaxial cable to the
midplane.

Using a socket wrench with a 5/8 inch deep socket,
remove the two nuts that hold the BNC connectors at

the ends of W01 and W02 to the rear panel.

Remove the HIGH cable {W902) and its lockwasher.

AH 2500A Capacitance Bridge

Loosen the plastic bushing at the point where the LOW
cable {W901} passes through the preamp enclosure.
Remove the LOW cable and its lockwasher taking the
bushing with them.

HIGH and LOW Cable installation Procedure

1.

Place the bridge bottom side up with the rear panel fac-
ing you.

Refer to Figure 12-6. Put the HIGH cable (W902) in
place and route it through the long, rectangular hole in
the midplane. Place the special large lockwasher
between the BNC connector and the inside of the rear
panel. Make sure that this area is clean and shiny since
extremely good electrical contact is required.

Instal! the nut that holds the BNC connector at the end
of W92 to the rear panel. Using a torque wrench with
a 5/8 inch deep socket, tighten the nut to 75 in-1bs {800
N-cm).

Install the 6-32 x 1/4 pan-head screw helding the HIGH
coaxial cable (W902) shield near socket J111 and then
tighten it to 18 in-Ibs (200 N-cm).

CAUTION

DO NOT use a longer screw to hold the HIGH coaxial cable
(WO01 ) shield. This shield terminal must not shovi to the
midplane or subtle problems will occur. A longer screw could
alse distort or break the main board.

Plug in the HIGH coaxial cable center conductor pin
into socket J111,

Use two small cable ties to hold the HIGH cable at each
end of the long hole in the midplane through which this
cable passes. Each tie should go through a pair of small
holes in the midplane.

Refer to Figure 12-4. Put the LOW cable with its lock-
washer and plastic bushing in place. The special large
fockwasher goes between the BNC connector and the
inside of the rear panel, Snap the bushing into the hole
in the preamyp enclosure through which the L.OW cable
passes.

Install the nut that holds the BNC connector at the end
of W501 to the rear panel. Using a torgue wrench with
a 5/8 inch deep socket, tighten the nut to 75 in-Ths (800
N-cmj).

Complete this procedure by performing steps 6-11 of
the “Preamp Board Installation Procedure™ on
page 12-10.

Disassembly/Reassembly 12-11



Standard Capacitor (C210) Removal and
Installation

Note that the standard capacttor is replaceable with a differ-
ent standard capacitor only if the bridge is not an Option-E.
Due to the special equipment and calibration procedures
reguired, replacement of an Option-E standard capacitor can
only be done at the factory.

NOTE

Do not open the standard capacitor assembly, There are no
user-serviceable parts inside the standard capacitor assem-
biv and opening it will void your warranty, All repairs to the
standard capacitor assembly must be done by the factory.

Standard Capacitor Removal Procedure

1. Remove both covers using the procedures in “Removal
and Instaliation of Covers” on page 12-3.

2. Remove the processor board (A301) using the “Proces-
sor Board Removal Procedure™ on page 12-6.

3. Place the bridge bottom side up with the rear panel fac-
ing you.

4. Mark the preamp cover top so it can be replaced with
the same side up. Remove the four screws holding the
preamp cover to the preamp enclosure,

5. Unplug the standard capacitor (C210) coaxial cable
cenfer conductor pin from J609 on the preamp board
{A601).

6. Remove the screw holding the LOW input coaxial
cable shield and the standard capacitor coaxial cable
shield near Y608 on the preamp board (A601).

7. Unplug the standard capacitor’s flexible circuit connec-
tor from J114 on the main board (A101).

8. Place the bridge on edge so the right side is down and
the front panel is facing you.

%, While holding the standard capacitor so it doesn't fall,
remove the four screws on the top side of the midplane
that hold the standard capacitor assembly.

10. Carefully feed the standard capacitor coaxial cable
through the hole in the preamp enclosure and remove
the standard capacitor from the bridge.

12-12  Disassembly/Reassembly

Standard Capacitor Installation Procedure

1. Place the bridge on edge so the right side is down and
the front panel is facing you.

2. Orient the standard capacitor assembly as in Figure 12-
6 on page 12-15. Feed the standard capacitor coaxial
cable through the hole in the preamp enclosure and
align the standard capacitor over the mounting holes in
the midplane.

3. Hold the standard capacitor in position and install the
four mounting screws from the top side of the mid-
plane, through the midplane and into the standard
capacitor mounting holes.

4. Place the bridge top side up with the front panel facing
you and then tighten the four standard capacitor mount-
ing screws to 18 in-1bs (200 N-cm).

5. Install the processor board (A301) using the “Processor
Board Instailation Procedure” on page 12-6

6. Place the bridge bottom side up with the rear panel fac-
ing you.

7. Plug the standard capacitor’s flexible circuit connector
into J114 on the main board {A101).

8. Refer to Figure 12-4 on page 12-10. Install the 6-32 x
3/8 pan-head screw hoiding the LOW input coaxial
cable shield and the standard capacitor coaxiai cable
shield on the preamp board (A601). The lug on the
LOW terminal cable shield should be next to the board
and the lug on the standard capacitor cable shield
should be on top. Orient the LOW cable and lugs as
shown in the figure. Tighten the screw to 18 in-Ibs (200
N-cm) while maintaining the tug orientations.

9. Plug the standard capacitor (C210) coaxial cable center
conductor pin into J609 on the preamp board (A601).

10. Orient the preamp cover with your marked side visible.
This is done to ensure that the anodizing does not pre-
vent the cover from making good electrical contact
with the preamp enclosure. Install the four 8-32 x 3/8
pan-head preamp cover screws hand tight. DO NOT
overtighten or use a torque screwdriver. The cover will
be distorted if excess torque is used.

NOTE

If the preamp cover does not make good electrical contact
with the preamp enclosure, the preamp will not be adequately
shielded. This can cause measurernents to be noisier than
they should be. If poor electrical contact is suspected, the
anodizing can be broken through by oscillating the four
preamp screws back and forth as they are being tightened.

AH 2500A Capacitance Bridge
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11. Install both covers using the procedures in “Removal
and Installation of Covers” on page 12-3.

12. Tf the original standard capacitor has been re-installed,
then a capacitance verification should be performed.
See “CAPACITANCE CALIBRATION" on page 9-9
for an explanation of this procedure.

13. If this is a non-Option-E bridge and the original stan-
dard capacitor was replaced with a different one, then
an extensive internal and capacitance recalibration of
the bridge is required. This is done by performing the
capacitance calibration setup as described in “Obtain-
ing the Capacitance Verification Data.” on page 9-9.
When the setup is ready and bridge is stable, do not use
the calibration command given in that section. Instead,
use the command:

STORE CALIBRATE 2
CALIBRATE standardvalue

You will be prompted for the Replace passcode with the
prompt rPL [ odE. The Owner passcode will not
also be accepted here unless it is the same as the
Replace passcode. After you enter this special pass-
code, the bridge will then spend about eight minutes
making the calibration measurements. The front panel
will display CALbrAEE bUSY during this time
and will show rEAdY when the procedure has suc-
cessfully completed. At this time, the bridge will con-
tain all new internal and capacitance calibration data
stored in its EEPROM. Any previous calibration data
will be gone.

CAUTION

Re-calibrating the standard capacitor is an irreversible
procedure that destroys the original calibration done af the
tirme of manufacture of the bridge. Execution of this
procedure is intended only for the case where the main board
or the capacttance standard have been replaced with
different assemblies.

Side Casting (MP913) Removal and
installation

Side Casting Removal Procedure

I.  Remove the top and bottom covers using the proce-
dures in “Removal and Installation of Covers” on
page 12-3.

2. Place the bridge with the side facing up that has the
casting to be removed.

AH 2500A Capacitance Bridge

Refer to the exploded parts view Figure F-3 on page
F-0. Locate parts MP913 and MP914 in the lower left
corner of the figure. Remove the two oval-head screws
holding the brown vinyl-covered side panel (MP914) to
the casting and remove the panel.

Locate the small brown cover panel MP915 (or ear
MP910 if you are using rack-mounting) in the figure.
Remove the screw holding MP915 {two screws for
MP910) to the casting and remove the panel or ear.

Remove the eight flat-head screws that hold the side
casting (MP913) to the rest of the instrument and
remove the casting. The bridge should be handled with
care at this point since the front panel is now only sup-
ported at one end.

Side Casting Installation Procedure

1.

Place the bridge with the side facing up that to receive
the side casting.

Refer to the exploded parts view Figure F-3 on page
F-9. Put the side casting (MP913) in place so that the
grooves that hold the top and bottom covers face
toward the interior of the bridge. (There is only one
kind of side casting as opposed to having right and left
versions.)

Install the eight flat-head 6-32 x 3/8 screws to hold the
casting. Tighten all eight screws to 18 in-lhs (200
N-cm). Be sure to observe the note about screws and
their tightening on page 2 of this chapter.

Put the small brown cover panel MP915 (or ear MP910
if you are using rack-mounting) in place. Install the 6-
32 x 3/8 oval-head screw to hold MP9135 (or the two
10-32 oval-head screws to hold MP910) to the casting
and tighten securely.

Put the brown vinyl-covered side panel (MP314) in
place. Install the two 6-32 x 1/4 oval-head screws 1o
hold the side panel to the casting and tighten securely.

Instali the top and bottom covers using the procedures
in “Removal and Instaliation of Covers” on page 12-3.

Disassembly/Reassembly 12-13
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Glossary

Accuracy The degree to which a measuring device agrees
with accepted standards.

A/D  Analog-to-Digital converter. An integrated circuit
inside the bridge that digitizes analog signals.

Bridge This term is used interchangeably with “AH
2500A" to identify the instrument. The term also has a
more specific meaning when it is used to identify a partic-
ular electrical circuit having four legs, a generator and a
detector.

Calibration Used here to mean the process of adjusting or
correcting the bridge so that it meets its specifications.
Most corrections are stored in EEPROM memory.

Chassis The collection of metal parts that comprise the
frame or box of the AH 2500A.

Current parameter set  One of the four sets of parameters
that directly confrol the settings used by the bridge.

DAC Digital-to-Analog-Converter. In this manual, DAC
refers to a special circuit that generates precise AC volt-
ages controlled by digital signals from a microprocessor.

Dielectric  The material that exists in the electric field of a
capacitor.

Display Refers to the LED display on the frent panel of the
bridge.

DUT The Device Under Test being measured by the
bridge.

EEPROM An Electrically-Erasable, PROgrammable, non-
volatile Memory integrated circuit used for semi-perma-
nent data storage in the bridge.

EPROM An ultraviolet-Erasable, PROgrammable Mem-
ory integrated circuit used for permanent storage of the
firmware that runs the bridge.

External trigger input A BNC connector on the back of
the bridge that can receive puises for the purpose of syn-
chronizing AH 2500A commands.

File A collection of data stored in EEPROM or ROM mem-
ory. This data can consist of parameler sets or programs.

File type A file can be of one of five types. These types
describe the kind of data in the file. The types are:Basic,
Gauge, Baad, Bus and Program.

Firmware The program code that is executed by the micro-
processor in the bridge. This code is contained in three
EPROM’s and tells the microprocessor how to make the
bridge work.

IGB-2 Index, Glossary and Bibliography

Fused-silica capacitance standard A special capacitor
that uses fused silica as its dielectric to achieve a very sta-
ble capacitance value.

GPIB  Stands for General Purpose Instrument Bus, Thisis a
convenient abbreviation for the instrument communica-
tions bus defined by the IEEE-488.1 standard.

HIGH terminal The terminal on the back of the bridge
that provides a low-impedance signal with which to drive
the unknown impedance.

1EEE-488.1 This s a standard defined by the Institute of
Electrical and Electronic Engineers to describe the popu-
lar method of interconnecting test equipment for control
purposes. The standard was previcusly called the [EEE-
488-1978,

IEEE-488.2 This is a newer standard defined by the Insti-
tute of Electrical and Electronic Engineers to extend the
IEEE-488.1 standard. The newer standard covers stan-
dard codes, formais, protocols, and common commands.

Keypad 'The three by six array of buttons on the front panel
of the AH 2500A.

LED A Light Emitting Diode produces light and is used as
an indicator. These are used to create the front panel dis-
play of the AH 2500A.

Line Describes a single line of data sent to remote devices
or displayed on the front panel in one or more windows.

Linearity The degree to which an increase or decrease in
an actual quantity is exactly proportionally represented in
the corresponding measured quantity. In other words, if
an actual quantity doubles in size, how exactly does the
measure of that quantity also double. (This is measure-
ment linearity.)

Loss The component of the impedance which is 90° out of
phase with respect to the capacitive component.

LOW terminal The terminal on the back of the bridge that
provides a high-impedance input to connect to the
unknown impedance.

Non-volatile memory Any memory that does not loose its
contents when power is lost.

Option-E  An optionally available version of the AH
2500A that offers Enhanced precision and calibration fea-
fures.

Parameter An AH 2500A variable that you can set to vari-
ous values with a command. Every parameter is part of a
set. Each parameter controls a particular aspect of the

AH 2500A Capacitance Bridge
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bridge’s operation when the parameter is in the current
parameter set,

Parameter set A collection of AH 2500A parameters.
There are four kinds of parameter sets used by the bridge:
Basic, Gauge, Baud, and Bus. These can be stored and
recalled for later use.

PPM  Parts Per Million. This is equal to 0.0001%.
Precision A loosely defined term meaning “exact”.

Program Means a list of AH 2500A commands that have
been entered into memory and which can be executed by
the bridge. “Macro” is a commonly used synonym.

Query command An [EEE-488.2 concept meaning any
command that will send a result to a remote device when
the command is issued from that device. Non-query com-
mands send no results.

RAM  Stands for “Random Access Memory” and is used as
the bridges working memory. Its contents are fost when
power is lost,

Ratio transformer A special ransformer that divides AC
voliages with great linearity and stability,

Remote device This IEEE 488.1 term is used from the per-
spective of the bridge. 1t refers to any device connected to
the bridge with which data is being exchanged. This can
be a controller, logger or an intermediate interface. The
remote device can be connected to the serial or GPIB
port.

Resolation The smallest change that can be detected in a
measured quantity.

ROM  Stands for “Read Only Memory”. It refers to mem-
ory whose contents cannot be changed by any means. The
term is also used more loosely to include EPROM mem-

ory.

Sample A synonym for DUT, unknown, snknown sample
etc. (An A/D can also “sample” a signal, but this is a
totally different meaning of the word.)

Stability The ability to remain constant with time. In the
case of the AH 2500A, stability is considered to be inde-
pendent of temperature. In other words, comparisons of
stability are made without changing the temperature.

Temperature coefficient The change in a quantity for a
unit change in its temperature.

Three-terminal impedance An impedance that uses two
signal terminals and a ground terminal. Usually, the
impedance between the two signal terminals is desired
and the impedances between either signal terminal and
ground are parasitic. In the case of the AH 2500A, the
ground terminal is always intended o connect to a shield
and a three-terminal impedance is usually thoughtof as a
shielded two-terminal impedance.

AH 2500A Capacitance Bridge

Two-terminal impedance An impedance that is only
defined between two signal terminals.

Unknown A convenient abbreviated term for “unknown
sample”, “anknown capacitance”, “unknown loss”,

“unknown impedance”, “DUT" ete.

Unknown capacitance The quantity or device being mea-
sured by the bridge.

Unknown impedance The quantity or device being mea-
sured by the bridge.

Unknown loss
the bridge.

The quantity or device being measured by

Unknown sample
by the bridge.

The quantity or device being measured

Verification Used here 10 mean the process of gathering
and presenting data that indicates how close the bridge
meets its specifications.

Window Sometimes there is more information on a line to
be displayed on the front panel of the bridge than will fit
at one time. This information is divided into groups
which can be shown one at a time. Each group is called a
“window™ and consists of the contents of the upper and
lower front panel LED displays. You can move right and
left one at a time through the windows by pressing the

[=1and {=] keys.
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Index

Symbols
“G%"" character, for comments 7-10
“" stash

prompt 3-12

used for circuit notation 10-1
“*: semicolon

see GPIB:compatibility mode

see Multi-commands
=" prompt 7-7
“[” and “7” as used in command descriptions A-1
‘N7 see Characters, special:backslash
“n gee Characters, special:up arrow

A
AD

circuit description 10-5, 10-12

definition of 11-1, IGB-2

MUX and A/D tests 11-14
Abbreviations

circuit and diagnostic 11-2

Glossary, see also IGB-2
Aborting commands 2-6

from RS-232 7-i1

redefining character code for 7-11

RL am L I nPuk message 2-8
Accessories

furnished with AH 2500A 1-4

needed for calibration 1-4, 5-1

needed for disassembly 1-4

needed for experiments 2-7

needed for maintenance -4

needed for testing 1-4
Accuracy

definition of IGB-2

failure to meet specification 9-3

specification of C-3

option-E C-7

vs. stability 9-2
ACG, definition of 11-1
Adjustments

PC on LOW aimpot R615 11-20

gain ratio trimpot R624 11-24

HIGH terminal signal level 11-22
Admittance 4-11, 8-3
Alternate

changing the alternate period 4-9

controfler circuit description 10-13

parameter 3-4

rejection of specific power frequencies £-9

relation between alternate and average times 4-9
Altexp

Alternate, see also 4-9

relation to alternate time periods 4-9
Analog circuits 10-2

measurement interface description 10-2
Analog-to-digital converter, see A/D
Aperture, incorporated within capacitor 4-3
Applications of AH 25004, typical examples 1-1
ArE 40U 5UcE prompt 3-9,3-11
Assembly drawings, see Drawings and Boards
ATN, definition of 1i-1

IGB-4 Index, Glossary and Bibliography

Attenuator

circuit descriptions
full/half 10-13
leg of bridge 10-3
transformer (ATN)} 10-16
tests 11-37

Average time 2-8, 4-6

auto switching to high speed 4-7
changing 4-6
performing externally 3-1
application of 5-1
relation of averexp
to internal operation 4-6
to measurement time 4-6, C-4
relation to amount of noise reduction 4-6
see Measurements:time for
using AH 2500A averaging vs. computer averaging 4-6

Average Time parameter 3-4

B

Back panel, sce Rear panel
Balancing algorithms of bridge

cold-start 4-5
effect on speed 4-5
warm-start 4-3

Bandpass filter, circuit description 10-10, 10-14
Basic parameter set 3-1,3-2

Brightness 3-2
Continuous 3-2, 3-3
Format 3-2, 3-3
Places 3-3

Sampie 3-3

Test Format 3-3
Units 3-4

BASIC, TransEra HIBASIC 6-9
Baud parameter set 3-1, 3-6

Baud Rate 3-6

Define 3-6

Lockout 3-6

Logger Baud 3-6
Remote 3-6

saving your scttings 7-8

Baud Rate

parameter 3-8

Baud rate 7-7
Bias

applying DC 4-13
bleeding of charged capacitors 4-14
choice of internal series resistor 4-14
circuit descriptior 10-10
disabled

driving current 4-13

external resistor 4-13
high voltage tests 11-17
location of jack 1-10
maximum allowable DC 4-13
measuring of applied DC 4-14
noise from series resistor 4-14

AH 2500A Capacitarice Brid
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Bias (continued)
optimizing the internal series resistor 4-14
parameter 3-4
resistor tests 11-16
seftling time of applied 4-14
shunting of internal series resistors 4-14
unkrtowns with DC voltages 4-13
Bieeding of charged capaciters 4-14
Biock diagrams
analog circuits 10-2, F-3
digital circuits 10-1, F-3
Boards
assembly drawings of
disptay F-36
keypad F-34
main F-35
multipiexer F-44
power supply F-18
preamp F-72
processor F-24
circuit descriptions of
display 10-2, 16-9
keypad 10-2, 10-9
main 10-13
multiplexer 10-10
power supply 10-5
preamp 10-9
processor 10-6
parts lists
display F-35
keypad F-33
main F-49
multiplexer F-42
power supply F-17
preamp F-69
processor 21
schematics of
display/keypad F-37
main F-57
multiplexer F-43
power supply F-19
preamp F-73
processor F-25
Bridge
balancing algorithms, see Balancing algorithms of bridge 4-5
basic circuit 4-1
circuit description
attenuator leg 10-3
variable leg 10-4
coanection issues 4-2
definition of 1GB-2
drawing of basic 4-1
Brightness
front panel 2-2
parameter 3-2
Brooks inductometer, by Leeds & Northrup 8-9
Bus Address parameter 3-6
Bus parameter set 3-1, 3-6
Bus Address 3-6
default values 6-1
GPIB, see also
Logger Bus 3-7
SRE 3-7
ELHSY message 2-6

AH 2500A Capacitance Bridge

c

Cable 2-7

capacitance
model of 8-4
of LOW 4-2
center conductor materials 8-8
connection of 2-7
DCOAX 8-5, 8-8
determining parameters of 8-8
dielectric loss 8-4
difficulty of defermining inductance/meter of, 8-8
errors
accuracy vs. precision 8-6
correction of 8-6
extent of correction ability 8-6
for high unknown capacitances 8-6
for long cables §-6
ignoring of 8-6
importance of 8-5
magnitude of uncorrected 8-6
seg aiso Frrors 8-5
testing importance of corrections 8-7
inductance &-5, 8-7
effect of magnetic field on 8-5
modet of 8-4
length 8-5, 8-6
definition of 8-8
parameter 3-4
regairements
routing before error test or correction 8-7
tieing together of shields at far end 8-7
resistance 8-3, 8-7
mode} of series 8-4
RG-58, RG-39, and RG-62 8-8
shield, impedance of 8-3
skin-depth of 8-3
table showing error from vs. capacitance and length 8-5
tests for errors from §-6

Calibration

accessories required -4, 9-1
basic steps involved in firmware calibration/verification 9-2
capacitance 9-9
need for new internal cal data 9-9
repost of 9-10
deviations from stored values 9-11
skepticism toward significant deviations 9-11
sources of error in deviations 9-1]
saving the data
allowed passcodes 9-11
anfomatic setting of Update switch 9-11
time to perform 9-10
transfer standard for 9-9
check CABLE commands settings 9-10
gas-dielectric, stacked-plate standard capacitors 9-9
range of allowed values 9-10
recommended cable is DCOAX-1-BNC 9-10
three options 9-9
Update vs, Original cal data 9-10
selection of 9-11
conditions during
ambieat thermal environment 9-4

importance of performing at the operating temperature 9-3

related (o internal calibrations 9-3
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Cahibration:conditions during (continued)
cifference in carrent conditions from last calibration
in elapsed time 9-3
in temperature 9-3
difference in verification conditions from last calibration
in elapsed time 9-5
in temperafure 9-3
SHCAL 1, 2or3vs. 8H CAL 9.5
definition of 9-2, IGB-2
equipment required 1-4,9-1
internal 9-4
checking consistency 9-3
checking the biggest cal point change 9-3
cennections to HIGH and LOW terminals during 9-3
effects of 9-3
effects of changes in ambient temperature on
cal data between option-E and non-option-E scales 9-9
performance between option-E and nron-option-E bridges 9-9
temperature coeffcients for option-E cal points 9-9
failure of 9-5
importance of performing at the operating temperature 9-3
report of
all verification points for option-E 9-5
verification summary for non-option-E 9-3
saving the data 9-9, 9-11
allowed passcodes 9-9
simptified procedure for 9-4
time to perform 9-5
interval
deciding when to calibrate/verify 9-3
frequency of traceable 9-3
related to criticatity of application 9-3
loss, see Verifciation:loss
messages
A4 PHr 9-10
CAL dHEA AEBSEnE 9-5,99,9-10,9-11,9-12,6-13,9-14
CALL-REE BUSY 9-5,9-10,9-12
fnb [RL FAILuFE 95
UPdk Skd Error 910
passcodes, see Passcodes
point, definition of 9-2
reports
bases of percent scales used 9-8
ratio of deviation scales to range-used scales 9-8
relation of deviations to specifications 9-8
relation of range used to part tolerance 9-8
definition of
“I” and “Q” pairs 9-6
in-phase error 9-6
guadrature error 9-6
deviation pairs
aliowable scatter in 9-8
change relative to last 9-7
change relative to original 9-7
definition of 9-7
meaning of 0% value 9-8
interpretation of  9-6
range-used pair
consequence of exceeding 100% 9-8
definition of 9-7
effect of ambient temperature on points with large
corrections 9-8
point with largest correction 9-8
saving all verification data 9-12
allowed passcodes 9-12
automatic setting of Update switches 9-12
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Calibration {continued)
transformer 9-12
external decade capacitor box
“holes” inrange of 9-12
accuracy, stability, settability and traceability of 9-12
reducing noise from 9-12
setup of 9-12
using an maccurate box 9-12
frequency of occurence of 9-3
need for new internal cal data 9-12
report of 9-13
induetance of the attenuator taps 9-13
interpretation of data 9-13
linearity of the main and attenuator ratio transformers 9-13
resistance of the attenuator relays 9-13
some quadrature values always zero 9-13
saving the data 9-13
allowed passcodes 9-13
automatic setting of Update switch 9-14
time to perform 9-13
unsuitability of using an external reference ratio
transformer 9-12
Update vs. Original cal data
selection of 9-14
verification groups
calibration and verification vs. verification only 9-13
table of 9-13
types of calibrations/verifications 9-1
Verification, see also
versus verification 9-1
Calibrator passcode 9-17
Capacitance
available units of 4-10
cable 8-7
interpretation of unexpected change in §-1
mode] of cable 8-4
negative, see Negative:capacitance
of cables 4-2
rate of change of 4-7
stray, model of 8-4
Capacitor
bleeding of charged 4-14
calibration of at other frequencies &8
construction of three-terminal 4-3
incorporating aperture 4-3
introducing negative stray loss within 8-4
loss contributions in real 4-10
loss from stray dielectric 4-3
simple model
of three-terminal 4-2
with series and parallel resistance 4-10
Carriage return {CR} character 6-4, 7-7, 7-10
CAUTION
always observe anti-static techniques 12-1
chassis grounds 1-5, 6-1, 7-4
check fuse before first power-on -6
check voltage selector before first power-on 1-6
DC bias greater than 100 volts may cause damage 4-13
do not over-tighten the cover screws 12-3, 12-4
do not use a longer screw to hold the HIGH coaxial cable
shield 12-9, 12-11
don't drive the HIGH terminal 4-14
importance of chassis grounds 2-1
proper tightening of ail screws is critical 11-4, 12-2
re-calibrating the main board is an irreversible procedure 12-9
re-calibrating the standard capacitor is an irreversible
procedure 12-13

AH 2500A Capacitance Bridge
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CAUTION {(continued) Circuit descriptions (continued)

use anti-static handling techniques with firmware transformer
components 12-5 attenuator ratic (ATN) 10-16

voltage allowed into external trigger input 3-14 main ratio 10-14

voltages used in this test can cause serious damage 11-16, 11-18 guadrature ratio 10-15
Characteristics of AH 25004, see Features varizble leg of bridge 10-4
Characters, special Circuit schematics

backstash (\}, used witk delete key 7-10 analog block diagram F-5

carriage return (CR} 6-4,7.7,7-10 digital block diagram F-3

Controb-A (*A} 7-10 display/keypad board F-37

Control-E (*E) 7-11 main board F-57

Controi-H ("H) 7-11
Controi-Q (*Q) 7-10, 7-13
Controi-S (*8) 7-10, 7-13
Controi-U (*U} 7-11
delete 7-10,7-11
erase 7-10, 7-11 O e 106
iine feed (LF) 6-4, 6-14, 727, 7-10 Clreuies i
signais 10-1

semicolons
compatibility mode 6-14 [nd nek OPE-HELE message 3-11
Cold-start

see Multi-commands .
up arrow (), used to enter contrel characters 710, 7-11 detection of LOW to ground short 4-7

multiplexer hoard F-45

power supply board F-19

preamp board F-73

processor board F-23
Clock

Chassis, definition of IGB-2 forcing of 4-7 o
Circuit description notation see also Balancing algorithms of bridge 4-5
reference labels in calibration reports 9-6 Columas
reference numbers of bridge components 11-10 of fields, alignment of 5-8
Circuit descriptions see Fields, data 5-8
(ACG) programmable gain amplifier 10-5, 10-10 Command echoing, to serial port 7-7
(DCG) programmable gain amplifier 10-3, 10-11 testing for disabled 7-8
A/D 10-5, 10-12 where approptiate to use 7-7
alternate controller 10-13 Commands
analog measurement interface 10-2 see Command Reference Appendix for detailed descriptions A-1
attenuator syntax and conventions used A-1
full/hatf 10-13 aborting 2-6
leg of bridge 10-3 from RS-232 7-11
attenuator transformer (ATN) 10-16 ALTERNATE 3-4, 4-9
bandpass filter 10-10, 10-14 AVERAGE 3-4, 4-6, 4-7, 6-10, C-4
basic bridge 4-1 BAUD 3-6
bias 10-10 as used with positional parameters A-1
DC on LOW input detector 10-10 baud rate 7-7
decade relay banks 10-16 command echoing 7-8
digital block diagram 10-1 data length 7-7
display 10-2, 10-9 DTE 7-5,7-7
drawing of basic b_ridge 4-1 fill characters 7-7
front panel 10-2, 10-9 full form of 7-6

VO timing 10-6

ity 7-7
input protection 10-9 fi;r;ii{s 7-7
mternal calibration 10-5 BIAS 3.4 4-13
memory 10-2, 10-8 BRIGHTNESS 2-2, 2-4, 3.2

multiplexer 10-5, 10-11
operate/calibrate relay 10-10 . ) i
option hoard interface 10-2 ;0;;1 ?a.z pm;uge;er 6-14
oven controller 10-16 Ui tomm Of B2

peak detector 10-5, 10-10 prompls parameter 6-12

- o fon parameter 6-16
phase-sensitive detector 10-5, 10-11
power supply 10-5 CABLE 3-4, 8-5,9-10

BUS 3-6

preamp 10-5, 10-10 CABLE CAPACITANCE 8-7

processor 10-2, 10-6 CABLE INDUCTANCE 8-7

quadrature phase shifter 10-4, 10-14 CABLE LENGTH 8-6

rear panel interfaces 10-2 CABLE RESISTANCE 87

reset circuit 10-7 CALIBRATE 7-11,9-2

RTMDAC 10-4, 10-15 CALIBRATE 1 9-4,9-5

sample switch port 16-9 CALIBRATE 2 CALIBRATE 9-10
selection logic 10-2, 10-7,10-12 CALIBRATE 3 3-11, 6-12, 9-12, 9-13, B-1
serial interface 10-2, 10-8 CONTINUCUS 2-7, 4-4,7-10

sine synthesizer 18-3, 10-12 example of in GPIB controller program 6-10
standard capacitor 10-16 interrupting with GPIB controller 6-12
timers 10-8° using with GPIB 6-8

timing and selection fogic 10-2 correcting erroneous front panel input 2-4
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Commands (continued)

DEFINE 3-6,7-10
DEFINE BACKSPACE 7-11
DEFINE DELETE 7-10
DEFINE ERASE 7-11
DEFINE TERMINAL 7-11
BELETE 2-2,3-11
DELETE BUS 3-9
DELETE PROGRAM 3-11
DEVICE CLEAR 2-2, 2-6, 3-13,7-11, 9-12, D-2
DIRECTORY 3-8
DIRECTORY PROGRAM 3-11
FORMAT 3-2, 5-0, 5-7, 5-8
FORMAT SPECIAL 3-3,5-9
front panel examples 2-4
HOLD 3-13,3-14,7-11, D-2
HOLD 0 3-3,3-14, 4-4, 6-11
HOLD 1 3-14
HOLD SPECIAL 3-3, 3-14
issuing using keypad 2-4
key iabels 2-4
LOCAL 3-6,7-12
LOGGER BAUD 3-6,7-13
LOGGER BUS 3-7,6-15
NLOCKOUT 3-6,7-12
NLOCKOUT HALT 7-12
not allowed within programs 3-11
NREMOTE 3-6,7-12
parameters, sce Parameters
PLACES 3.3, 5-1, 3-8
examples of 5-2
PROGRAM D-1
PROGRAM CONTINUOUS 3-12
PROGRAM CREATE 3-10, 3-11
PROGRAM SINGLE 3-12
Q 44
equivalence to SINGLE 7-9
immediate action key 7-9
qualifiers of
BAUD or BUS A-]
CAP or LOSS 5-2, A-1
CONTINUOUS 3-11,3-12
EDIT 3-1f
REPEAT 3-11,3-12
query 2-6
RECALL 3-9
RECALL PROGRAM 3-11
REFERENCE 3-5,5-2, 5-3
REFERENCE FORMAT 3-3
REFERENCE HALT 5-2, 5-3
RST 3-10,6-14
effect on URQ bit 6-6
effects of 6-15
SAMPLE 3-3,3-11,D-1
SAMPLE HOLD 3-3,D-2
SHOW 2-3,3-2,3-9,3-12, 3-13,7-10
SHOW BAUD 7-5
SHOW BUS 6-8
SHOW CALIBRATE 9-2,9-3,9-11,9-15
SHOW CALIBRATE 1 9-4,9-5
SHOW CALIBRATE 2 9-10, 9-11
SHOW CALIBRATE 3 9-13,9-15
SHOW DEFINE 7-10
SHOW NLOCKOUT 7-12
SHOW NREMOTE 7-12
SHOW PROGRAM 3-11
SHOW SPECIAL 3-7
SHOW SRE 6-8
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Commands (continued)
SHOW STATUS
effect on URQ bit 6-6
reading then clearing bits 6-7
using to read and clear status bits 6-6
SHOW TEST 117
SINGLE 3-13, 4.4, 6-8, 7-10
equivalence 10 Q 7-9
example of in GPIB controller program 6-10
front pancl usage 2-6
SPECIAL HALT 3-10
SRE 3-7,6-3
binary or decimal parameter entry 6-8
example of 6-8
STEP 3-11, 3-12, 9-12
equivaleace 1o X 7-9
STORE 3-8, 3-9
STORE CALIBRATE 9-2,9-12
STORE CALIBRATE 1 9-4,9-9, 9-12, 9-17
STORE CALIBRATE 2 9-11,9-12,9-18
STCRE CALIBRATE 2 CALIBRATE 9-17
STORE CALIBRATE 2 SPECIAL 9-11
STORE CALIBRATE 3 9-12,9-13, 9-18
STORE CALIBRATE 3 SPECIAL 9-13
STORE PROGRAM 3-11
TEST B-1
see also TEST command
TEST 1.X 3-11
TEST FORMAT 3-3,11-7
TRACK 3-3,4-7
TRG 3-13,4-4,6-8
example of in GPIB countroller program 6-10
UNITS 2-1,2.6,3-4,4-12
USER 6-6
VOLTAGE 3-5,4-12, 4-13
X 3-12,9-12
equivalence to STEP 7-9
immediate action key 7-9
ZERO 3-5,4-12,5-4
ZERO HALT 5.2,5-5
ZERO SINGLE 3-4, 8-6, 8-7
Communication options, see Remote:devices
Commutation of signal, see Alternate 4-9
Compatibility mode, see GPIB
Compensating for stray capacitance and loss, see Zero
compensation result mode 5-2
Computer emulation, see Terminal
Conductance
units of 4-11
where usefu] 4-11
Connectors
coaxial
BNC %-6
BNC vs. 874, choice of 8-6
fatlure mechanisms of 8-6
ioss in failing 8-6
type 874 8-6
rear panei locations 1-10
RS-232, types of 7-1
sample switch D-1
Continuous
measurements 2-7
controfling rate of 4-4
stopping 4-4
parameter 3-2, 3-3
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Control-A (*A) character 7-10
Control-E (*E) character 7-11
Control-H (*H} character 7-1%
Controb-( ("} character 7-10, 7-13

see Serial remote operation 7-3
Control-§ {*S) character 7-10, 7-13

see Serial remote operation 7-3
Controt-U {(*U) character 7-11
Controiler, GPIB option 1-9
Covers, removal and installation of 12-3
Current parameter set, definition of 1GB-2

Current-loop operation, 20 ma, see Serial remote operation 7-6

D
DAC, definition of 11-1, IGB-2
Data
fields, see Fields, data
presentation of, see also Results, formatting of 5-1
Data communications equipment, see RS-232:DCE 7-4
Data flow, see Serial remote operation
Data logger, see Logger
Data terminal equipment, see RS-232:DTE 7-4
DC bias, see Bias
dc on L | nPUE message 4-13,4-14
DC on LOW input detector
circuit description 10-160
tests 11-20
DCE, see RS-232 7-4
DCG, definition of 11-1
DCOAX cable 8-5, 8-8
see also Cable
DEC Micro VAX 3100 MMJ, connecting bridge to 7-3
Default parameters 3-2
Define parameter 3-6
Definitions
Glossary, see also I1GB-2
line 2-2
loss 1-1
Q-factor 8-9
query command 6-3
response message 6-4
significant digits 5-1
tan & 4-11
Terminology, see also
window 2-2
Delay time
indication of execution 3-13
specifying 3-13
used to set display time 3-14
Delete character 7-10, 7-11
Delta network 8-2
Detector 4-1
circuit description of peak 10-5, 10-10
circuit description of phase-sensitive 16-5, 10-11
Device clear, see Inittalization: GPIB:DCL bus command
Device under test, terminology 2-1
Diagnostic testing, see Maintenance
Diglectric 4-3
definition of IGB-2
effect on loss 4-3
Dimensions, iasaument 1-3
DIP switch
circuil description 10-2
Disassembly
tools required 1-4
Discharge device, gas 4-14

AH 2500A Capacitance Bridge

Display board
assembly drawing of F-36
circuit description 10-2, 10-9
list of parts F-33
removal and instaliation 12-7
schematic of F-37
Displays
definition of IGB-2
front panel 2-1
location of 2-3
number formats used 5-3
setting display brightness 2-4
setting duration of results 3-14
in programs 3-14
showing a minimum value using a " 2" symbel 3-3
showing large numbers with large uncertainties 5-3
Dissipation tactor
vnits of 4-11
where useful 4-11
Drawings
bridge bottom view F-15
bridge top view F-13
display board F-36
expioded view of bridge F-9
keypad board F-34
main board F-55
multiplexer board F-44
power supply board F-18
preamp board F-72
processor board F-24
DTE, see R5-232 7-4
puT
compensating for stray impedance of 4-12
definition of 1GB-2
terminology 2-1

E
E eror 3-14
ECLESS 101 5 message 2-8
Echoing of commands $o serial port 7-7
testing for disabled 7-8
where appropriate 7-7
EEPROM memory 3-1, 3-8, 3-10, 9-11
definition of IGB-2
table of error messages 11-42
Elapsed Time parameter 3-7
EMI from AH 2500A 1-3
Engineering notation 5-9
Environment, see Requirements, environmental
EPROM memory 3-1
definition of IGB-2
Erase character 7-10, 7-11
Error messages B-1
AL or L [ nPub 28
[rnd mob [OPE-RLLE 3-13
de or L [ aPUE 4-13,4-14
Eoa4
ECLESS N0I5E 2-8
H 2.9
Hte L SherE 29
L ke Lnd Shork 29
table of
arranged alphabetically B-2
command and data arranged by error code B-§
measarement, arranged by error code B-0
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Errors F

eniry Features of AH 2500A
correcting erroneous keypad input 2-4 general 1-1
typing, correction of, see also Typing errors 7-10 summary of calibration and test 1-2
measurement summary of interface and control. -2
cable sununary of measurement 1-2
see also Cable 8-5 Fields, data
table showing error from vs, capacitance and length 8-3 actual voltage used 5-3
circuit model of three-terminal 8-4 alignment of columns 5-8
effect of magnetic field on cable inducatace 8-5 capacitance value 5-3
effects of error sources 8-5 ’ error code or message 5-5
hard exrors 2-9 example of selecting fixed vs. variable field widths 5-8
meaning of B-1 labels for 5-7
minimizing enciosed area of cable 4-9, 8-5 enabling and disabling 5-7
skin-depth §-3 use of “=" and *>" symbols 5-7
sources of -4 loss value 5-5

sample number 5-5

messages B-i .
see Results, formatting of 5-5

see also Brror messages B-1

numeric B-1 width of ‘
reporting of . fixed/variable 5-8
Files 3-1

error codes vs. error messages 5-6, B-1
error vs. informative/prompt B-1
measurement vs. command/data B-1
ESD, anti-static handling techniques 12-1
Examples
correcting erroneous keypad input 2-4
eniry syntax of a remote command 6-3, 7-9
GPIB controller programs 6-9
interactive 6-13
negative stray loss in 4 capacitor's field 8-4
mameric notation types 5-8
programs
controiling display duration within 3-14
external irigger 4-4
GET 44
setiing display brightness 2-4
SHOW comimand 2-3

addiag files 3-8
changing the contents of 3-¢
definition of IGB-2
deleting files 3-9
file names 3-8

of "0" 3-8

of "1" 3-10
file types 3-8

definition of IGB-2
Heting file names 3-8
parameter sets 3-1
permanent files 3-8
pictorial relationship of 3-2
power-on 3-2, 3-10
showing all parameters in 3-9
showing one parameter of a file 3-9
working with contents 3-9

using qualifying labels 2-5 Fill characters for RS-232 7-7
asing the arrow keys 2-5,2-6 Filter, bandpass, circuit description 10-10, 10-14
using the PLACES command 3-2 Firmware
using the URQ bit 6-6 definition of 1GB-2
using theFORMAT command replacement of 12-5
to select fields 5-6 Fixtures
to select fixed vs. variable field widths 5-8 measurement 4-12
to select labeling and punctuation 5-7 Floating-point notation 5-8
Zero or negative stray capacitance across a resistor 8-3 Format parameter 3-2, 3-3
Experiments ) Formatting of remote results, see Results, formatting of:remote 5-3
hard error messages 2-9 Four- and five-terminal measurements 4-2
measurement sensitivity 2-8 Frequencies
measurements 2-7 calibration of capacitors at other 8-8
measuring capacitance 2-9 Pront panet
measuring combined capacitance and loss 2-9 circuit description 10-2, 10-9
measuring loss 2-9 controls and indicators 2-2
noise sensitivity 2-8 display limitations C-4
External trigger input displays, see Displays
clearing of buffer 3-14 drawing of 2-3
definition of 1GB-2 limiting access to 7-11
example of required program 4-4 see also Serial remote operation:control states
handling of unexpected puises 3-14 tesis 11-14
location of jack 1-10 FS, definition of 11-1
signal conditions required 3-14 Fuse
synchronizing to 3-14 checking/replacing the power Hine fuse 1-6
using with GPIB 6-8 choesing the proper fuse 1-6
IGB-10  Index, Glossary and Bibliography AH 2500A Capacitance Bridge

4



G
Gas discharge device 4-14
Gauge parameter set 2-5, 3-1, 3-4
Alternate 3-4
Average Time 3-4
Bias 3-4
Cable 3-4
Reference 3-5
Tracking 3-5
Voltage 3-3
Zera 3-5
GET, see GPIB:GET
Gigobms 4-11
GPIB
bus address
primary 6-2
primary, default value of 6-2
secondary 6-2
secondary, default value of 6-2
Bus parameter set 3-6
Bus parameter set, see also
compatibility mode 6-14
configuration parameters 6-1
connecting GFIB cabling 6-1
controller
familiarity with 6-1
option 1-9
prograrm examples 6-9
program examples, interactive 6-13
data logger option 1-9
data lopging, see Logging:GPIB
DCL bus command 6-14
definition of IGB-2
determining when to read results
by hanging the bus 6-9
by serial polling 6-9
by using service requests 6-9
device clear, see Initialization:GPIB:DCL bus command
EOI bus wire 6-4 -
equipment options 1-9
external trigger inpwt 6-8
example of vse with controller program 6-11
front panel input
example of nse with controller program 6-11
GET 6-8
bus command 3-13
example of in controller program 6-10
messages in inpyt buffer 6-4
program example 4-4
GTL bus command 6-3, 6-11
IEEE-488.1, definition of 1GB-2
[EEE-488.2
compatibie results, selection of 5-9, 6-14
definition of 1GB-2
IFC bus command 6-14
initialization of AH 25004, see Initialization
initiation of measurements
by a controlier 6-8
by a non-controller 6-8
Input buffer, see also
interactive operation
benefits of 6-12
determining that bridge is ready for a command 6-i2
forcing a new command line prompt 6-12
programming controlier to interrupt commands 6-12
using the prompts feature 6-12
using the RDY and MAV status bits 6-12
interface clear, see Initialization:GPIB:IFC bus command
LFAEND line termination 6-14

AH 2500A Capacitance Bridge

LELO bus command 6-2
LOCAL | oeouwk message 6-3
focation of port connector 1-10
major topics of chapter 6-1
multi-command lines, see Multi-command lines
other reference documents
bibliography 6-1
1IEEE-488.1 standard 6-1
output buffer
effects of overflowing 6-5
GPYE Oub buf Ful! message 6-5
size of 6-5
permanently saving configuration settings 6-2
printer option 1-9
prompts, appropriate use of 6-13
query commands, see also
reading the stafus
with a command 6-6
with a serial poli 6-7
remote command entry
basic syntax 6-3
examples of 6-3
number of letters needed 6-3
possible exrors 6-3
REMOTE LED indicator 6-2
REN bus line 6-2, 6-11
reporting status and mask bytes in binary or decima! format 6-14
response message, see also 6-4
RST command 6-14
SDC bus corumand 6-14
selective device clear, see Initialization:GPIB:SDC bus command
separating resulf Hnes with semicolons or line feed charactors 6-
14
serial poll, see also
service requests, see also
setting the configuration parameters 6-2
SPD bus command 6-7
SPE bus command 6-7
SRQ bus line 6-7
states
indicators of 6-2
focal 6-2
local-with-lockout 6-2
remote 6-2
remote-with-lockout 6-3
status reporting, see Status byte
TALK and LISTEN indicators 6-2
TRG/GET program 3-13
UNT bus command 6-7
"Greater than" symbol, see Displays 5-3
Ground reference points, internal 11-4
Group Execute Trigger, see GPIB:GET

H
H message experiment 2-9
H ka L Shork message experiment 2-9
Handshaking, see RS-232 7-4
Hardware options E-1
Hardware used for disassembly and reassembly 12-1
HIGH terminal
definition of 1GB-2
iocation of jack i-10
signal level adjustment 11-22
HTBASIC 6-9
Humidity
operating 1-2
storage 1-2
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|
IBM PC AT, connecting bridge to 7-2
IDAC, definition of 11-1
TEEE-488, see GPIB
TEEE-488.1, definition of IGB-2
IEEE-488 2, definition of 1GB-2
Immediate-action keys 2-4, 7-9
Indicator(s)
OVEN NOT READY 2-1
oven status 2-2
remote 6-2, 7-11
stafus 2-2
status, location of 2-3
Inductance
cabie 8-7
effect of magnetic field on cable 8-3
equivalence to negative capacitance -2
measuring series-kilohms of 8-9
model of cable 8-4
smatlest measurable 8-2
Inductometer, Brooks, by Leeds & Northrup 38-9
Inductors
inductance of
caleulation of 8-9
lookup table for popular values of 8-9
Inductometer, see also
jarge
DC vahue relative to 1 kHz value 8-9
difficulty of measuring 8-9
seif-resonance of 8-9
stray capacitance of &-9
loss and Q-factor of, measuring of §-9
measurement of 8-8
resistance of wire in 8-8
Initialization
GPIB
DCL bus command 6-14
hierarchy of commands 6-14
TFC bus command 614
itemns that are reset 6-15
RBST command 6-14
SDC bus command 6-14
of parameter sets 3-10
serial port
AL character 6-15
Input buffer
for command messages 6-4, 7-10
limit on command lire length 6-4, 7-10
Input protection 4-14
circuit description  10-9
Inspection, receiving 1-4
Installation 1-3
Integrated circuit remnoval techniques 12-1
Interface clear, see Initialization:GPIB:TFC bus command
Interference, electromagnetic
frequencies near 1 kHz 4-8
from AH 2500A -3
from other instrumentation 4-8
from power line harmonics 4-8
from power lines 4-8
magneticaily coupled 4-8
effect on coaxial cable 4-8
reduced by minimizing enclosed area 4-9
minimizing coupling of 4-8
reduced by distance 4-8
reduced by shielding 4-8
reduced with the ALTERNATE command 4-9
Internal calibration circuitry  {0-5

1GB-12  Index, Glossary and Bibliography
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Jumpers
20 ma current loop configuration 7-6
RS-232 handshake configuration 7-6

K

Keypad 2-2
command key labels 2-4
definition of IGB-2
immediate-action keys 2-4
location of 2-3
notation for in this manual 2-2
numeric key labels 2-4
qualifier key labeis 2-4
reserved key labels 2-4
special key labels 2-2

Keypad hoard
assembly drawing of F-34
circuit description 10-2, 10-9
list of parts F-33
removal and installation 12-7
schematic of F-37

Keys

2

2

2R
™]|m
b
I o (A
I\JM

NTE -2,2-4,7-12
FUNC] 2-2, 6-3
2-4,6-2,6-3,7-11,7-12
2-4
2-4
(7] [=], [3land 2-2
customizing of RS-232 editing 7-10
delete, RS-232

changing behavior of 7-10

example of changing code of 7-10

function of 7-10

selecting for use with video or printing terminal 7-11
erase line, R8-232

selecting character code for 7-11
and [+ for showing parameters 3-2
Kilohms 4-11

L
{ to Dad Shoark

detection of by cold-start 4-7

message experiment 2-9
LAN Interface 1-9
LED, definition of }GB-2
Leeds & Northrup, Brooks inductometer §-9
Length, of data character for RS-232 7-7
Line feed (LF} character 6-4, 6-14,7-7,7-10
Line, definition of 2-2, IGB-2
Linearity

definition of IGB-2

double-valued characteristic resulting from inadequate 9-3

effects of internal caltbration on 9-3
specification of C-3
option-E C-6
Listen-only, see Printer, listen-only
LODRE L arauk message 6-3,7-12
Lockout
clearing using special maintenance procedure 11-3
parameser 3-6, 7-12
power-on, usefulness of 7-13
serial states with 7-12

AH 2500A Capacitance Bridge
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Logger
Baud parameter 3-6
Bus parameter 3-7
GPIB, speed of 6-15
options 1-9
serial option 1-9
Logging
GPIB 6-15
default value of content parameter 6-15
enabling and disabling 6-15
enabling talk-only mode 6-16
talk-only mode 6-15
to a controller 6-15
to a non-controller 6-13
using the confent parameter to control what is logged 6-15
R8-232 7-13
defanlt value of content parameter 7-13
epabling and disabling 7-13
using the content parameter to control what is logged 7-13
serial data logging 7-13
Loss
available units of 4.1}
changing units 4-12
circuit model of
choice of 4-10
for standard measurements 4-10
definition of 1-1, IGB-2
from stray dielectric 4-3
in cable dielectric 8-4
interpretation of unexpected change in 8-1
monitoring to increase confidence 8-1
negative, see Negative:loss
relative contribution of negative and positive sources of §-4
anits of
corductance 4-11
dissipation factor 4-11
loss vector 4-11
mathematical relations among 4-19
paraliel resistance 4-11
series resistance 4-11
Loss vector
units of 4-11
LOW terminal
definition of 1GB-2
location of jack 1-10

M
Macintosh computer, connecting bridge to 7-3
Macros, see Programs 3-10
Magnetic field
see also Interference:electromagnetic 4-8
see Cablerindactance 8-3
Main board
assembly drawing of E-335
circuit description 10-13
fist of parts F-49
removal and instaliation 12-8
schematic of F-57
tests 11-24
Main ratio transformer
circuit description 10-14
overload detector tests 11-21
signal readings 11-21

AH 2500A Capacitance Bridge

Maintenance
diagnostic tests 114
equipment and accessories required 1-4, 11-2
Manufacturers of parts, see Parts
Measurements
abnormaliy long times for 4-5
average time, see also
continuous, see Continuous: measurements
conversion of results to a more appropriate model 8-1
deviation from reference value, see Results, modes of
effect of series/parallel circuit model 4-10
elimination of meaningless digits 5-1
errors, meaning of B-1
experiments 2-7
externally riggered 4-4
fixtures 4-12
formatting of remote device data, see Results, formatting of 5-3
four- and five-terminal 4-2
increasing confidence by monitoring loss 8-1
inductors, see also Inductors, measurcment of 8-8
interpretation of
negative capacitance 8-2
negative loss 8-3
anexpected change in capacitance 8-1
uncxpected change in loss 8-1
wye-delta transformations 8-1
interpretation of resolts 8-1
negative vajues 4-11
programmed 3-10
rapidly changing 4-7
readings with uncapped inputs 2-6
re-calcalation of 4-12
reperting results of, see Results, formatting of
separability of capacitance and loss readings 8-1
Significant digits, sec also 3-1
single 4-4
single measurements using front panel 2-6
speed of
see Speed of measurements
vs. fluctuation of 4.5
three-terminal 4-2
how bridge makes 4-2
time for 4-5
reasons for variability of 4-3
relation to averexp 4-6, C-4
trusting the results 8-1
two- vs. three-terminal connections 2-10
two-terminal 4-2
Mechanical drawings, see Drawings
Mechanical shock, see vibration
Memory
circuit description 10-2, 10-8
types of 3-1
Messages
error B-1
informative
table of B-10
informative vs. extor B-1
prompt vs. error B-1
Mhos 4-11
MMJ connector, see also R5-232 7-3
Modem 1-9
Mounting, rack 1-5
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MSD, definition of 11-1
MSRD, definition of 11-1
Multi-command lines
as a query line 6-4,7-10
entering 6-4, 7-9
immediate-action commands within 6-4, 7-9
repiving to command that otherwise generates a prompt 6-4, 7-9
use of EDIT to force a prompt 6-4, 7-9
use of semicolons within 6-4, 7-9
use of to create a single response message 6-3
use of (o guarantee that a command produces 2 resalt 6-4
example of 6-4
Multiplexer
circuit description  10-5, 10-11
MUX and A/D tests 11-14
Multiplexer board
assembly drawing of F-44
circuit description 10-10
list of parts F-42
removal and installation 12-8
schematic of F-45
tests 11-20
MUX, definition of 11-1

N
Nanosiemens 4-11
Negative
capacifance
a practical example 8-3
construction of simple network having 8-3
interpretation of 8-2
loss
a practical example 8-4
construction of simple network having 8-3
interpretation of 8-3
Nesting of programs 3-11
Noise
Average time, see also
effect on measurement speed 4-3
from internal bias resistor 4-14
from uncapped LOW input 2-6
from vibration 4-2
in least significant digit 5-1
interference, electromagnetic, see also 4-8
Johnsen 11-20
reducing effect of 2-8
rejecting interfering signals 4-8
sensitivity experiment 2-8
thermal 4-2
triboelectric 4-2
using AH 2500A averaging vs. computer averaging 4-6
using average time to reduce 4-6
Non-volatile memory
definition of IGB-2
see also EEPROM, EPROM
Notation
for specifications C-1
numeric, see Numeric notation
reference numbers of bridge components 11-10
schematic diagrams 10-1
use of underlined characters A-1
used for keypad 2-2
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NOTE
attenuator voltages might be half of what you expect 11-39
do not open the standard capacitor assembly 12-12
effects of discharge of overvoltage protector 11-18
importance of understanding that two sets of capacitance calibra-
tion data are maintained 9-11
importance of understanding that two sets of transformer calibra-
tion data are maintained 9-14
preamp cover must make good electrical contact with preamp
enclosure 11-16, 11-20, 12-11, 12-12
saving original packaging 1-4
shielding, importance of 2-7
some tests fail untii oven reaches normal emperature 11-14, 11-
i5
the need for 100% shielding 4-3
vse original packaging for shipping 1-7
Nuil modem, vsing with RS-232 7-2
Numeric key labels 2-4
Numeric notation 3-8
engineering notation 5-9
entry of A-1
examples of 5-8
floating-point notation 5-8
scientific notation 3-9
selection of type 5-9
types accepted as inpat 5-8

Q

Operation 2-1

Option board interface, circuit description 10-2

Option-E 1-1
definition of IGB-2

Options parameter 3.7

Options, hardware E-1

Original calibration data, see Calibration

Oven 1-1
coniroller circuit description 10-16
manual oven circuit tests 11-15
programmed time for stabilization of 3-13
status indicator 2-2

OVEN NOT READY indicator 2-1

Owner passcode 9-17

P
Parallel resistance, see Resistance:paralict
Parameter seis
Basic 3-2
Baud 3-6
Bus 3-6
contents of 3-2
current 3-1
defanlt 3-2
definition of 1GB-3
editable 3-1
Gauge 2-5,3-4
initialization of 3-10
pictorial relationship of 3-2
power-on files 3-2
Special 3-7
stored as files 3-1
types 3-1
Parameters
definition of IGB-3
entry of A-1
positional, see alse Positional parameters A-1

AH 2500A Capacitance Bridge

g



Parity, R§-232 7-7
no testing of 7-7
Parts
Tists of
basic bridge F-8
cabinet F-11
display board F-35
exploded view F-11
fuse options F-8
keypad board F-33
main board F-49
medtiplexer board F-42
power line cords F-8
power supply board F-17
preamp hoard F-69
processor board F-21
manufacturer identification list F.7
Passcodes
Calibrator 9-17
changing of 9-18
explanation of 9-17
Owner 9-17
explanation of 9-17
importance of tight contro of 9-17
programs containing 3-11
recommended use of 9-17
Repiace
changing of 9-18
explanation of 9-17
importance of tight conirof of 9-17
User
changing of 9-17
explanation of 9-17
Patent Information 1-2
PI network 11-37
Picofarads, G/o jpt 4-11
Piezoelectric unknowns 4-14
Places parameter 3-3
Positional parameter entry with
BAUD command 7-6
BUS command 6-2
FORMAT command 5-6
SRHE command 6-8
Power
applying 2-1
location of switch 2-3
requirements 1-3
Power line
cord 1-5
fist of choices F-8
fuse, see Voltage
location of input connector 1-10
voltage, see Voltage
Power line sensilivity specification C-6
Power supply board
assembly drawing of T-18
checking power supply voltages 11-4
circuit description 10-5
list of parts F-17
uality tests 11-14
removal and instaliation 12-5
schematic of F-19
Power-on
files 3-2, 3-10
initialization of parameter sets 3-10
uses of programs 3-13
PPM, definition of 1GB-3

AH 2500A Capacitance Bridge

Preamp
circuit description 16-5, 10-10
tests 11-16
Preamp board
assembly drawing of F-72
circuit description 10-9
list of parts F-69
removal and installation [2-9, 12-11
schematic of F-73
Precision, definition of IGB-3

Presentation of data, see also Results, formatting of 5-1

Principles of operation
basic 4-1
Printer
GPIB 1-9
listen-only 1-9
serial 1-9
Printing terminal, see Terminal:printing
Processor
circuit description 10-2
tests 11-14
Processor board
assembly drawing of F-24
circuit description 10-6
firmware replacement 12-5
list of parts F-21
remnoval and installation 12-6
schematic of F-25
Programmable gain amplifier
{ACG) circuit description  10-5, 13-10
(DCG) circuit deseription 10-5, 10-11
Programs 3-10
commands not allowed within 3-11
count 3-12
creatiag programs 3-10
current 3-2, 3-11-3-14
delay times 3-13
editing of 3-10
execution mode
contittuous 3-12
non-stop 3-12
repetitive 3-12
single-step 3-12
execution of 3-12
GET and PROGRAM 2 4-4
GPIB TRG/GET program 3-13
indication of execution 3-12
nesting depth of 3-11
passcodes withia 3-11
PROGRAM 1 and PROGRAM 2 3-13
prompts generated by 3-11
purpose and possibilities 3-10
recalling of 3-1%
REPEAT gualifier 3-12
saving of 3-11
see Examples:programs
short vs. long 3-10
showing contents of 3-11
special programs 3-13
subprograms 3-12
terminating prematurely 3-13
time interval 3-12

use of to create a single response message 6-5

uses of power-on 3-13
windows showa 3-12

Prograrms, GPIB controller examples 6-9
inferactive 6-13
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Prompts
“fro3-12
s 77
ArE 490U SUFE 3.9,3-11
generated by programs 3-11
rEAdY Pr 3-10
table of B-10
Protection of HIGH and LOW terminals 4-14

Q
QDAC, definition of 11-1
Q-factor 4-11%
definition of 8-9
Quadrature phase shifter, circuit description 10-4, 10-14
Quadrature ratio transformer
circuit description 10-15
Qualifier key labels 2-4
Qualifiers, see Commands, qualifiers of
Quality factor, see Q-factor
Query commands 2-6
as a multi-command line 6-4, 7-10
definition of 6-3, IGB-3
examples of 6-3
GPIB 6-3
in programs 3-13
interruption of 6-3
one-to-one relation to response messages 6-4
synchronization of commands and response messages 6-4, 6-9
Query result 3-12

R
Rack mounting 1-3
Radio frequency emissions 1-3
RAM memory 3-1, 3-10
definition of IGB-3
Range of bridge, specification of C-2
Ratio transformers, see also Transformers, ratio 4-1
RDD, definition of 11-}
rEAdY Pr prompt 3-10
rERdY prompt 2-4
Rear panel
connector identification i-10
drawing of 1-10
interfaces, circuit descriptions of 10-2
Reassembly, see Disassembly/reassembly
Re-calculation of measurement resuits 4-12
Reference
parameter 3-3
resuit mode, see Results, modes of
Referernce capacitor, see Standard capacitor
Relay(s)
calibration and test 11-18
decade banks 10-16
lifetime of 4-7
operate/calibrate 10-10
resistance of attenuator 9-13
RIMPAC 13-4
tests 11-33,11-37, 11-39
Remote
devices i-8
definition of IGB-3
GPIB equipment options 1-9
reporting Hmitations C-4
see also GPIB and/or RS-232
indicator 6-2, 7-11
parameter 3-6
Repair
philosophy 11-1
service 1-7
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Repetitive measurements, see Contimious
reasurements
Requirements
environmental 1-2
operating
humidity 1-2
temperature 1-2
power 1-3
storage
homidity 1-2
temperature 1-2
Reserved key labels 2-4
Reset circuit, description of 10-7
Resistance
cable 8-7
leakage, model of 8-4
optimizing series bias 4-14
parallel
difference vs. DC value 4-11
units of 4-11
series
model of cable 8-4
units of 4-11
units of
where useful 4-11
Resistor
creating zero or negative stray capacitance across 8-3
Resolution
definition of IGB-3
specification of C-4
option-E C-6
Response messages
commands that generate multiple 6-4
definition of 6-4
guaranteeing reception of all 6-4
loss of part of one 6-4
one-to-one relation to query commands 6-4
use of a program to create one message 6-5
use of multi-command line to create one message 6-5
using HOLD command to receive all 6-5
ways they can be lost 6-4
Resuits
conversion of to a more appropriate model 8-1
interpretation of 8-1
see also Measurements 8-
trusting 8-1
Resulés, formatting of
choice of punctuation 5-7
data fields within, see Fields, data 5-5
elimination of meaningless digits 5-1
example of
field selection 5-6
selecting Gxed vs. variable field widths 5-8
selecting labeling and punctuation 5-7
full measurement resuit format 5-3
leading space character 5-6
limiting significant digits 5-1
Numeric notation, sec also
on front panel displays, sec Displays
position of error codes vs. ervor messages 5-7
remote 3-5
selecting which fields to send 3-6
selecting error codes vs. error messages 5-6
sefection of IEEE-488.2 compatible 5-9
Significant digits, see also 5-1
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Results, modes of 3-2 RS8-232 (continued)

Absolute result mode 5-2 delete key
re-cafculation of 5-3 changing behavior of 7-10
reference percent format example of changing code of 7-10
selection and de-selection of 5-3 function of 7-10
Reference result mode 5-2 selecting for use with video or printing terminal 7-11
enabling and disabling 5-3 DTE 7-1, 7.2, 7-4, 7-5,7-7
indication of in second window of result 5-4 DTE/MDCE
indication of using SHOW 35-4 identification of, for youwr remote serial port 7-4
indication of with B U%Y message 5-3 equipment options 1-8
reference values erase line key
entering automatically 5-3 selecting character code for terminal 7-11
entering manually 5-2 excellent references 7-1
numeric notation used to enter 5-3 fill characters 7-7
units of 5-3 front panel, limiting access to 7-11
Zero compensation result mode 4-12, 5-4 see also Serial remote operation:coatrol states
ZEro compensation values handshake lines 7-4
entering automatically 5-4 disabling 7-4
entering manually 5-4 eliminating 7-3
numeric notation used to enter 5-4 Input buffer, see also
power-on measurement of 3-13 inserling comments 7-10
units of 5-4 internal jumper options, see Jumpers
Zero result mode iength of data character 7-7
enabling and disabling 5-4 LIOLAL Locouk message 7-12
indication of in second window of result 5-5 location of port connector 1-10
indication of using SHOW 5-5 legger option 1-9
indication of with hU5Y message 5-3 muoktt-command lines, see Multi-command lines
RETURN key 7-9 mﬂ? modem 7-2
Return procedure 1-7 parity 7-7
RFI from AH 2500A -3 1o testing of 7-7
RJ style connector 7-3 remote command eniry
ROM basic syntax 7-8
definition of IGB-3 comparison with GPIB 7-8

memory 3-1, 3-8 examples of 7-9
Version 3-7 numélner of letters needed 7-9
. passibie errors 7-9
RS-232 - . .
REMOTE LED indicator 7-11

shorting command execution 7-11 RETURN key 7-9

redefining character code for 7-11 ) .
advantages of using 7-1 see als?o Serial remote operation
Baud parameter set 3-6 : s‘lop b;.ts 7.»7 . . .
baud rate 7-7 swapping transmit and receive data lines 7-5

types of connectors 7-1

typing errors, correction of, see also Typing errors 7-10
RS-422 serial interface standard 7-3
RS-423 serial interface standard 7-3
RTMDAC, circuit description 10-4, 10-15

cable
limitations on length 7-1
limitations on type 7-1
specification of 7-1
command echoing 7-7

testing for disabled 7-8 S

where appropriate to use 7-7 S/P/B, definition of 11-1
connection (o Safety 1-3

“domb’ vs. “smart” ferminals or computers 7-8 Sampie

DEC Micro VAX 3100 MM 7-3 definition of IGB-3

IBM PC AT 7-2 parameter 3-3

Macintosh Mini-DIN-8 7-3 terminology 2-1
connections Sampie switch

basic issues 7-1 changing the settling time D-2

frame ground 7-3 circuit description  10-9
connectors location of port congector 1-10

pinouts 7-1 power provided by D-1

tahle of common 7-2 strobe Line timing D-1

signal names, table of 7-2 table of connector pinouts D-1
Controi-Q (*Q) character 7-3 Schematics, see Circuit schematics
Controb-S (*S) character 7-5 Scientific notation 5-9
customizing editing keys, see also Typing errors 7-10 Selection logic, circuit description 10-2, 10-7, 10-12
data logging, see Logging:RS-232 Selective device clear, see Initiatization:GPIB:SDC bus command
DCE 7-1,7-2,7-4,7-5,7-7 Self-Tests, see TEST command aad Tests 11-10
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Semicolons
compatibility mode 6-14
Serial Number parameter 3-7
Serial poll
program examples 6-10
using to read status byte 6-7
Serial remote operation
20 ma current-loop 7-6
connector pinout for 7-6
optically-isolated 7-6
powered vs. unpowered receiver selection 7-6
control states 7-i1
clearing serial lockout states 7-12
local 7-11
local with lockout 7-12
remote 7-11
remote with lockout 7-12
saving and showing 7-12
selecting Serial Local State 7-12
selecting Serial Remote State 7-12
setting serial lockout states 7-12
controlling data flow 7-3
carrier detect (CD) 7-6
clear to send (CTS) 7-6
data set ready (DSR) 7-6
data terminal ready {DTR) 7-6
request to send (RTS) 7-6
ring indicator (RI) 7-6
first-time 7-8
interface circuit description 10-2, 10-8
major topics of chapter 7-1
see also RS-232
Series resistance, see Resistance:series
Service requests
extraneous 6-8
operation of 6-7
SRQ bus line 6-7
status bits are states not events 6-8
testing RQS bit 6-7
Service, repair 1-7
Shielding
ability to contain magnetic fields 8-5
braid in coaxial cables 8-4
importance of 4-3
Shipping
damaged shipment instructions 1-5
packaging for shipment 1-7
Shock, mechanical, see Vibration
Side casting, removal and installation 12-13
Siemens 4-11
Signal commutation, see Alternate 4-9
Significant digits
definition of 5-1
elimination of meaningless digits 3-1
noise in least 5-1
reporting more than the bridge gives 5-1
using external averaging 5-1
Sine synthesizer, circuif description 10-3, 10-12
SINGLE command 4-4
Single measurements 4-4
Skin-depth 8-5
Special parameter set 3-1
Elapsed Time 3-7
Options 3-7
ROM Version 3-7
Serial Number 3-7
Showing Special set on remote devices 3-7
Status 3-7
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Specifications
as contour plots C-7
evaluation of mathematical expressions C-1
meaning of uncertainties C-1
measurement time C-4
non-option-E
accuracy C-5
linearity C-5
resolution C-4
stability C-3
temperature sensitivity C-5
notation used C-1
option-E
accuracy C-7
linearity C-6
resolution C-6
stability C-7
temperature sensitivity C-7
power line sensitivity C-6
range of bridge C-2
dissipation, graph of C-2
series resistance and capacitance, graph of C-3
reporting limdtations
display C-4
remote device C-4
see also Features
voltages, test signal C-6
Speed of measurements
effect of
balancing algorithms 4-5
balancing bridge 4-5
cold-start time 4-5
input-amplifier noise 4-3
operating frequency 4-5
warnt-start time 4-5
specification of C-4
SRE parameter 3-7
Stability
definition of 1GB-3
of internal components 9-3
specification of C-5
option-E C-7
vs. accuracy 9-2
Standard capacitor 4-1
cireuit description 10-16
fused-silica, definition of 1GB-2
removal and installation 12-11
Standard cell assembiy, see also standard capacitor 10-16
Standard oven, see Oven :
Static, anti-static handling techniques 12-1
Status
indicators 2-2
location of 2-3
parameter 3-7
Status byte
CME bit 6-6
contents of 6-3
error pits B-1
EXF bit 6-6
MAV bit 6-6, 6-9, 6-10, 6-12, 6-13
MSS bit 6-7
ONR bit 6-6
status and event varieties 6-6
PON bit 6-6, 6-15
RDY bit 6-6, 6-12, 6-13
reading the status
with a command 6-6
with a serial polf 6-7
reporting of 6-3
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Status byte {continued}
RQS bit 6-9, 6-10
see SHOW STATUS command
serial pell, see aiso
table of register bits 6-6
URQ) bit
example using 6-6
set by USER command 6-6
Stop bits, of RS-232 character 7-7
Subtraction of a constant amount, see Resuits, modes of 5-1
Susceptance, capacitive §-3
negative 8-3
ratio of to conductance 4-11
Switch settings, DIP 10-2
Symptoms, see Troubleshooting 11-4
Synchronization of commands and response messages, see Query
commands

T
Talk-only mode, see Logging:GPIB:to a non-controller
Tan 8, definition of 4-11
Technical support 11-2
Temperature
coefficient, definition of IGB-3
thmits
operating 1-2
storage 1-2
sensitivity, specification of C-5
option-E C-7
Terminal
printing 1-8
software emulation of 1-8
video i-8
Terminals
HIGH and LOW 2.7
differences between 4-2
impedances to ground 4-2
location of 1-19
protection of 4-14
voltages on 4-2
two vs. three 2-10,4-2
Terminology 2-1
Glossary, see also IGB-2
TEST command
full form of
options
range of test numbers 11-5
recommended use 11-5
repeat count 11-5
selecting what results to report 11-7
selecting when to halt 11-7
order of tests 11-10
reference numbers of bridge components 11-10
results
faiture count {FCNT) 11-5
format of 11-3
front panel display of 11-6
fast test fatlure {LTF} 11-5
remote device format of 11-6
reviewing the last test failure 11-7
summary line 11-6
front panel format 1§-7
remote device format 11-7
table of
allowed values of variables reported and their function 11-8
test groups 11-11
variables reported 11-6
tests that require operator intervention 11-12

- AH 2500A Capacitance Bridge

Test equipment
recommended for calibration/verification 9-1
recommended tools and equipment 11-2
reguired for disassembly and reassembly 12-§
required for operation and maintenance 1-4
Test Format parameter 3-3
Tests
A/D, rigorous testof 11-21
adjustment of HIGH terminal signal level 11-22
attenuator 11-37
voltage ratios 11-39
hias
high voltage 11-17
resistor 11-16
DAC
stuck switches 11-32
voltage rafios 11-32
DC on LOW input detector 11-20
EEPROM memory, table of error messages 11-42
front panel 1i-14
generator 11-21
level detection latches 11-20
main board 11-24
main ratio fransformer
overload detector 11-21
signal readings 11-21
manual oven circuit 11-15
MUX
and A/D 11-14
board 11-20
noise quality tests 11-20
phase-sensitive detector 11-21
Pl network 11-37
power supply quality 11-14
preamp 11-16
shunt 11-19
vs. DAC 11-22
processor 11-14
relay(s)
any change in decade relay positions 11-37
any stuck closed relays in ATN 1137
calibration and test relay 11-18
refative signal level in adjacent relays 11-37
specific stuck closed or open 11-39
stuck in refay decade {(RD) 11-33
S/P/B generator
magnitude of 11-32
phase tests of 11-33
upper half of bridge
non-zero 11-19
zero test 11-18
Three-terminal
construction considerations 4-3
eguivalent circuit 8-4
impedance, definition of 1GB-3
measurements 4-2
desirability of 2-10, 4-2
how bridge makes 4-2
Threshold, racking 4-7
Tools
recommended tools and equipment for repair 11-2
required for disassembly and reassembly 1-4, 12-1
Tracking
parameter 3-5
using tracking mode 4-7
TransEra HTBASIC 6-9
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Transformations, wye-delta 8-1
Transformer, ratio 4-1
attenuator (ATN), circuit description 10-16
calibrations/verifications of 9-12
definition of IGB-3
main, circuit description 10-14
guadrature, circuit description 10-15
Transient voltages 4-13
Triboelectric voltages 4-2
Trigger input, external, see External trigger imput
Troublesheoting 11-2
basic symptoms i1-4
observing tests with an oscilloscope 11-14
table of failure symptoms 11-3
Two-terminal
impedance, definition of IGB-3
measurements 4-2
Typing errors
correction of 7-10
customizing RS-232 editing keys 7-10

U
Uncertainties, see Specifications:meaning of uncertainties C-1
Einderlined characters, used for command notation A-1
Einits
changing loss units 4-12
deciding which to use 4-10
indicators 2-2
of loss
conductance 4-11
dissipation factor 4-11
loss vector 4-11
parallel resistance 4-11
series resistance 4-11
parameter 3-4
Unknown
capacitance, definition of IGB-3
definition of 2-1, IGB-3
impedance, defimtion of 1GB-3
loss, definition of 1GB-3
model of 8-4
sample, definition of 1GB-3
Unpacking 1-4
Update calibration data, see Calibration
Uses of AH 25004, see Applications

v
Verification
Calibration, see also
definition of 9-2, IGB-3
frequency of test signal 9-17
HIGH terminal voltage 9-17
interval, deciding when to calibrate/verify 9-3
loss 9-16
AC resistor standard for
find a commercial product 9-16
nmiake your own 9-16
three possible options 9-16

use a frequency independent commercial resistor box 9-16

performance of 9-16

optionat availability of 9-2
power-on programming for 3-13
reasons for verifying only 9-2
versus calibration 9-1

Vibration
noise created by 4-2

Video terminal, see Terminal:video
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Voltage
changing the power fuse and voltage values 1-6
checking power supply voltages 11-4
DC bias, see Bias
highest 4-13
limiting the test voltage 4-12,4-13
parameter 3-3
relation to measured capacitance and loss 4-13
test voltage 4-12
specification of C-6
transient 4-13
unknowns with DC voltages 4-13

w
Warm-start, see also Balancing algorithms of bridge 4-3
WARNING!
applied DC bias appears at LOW input 4-13
damage 1-3
do not substitute a larger current fuse 1-6
information for trained service personnel only 12-1
mikd shock potential 2-7
power cord ground 1-6
shock potential in three places 11-2

voltages used in these tests present a shock hazard 11-16, 1117

Weight, instrument 1-3
Window 3-2
definition of 2-2, IGB-3
Wye network 8-2
Wye-delta transtormations 8-1
equations describing 8-1
use of {o create very large resistance 8-2

Z

Zero
compensaticn result mode, see Results, modes of 5-4
parameter 3-5
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Calibration Data, Notes, Etc.

This tab section is reserved for your convenience. 1t may be
useful for storing calibration certificates, calibration data, and
any other notes related to your AH 2500A.
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Appendix A

Command Reference

This chapter contains the detailed descriptions for all com-
mands used in the AH 2500A capacitance bridge,

CONVENTIONS USED

The command syntax descriptions use the conventions
below.,

Most commands start with a root command word and are fol-
lowed by various combinations of command gualifier words
and parameter values.

Command words are shown as COMMAND.

UNDERLINES are used to indicate the minimum number of
characters that can be typed to execute a command when
operating the bridge from a remote device.

Front panel keypad command and qualifier words and num-
bers are shown enclosed in a box to indicate a key or
sequence of keys to be pressed to enter a command. The

key 1s an example.

Some commands have command qualifiers that limit the
action of the command to a specific display or device. An
example is the CAP and LOSS qualifiers which can select
either the capacitance (upper} display or loss (lower) display.
Another example is the BAUD and BUS qualifiers which
limit the action of a command (o the RS-232 or GPIB ports,
respectively. The BAUD and BUS words are also used as
root command words.

Most commands have one or more parameters associated
with them. Parameters that you can enter are shown like this.
When entering a parameter like this, you substitute an actual
value.

Parameters and command qualifiers may be required or
optional, depending on the particular command. Required
parameters and command qualifiers are shown without sur-
rounding brackets.

Brackets [ ] are used to indicate that the enclosed parameter
or command qualifier is optional. You can select any or all
optional parameters or command qualifiers. Some of these
options are nested, in which case an inner option cannot be
selected unless all outer options surrounding it are also used.

Parameters and command qualifiers may be part of a list sep-
arated by the word “or”. You can make one choice from the
list.

Some commands have a different syntax depending on
whether they are entered from the front panel or from a

AH 2500A Capacitance Bridge

remote device. These are noted in the command descriptions.
An example is the CABLE command.

Positional Parameters

Certain commands used in the AH 2500A have multiple
patameters associated with them. An example of this kind of
command is the BAUD command which has several commu-
nications parameters associated with it. The values for those
parameters must be entered in a specific order. When you
want to enter values other than the leading value or values,
periods (.} are used as placeholders for the missing values.
For example, length is the fourth parameter for the BAUD
command. If you want to change the length parameter and
leave the other parameters as they are, you must enter

[#] Fe ][+ [7]to change the length to 7 bits.
The three periods in this example act as placeholders for the
rate, DTE and parity parameters. These three parameters are
left unchanged when this command is executed. This scheme
saves having to re-enter parameters that vou do not wish to
change. Positional parameters are indicated with periods
betwsen the parameter names in the command descriptions.

Numeric Entry Notation

Most parameters are entered as integers or cccasionally as
alphanumeric sirings.

Some parameters can be entered with a decimal point as a
part of the number. Such parameters can be entered in two
basically different notation formats. One is as a floating point
number which simply consists of some digits and one deci-
mal point. An example is “123, 45673, The other format
consists of a signed mantissa and a signed exponent sepa-
rated by an “E”. An example is “+12, 3456 7BE+RT”
Parameters that will automatically accept values in either of
these formats are identified by “(floating point)” at the end of
the header line for that parameter. Fot more information on
notation formats, see “Numeric Notation” on page 3-8.

COMMANDS

The following pages contain all of the commands used in the
AH 2500A. Most of the paragraph headings shouid be self-
explanatory. Query commands are discussed in “Aborting
Commands” on page 2-6, in “Query Commands” on

page 6-3 for the GPIB port and in “Query Commands”™ on
page 7-10 for the serial port.
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ALTERNATE

Description

Periodically reverses the applied 1 kHz test signal at the
interval specified. This makes the test signal distinguishable
from external interference near 1 kHz. The bridge can then
reject the interference.

Syntax
ALTERNATE altexp

Parameters

The altexp (aliernate exponent) parameter specifies the inter-
val at which the test signal reverses or alternates according fo
the table below,

altexp

Table A-1 Alternate time periods

Alternate

Altexp time period

0] Alternating disabled
(.25 seconds
(.50
1.00
2.00
4.00
8.00

16.00

-1 & R w2

Default Value 0 (Disabied)
Parameter Set  Gauge
Query Cmd? No

Comments
¢ Rejects noise due to signals with harmonics near 1 kHz.

¢ Particularly useful in regions of the world with 50 Hz
power frequency.

A-2  Command Reference

Front Panel Examples

[FUNC] IALTERNATE| [ENTER]
Alternate the applied test signal once per second.

[SHOW] [FUNC; |ALTERNATE] [ENTER
Displays the following window:

(HLErnREE )
3 j

Remote Device Examples

*RL 3
Alternate the applied test signal every four seconds.

AL 8
Turn alternate feature off.

*3H AL
ALTERMATE

*

ALTERP=8

References
See “REJECTING INTERFERING SIGNALS” on page 4-8.

Related Commands none

AH 2500A Capacitance Bridge
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AVERAGE

Description
Determines the time used to make a measurement.

Syntax
AVERAGE averexp

Parameters averexp

The allowable averexp {average time exponent) parameter
values and their corresponding warm-start measurement
times are listed in the following table:

Table A-2 Measurement times

Approximate
Number warm-start
Aver of Sample | measurement
axp | samples Time time
0 1 0.01 sec. 0.04 sec.
I 1 0.05 0.08
2 1 0.10 0.14
3 2 0.10 0.25
4 4 0.10 0.5
5 8 0.10 1
6 16 6.10 2
7 32 0.10 4
8 64 0.10 - 8
9 128 0.10 15
10 256 0.10 30
11 512 0.10 60
12 1024 0.10 120
I3 2048 6.10 250
14 4096 0.10 500
I3 8192 0.10 1000

Default Value . 4 (0.5 sec. measurement time.)
Parameter Set  Gauge
Query Cmd? No

Comments

¢ Lengthening the averaging time reduces the effects of
random noise at the expense of measurement speed.

AH 2500A Capacitance Bridge

Front Panel Examples

[AVERAGE TIME]} [5 | [ENTER]
Set the average time parameter to five which gives a total
measurement time of about one second.

{SHOW] IAVERAGE TIME] IENTER:
Displays the following window:

(AUE-AGE )
L5 J

Remote Device Examples

FHIE T
Set the averaging time to approximately four seconds.
*3H RU
AUERAGE AVERERF=7
»
References

See “MEASUREMENT SPEED V8. MEASUREMENT
FLUCTUATION” on page 4-5 and specifically “Averaging
Time™ on page 4-6.

Related Commands none
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BAUD

Description
Set the communications parameters for the serial interface.

Syntax

BAUD rate. DTE. parity . length. stop . fill . echo

Parameters

rate

is the baud rate in bits/sec and can be one of the following:
50,75, 110, 135, 150, 300, 600, 1200, 1800, 2400, 3600,
4800, 7200, or 9600. The defaultis 9600.

DTE

selects whether the RS-232 port on the bridge is configured
as “Pata Terminal Equipment” (DTE) or “Data Communica-
tions Equipment” by reversing pins 2 and 3 of the RS-232
connector. When set to it is configured as DCE; when set to
1 it is configured as DTE. The default is 1 (DTE).

parity

conirols a parity bit in each character that is sent. It can be set
to 0 for no parity, 1 for odd parity, or 2 for even parity. The
default is O for no parity.

length
is the optional number of data bits in each serial character,
and can be optionally set to 7, or 8. The defaunlt is 8.

stop

controls the number of stop bits ending each character. This
may be set to 1 or 2, which usually represents 1 or 2 stop bits
respectively. An exception occurs when setting the number of
bits to 2. When the word length is § and parity is odd or even,
1 bit is sent. The defaultis 1.

Sfill

is the optional number of nul! characters sent at the end of
each line, and can range from 0 to 9 characters. The default is
0.

echo

optionally determines whether commands are echoed back to
the serial device. A one enables echoing and a zero disables
it. The default is one.

Default Values 96.1.0.8.1.0.1

Also see individual paramelters above.
Parameter Set Baud
Query Cmd? No

Comments

¢ ‘The settings of this command affect onfy serial port
operations.

A-4 Command Reference

Front Panel Examples

[FUNG) [BAUD RATE] (5] 5
Sets baud rate to 1200 baud.

[FUNG] [BAUS RATE] [+ [+ (=] [+ (3] [3] [0 ENTe]

Disable echoing,

[SHOW] [FUNC| [BAUD RATE] [ENTER]
Displays the foilowing windows:

(hAU | [ FEEPLSFE )
(l2mgms ) ( 12iemn )

Only the first two digits of the bauad rate are reported by the
BAUD command. These windows are actually the first result
line from the SHOW sef command described on page A-39.

Remote Device Examples

*BAU 368 {Set baud rate to 300 baud.)

*BAU L..T {Set bits/character to seven.)

*5H BAU

BALD RATE=38 DTE=1 FAR=A LEM=7
A7FP=1 FIL=8B LRCH=1

OEFIHE ERASE="1 DEL=0FEL EBRCKESP="H
OCL="E TERM=PRINTER

HREMOTE STATE=%9

HLOCKEDOUT STRYE=#8

LOG BRLD COMTEMT=8

»

The SHOW BAUD command shows all the parameters in

the Baud parameter set rather than just those entered by the
BAUD command. Only the first two digits of the baud rate
are reported by the SHOW command.

References

See Chapter 7, “Serial/RS-232 Remote Operation™ and spe-
cifically “SERIAL COMMUNICATION PARAMETERS”
on page 7-0,

Related Commands
DEFINE, LOCAL, NLOCKOUT, LOGGER BAUD,
NREMOTE
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BIAS

Description

Enables or disables a user-supplied DC bias voitage of up to
=100 VDC to be applied to the measured unknown. The
exiemnal source is connected to the rear panel DC BIAS
input. This command also selects the value of an internal
resistor that is placed in series with the externally applied
voltage source.

Syntax
BIAS enable
Parameters enable
The enable choices are:
0 Disabled (no series resistor connected)
1 100 megohm series resistor connected
2 1 megohm series resistor connected

The enable choices are numbered in order of ability to feed
increased levels of current into the unknown,

Default Value o (Disabled)
Parameter Set Gauge
Query Cmd? No

Comments

* Useful when measuring capacitances that exhibit DC
voltage-dependent properties.

WARNING !

The voltage that you apply to the DC bias input will be
passed to the LOW input terminal, From there it will go to
whatever unknown impedance and fixture you have con-
nected. Be sure that your fixture and cable are constructed in
a manner that will prevent personal contact with any applied,
high DC voltages. The frame of the fixture and the shield of
the cable should be grounded,

CAUTION

The voltage connecied to the DC bias input appears directly
across the internal fused-silica capacitance standard.
Application of voltages significantly in excess of 100 volts
may damage or destroy the standard.

AH 2500A Capacitance Bridge

Front Panel Examples

[DC BIAS] {ENTER]
Enables DC bias and selects the | MQ series resistor.

1SHOW] [DC BIAS]| [ENTER]
Displays the following window:

(dc B AS )

e )

Remote Device Examples

IO
Enables DC bias and selects the 100 M£2 series resistor.
*5H B
pe BIAS EHABLE=1
b
References

See “UNKNOWNS WITH DC VOLTAGE” on page 4-13
and especiaily “Applying a DC Bias Voltage” on page 4-13,

Related Commands none
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BRIGHTNESS

Description
Sets the brightness of the front panel capacitance and/or loss
displays and the status and units indicators.

Syntax
BRIGHTNESS [CAP or LOSS] level

Qualifiers
CAP Parameters will apply to the capacitance
display only.
LOSS Parameters will apply to the loss display
only.
None Parameters will apply to both capacitance
and loss displays.
Parameters level

The level parameter must be a number from 0 to 9. Zero turns
the display off and sets the indicators to the same brightness
as level one. Numbers from 1 to 9 correspond to increasing
brightness with 9 being the maximum brightness.

Defauit Value 3 (Medium brightness)

Parameter Set  Basic
Query Cmd? No

Comments

¢ If power is applied to the bridge, there is always at least
one LED iltuminated on the front panel. This fact can be
used as a power indicator.

A-6 Command Reference

Front Panel Examples

[FONC) [BRIGHTNESS| [CAP} {3 ] [ENTEA)
Sets the brightness of the upper display to the maximum.
1eaves the lower dispiay unchanged.

[SHOW] [FUNC [BRIGHTNESS] [ENTER]
Displays the following window:

(Gr: GRE )
(f9 L5 ]

The brightness level of the upper display is shown as [ 9;
that of the lower display as L 5.

Remote Device Examples

*HBR B

Sets the brightness level of both displays to the minimum.

»SGH BFR
BRIGHTHESS

-

References
See “KEYPAD AND DISPLAYS” on page 2-1 and “Setting
Display Brightness — An Example” on page 2-4.

Related Commands none
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BUS

Description

Sets the communications parameters for the GPIB
(IEEE-488) port.

Syntax

BUS priaddr. secaddr. ton. compat. prompts

Parameters

priaddr

is the primary GPIB bus address. It can have any value from
0 to 30. The default primary address is 28 with no secondary
GPIB address.

secaddr

is an optional secondary GPIB bus address and can range
from 0 to 30. If no secondary address is entered, then a sec-
ondary GPIB address will not be recognized. To disable a
previously entered secondary address, the dot separator is
immediately followed by the key or an end-of-line.
The default is no secondary address.

lon

is the optional GPIB “talk only” switch. When set to one,
resuits can be sent to a “listen only” device such as a printer
or logger. It is normally set to zero, which is the default
value.

compat

selects compatibility mode when set to one. In compatibility
mode, all status byte values are reported in binary-weighted-
decimal and all result lines are separated with semicolons.
With compatibility mode off, all status byte values are
reported in binary and all result lines are separated with CR
and LF characters. All messages are terminated with CR,
LEAEND no matter how compatibility mode is set. The
default value is zero.

prompls

makes all prompt messages available to the GPIB when setto
a one. This is infended for use with the interactive mode of
operation. The RDY status bit is used to distingunish a prompt
message from all others. The default value is zero.

Default Values 28, .0.1.0; See above,
Parameter Set Bus
Query Cmd? No

Comments

* The settings of this command affect only GPIB opera-
tions.
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Front Panel Examples

IFUNC] [BUS ADDR] ENTER
Sets the primary bus address to 22.

[FUNC] [BUS ADDR| [+ ][« }[e 0]

Disable compatibility mode.

{SHOW] [FUNC] {BUS ADDR| [ENTER]
Displays the following windows;

!

(505 Addr
BEE

PriGLELP ]
000 22 Do)

The [« and [»] keys are used to select which of the two
windows is displayed. These windows are actually the first
result line from the SHOW set command described on
page A-39.

Remote Device Examples

»BU 15,01
Set the secondary address to 13 and enable
compatibility mode.

»3H BU
BUS ADDA FRI=28 SEC=15
ToH=8 CPT=1 PRP=8
SRE HAU=8 EXE~8 ROY=1 POH=R
URG=8 CTHRE=8 0OHR=1
LOSGER COHTENT=A
>

The SHOW BUS command shows all the parameters in the
Bus parameter set rather than just those entered by the BUS
command.

References

See “BUS CONFIGURATION PARAMETERS” on
page 6-1, “GPIB DATA LOGGING” on page 6-15, and
“STATUS REPORTING” on page 6-5.

Related Commands
LOGGER BUS, SHOW STATUS, SRE, USER
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CABLE

Description
Compensates for the characteristics of longer cables or cables
used to connect the bridge to larger capacitances.

Remote Syntax

CABLE LENGTH length
CABLE BESIS%&NCE resistance
CABLE iNDUCT(')/r\NCE inductance

CABLE QAPACI';');\NCE capacitance

Front Panel or Remote Syntax

CABLE 1 CABLE length
or

ABLE 2 CABLE resistance
or

ABLE 3 CABLE inductance
or

CABLE 4 CABLE capacitance

Parameters

length {Floating Point)
is the length (in meters) of the coaxial cable pair connected
between the bridge and the device under test. The length can
be entered to the nearest hundredth of a meter up to a maxi-
mum length of 999.99 meters. The default length is one
meter.

resistance (Floating Point)
is the resistance (in mitliochms) of the center conductor of one
meter of cable. The value of resistance can range from 0 to
9999.0 milliohms per meter. The default resistance is 40 mil-
liohms per meter.

inductance (Floating Point}
is the inductance (in microhenries) per meter of cable. The
value of inductance can range from 0.00 to 99.99 microhen-
ries per meter. The default value is 1.10 microhenries per
meter,

capacitance {Floating Point)
is the capacitance (in picofarads) per meter of cable. The
value of capacitance can range from 0.0 to 999.9 picofarads
per meter. The default value is 70.0 picofarads per meter.

Parameter Set  Gange
Query Cmd? No

References
See “CABLE ERROR CORRECTIONS” on page 8-6.

A-8 Command Reference

Front Panel Examples

[FUNC] {CABLE] [FONC] [CABLE] [ENTER]
Sets the bridge to compensate for a 3 meter cable length.

[FUNC] {CABLE] [FUNC] [CABEE] (=] ENTER
Sets the bridge to compensate for cable with resistance of 3.0
milliohms per meter. (The result is rounded.)

ISHOW] [FURE] [CABLE] [ENTER!
Displays the following windows:

(EAL LEn ]

(300 ]
(¥]
(Ab rE5 )
(3 ]
[¥]
[ LAL [nd )
B )
7]
([AbL CRF ]
(0 |

Remote Device Examples

SCREBOLEH 18
Sets the bridge to compensate for a 1() meter cable length.

*CRBL 2 CABE 5. RE+A1

Sets the bridge to compensate for 60 milliochms per meter.
>3H CHB

CRELE LEHGTH= t8.88 H

CHELE REZISTRHCE M= 68.8 1o
ZRBLE INGUCTAHCE M= 1.18 LH
ERBLE CAPACITAMCE /M= 70.8 PF

he

Comments

¢ The CABLE commands are only useful for high acen-
racy measurements of larger capacitance values or with
longer cable lengths.

¢ As the syntax definitions show, issuing commands from
a remote device allows using the words LENGTH,
RESISTANCE, INDUCTANCE and CAPACITANCE
instead of the numbers 1, 2, 3 and 4.

© Longer cables also cause a zero error. The ZERQO SIN-
GLE command is used to make this correction.

Related Commands ZERO

AH 2500A Capacitance Bridge
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CALIBRATE

Description
Causes the bridge to produce correction values for one of
three different kinds of calibratdons/verifications.

Syntax
CALIBRATE 1

creates verification data for many internal calibration points.

or
CALIBRATE 2 CALIBRATE smandardvalue

creates capacitance verification data to calibrate the AH
2500A against an external standard capacitor. The external
standard must have a value in the range of 0.5 to 1600 pF.

or
CALIBRATE 3

creates verification data for the ratio transformers, only in
Option-E bridges. The CALIBRATE 3 command requires a
1pF to 1uF three-terminal decade capacitance box. As this
command executes, you are prompted to set up various val-
ues in the decade box,

Parameters standardvalue (Floating Point)
The standardvalue parameter is the exact value of the exter-
nal standard capacitor connected fo the bridge.

Default Valoe  None

Parameter Set  None

Query Cmd? No

Comments

¢ The subject of calibration must be thoroughty under-
stood before using these commands. 1t is essential to first
read much of Chapter 9, “Verification/Calibration”.

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC] [CALIBERATE] [FUNC| [CALIBBATE]

(1081 Ce]e] 8] [ENTER]

Create capacitance calibration data using an external stan-
dard capacitor which has an accurately known and traceable
vatue of 99.99000 pE

See the SHOW CALIBRATE command for more informa-
tion,

Remote Device Examples

*CAL 2 CAL 18,8443+
Use a 10.00034 pF external standard.

*CAL 3

SET CAP Jggpaa.a

SET CAF IEBREA . A7 {Set the value higher)
SET CAP 1BE08E .8 >

SET CHP 18A3AR, B~ (Set the value lower)
SET CAF IRagg .8 >

SET CHRP apAsa .6 > (Reduce the noise)
S5ET CRP 1gaga. g >

SET CARF 3gRa.a >

SET CAF 15608.8 »

SET CHF LB,

SET CAP 3f@.8 >

SET CARF 2.8 F

SET CAP 181.8 »

SET CAF 158.8 »

SET CAF 189.8 *

SET ChRpP 243.8 >

SET CRF 297.8 >»

SET CAF 345.8

SET CAF F95.8 »

SET CRE G458

SET CAF ERe T S B

FET CAF 197.8 »

SET CAFP 99,4

b

See the SHOW CALIBRATE commands for more informa-
tion about reporting calibration data.

References

See “Obtaining the Internal Verification Data” on page 9-5,
“Obtaining the Capacitance Verification Data.” on page 9-9
and “Obtaining Transformer Verification Data” on page 9-12.

Related Commands

SHOW CALIBRATE, STORE CALIBRATE,
STORE CALIBRATE CREATE,

STORE CALIBRATE SPECIAL
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CLEAR

Description Front Panel Examples
Clears a partially entered command.

[FUNC] |STORE] [FUNC] [CALIBRATE]

Front Panel Syntax ([ALLrAEE )

( )

Serial Device Syntax

AL

rEAdY )
Parameters None [ ]
Deu}uit Value ) The clear function was used to abort entry of the STORE
The tront panel syntax is not user-selectable. Almost any CALIBRATE command.
character can be selected for this function from the serial
port. Ctri-U is the default. Serial Device Examples
Query Cmd? No *PROGRAN AVERAGE 34570

¥

Comments Entry of the command was aborted with the "1} character

* The serial device syntax is not recognized when sent (which is not actually shown).

from a GPIB controller. Such controllers usually provide

) . References
their own methods for editing commands.

See “Correcting Erroneous Input — Examples” on page 2-4
and “Erasing Lines” on page 7-11.

Related Commands
DEFINE
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CONTINUOUS

Description

Initiates measuremnents which are taken continuously, one
after another. The time from the start of one measurement to
the start of the next may be entered.

Syntax
CONTINUQUS [interval]

Parameters interval (Fioating Point)
This optional parameter is the time from the start of one mea-
surement to the start of the next entered in seconds and tenths
of seconds. The maximum Hme interval is 99,999,999 sec-
onds.

Default Value ©

(Runs as fast as averaging
time will permit}

Parameter Set  None

Query Cmd?  Yes

Since the CONTINUOUS command is a query command,
any command will interrupt execution of the CONTINU-
OUS command. However, the bridge will revert to taking
measurements continuously after the interrupting command
{other than SINGLE or Q) finishes executing,

Comments

® The SINGLE or Q commands will cause continuous
measurements to stop after taking one more measure-
ment.

* If the inferval parameter is zero, measurements are taken
at the maximum rate allowable by the AVERAGE com-
mand’s averexp parameter.

¢ If the interval parameter does not exceed the averaging
time, then the latter will determine the rate at which
measurements are made.

¢ The key on the front panel is shared with
the [ =] key. To issue the CONTINUQUS command
from the front panel, you will often have to press the

ENTER] key first.

* The quickest way to stop the CONTINUOUS command
is with a DEVICE CLEAR command.

AH 2500A Capacitance Bridge

Front Panel Examples

[CONTINUCUS] [ENTER]

Takes a measurement every three seconds.

(12298653 ) [ G:01 )
SRR \ o [O-150 ]
(Tje%P2iB0 ) (5-0] ]
(082910 [ 0- 150 ]
SREEEEEE 75:0] ]

bo3bae CU-sD }
(72372083 ] [ 5:0] )
@BEEED; IR ;

The left window shows the capacitance and loss. The right
window shows the sample number and the voltage used to
make the measurement. The {« ] and | # ] keys are used to
select which window of each pair is shown in the front panel
display.

Stops taking measurements.

Remote Examples

*La

C=1@, 34290 PF L=8, 0884591 HE

C=18.342%58 PF L=0. 00834592 HE
»L=18,342950 PF L=8,0004592 HS
>
The Q command (which does not echo to the sertal port) was
used to abort the CONTINUQUS command. Measurements
were being taken as fast as the averaging time setting would
allow.

References

See “MAKING CONTINUOUS MEASUREMENTS” on
page 2-7 and “Taking Measurements Continnously” on
page 4-4.

Related Commands
AVERAGE, Q, SINGLE
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DEFINE

DPescription

Allows redefinition of certain special purpose ASCI key
codes used with the serial port. These are particularly useful
with remote video terminals attached to the serial port.

Syntax
DEFINE ERASE erasechar
or

EFINE

ELETE delchar

or

DEFINE BACKSPACE backspchar

or
DEFINE DCIL. devcirchar
or

DEFINE TERMINAL fermtype

Parameters

The key code required by the first four versions of the
DEFINE command may be entered in one of three ways. It
may be entered directly by simply pressing the key which
produces the desired code. H it is to be a control key, it may
be entered as the corresponding letter preceded by an up
arrow {"). Finally, it may be entered as the word DELETE if
it is to be the ASCIH “delete” character. Some characters may
not be chosen including ~A, A, "M, ~ and *S.

erasechar

Is the key code that causes the current command line on a
remote video terminal to be erased. The default erase line
character is control U (AU).

delchar

Is the key code that causes the character to the left of the cur-
sor on a printing or video terminal to be erased. The default
delete character is the ASCII delete (or rubout) key.

backspchar

Is the key cede that causes the cursor on a video terminal to
backspace one character posttion. The backspace is used in

combination with the delete key to remove the deleted char-
acter from the screen of a video terminal. The default back-
space character is control H (“H).

develrchar

Is the key code that aborts execution of all currently queued
commands. The default device clear character is control E
("E).

A-12  Command Reference

termtype

Tells the bridge whether a video terminal or hard-copy
printer is attached to the serial port. When configured as a
printer, character deletion uses backslashes (\} to delineate
any characiers that were deleted by the delete key. The rerm-
type parameter is entered as either VIDEO or PRINTER.
The default terminal type is PRINTER.

Default Value  Sceindividual parameters above.

Front Panel Examples

The DEFINE command cannot be entered nor can its param-
eters be shown from the front panel.

Serial Remote Device Examples

*BEF DEL “H
Set delete key code to be control H.

*QEfF TE P
Define terminal as a hardcopy printer.

*5H DEF

DEFINE ERASE="U DEL=DEL BRCKSP="H

DCL="E TERM=PRINHTER

Parameter Set  Baud

Query Cmd? No

Comments

® The DEFINE command has no value with a GPIB con-
troller since the characters affected are only recognized
from the serial port. GPIB controllers usually have their
own methods for editing commands.

References
See “Correcting Typing Errors” on page 7-10.

Related Commands
BAUD, CLEAR, DELETE, DEVICE CLEAR

AH 2500A Capacitance Bridge
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DELETE character

Description

Deletes the last character typed from a remote terminal or the
last numeric digit or decimal point entered from the front
panel,

Front Panel Syntax

Serial Device Syntax
delchar

The delchar is definable using the DEFINE command. In
other words, you can select which key serves as the delete
key. There is usually a key intended to perform this function.

Parameters None

Default Value

Serial device syntax uses the ASCII “delete” character.
Query Cmd? No

Comments
¢ The serial device Delete key code is not recognized

when sent from a GPIB controller. Such controllers usu-
ally provide their own methods for editing commands.

* The DELETE character command shares the key
label on the front panel with the DELETE fife com-
mand, but otherwise, these commands have no connec-
tion with each other.

AH 2500A Capacitance Bridge

Front Panel Examples
[REFERENCE] [CAF] [«]

(CHP )
[ IR

[DEL] [DEL] [DEL] IDEL]

TAP )
[ 3 )
o]
[ [AF )
( Jili ]
The key was pressed four times to delete “ | | [ The
deleted characters were replaced with “ 1. | I” 50 as to move

the decimal point right by one place relative to the original
entry.

Remote Device Examples
*RFERYREFYEF

=
The delete key was pressed four times to back up to the “FE”
that was reversed during entry.

References
See “Correcting Erroneous Input — Exampies” on page 2-4.

Related Commands
DEFINE
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DELETE file

Description
Deletes a parameter or program file in EEPROM memory.

Syntax

DELETE [BASIC, GAUGE, BAUD, BUS
or PROGRAM] [ filename)

Qualifiers
. BASIC Delete Basic parameter file(s).
GAUGE Delete Gauge parameter file(s).
BAUD Delete Baud parameter file(s).
BUS Delete Bus parameter file(s).
PROGRAM Delete Program file(s).
None Delete all files of all filetypes and initialize
the file space.
Parameters Jfilename

This is the name of the file to be deleted. The name has only
digits and contains no more than eight. If filename is not
entered, then afl files of the specified type will be deleted.
The ARE ¥0U SURE?Y prompt will be shown if filename is
not entered. You must answer YES or to this prompt if
the operation is to complete. If you are working from the
GPIB and are not using prompts, your reply to the ARE 510U
SUREY prompt can be appended as “; YE5” to your com-
mand. For example, DELETE PROGERM; YES.

Default Value

None

Parameter Set  None

Query Cmd? No

Comments

® If you are unsure what filenames can be deleted, issue
the DIRECTORY command to get a list of ali of them.

* If you are unsure of the contents of a particular file, you
can use the SHOW command to examine the contents.

* The DELETE character command shares the key
Tabel on the front panel with the DELETE fife com-
mand, but otherwise, these commands have no connec-
tion with each other.

References
See Chapter 3, “Parameter and Program Files” and specifi-
caily “Deleting Files” on page 3-9.

Related Commands
DIRECTORY, RECALL, SHOW, STORE
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Front Panel Examples

Displays the following windows:

[ LAULE )
l

[

(BASIT ]
L %

The second [ # } had no effect which shows that only two files
exist in EEPROM memory.

[DEL] [GAUGE] [ENTER]

(TArE 4900 ]

(SOrE )
Deletes all Gauge parameter files.
Digplays only the following window:

(BASIL ]

] ]
(2]

| BASIT

i _—

L )

Now onty one file exists in EEPROM memory.

Remote Examples

*IHGW FROGRAM 14

AUER 7

Gl
*DELETE FR 14
*SH PR 14

FILE HOT FOUNE
3
This example shows that initially there is a two-line program
in EEPROM memory. The program is then defeted. Another
SHOW command is then not able to find a program file hav-
ing a filename of “147,

AH 2500A Capacitance Bridge
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DEVICE CLEAR

Description

Immediately aborts execution of any command or program.
The bridge is left in a state that should accept a new com-
mand.

Front Panel Syntax

[FUNC] ICLEAR] [FUNC] [CLEAR]

Serial Device Syntax
devclrehar

The devcirchar is definable using the DEFINE command. In
other words, you can select which key serves as the device
clear key.

Defaunlt Value

Serial device syntax uses the ASCII control E (*E) character.

GPIB Device Syntax

DCL or SDC universal IEEE-488.1 bus commands

Parameters None

Query Cmd? No

Comments

® The GPIB syntax that issues a Device CLlear (DCL) or
Selective Device Clear (SDC) bus command is depen-
dent on the controller. Consult yvour controller manual
for this syntax,

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC] [CLEAR] [FUNC] [CLEAR]

(JEUTTE
[ CLEAF ]
| ~EAJY

[

The device clear function was used to abort something. The
key was then pressed to get the ~ EHdY prompt.

Serial Device Examples

FHOLD @

“E

¥

The HOLDE 8 command caused the bridge to hold for an
external trigger pulse. The hold condition was aborted by
entering the "E character.

References

See “Device Clear Commands” on page 6-13 and “Aborting
Command Execution™ on page 7-11.

Related Commands DEFINE
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DIRECTORY

Description
Lists a directory of the files stored in the EEPROM memory.
The information consists of the file type and file number.

Syntax

DIRECTORY [BASIC, GAUGE, BAUD,
BUS or PROGRAM]

Qualifiers
BASIC List only Basic parameter files.
GAUGE List only Gauge parameter files,
BAUD List only Baud parameter files.
BUS List only Bus parameter files.
PROGRAM List only Program: files.
None List all files of all filetypes.
Parameters None

Query Cmd?  Yes

Comments
® The file numbers can be as long as eight digits.

® If no files exist, the error message “FILE HOT
FEUHD™ or 297 will be reported.

A-16 Command Reference

Front Panel Examples

)

0k )
[
[3]
[ Pral
T
L
(]
[ Frob
[ e
[+]
( Prab
[ 2¢

)

The third [ ¥ ] did not reveal a fourth file. Therefore, the

command has revealed that there are three files in the

EEPROM memory, one contains a bus parameter set and the
other two are programs. This bus parameter set is number one

which is one of the non-volatile, power-on sets.

Remote Device Examples

»01

BUS

FROG

FROG

*DIR BUS
BUS

*01 PROGRAN
PROG

FROG

¥

References

See “Listing the File Names” on page 3-8.

Related Commands

DELETE file, PROGRAM, RECALL, STORE

AH 2500A Capacitance Bridge
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FORMAT

Description
Controls the format of results which are sent to serial or
GPIB ports. Front panel results are not affected.

Syntax
FORMAT smp.cap.los.vit.msg. Ibl. pun. ffd

Parameters
smp enables sending the sample field when set.
cap enables sending the capacitance field when set.
loy enables sending the loss field when set.
vit enables sending the voltage field when set.
msg enables an error message o be sent when set, or
an error code to be sent when clear.
bl enables labels to be sent.
pun enables IEEE-488.2 compatible punctuation

when set.

Jfd fixes field widths when set.

Default Value 0.1.1.1.1.1.0.1

Parameter Set  Basic

Query Cmd? No

Comments

* Hach of the eight required binary parameters is entered
as either one or zero. A one enables printing of the corre-
sponding field, fabel, message or punctuation. A zero
disables it.

¢ [.abels consist of the field identifier {S=, C=, L=etc.)
and the measurement units (PE NS and V, for example).
Labels in SHOW command results are affected aiso.

* If ASCII error messages are enabled, errors are reported
as messages following the resul line, 1If ASCII ervor
messages are disabled, then the result line will be pre-
ceded by a two digit error code. The error code will be
zero if there are no errors.

¢ The effect of IEEE-488.2 compatible punctuation is to
substitute commas for spaces as field separators and to
enclose messages and other string variables in quotes.

* When ffd is zero, no fill spaces are sent. These spaces
keep the measurement results aligned in neat columns.

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC] {(FORMAT] [« [ ][ ][0]

Displays the following window:

{ FarfBE }
E—
[ ~EAdY ]

The vit parameter was set to zero, eliminating the voltage
field. The key was pressed to complete the command
and get the - £ AdY prompt.

[SHOW] (FUNC] [FORMAT] [ENTER]
Displays the following windows:

( Far0AE | [GCLOALPF )
(ooarsl ) (oamimr )

The [«] and [ =] keys are used to select which of the two
windows is displayed.

Remote Examples

*5H FO
FORHMAT SMP=8 CAP=1 LOS=1 ULT=8

M5G=1 LBL=1 PUH=8 FFO=1
Rl
£=10,342956 PF L=0,088p4591 HI OUEHN
FFORMAT .. ..8 (Set msg 1o zero.)
»3H FO
FORMAAT SHP=a CAP=1 LOS=1 UL.T=0

MSG=8 LEL=% PUN=8 FFQO=1
*51

15 C=18.342958 PF L=8,48045392 HS
The FORMAT command was used to change from sending an
error message (DUEHM) at the end of the result line to reporting

an error code {159) at the beginning.

References
See “REMOTE DEVICE FORMATS” on page 5-5.

Related Commands FORMAT SPECIAL, PLACES
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FORMAT SPECIAL

Description Front Panel Examples
Controls the numeric notation of results which are sent to the
serial or GPIB ports. Front panel results are not affected.

[FUNC} [FORMAT] [FUNC] [SPECIAL] [ 0] [ENTER]
Sets the notation fo floating-point.

Syntax [SHOW] [FUNC] [FOEMAT] [FUNCT] |SPECIAL] [ENTEH]
Displays the following window:
FORMAT SPECIAL notation

P . { FarlRE )
arameters notation =

Specifies the type of numeric notation to be used for capaci- [ aPEL d J
tance, loss, voltage and cable results. The noration parameter
can be set to 0, 1 or 2. The notations are:

Remote Examples
0 Floating-point notation

>FO 5P @
1 Scientific notation *51
> Ensineering notation C=843,318636 PF L=9.083721 HS
g § niotatio PFOOSP
. . ) »S1
Defa i -point
ult Value 0 (floating-point notation) C=5,43318630E+82 PF L=3.7S6E-82 NS
. ks
Parameter Set  Basic \;g sk 2
. C=843.318681E+08 PF L=37.44E-83 NS
2 o
Query Cmd? No san o ap
=7
Comments f{lHHHT sP H=2

¢ Only resuits are affected by this command. The notation
of numeric values that are entered is automaticaily
detected and appropriately interpreted.

The above examples show floating-point, scientific, and engi-
neering notation results, respectively.

References
See “Numeric Notation” on page 5-8.

Related Commands FORMAT, PLACES
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HOLD

Description

Execution of this command causes the bridge to do nothing
further for either a specified period of time or until an exter-
nal trigger pulse is received.

Syntax
HOLD delay

Parameters delay (Floating Point)
This parameter is the delay time until the bridge is to execute
the next command. The maximum delay time is 99,999,999
seconds. If this parameter is entered as a zero, then the bridge
will wait indefinitely until an external trigger pulse is
received. The delay may be entered to the nearest tenth of a
second.

Default Value

None
Parameter Set None
Query Cmd? No

Comments

¢ Omnce this command is executed, it can only complete
normally or be aborted with a DEVICE CLEAR com-
mand.

* This command and particularly its delay feature are
mainly useful with the PROGRAM commands.

¢ Additional commands may be entered following the
HOLD command, but they will not be executed until the
HOLD command finishes.

®* The HOLD 0 command is the only command that
responds to external trigger pulses,

¢ When the HOLD command is active, the word “HOL d”
will usually be displayed on the front panel followed by
the remaining delay time, if any was entered. The excep-
tion occurs when the HOLD command immediately fol-
lows a query command within a program. In this case,
the front panel display continues to show the result pro-
duced by the query command instead. This allows the
HOLD command to control the length of time that
results generated by programs are displayed.

AH 2500A Capacitance Bridge

Front Panel Examples
9]

_HBL )

[ EERD

The HOLD command begins executing immediately after
being entered. The time remaining is shown on the display as
29.2 seconds.

Remote Examples

*H 5@
*51; 581
C=28843.316E+88 PF L=537.43E-83 HS
C=2B8843.317E+80 PF L=537.44E-83 HS
b
In the above example, the HOLD command specified a delay
time of 50 seconds before executing the next command line.
During the delay, no prompt appears and no commands other
than a DEVICE CLEAR will produce an immediate
response. The two SINGLE comimands were entered before
the delay fime expired and thus were not echoed to the serial
port as they were entered. They were echoed and began exe-
cuting the moment the delay time expired.

*HE 5B
51
»51

C=Z25543 315E+88 PF L=537, 43E-83 NS
p
This second example is almost identical to the first, but only
one measurement result is produced instead of two even
though two SINGLE commands were entered. Since SIN-
GLE is a query command, the second command interrupted
and aborted the first.

*HO 8:351

FL=28843, 317E+88 FF L=537.44E-83 HS

>

In this third example, the HOLD command specified that an
external trigger must occur before continuing. A single mea-
surement was taken as soon as a trigger pulse occurred. Until
the occurrence of a trigger pulse, no prompt would appear,
but any subsequent command entry would abort the HOLD
command. This would occur since the presence of the §1
command makes the line a query command line.

References
See “TIMING IN PROGRAMS” on page 3-13 and “Initiat-
ing with an External Trigger Signal” on page 4-4.

Related Commands PROGRAM, HOLD SPECIAL
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HOLD SPECIAL

Description

This command determines what happens to external trigger
pulses that arrive when no HOLD 0 command has been exe-
cuted {o receive them. This command allows such pulses to
be buffered or to report an error. Execution of this command
clears the trigger buffer.

Syntax
HOLD SPECIAL trighuf

Parameters trighuf
This causes external frigger pulses to be buifered as they
come in if trighufissettoa 1.

Default Value 1 {Buffer the pulses)

Parameter Set  Basic

Query Cmd? No

Comments

& With rrighuf set to one, the trigger buffer can hold up to
255 unprocessed trigger events. Any trigger pulses that
occur which would cause this number to overflow are
ignored.

¢ With rrighuf set to zero, any unexpected trigger pulses
that are received will be reported as an “E” error as part
of the next measuremnent result. This will appear in the
upper right corner of the front panel display. This error is
not possible with trighuf set to one. This error event can
be detected only by taking a measurement.

* The SHOW command only reports the parameter asso-
ciated with the HOLD SPECIAL command, not the one
associated with the HOLD command.
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Front Panel Examples

[FUNC] [FOLD] [FUNC] [SPECIAL] [ 6 | [ENTER]

Set the rrighuf parameter to zero to disable trigger buffering.

[5H0OW| [FONC] [HOED] FUNC] [GPECIAL] [ENTER]

(HOLd BuF ]

n 1

[ o)

Use the SHOW command to see that the rrighuf parameter is
7870,

(Take a measurement and show in window below.)

SEECEIEED
(HE27 1 )

Note that an “E” is shown in the upper right corer of the dis-
play indicating that an unexpected external trigger pulse was
received.

Remote Examples

FHO OGP
*3H HO 35F

HOLD SPEC TRIGHUF =1

References
See “Handling Unexpected Trigger Pulses” on page 3-14.

Related Commands HOLD
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LOCAL

Description

When executed from the front panel, this command returns
the bridge to the Local state if it was in either the GPIB or
Serial Remote states. It is used to allow commands to be
entered from the front panel.

Front Panel Syntax

Serial Device Syntax

LOCAL

Parameters
No parameters are entered. This command resets the parame-
ter associated with the NREMOTE command.

Default Value 0 (Local)

Parameter Set Bauad

Query Cmd? No

Comments

* While in the Local state, commands may he enfered
from the front panel or either remote port.

¢ The REMOTE indicator LED is not illuminated when
the bridge is in the Local state.

® The front panel key wiil have no effect if either
the GPIB or serial remote devices has put the bridge into
a Remote With Lockout state. :

* The LOCAL command should not be issued to the
bridge from a GPIB controller since such controllers
have their own set of commands for such functions. The
GPIB controller command may have the same spelling
but its command would be issued to the controller, not {o
the bridge. The controlier shouid have a command that
allows it to issue a GTL (Go To Local) bus command to
change the bridge from the GPIB Remote staie to the
GPIB Local state.

# Issuing the LOCAL command from the serial port only
reverses the effects of an NREMOTE command issued
from the seriai poti. The LOCAL command, when issued
from the GPIB port, will have no effect on Remote states
created by the Serial port or by the GPIB port.

AH 2500A Capacitance Bridge

Front Panel Examples

If the REMOTE indicator is on, pressing the key will
either cause the indicator to extinguish or the message below
will appear:

(LOLAL )

[ Locouk }

This message means that the front panel cannot be operated
until the remote device unlocks if.

Serial Remote Examples

*MREM

*5H HREN
HREMOTE

»Loc

*3H MHREN
HREMOTE

3

The LOCAL command reversed the effect of the NRE-

MOTE command. The SHOW command reports the effects

of the LOCAL command on the Nremote command parame-

ter.

{Enter Remote state)

STATE=1
(Exit Remote state)

STRTE=8

References
See “STATES AND INDICATORS” on page 6-2 and “LIM-
ITING FRONT PANEIL ACCESS” on page 7-11.

Reiated Commands NLOCKOUT, NREMOTE
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LOGGER

Description

This command allows the selection of what front panel initi-
ated commands and resuits are to be logged to the GPIB and/
or serial ports.

Syntax
LOGGER (BAUD or BUS) content
Qualifiers
BAUD The content parameter will affect data
logged to the serial port only.
BUS The content parameter will affect data
logged to the GPIB port only.
Parameters content

Specifies what information is logged to a remote port accord-
ing to the table below.

Table A-3 Content parameter values

Content Messages sent to Iogger
G None (logging is disabled)
1 Measurement results only
2 All results
3 All commands and all results
Default Values Baud: 0, Bus: 1

All logging disabled to the serial port; logging enabled to the
GPIB port of measurement results only.

Parameter Set  Baud, Bus

Query Cmd? No

Comments

* “Measurement resuits only” (confeni=1) refers to log-
ging only the sample number, capacitance, loss and volt-
age values and error messages.

® “All results” {conteni=2) refers to measurement, calibra-
tion and test results and also results from the DIREC-
TORY command and all versions of the SHOW
command.

* “All commands and results” (confent=3) refers to all
results logged with content=2. In addition, commands
entered from the front panet are themselves logged.

® Logging to the GPIB channel can be done by connecting
a “listen only” device. This requires that the AH 2500A
be placed in the “talk only” state using the BUS com-
mand.

A-22 Command Reference

Front Panel Examples
[FONC! {LOGGER] [FUNC] [BACD] ENTER]

This causes all results to be logged to the serial port.

[SHOW] [FUNC] [LOGGER] [ENTER]

[

]
L
[ r
L

OO0 &RUd }
anknk 2 }

[ LOLD BUSR )
[ Tanknre | ]

Remote Device Examples

LOG BU % {Enable logging of measurement
resulis only to the GPIB port,)
*LOS5 BA B {Stop logging to the serial port.)
*SH LOG
LG BAYO COHTENT=8
Lag BUS COHTEHT =1
References

See “GPIB DATA LOGGING” on page 6-15 and “SERIAL
DATA LOGGING” on page 7-13.

Related Commands BUS

AH 2500A Capacitance Bridge
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NLOCKOUT

Description
Prevents the front panel key from changing the
bridge from a Serial Remote State to a Serial Local State.

Syntax
NLOCKOQUT
or
NLOCKOUT HALT
Qualifiers

If HALT is not entered, the bridge will enter the Serial Local
State with Lockout or the Serial Remote State with Lockout.
If HALT is entered, the bridge will enter the Serial Local
State or the Serial Remote State.

Parameters

No parameters are entered. However, the SHOW BAUD and
SHOW NLOCKOUT commands will report a one if the
NLOCKOUT command has been executed and a zero if the
NLOCKOUT HALT command was executed.

Default Value 0  (not locked out)

Parameter Set  Baud

Query Cmd? No

Commenis

* This command is intended to be issued only from a
remote serial device. It is not available from the front
panel and has no effect from the GPIB port.

¢ When in the Remote Serial State, this command causes
all front panel keys to be ignored until a LOCAL or
NLOCKOUT HALT command is issued from the con-
trolling serial device.

® The NLOCKOUT command should not be issued to the
bridge from a GPIB controller since such controliers
have their own set of commands for such fanctions. The
GPIB controller command may have similar spelling but
its cormmand would be issued to the controller, not 0 the
bridge.
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Front Panel Examples

The NLOCKOUT command is not available from the front
panel. It can, however, be shown from the front panel. Enter
the key sequence:

[SHOW] [FUNC| [BAUD] [ENTER] [3]

and gel:

| nlocouk ]
( SEAREE D )

Serial Remote Examples

>SH MREM:SH HLOC (Start with Local state,

HREMOTE STATE=H front panel is fully
HLOCKOUT STATE=A operable,)

*HREN {Enter Remote state,

»3H NREM;SH MLOC front panel except
NREHMOTE STATE=1 [LOCAL] key is
HLOCKOUT STATE=# inoperable.}

*HLOC (Enter Remote With

»SH HA;SH HL Lockout state, front
MRENOTE STATE=1 panel and [LOCAL] key
HLOCKOUT STRTE=1 are inoperable.)

*LOCAL {Enter Local With

*EH MB;SH ML Lockout state, front
HREMATE STATE=A panel is fully operable.)
HLOCKDOUT STHTE=1

*MRE (Enter Remote With

*SH HE;SH HL Lockout state, front
MREMGTE STATE=1 panel and [LOCAL] key
HLOCEQUT STATE=1 are again inoperable.)

LACHLGO HALT

*5H NR;SH ML
MRENOTE
HLOCEOUT

¥

The above examples demonstrate all combinations of the -

Serial Remote and Serial Lockout states.

{Enter Local state,
front panel is fully
GTATE=H operable.)

STRTE=8

References

See “LIMITING FRONT PANEL ACCESS” on page 7-11
and specifically “Setting the Serial Lockout States” on
page 7-12 and “Clearing the Serial Lockout States” on
page 7-12.

Related Commands LOCAL, NREMOTE
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NREMOTE

Description
Places the bridge in the Serial Remote State. This state dis-

ables all front panel keys except the key. The
key is also disabled if the NLOCKQUT command has beern
issued.

Syntax
NREMOTE

Parameters

No parameters are entered, However, the SHOW BAUD and
SHOW NREMOTE commands will report a one if this com-
mand has been executed and a zero if the LOCAL command

was executed.

Default Value 0 (Local)

Parameter Set  Baud
Query Cmd? No

Commenis

® This command is intended to be issued only from a
remote serial device. It is not available from the front
panel and has no effect from the GPIB port.

¢ The REMOTE indicator LED is illuminated when the
bridge is in the Serial Remote State,

¢ This command causes front panel keys to be ignored
until the front panel key is pressed (if lockout is
not in effect) or until a LOCAL command is issued from
the controlling serial device.

¢ The NREMOTE command should not be issued to the
bridge from a GPIB controller since such controllers
have their own set of commands for such functions. The
GPIB controiler command may have simifar spelling but
its command would be issued to the controller, not to the
bridge.
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Front Panel Examples

The NREMOTE command is not availabie from the front
panel.

Serial Remote Examples

*MREM
*3H HREN
HREMAOTE
*LGEA
*3H HAREN
HEEHITE
¥
The SHOW command reports the effects of the NREMOTE
command on its parameter.

(Enter Remote state)

STATE=1
(Exit Remote state}

STATE=9

References

See “LIMITING FRONT PANEL ACCESS” on page 7-11
and specificaily “Selecting the Serial Remote States” on
page 7-12.

Related Commmands 1. OCAL, NLOCKOUT

AH 2500A Capacitance Bridge

et}



PLACES

Description

Controls the number of significant digits reported for capaci-
tance and/or loss measurements to the front panel and remote
devices.

Syntax
PLACES [CAP or LOSS)] digits
Qualifiers
CAP The digits parameter will apply to capaci-
tance resulis only.
LOSS The digits parameter will apply to loss
results only.
None The digits parameter will apply to both
capacitance and loss results.
Parameters digits

The number of significant digits (from 1 to 9) reported for
capacitance and/or loss.

Default Valne 9.9

(Maximum number of significant digits for both capacitance
and loss.)

Parameter Set  Basic
Query Cmd? No

Comments

® The AH 2500A reports measurement vatues so that all
digits displayed are meaningful or significant. The digits
parameter can cause the bridge to round the resultto a
lower number of significant digits, but cannot cause it to
display more digits than are meaningful.

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC! [PLACES] [ENTER]
Sets the number of significant places to three.

[SHOW] IFUNC| [PLACES] [ENTER]
Displays the following window:

(PLACES )

ERE ;
SINGLE

BEEE )

ERE ]

[FUNC] [PLACES] [CAPI 5 ] [ENTER]

Sets the number of significant capacitance places to five.

BEEEEE )
B EAE )

Remote Examples

*3H FL
FLACES
51
C=843.318036 PF L=0.83721 HS
sFLC B

*3H PL

FLACES C=5 L=%

*51

C=043.318 PF L=8.83721 HS

¥

L=9 L=%

The above examples show the effects of changing the capaci-
tance places from nine to six. Notice that the setting of the
number of places is not the limiting factor for the loss result
since only four places are shown.

References
See “SIGNIFICANT DIGITS” on page 5-1 and specifically
“Setting a Limit on the Significant Digits™ on page 5-1.

Related Commands
FORMAT, FORMAT SPECIAL
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PROGRAM CREATE

Description
This cominand is used {o create a program.

Syntax
PROGRAM CREATE

blank line ends entry

A program is created by first issuing this command. The
command lines of the program are entered next. When all the
lines of the program have been entered, program entry is ter-
minated by entering a blank program line.

Parameters None

Query Cmd? - No

Comments

¢ The commands below are not allowed in programs:
DELETE
DELETE PROGRAM
PROGRAM CREATE
RECALL PROGRAM
STORE PROGRAM

® Programs can call subprograms to a nesting depth of
eight.

@ Individual programs cannot be edited. However, a pro-
gram can contain many short subprograms, each of
which is easy to delete and re-create.

® There are no conditional commands for programs to use.

* No form of the STORE command is allowed in a pro-
gram that repeats,

A-26 Command Reference

Front Panel Examples

[EUNC] [PROGRAM] [FUNC]| [CREATE] [ENTER]

( rEA4dY Pr ]

( J

[UNITS] {ENTER]
[FONC] [HOLB] [0 IENTER]

{Terminate program entry.)
([ rEAdY )
f J

This program sets units to 2 (dissipation factor), waits for an
externtal trigger pulse to occur and then takes a single mea-
surernent.

Remote Examples

*PROGRAM CREATE
YRUERAGE 7
®HOLD 968
#SIHMGLE

BIERD SIMGLE
#ZERO

*HOLD 138
BIIHGLE

4

}

References
See “WORKING WITH PROGRAMS” on page 3-10 and
specifically “Creating Programs” on page 3-10.

Related Commands
PROGRAM execute, RECALL PROGRAM,
SHOW PROGRAM, STORE PROGRAM, TRG

AH 2500A Capacitance Bridge
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PROGRAM execute

Description
Executes programs in single-step, non-stop and repetitive
modes.

Syntax

PROGRAM [filename] [SINGLE]
[CONTINUQUS inferval] [REPEAT [count]]

Qualifiers

None
Execute the specified program once.

SINGLE

Inclusion of this qualifier causes the program to stop on every
occarrence of a guery result. Pressing the key on the
front panel keypad will cause the program to continue.

CONTINUOUS
This qualifier causes the number following it to be inter-
preted as the interval parameter.

REPEAT
Including this qualifier causes the program to be executed
repetitively.

Parameters

Silename

is the name of the file to be executed. If filename is not
entered, the current program will be executed.

interval {Floating Point)
specifies the time interval between initiation of execution of
contained query commands and/or subprograms. The time
interval is issued in seconds to the nearest tenth. The maxi-
mum value is 99,999 999 seconds.

count

is the number of times the program is to be executed. If count
is not entered, the program will be executed repeatedly until
aborted by a DEVICE CLEAR command or query interrupt.

Query Cmd?

A program is considered to be a guery command and is there-
fore query interruptibie if it or any of its subprograms contain
a query command.

Default Value

None

References
See “WORKING WITH PROGRAMS” on page 3-10 and
specifically “Executing Programs” on page 3-12.

Related Commands
DIRECTCRY, PROGRAM CREATE,
SHOW PROGRAM, TRG

AH 2500A Capacitance Bridge

Front Panel Examples
[FUNC] [sHOW] [PROGRAM]

i )
(T )
i )
)

[FUNC| [PROGHAM| [FUNC] [REPEAT] [ENTER]
EEERE] )

(Oo0yEE )

This program takes a single measurement every time an
external trigger pulse occurs,

Remote Examples

*3H0W FROGRAN 44
SINGLE

cERD SIHGLE
ZERC

FROGRAM S8 REPERT 2
*3HOU FROGRAM 58
SANPLE 1

SIHGLE

SANFLE 2

SIHGLE

*PROGRAN 48

= 3 0= 1Z.14%284 PF L= 0.0888905% 05
8= 3 C= A.0BRABAR ZFPF L= 0.09900088 205
= 1 C= 288.04128 ZPF L= B, A9A8855 ZDS
Ge= 2 L= 781.3397% IPF L= A.Pap@ppze 205
3= 1 C= 98B.G4142 ZFF L= 0,068A80854 205
= 3 [= 781.33981 ZPF L= 8,0900832 Z05
>

In the example above, program 44 is executed once. It calls
program 58 and executes it twice. A zero value is taken from
sample 3 and used to correct readings from samples 1 and Z.

Comments

® An executing program is indicated by a flashing of the
current units LED indicator.

* Any version of this command can be included in a pro-
gram. Programs can call subprograms to a nesting depth
of eight. The parameter settings entered with this com-
mand are not passed through to subprograms. Subpro-
grams will use their own execution parameters,
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Q

Description

Causes the bridge to execute a single measurement by press-
ing only one key on the keyboard of a remote serial device. If
continuous readings were being taken, then the Q command

aborts them after taking another measurement.

Syntax Q {no RETURN key is used)

Parameters None

Query Cmd?  Yes

Comments

¢ The Q command is nor equivalent to the TRG or GPIB
GET commands.

¢ The O command is shortened from “Question”,

* The Q command produces exactly the same result as the
SINGL.E command but is more convenient to use from
the serial port than the SINGLE command.

* This command will only work in an AH 2500A program
if it is not the first character. A space can precede it if
you desire to enter it by itself on a program line.

A-28 Command Reference

Front Panel Examples
The key is used on the front panel instead of Q.

Serial Remote Examples

»al

C=8543.318636 PF L=0,B3721 H3
*51

C=843.318642 PF L=B.B3722 HS
*C=843,318647 FF L=0,83734 HS
PL=543.318652 FF L=0.83715% HS
#L=843 . 318661 FF L=8.B3721 HI

>

The last three measurement results above were initiated with
the Q command. Notice that the command was not echoed.
Unlike the SINGLE commands further above, the Q com-
mand also did not cause any wasteful, nearly blank lines to
be printed.

References
See “Taking Measurements One at a Time” on page 4-4.

Related Commands CONTINUQOUS, SINGLE, TRG

AH 2500A Capacitance Bridge
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RECALL

Description

Recalls previously stored parameter and program files into
current, executable RAM memory.

Syntax

RECALL (BASIC, GAUGE, BAUD, BUS
or PROGRAM) filename

Qualifiers
BASIC Recall a file containing Basic parameters.
GAUGE Recall a file containing Gauge parameters.
BAUD Recall a file containing Baud parameters.
BUS Recall a file containing Bus parameters.

PROGRAM Recall a file containing a program.

Parameters filename

This is the name of the file to be recalied. The name has only
digits and contains no more than eight.

Default Value

None
Parameter Set  None
Query Cmd? No

Comments

* Recalling one of the parameter files (BASIC, GAUGE,
BAUD or BUS) causes the parameters in that file to cop-
ied to the current parameters. This altlows the copied
parameters to be edited.

* Unlike parameter files, the only purpose in recalling a
program file is to store it under a different filename.
There i3 no way to edit a program file. Such files can
only be created and deleted.

¢ If you are unsure what filenames are available for recall,
use the DIRECTORY command to get a list of all that
have been stored.

* If you are unsure of the contents of a particular file, vou
can use the SHOW command to examine the contents.

® In addition to the filenames listed by the DIRECTORY
command, a filename of “0” exists in ROM for each of
the four parameter file types,

AH 2500A Capacitance Bridge

Front Panel Examples

[SHCW] [FONC] [PLACES] [ENTER]
Displays the following window:

(FLACES 1
([3 (3 )

[FUNC]| [RECALL] [BASIC] [ 0 | [ENTER]

Recalls the BASIC O parameter file which includes the Places
parameters. y

[SHOW] [FUNC] [PLACES] [ENTERI

Displays the following window showing that the Places
parameters have been replaced with those from the BASIC 0
parameter file:

[PLALES ]
(9 L3 J

Remote Examples

>SHOE PROSRAN
*RECALL PROGRAM &
*5H PR

AVERAGE &

3l
The above example shows that initially there is no program
in RAM. Program 8§ is then recalled and a second SHOW
command reveals that the contents of program 8 are in RAM
Memory,

References
See Chapter 3, “Parameter and Program Files” and specifi-
cally *Using the Contents of a Parameter File” on page 3-9.

Related Commands
DIRECTORY, SHOW, STORE
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REFERENCE enable

Description

Changes bridge mode between “Absolute result mode” and
“Reference resuit mode”. Reference result mode reports
deviation results as simple or percent differences referenced
to capacitance or loss values of your choice.

Syntax
REFERENCE [CAP or LOSS]
or
REFERENCE HALT

The first form of the command enables Reference result
mode and the second form disables it.

Qualifiers

CAP Causes Reference result mode to apply to
capacitance results. The toss result mode is
not affected.

LOSS Causes Reference result mode to apply to
loss results. The capacitance resuit mode is
not affected.

None Causes Reference result mode to apply to
both capacitance and loss results.

Parameters

No parameters are entered. However, the SHOW REFER-
ENCE command will show a one on the REF ON line if
Reference result mode is in effect and a zero if not. This is
shown independently for both capacitance and loss fieids.

Default Value 0,0  (Absolute result mode for both

capacitance and loss.)
Parameter Set  Gauge
Query Cmd?  Yes

Comments

* Enabling Reference result mode is a separate operation
from entering the Reference value(s).

* Reference capacitance and loss can be entered (and
stored) and not be enabled. Enabling Reference result
mode later will then automatically report the difference
of the measured value(s) from the Reference value(s).

® When any form of the REFERENCE enable command
is issued it will re-display the last measurement taken
with the new Reference settings in effect.

* This command operates similarly to the ZERO enable
command.

A-30 Command Reference

Front Panel Examples

(Take measurement in window below.)
[ 71450208 )
[ go2975 J

IREFERENCE] |SINGLE| {ENTER! (Get measured values.)

(Show the differences.}

[REFERENCE] [ENTER!

| 00o0oooo )
| 4pbood ]
{Show new measurement resuits below.)
[ -00ocoYs i
{ 0ooo 4 ]

This shows the changes between the [SINGLE| measurements.

Remote Examples

*REF CAF TB&
FREF LQSS 8,800

r5i
C= 724 .498542 PF L= B.02824 HS
*REF CAP

L= 34,498542 RPF L= 8. 082524 H5
*REF LOYS

C= 34.4985%42 RFF L= B.88624 AN3
*REF HALT

D= T34,458%42 PF L= B.B2824 HS
*51

C= T34.4958561

¥

PF L= &.BZ873 HS

Reference values were manually entered and a measurement
taken. Reference mode was first enabled for capacitance,
then foss was included. The results of these changes were
automatically reported after each change. Reference mode
was then exited causing the same result to be reported as for
the original measurement. The result is exactly the same
since no new measurement was taken. The actual measure-
ment which follows shows small changes due to noise.

References

See “Reference Result Mode” on page 5-2 and specifically
“Enabling Reference Result Mode™ on page 5-3 and “Dis-
abling Reference Result Mode™ on page 3-3.

Related Commands
REFERENCE FORMAT, REFERENCE value, ZERO
value and ZERO enable.

AH 2500A Capacitance Bridge
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REFERENCE FORMAT

Description
Selects whether Reference resuit mode reports simple differ-
ences or percent differences.

Svntax
REFERENCE FORMAT [CAP or LOSS] percent

Qualifiers
CAP Causes the percent parameter which is
entered to apply only to the capacitance
field.
LOSS Causes the percent parameter which is
entered to apply only to the loss field.
None Causes the percent parameter which is
entered to apply to both the capacitance
and loss fields.
Parameters percent

Percent differences are reported when percent is a one. Sim-
ple differences are reported when percerit is a zero.

Default Value 0,0  (Simpie differences for both

capacitance and loss.)

Parameter Set Gauge
Query Cmd? No

Comments

* Percent format causes the Reference value to first be
subtracted from each measurement, The difference is
then divided by the Reference value and multiplied by
100. The calculation always starts with the current units,
but the final result is dimensionless, of course.

* The effects of the REFERENCE FORMAT command
can be observed by issuing the REFERENCE com-
mand. This will report the current measurement results
in the current differences format.

* Results reported as percentages have special labeling on
both the front panel display and remote devices.

* Selecting simple versus percent differences is a separate
operation from enabling Reference result mode and from
entering the Reference value(s).

¢ The kind of differences to report for capacitance and loss
can be entered (and stored) and not be enabled. Enabling
Reference result mode later will then automaticaily
report the desired kind of differences of the measured
valoe(s) from the Reference value(s).

AH 2500A Capacitance Bridge

Front Panel Examples

SINGLE
[REFERENCE] [SINGLE] [ENTER]

(Get measured values.)

[REEERENCE] [FUNC] [FORMAT] [CAP] 1] [ENTER]

[REFERENCE] (ENTER]
Enable Reference mode for both and re-display the resulis,

(ooopaoAn )

[ 0ooool )

(bU5Y is displayed untii measurement finishes.)
[ BUSY Prc ]
( T

-0000007 )

Cooogg )

The H115Y display shows the result mode indicators.

Remote Examples

*REF CAF 78S
*REF LOST 8.8285
»51
L= 734 ,498542 PF L= B, 82524 HS3
*REF
C= 34,4%9085%42 RPF L= B.ABAZS BHS
*REF FOR 1 (Change the differences format.)
*REF {Show the effects of the change.)
L= 4.4958837 ¥PF L= ©.85 ZH3
51
L= 4,8959147 EPF L= 8.83 ENHS
>
Reference values were manually entered and a measurement
taken. Reference mode was enabled and reported the simple
differences between the entered and measured values. The
difference format was then changed to percent. Issuing the
REFERENCE command again reported new results. The
unit labels indicate which modes are active for each line.
Finafly, a new measurement was taken with percent differ-
ences stil} enabled.

References

See “Reference Result Mode” on page 5-2 and specifically
“Selecting Reference Percent Format” on page 5-3 and “Indi-
cation of Reference Result Mode” on page 5-3.

Related Commands
REFERENCE enable, REFERENCE value, ZERQO
value and ZERO enable.
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REFERENCE value

Description
Provides manual and automatic ways to enter capacitance
and/or loss Reference values.

Syntax
REFERENCE (CAP or LOSS) refvalue

is used to enter Reference values manually, or

REFERENCE [CAP or LOSS] SINGLE

uses the last-measured capacitance and/or loss values as Ref-
erence values. These last-measured values are taken after any
possible Zero cotrections are applied.

Qualifiers
CAP Causes the value entered as refvalue or the
last capacitance value measured to be used

as the capacitance Reference.
LOSS

Causes the value entered as refvalue or the
last loss value measured to be used as the

loss Reference.

None Causes both of the last-measured capaci-
tance and loss values to be used as Refer-
ence values. This is only true for the
REFERENCE SINGLE command; enter-
ing a refvalue requires a CAP or LOSS

qualifier.

Parameters refvalue (Floating Point)
This is the value of the capacitance or loss to be used as a
Reference. The value is assumed to be entered in the current

units. The maximuom value that can be entered in any units is
99,999,999,

Default Value 0,0
{Reference values for capacitance and loss are both zero.)

Parameter Set  Gauge
Query Cmd? No

Comments

¢ Entering the Reference value(s) is a separate operation
from actually using them by enabling Reference result
mode. This makes it easier to enter and exit Reference
result mode.

¢ This command is similar to the ZERQO value command.

¢ The bridge performs ali Reference calculations after per-
forming any Zero calculations that might be enabled.
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Front Panel Examples

[FUNC] [RECALL] [GAUGE] [0 ] [ENTER]

{Takes measurement in window below.)

( 1/450208 |
(002925 ]

|REFERENGE]! [SINGLE] [ENTER] (Get measured values.)

|REFERENCE! [CAPHENTER]
Enable Reference result mode for capacitance only,

(oopooann )
(nooOng }

[SHOW] [REFERENCE! [ENTER] (Show the effects.)

([ 1i450788 [ FEF ]
[ ag2925 ] LR E
[ rEF Frilk ]

C [0 LE ]

[ rEF an J
Ffr g }

This example shows ail the front panel Reference windows.

Remote Examples

*RECALL GRUGE @ (Initialize Reference parameters.)

*REF CAP 7448
FREF LOSS 9.83
*3H REF

REFERENCE C=708, 00808 FF L=0,3300088 HS
REF FORMAT £=8 L-=8
REF 0OH C=f { =@
The capacitance and loss Reference values were manually
entered. All the Reference parameters were then reported.

References

See “Reference Result Mode™ on page 5-2 and specifically
“Entering Reference Values Manually” on page 5-2 and
“Entering Reference Values Automatically” on page 5-3.

Related Commands
REFERENCE enable, REFERENCE FORMAT, ZERO
value and ZERO enable.
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RST

Description
Causes the bridge to reset.
Syntax

/sT
Parameters None

Query Cmd? No

Comments

¢ The effect of this AH 2500A command is to put all
higher control sections of the bridge except for the serial
and GPIB interfaces into the same state as at power-on.

¢ Bridge parameters in the Basic and Gauge parameter sefs
are set to their power-on values as contained in the
parameter sets numbered zero or one. Parameters in the
current Bus and Baud parameter sets are not initialized.

* The GPIB PON status bit is not set when this command
is executed.

¢ The RST command produces exactly the same result as
the SPECIAL HALT command.

¢ The power-on program does not execute in response to
the R8T command.

AH 2500A Capaciiance Bridge

Front Panel Examples

This command is not available in this syntax from the front
panel. However, execution of this command from remote
devices will show the front panel message below:

(FESEE )
f )
L

Remote Device Examples

*GH BR3IC

BRIGHTHESS  C=5 L=%

FORNAT FMF=1 CAP=1 LOS=1 ULT=t
M3iG=1 LEL=1 PFUH=R FFD=1

FRNT &PEC H=6

HOLD EPEC TRIGEUF=1

FLACES C=8 L=%

GAMAPLE HUMBER=81

SAMPLE HLDO  TINME= &8.1% SEC

TEST FREMT HOC=8 RPR=2

UHITS L=1

*AST

*4H BRSIC

BRIGHTHESS  L=5 L=5%

FORNAT SHP=8 CAP=1 LOS=1 ULT=%
MSG=1 LEBL=1 PUN=8 FFO=1

FRAT 3FEC M=

HOLD SFPEC TRIGBUF=1

PLACES C=3 L=9

SAMPLE HUNMBER=@1

SAMPLE BLD  TINE= @.486 3JEC

TEST FRHT RHOC=1 RPR=Z

UHITS L=1

¥

The contents of the current Basic parameter set is shown
before and after execution of the RST command. This com-
mand resets the parameters o their defaolt values.

References
See “INITIALIZING THE BRIDGE” on page 6-14 and spe-
cifically “The RST Command” on page 6-15.

Related Commands
DEVICE CLEAR, SPECIAL HALT
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SAMPLE

Description
Selects which external unknown sample to measure. Oper-
ates only in conjunction with the sample switch port.

Syntax
SAMPLE number

Parameters number

This specifies the number of the sample to be measured. It
can have any value from I to 64. However, values of this
parameter larger than eight will cause all sample switch data
lines to be false. Values from one to eight will cause one of
the eight sample switch data lines to be true. The number of
the selected sample switch data line is one less than the value
of the number parameter.

Default Value

Parameter Set  Basic

Query Cmd? No

Comments

¢ With an external sample switch, this command provides
for unattended measurements of multiple unknown sam-
ples, The PROGRAM commands of the bridge com-
bined with a logging device can do this. Alternatively, a
remote GPIB or serial controller can also work.

¢ The control lines provided on the sample switch port are
intended for controlling sample switches. However, a
custom designed interface could be created to control
many other simple devices.

® The operation of the SAMPLE HOLD command should
be understood if only to insare that its delay time has not
been left set to a needlessly large value.

® This command will be accepted in place of a STEP or X
command in response to a prompt from a TEST or CAL-
IBRATE 3 command.
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Front Panel Examples
[SAMPLE] [6 | [ENTER]

[SHOW] [GAMPLE| [ENTER]

(Select sample number 6.)

(SARPLE )
L5 )

Remote Device Examples

SR (Select sample number 1.)
B :

S= 1 C= 734,49854%2 PF L= B.B82824 0%
*SR 2 {Select sample number 2.)
)

S= 2 C= 9608 .564128 FF L= 8, 0888855 03
*ER 3 {Select sample number 3.)
¥51 '

= 3 C= 781 ,33981 PF L= ©.49848832 D3
*3A 4 {Select sample number 4.}
51

= 4 (= 4489, 13854 FF L= &.898086862 035
»5H 3A

SANMFPLE HUMNBER= 4

¥

This is an example of the most common usage of the SAM-
PLE command where four samples are measured in
sequence.

References
See Appendix D, “Sample Switch Port” and specifically
“Selecting a Sample Switch Positon” on page D-1.

Related Commands
PROGRAM, SAMPLE HOLD, STEPRP, X

AH 2500A Capacitance Bridge
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SAMPLE HOLD

Description

Specifies a time delay that automatically occurs after each
execution of the SAMPLE command. This provides a set-
tling time for sample switch relays to stabilize after being
switched.

Syntax
SAMPLE HOLD delay

Parameters delay (Floating Point)

This delay parameter is entered in seconds to the nearest hun-
dredth.

Defanit Value 0.0

Parameter Set Basic

Query Cmd? No

Comments

* The delay time specified by this command occurs as a
part of the SAMPLE command. That command will not
finish until the delay time has expired. This holds off any
further operations.

® The delay time occurs every time the SAMPLE com-
mand is executed and is therefore the same no matter
what sample number has been selected. If some samples
require a longer settling time than others, additional set-
thing time can be provided by executing the HOLD com-
mand after executing the SAMPLE command for the
slower sammiples.

¢ If the SAMPLE command is executed with a long delay
time, you must wait for this time to elapse or abort the
SAMPLE command with a DEVICE CLEAR com-
mand.

AH 2500A Capacitance Bridge

Front Panel Examples

[SAMPLE] [FUNC] [HOLD} Fe [ [C]
[SHGW] [SAMPLE] [FUNC] [HOLD] [ENTER]

(ERAF ALd )
003 )

Remote Examples

*FA OHO &%
*3H 58 HO

SHRFLE HLD DELAY= 8.18 SEC

,
-

References
See “Signal Timing” on page D-1 and specifically “Changing
the Settling Time” on page D-2.

Related Commands HOLD, SAMPLE
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SHOW CALIBRATE

Description

Compares verification data just produced by the CAL 1, CAL
2, or CAL 3 commands against data that is stored from past
calibrations.

Syntax
SHOW CALIBRATE [1, 2 or 3]

Qualifiers

None

Reports current bridge conditions relative to those at the time
of the last calibrations.

1

Reports bridge conditions at the time of a recently performed
CAL 1 command relative to those at the time of the last inter-
nat calibration. For non-Option-E bridges, this command also
reports the internal calibration point that had the biggest
change between those at the time of a recently performed
CAL 1 command relaiive to those at the time of the last inter-
nal calibration. I the AH 2500A has Option-E, then the
change in all other internal calibration points is also reported.

2

Reports bridge conditions at the time of a recently performed
CAL 2 command relative to those at the time of both the
stored Original and Update capacitance calibrations. This
commarnd also reports the deviation in the capacitance
obtained with the recent CAL 2 command relative to those at
the time of both the stored Original and Update capacitance
calibrations.

3

This conymand is available on Option-E bridges only. It
reports bridge conditions at the time of a recently performed
CAL 3 command relative to those at the time of both the
stored Original and Update transformer calibrations. This
command also reports the deviation in all the transformer cal-
ibration points obtained with the recent CAL 3 command rel-
ative to those at the time of both the stored Original and
Update transformer calibrations.

Parameters None

Default Value

None
Query Cmd?  Yes

Comments

® The subiect of calibration must be thoroughly under-
stood before use of these commands is attempted. It is
essential to first read much of Chapter 9, “Verification/
Calibration”.
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Front Panel Examples

ISHOW] [FUNC] [CALIBRATE] [ENTER]

See Figure 9-2 on page 9-2, Figure 9-4 on page 9-4, and
Figure 9-7 on page 9-10 for examples of the results reported
by these commands on the front panel.

Remote Device Examples

*5H CARL 1

See Figure 9-1 on page 9-2, Figure 9-3 on page 9-4,
Figure 9-6 on page 9-10 and Figure 9-8 on page 9-14 for
examples of the results reported by these commands to
remote devices.

References

See “Comparison with the Previous Calibraiton Conditions”
on page 9-3, “Internal Verification Results” on page 9-5,
“Capacitance Verification Report” on page 9-10 and ““Trans-
former Verification Report” on page 9-13

Related Commands
CALIBRATE, STORE CALIBRATE
STORE CALIBRATE CREATE,
STORE CALIBRATE SPECIAL

AH 2500A Capacitance Bridge
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SHOW individual

Description

Reports parameter values associated with individual com-
mands. These parameter values are reported from current
parameter sets only. The parameter set types from which val-
ues can be reported are Basic, Gauge, Baud and Bus.

Syntax
SHOW individual
Qualifiers
individual  Name of the command that sets the param-

eter that is to be reported.
Query Cmd?  Yes

Comments

* Pressing will abort a multi-line show that is in
progress on the front panel.

® Pressing [« or [»] moves the front panel display left or
right from window to window on a given line.

® Pressing [ ¢ | or [¥] moves the front panel display from
result line to result line.

AH 2500A Capacitance Bridge

Front Panel Examples

Front panel examples of the SHOW individual command are
given for every parameter throughout this command refer-
ence. Refer to the page having the associated command name
heading.

[SHOW] [UNITS] [ENTER]
[ Uni E5 ]
(L ]
(FEAdY ]

[ )

The value of the units parameter was reported.

Remote Device Examples

Remote device examples of the SHOW individual command
are given for every parameter throughout this command ref-
erence. Refer to the page having the associated command
name heading.

»B3HOK HOLD SPECIAL

HOLG SPEC TRIGRUF=1
YHO SFECIAL B
FEH MO SPEC
HGLE 3PEC
*RECALL BASIC @
»3H HO SPEC

HGLO SPEC
>

TRIGBUF =8

TRIGBUF=1

The above example first shows the current TRIGBUF value.
This parameter is set to zero in the current parameter set and
the parameter is shown again. The default Basic parameter
set is then recatled. The original SHOW command is
repeated to see that the current valoe of the TRIGBUF
pararpeter was changed again by the recall operation.

References
See Chapter 3, “Parameter and Program Files” for more
examples.

Related Commands SHOW set
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SHOW PROGRAM

Description
Reports the contents of the current program or of any pro-
gram file.

Syntax
SHOW PROGRAM [filename]

Parameters filename

This is the name of the file from which the program is to be
read, The name has only digits and contains no more than
eight.

Default Value

if no filename is entered, the contents of the current program
are reported.

Query Cmd?  Yes

Comments

® On the front panel display, the contents of each line of a
program file are shown in a group of from one to three
windows. The next window to the right is used to display
2 line number for the command. As usual, each window
of a line can be shown one-by-one by pressing the [« jor
keys. The [#] and [¥] keys are used to go from one
command line to the next.

* Only the leading characters of each command word will
be reported even though many more may have been
entered.

® Pressing the key will abort the SHOW com-
mand at any time on the front panel.

® If you are unsure of what program files have been stored,
the DIRECTORY PROGRAM command can be used
t0 list them.

References

See “WORKING WITH PROGRAMS” on page 3-10 and
specifically “Showing the Contents of Program Files” on
page 3-11.

Related Commands
DIRECTORY, PROGRAM CREATE,
PROGRAM execute
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Front Panel Examples

[SHOW] [FUNG) [PROGRAM] [ENTER]

U, ) [ )
e ] J
(HEL (3 )
L4 ) )
[+]
L ala R )
{ o )
{ rEAdH ]

E )

The contents of the current program created on the front
panel in the example given in the PROGRAM CREATE
command description on page A-26 are shown above. FEach
line can have as many as four windows, but only two are
reported in this example. For convenience, the right-most
window assigns a fine number for the command line.

Remote Device Examples

FSHOW FROGRAN
RUE 7

Hil 2849

SIH

ZER Hid

ZER

HOL 148

SIH

3

The contents of the current program created on a remote
device in the example given in the PROGRAM CREATE
comimand description on page A-26 are shown above.

AH 2500A Capacitance Bridge
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SHOW set

Description

Reports the entire contents of the selected parameter set. This
set can be either a current set or any stored parameter set. The
parameter set types from which values can be reported are
Basic, Gauge. Baud and Bus.

Syntax
SHOW [BASIC, GAUGE, BAUD or BUS [filename]]

Qualifiers

None The parameters to be reported will be read
from the current Gauge parameter set. No
filename will be accepted.

BASIC All parameters in the specified file having a
Basic filetype will be reported.

GAUGE All pararaeters in the specified file having a
Gauge filetype will be reported.

BAUD All parameters in the specified file having a
Baud filetype will be reported.

BUS All parameters in the specified file having a
Bus filetype will be reported.

Parameters filename

This is the name of the file from which the parameters are to
be read, The name has only digits and contains no more than
eight.

Default Value

if no filename is entered, the parameters in the selected cur-
rent parameter set type are reported.

Query Cmd?  Yes

Comments
® Pressing [ENTER] will abort a multi-line SHOW com-
mand that is in progress on the front panel.

¢ Pressing the [+] or {=»] keys moves from window to
window on a given line on the front panel, The and
[ %] keys are used to go from one result line to the next.

€ If you are unsure what filenames and types are available
to be read, issue the DIRECTORY command to get a list
of all that have been stored.

References
See “Exploring a List with the SHOW command” on
page 2-5.

Related Commands ,
DIRECTORY, SHOW individual

AH 2500A Capacitance Bridge

Front Panel Examples

Front panel examples of the SHOW individual command are
given for every parameter in this command reference. Refer
to the page having the associated command name heading,
Space does not permit showing whole sets here.

Remote Device Exampies

*GH BASIC @
BRIGHTHESS

FORMAT

FRNT SFPEC
HOLO SFEC
FLACES
SAMFLE

JAMPLE HLD

TEST FRMT
UHITES

*SH GARU 8
ALTERNATE
AUERRGE
oc BIAS
CRBLE
CRELE
CRELE
CHELE
REFERENCE

REF FORMAT

REF O
TRACKIHG
VLTRGE
ZERD

CERD OH
rSH BRU B
BRUD

DEF INE

HEEMGTE
RLOCKGUET
LG BRUD
*5H BU B
BUS ROCR

HRE

LOG BUS
¥

5
CAP=1 LO5=1 ULT=1
T LBL=1 PUMH=8 FFD=1

Lo B R
[ ol | B« B |

g i e e
5 ==

RLTE®FP=8
ARVERERF=4
EHABLE=2
LEMGTH= t . 08 H
RESISTANCE/ M= 48.8 10
THRBUCTAMCES M= 1.18  UH
CHPACITANCE/ M= 78.8 PF
C= A.oB088088 FF

L= B.60868888 HE

7= 1L.8 t

FATE=%26 DOTE=1 FAR=8 LEN=G
3TP=1 FIL=8 ECH=1
ERASE="U DEL=0BEL BACKSP="H
DCL= “E TERM=FRINTER
ETATE=A
STATE=A
COMTENT=8

FRI=23 SEC=
Tar=8 CPT=8 FRP=0
fAU=8 EXE=8 RiY=8 FOH=8
URd=8 CHE=8 OMR=8
COMTENT=1

The above resuits show an example of each of the four
parameter filetypes as reported o a remote device.
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SHOW SPECIAL

Description

Reports current status and configuration information about
the bridge. This information includes the contents of its GPIB
status byte, the approximate elapsed time since the bridge
was manufactured, its serial number, the version of its firm-

ware (ROM), and its infernal hardware and firmware options.

Syntax

SHOW SPECIAL
Parameters None
Parameter Set  Special

Query Cmd?  Yes

Comments

* Pressing [ENTER] will abort a multi-line show that is in
progress on the front panel.

* Pressing the [« ] or [#] keys moves from window to
window on a given line on the front panel. The [¥] and
[%] keys are used to go from one result line o the next.

¢ [nlike the SHOW STATUS command, the SHOW
SPECIAL command does not clear the event status bits
in the GPIB status byte.

@ If the compat bit is set in the Bus communications
parameter byte then the status lines in the results shown
in the exarmnples at the right will be different. On the front
panel the status line will appear as:

(SERELS | [ BdECINAL )
( 8] B ]

On remote devices the status line will look Hke:
STATUS BHDECIMAL= 8

A-40 Command Reference

Front Panel Examples

[SHOW] [FUNC] [SPECIAL] [ENTER| gives:

[ SEAELS | L_; - PULD
{ (HH ] [ 2000 1000 |
(3] gives:
| ELAPSE |
[ He 1422 ]
[3] gives:
LEE r ndfl
[_— 000
gives:
. 00 UErS ]
] AR 124 ]
[3]gives:

{ JFE: onb5 ]

The upper haif of the window at the top right shows the first
letter of the label of each of the bits inn the GPIB status byte.
This makes it easier to identify the bits in the bottom half of
the window.,

Remote Device Examples
*SH SPEC

STATUS MAU=8 H35=8 EXE=8 ROY=§
FOH=8 URY=8 CHE=8 [NA=8
ELHPSED TIME=1234 HRS
SERIAL HUMBER=6R4321
St | WERSTON=RA1Z23
OFTIONS THPEREmmmm e e
b
References

See “Special Parameter Set” on page 3-7.

Related Commands SHOW STATUS

AH 2500A Capacitance Bridge
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SHOW STATUS

Description

Reports the GPIB status byte and clears the four event status

bits in the status byte.

Front Panel Examples

from the SHOW SPECIAL command.

FOH=1

Available from the front panel only as one line of the result

MiU=8 N35=1 EXE=8 RODY=4
URQ= THE=8 OHR=1

(Check again to see what was cleared
by first SHOW STATUS.)

MAU=8 M33=1 EXE=8 ROY=8

FOM=8 URU=8 CHE=8 OHR=1
(Set companbility mode.)

BUDEC ITMAL=6G5

Syntax Remote Examples

SHOW STATUS oM STRT

STATLS
Parameters None
Default Value  None *5H STRT
Parameter Set  Special STATUS
Query Cmd?  Yes ig:ﬁ TH;
5
Comments STATUS
# The contents of the status byte are reported as a string of References

eight binary bits unless compatibility mode is enabled.
Compatibility mode causes the contents to be reported as
& binary-weighted-decimal integer.

® The meaning of each bit is shown in Table A-4 below,

® The MAYV and RDY bits will always be zero when read

with the SHOW STATUS command.

Related Commands

See “STATUS REPORTING” on page 6-5 and specifically
“Reading the Status with a Command” on page 6-6. See also
“STATUS REPORTING” on page 6-3.

BUS, SRE, USER

Table A-4 Status byte register bits reported by SHOW STATUS command.

Generates
Bit | Label Name Set when Cleared when SRQ when
0 ONR Oven Not Oven temperatare is abnormal Oven temperature set or cleared
Ready returas to normal
] CME CoMmand An error in the entry of & command occurred. SHOW STATUS set
) Error See Appendix B, “Error Messages” for a list. or R8T is executed
User . , SHOW STATUS
2 URQ ReQuest The USER command is execuied or BST is executed set
. SHOW STATUS ,
3 PON Power-ON Bridge power comes on or RST is executed set
4 RDY ReaDY for A command line finishes its execation; see A new command ;
command “INTERACTIVE OPERATION” on page 6-12 line is received 3¢
5 EXE EXecution An error occurred executing a command. See SHOW STATUS st
; Error Appendix B, “Error Messages” for a list. or RST is executed
Inclusive OR of the bit-wise combination of
6 MS g Master Sum- | Dbits 1-7 of the SB and SRE registers is true or Inclusive OR of SB N/A,
mary Status when the ONR status bit changes while the and SRE is false see RQS bit
corresponding ONR bit in SRE register is set.
- MAY Message A message is available in the No message is in the ¢
’ AVaitable GPIB output buffer GPIB output buffer, €

AH 2500A Capacitance Bridge
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SINGLE

Description

Causes the bridge to take a single measurement. If continu-
ous readings were being taken, then the SINGLE command
aborts them after taking another measurement.

Syntax SINGLE

Parameters None

Query Cmd?  Yes

Commenis

# The Q command produces exactly the same result as the
SINGLE command and is more convenient to use from
the serial port.

* The SINGLE command is not equivalent to the TRG or
GPIB GET commands.

A-42 Command Reference

Front Panel Examples
SINGLE]| (Take a measurement and show in window below.)

(951@315 | [ 5:01 )
EBE | [ 0: /50 ]

The ieft window shows the capacitance and [oss. The right
window shows the sample number and the voltage used to
make the measurement. The [« ]| and [ w] keys are used to
move between these two windows.

Remote Device Examples

»51

C=543,318636 PF L=8.83721 H3
»51

C=543.318642 FF L=6.03722 H3
P

References
See “Taking Measurements One at a Time” on page 4-4.

Related Commands CONTINUQUS, Q, TRG

AH 2500A Capacitance Bridge
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SPECIAL HALT

Description
Canses the bridge to reset.

Syntax
SPECIAL HALT

Parameters None

Query Cmd? No

Comments

* The effect of this AH 2500A command is to put all
higher controf sections of the bridge except for the serial
and GPIB interfaces into the same state as at power-on.

¢ Bridge parameters in the Basic and Gauge parameter sets
are set to their power-on values as contained in the
parameter sets numbered zero or one. Parameters in the
current Bus and Baud parameter sets are not initialized.

* The GPIB PON status bit is not set when this command
is executed.

* The SPECIAL HALT command produces exactly the
same result as the RST command.

*® The power-on program does not execute in response {0
the RST command.

* A rESEE message appears on the front panel when
this command is executed.

AH 2500A Capaciiance Bridge

Front Panel Examples
[FUNC] [SPECIAL] [HALT] [ENTER]

Shows the front panel message below:

(FEGEE }
{ )

Remote Device Examples
F HA

i

e

References

See “PARAMETER SET INITIALIZATION" on page 3-10,
“INITIALIZING THE BRIDGE” on page 6-14 and specifi-
cally “The RST Command” on page 6-15.

Related Commands DEVICE CLEAR, RST
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SRE

Description
Sets and clears bits in the GPIB service request enable mask
byte.

Syntax
SBE mav. exe . rdy . pon . urg . cme . onr

or

SRE bwdmask

The first version of the command accepts binary bits specify-
ing which enable bits are to be set or cleared. The period fol-
lowing mav must always be entered. Each of the seven
positional parameters is entered as either a one or a zero. A
one enables the service request bit and a zero disables it

The second version accepts a standard GPIB binary-
weighted-decimal represeniation of the enable mask. Any
value from 0 to 255 is allowed.

Parameters

The table below gives the relationship between the binary
parameters in the first version of the SRE command to the
status bit name. The binary weight of each status bit name is
also given for use with the second version of the command.

Table A-5 Service Request Enable mask register
bit definitions and fanctions

Generates | Binary
Bit | Label Name SRQ when | weight
0 onr Oven Not set or cleared 1
Ready
i cme CoMmand set 2
Error
User
; 4
2 wd ReQuest set
3 pon Power-ON set 8
4 redy ReaDY for set 16
command
5 exe EXecution set 32
Error
Message
7 ey AVailable set 128

Default Value ¢ (No service requests enabled.)

Parameter Sei  Bus

Query Cmd? No
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Front Panel Examples

Not enterable from the front panel, but can be shown.

ISHOW] [FUNC] [BUS ADDR] [ENTER] [¥] gives:

[ 5rF ]
{ 0 pooooo ]

(T E-POCLD |
(0 0oopog )

The [« ] and [» ] keys are used to select which of the two
windows is displayed.

Remote Device Examples
*SHOU SRE

SRE MAU=g E£XE=A ROY=0 POH=8
HRO=8 CHE<® OHR~A

*SRE J1..1..01 (Enable EXE, PON and CME.)

*3HOW SRE

SRE MAU=B ExXE~1 RDOY=8 FOMH=1
WRE=8 CHE=1 OHR=3

*ERE 1.8 {Enable MAV, disable EXE.)

*SHOW SRE

SRE MAL=1 EXE=8 RDY=A FOH=1
IR@=8 CHE=1 OGMA=9

FSHRE 17 (Set bwdmask to exactly 17.)

*SHOW SRE

3RE fMald=a E¥E=8 RBLY=1 FOH=8
LHRA=8 CHE=8 OHA=1

FBUS .8 (Set compatibility mode.)

*5HOU SRE

SRE BUDECIMAL=1T

=
&

This example shows how to both change and show mask set-
tings in both binary and binary-weighted-decimal. Changing
mask bits with the binary entiy method is also demonstrated.

Comments

& The first (binary) version of the SRE command allows
setting and/or clearing only the bits to be changed. The
second (binary-weighted-decimal) version deletes the
old mask and replaces it with the mask that is entered.

* This command ¢can only be entered from a remote device
and is only useful with a GPIB controller.

®* When a bwdmask entry is translated to binary, the bit
positions that are ones will cause the corresponding ser-
vice requests to be allowed. The only exception is bit
position six which is ignored.

References
See “STATUS REPORTING” on page 6-5 and specifically
“Service Requests” on page 6-7.

Related Commands BUS, SHOW STATUS, USER
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STEP

Description
Steps through operations when using the CALIBRATE 3,
TEST or PROGRAM commands.,

Syntax STEP
Parameters None
Query Cmd?

Execution of the STEP command usually produces a query
result, but this is dependent on what root command is being
executed. The TEST command, for example, can be set to
halt on every test without sending a result.

Comments

* The X command produces exactly the same result as the
STEP command and is more convenient 1o use from the
serial port.

¢ [n most cases, this command is used in conjunction with
the front panel to cause the bridge to continue after you
have observed a result on the display. In some cases, this
command tells the bridge to continue after waiting for
vou to perform an external action. The latter occurs with
the CALIBRATE 3 and TEST commands,

® The STEP command will do nothing if there is no active
root command waiting for input. This allows the STEP
command to be used in programs where the need for it
may be uncertain. It should cause no harm if it is not
needed.

¢ A STEP command following a program will not be pro-
cessed even if the program contains a command that is
looking for STEP as a reply. In other words, in the com-
mand line PROGRAN; STEFR, the STEP will never have
any effect no matter what the contents of the program.

AH 2500A Capacitance Bridge

Front Panel and Remote Device Examples

For some examples see “DC BIAS High Voltage Tests” on
page 11-17 and “Obtaining Transformer Verification Data”
on page 9-12.

References

See “Single-Step Mode” on page 3-12, Chapter 9, “Verifica-
tion/Calibration” and “Selection of Options: the TEST FOR-
MAT command” on page 11-7.

Related Commands
CALIBRATE, PROGRAM, SAMPLE, TEST, X
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STORE

Description
Stores a current parameter set or program in EEPROM mem-
Ofy.

Syntax

STORE (BASIC, GAUGE, BAUD, BUS
or PROGRAM) filename

Qualifiers
BASIC Save the current Basic parameter set to a
_ file,

GAUGE Save the current Gauge parameter setto a
file.

BAUD Save the current Baud parameter set to a
file.

BUS Save the current Bus parameter set {o a file,

PROGRAM  Save the current program to a file.

Parameters filename

This is the name of the file to be stored. The name can con-
tain only digits and can have no more than eight. The name
“0" is reserved for files stored in ROM. Parameter files stored
with the name “1” will be recalled upon power-on. A pro-
gram file stored with the name “1” will executed upon
power-on. A program file stored with the name “2” will exe-
cuted upon reception of a TRG command or a GPIB bus
GET command.

Default Value None
Parameter Set  None
Query Cmd? No

Comments

* If you are unsure of what filenames are already in use,
issue the DIRECTORY command to get a list of all that
have been stored.

* Storing a new file using a name and type that already
exists will cause the old file to be overwritten with the
new one. No warning is given when this happens.

& If you are unsure of the contents of a particular file, you
can use the SHOW command to examine the contents.
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Front Panel Examples

[SHOW] [GAUGE] [ENTER]
Displays the following window:

[ AlErnBEE }
T )

[FUNC] [ALTERNATE] [ENTER]
Sets the alternate parameter to 4.

[FUNC] [STORE] [GAUGE! [ENTER]
Stores the current (Gauge parameter set including the alter-
nate parameter into Gauge file 1.

[EH0W] [GAUGE] [ENTER]

Displays the following window showing that the alternate
parameter in the GAUGE 1 file has changed from zero to
four:

(BLEFnREE )
L )

Remote Device Examples

*SHOW FROGRAM 15

FILE NOT FOUHD
*5H PR

RUER &

51
*3TORE PR 15
YEHOW PR 1S

AUER o

a1
¥
This example shows that initially there is no program with a
file name of 1 57, but that there is a two-line program in
RAM. The current program is then stored in program file 15.
Another SHIH command reveals that the contents of the cur-
rent program are now also in program file 15.

References
See Chapter 3, “Parameter and Program Files” and specifi-
cally “Adding Files” on page 3-8.

Related Commands
DELETE file, DIRECTORY, RECALL, SHOW

AH 2500A Capacitance Bridge
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STORE CALIBRATE

Description
Causes the AH 2500A to save the verification values
obtained with the CALIBRATION commands.

Syntax
STORE CALIBRATE [1, 2, or 3]

this is the commonly used command version. It performs the
functions listed in the qualifiers section below.

or
STORE CALIBRATE 2 CALIBRATE standardvalue

this version of the command is extremely specialized. It is
used only for t{otal re-calibration of a non-Option-E bridge
after either the capacitance standard or the main board have
been replaced.

Qualifiers

None

Overwrites the previous calibration data with whatever new
verification data has been produced by the last CAL 1, 2,
and/or 3 commands.

1

Overwrites only the previous internal calibration data with
that produced by the last CAL 1 command.

2

Overwrites only the previous Update capacitance calibration
data with that produced by the last CAL 2 command.

3

Overwrites only the previous Update transformer calibration
data with that produced by the last CAL 3 command. This
command is available with Option-E bridges only.

Parameters None

Query Cmd? No

References

See “Saving the Internal Verification Data” on page 9-9,
“Saving the Capacitance Verification Data” on page 9-11,
“Saving the Transformer Verification Data™ on page 9-13,
“Saving All Verification Data” on page 9-12, “Main Board
Installation Procedure™ on page 12-8, and “Standard Capaci-
tor Installation Procedure” on page 12-12.

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC] [STORE] [FUNC] [CALIBRATE] [ENTER;

(PASSCOJE

[ J

1213121 B 6]

(PASSLOJE )
(123956 )

ENTER

This example shows the passcode prompt resulting from the
entry of a STCO CAL 2 command. This is followed by the
entry of the “123456” passcode. The Update capacitance cal-
ibration data is overwritten after the key is pressed.

Remote Device Examples

*5T0O CAL 1t
PASSCODE>171717 (The passcode is not actuaily echoed.)

o

Saves new internal calibration data.

Comments

* The subject of calibration must be thoroughly under-
stood before using these commands is attempted. Itis
essential to first read much of Chapter 9, *“Verification/
Calibration”.

® Every version of this command reguires the entry of a
passcode. Entry of three bad passcodes in a row will
cause all further passcodes to be rejected untif power-on
OCCHrs,

¢ If either the capacitance or transformer Update data is
stored, the corresponding updare parameter is set (o one,

& Storing new capacitance ot transformer calibration val-
ues will change the actual calibration of the bridge onfy
if the corresponding update parameter has a value of
ofle.

Related Commands
CALIBRATE, SHOW CALIBRATE,
STORE CALIBRATE CREATE,
STORE CALIBRATE SPECIAL
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STORE CALIBRATE CREATE

Description
Allows creating new calibration passcodes.

Syntax
STORE CALIBRATE CREATE (1,2 or3)

Qualifiers

1

Allows changing the User passcode if you know the Owner
passcode.

2
Allows changing the Calibrator passcode if you know the
Owner passcode.

3

Allows changing the Replace passcode if you know the
Owner passcode. This qualifier is only available on non-
Option-E bridges.

Parameters
There are no parameters, but you will be prompted for old
and new passcodes after issuing this command.

Query Cmd? No

Comments

¢ Passcodes entered in response to a prompt on remote
serial devices will not be echoed.

¢ The passcodes can be entered as a part of the command
on the same line by separating the command and its
passcodes with sernicolons. Passcodes entered this way
will be echoed to a serial device.

* Entry of three bad passcodes in a row will cause all fur-
ther passcodes to be rejected untii power-on cccurs.

Related Commands
CALIBRATE, SHOW CALIBRATE
STORE CALIBRATE 1,2,3
STORE CALIBRATE SPECIAL

References

See “Changing the User Passcode” on page 9-17, “Changing
the Calibrator Passcode” on page 9-18, and “Changing the
Replace Passcode” on page 9-18.

A-48 Command Reference

Front Pane! Examples

[FUNC] [STORE! iFUNC| [CALIBRATE] IFUNC] iCREATEi

{ Onr LodE }

{ )
B

[ Onr LodE }

[ 173455 }

{ Usr [ odE J

( )
IR

[ Use [odE }

[ 314159 }

This example shows the Owner passcode prompt resulting
from the entry of a STO CAL CR 1 conumand. This is fol-
lowed by the entry of a “123456” Owner passcode. In this
example the bridge accepted this as the correct passcode and
responded with the prompt for the User passcode, This is fol-
lowed by the entry of a new “314159” User passcode. The
old User passcode is replaced with the new “314159” User

passcode after the [ENTER] key is pressed.

Remote Device Examples

*GT70 CAL CREATE 2

QUHER CODE*1Z23456

CALIBRATCR CODE>:71717

Change the Calibrator passcode to 17171 7”. The passcodes
above are not actually echoed if the remote device is con-
nected 1o the serial port.

*5TO CHL £R 2123486171717
This performs the same function as the previous example.

AH 2500A Capacitance Bridge
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STORE

CALIBRATE SPECIAL

Description

Selects the source of data for the capacitance or transformer
calibrations. You can select the original calibration done at
the time of manufacture or a later, updated calibration.

Syntax
STORE CALIBRATE (2 or 3) SPECIAL update

changes the update parameters one at a time. Requires the
Owner or Calibrator passcode.

Qualifiers

2

Allows changing the capacitance calibration update parame-
ter.

3
Allows changing the transformer calibration updare parame-
ter for Option-E bridges only.

Parameters update

When set to a one, an update parameter causes the bridge to
use the corresponding Update calibration data. When cleared
to a zero, the update parameter causes the bridge to use the
corresponding Original calibration data.

Deflault Value

None
Parameter Set  None
Query Cmd? No

Comments

* The function of the update parameter must be thor-
cughly understood before changing it.

* Passcodes entered on remote serial devices in response
to a passcode prompt will not be echoed.

® The STORE CALIBRATE command automatically sets
the corresponding update parameter(s) to one if new
capacitance or transformer data is stored.

® Entry of three bad passcodes in a row will cause ail fur-
ther passcodes to be rejected until power-on occurs.

References

See “Selecting Update vs. Original Capacitance Calibration
Data” on page 9-11 and “Selecting Update vs. Original
Capacitance Calibration IData” on page 9-11.

Related Commands
CALIBRATE, SHOW CALIBRATE
STORE CALIBRATE

STORE CALIBRATE CREATE

AH 2500A Capacitance Bridge

Front Panel Examples

[FUNC] [ETORE] IFUNC] [CALIBRATE] [FUNT] [EPECIAL]

[0} [ENTER]

£

(PASSCOJE )
]

i,

O EIE]E]E]E]

(PASSCO4E )
123456 |

ENTER

rERd4 }
A
J

In the above example the capacitance calibration is set to
Original. This example shows the passcode prompt resuiting
from the entry of a STORE CALIBRATE 2 SPECIAL com-
mand. This is followed by the entry of *123456" which was
accepted as the correct passcode.

isHOwW] [FURC] [CALIBRATE] [ENTER]

"IAP }
CUPAAEE 0

This example shows the value of the capacitance update
parameter as the first window of a multi-window result. This
command will show this window only if calibration data has
been generated. The SHOW CAL command will report the
update parameters even if no data has been generated.

Remote Device Examples

»5T0 CAL 2 SPECEIAL 1

PRESCODEX 123455 (Passcode is not actually echoed,)
The capacitance calibration updare parameter is set above so
that the Update capacitance calibration data is used,

»3HO CAL 2
CAP UPDATE = 1

OEU FROM UPDT CAP: CaL AGE = 345 HRS
TERF = ~&5.1C L= -g.71 PPN
Qe FROM ORIG CAP: CAL AGE = 12345 HRS
TEHF = -4 680 c= -8.71 PP

¥
The above example shows the value of the capacitance
update parameter on the first line of the three line result.
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TEST

Description

Performs diagnostic tests on the internal circuitry of the
bridge. Effective use of this command requires an under-
standing of Chapter 11, “Diagnosis and Repair”.

Syntax
TEST [restgroupio. testlo [ . testgrouphi. testhi]]
[REPEAT [count]]
Qualifiers
REPEAT Specifies that the selected tests are to be
- executed more than once.
None Specifies that the selected tests are to be
executed only once.
Parameters
testgrouplo The number of the group containing the
first or only test to be executed.
testlo The number within the first or only group
of the first or only test to be executed
testgrouphi  The number of the group containing the
last test to be executed.
testhi The number within the last group of the
last test to be executed
count The number of times all the specified tests

are to be executed. If no count is entered,
the tests are executed indefinitely.

Query Cmd?

Yes, but if rpr=1 then 2 SHOW TEST command should be
added to the command line to guarantee a result. For exam-
ple: TEST;S5H TE.

Comments

¢ The TEST command word by itself causes all tests to be
executed that do not require intervention. This is the
only version of the command that will skip such tests.

® The command sequence TEST; TEST 91, .94 is the
most powerful test sequence that is also easy to run.

¢ Fach test result is reported in six windows on the front
panel. These may be viewed one-by-one by pressing the
[« ] and [=] keys while tests are running or after they
finish. This allows real-time monitoring of the results.

¢ The SHOW TEST command will re-display the failure
report for the last test that failed.

* Certain tests can erase or overwrite RAM memory. In
these cases, you are prompted with an “Are You Sure?”
message. This must be answered with a YES to allow
the test to proceed.

A-50 Command Reference

Front Panel Examples

[FUNC] [TEST] [FUNC] [REPEAT] [ 5] [ENTER]

(opopane )
(ESE- 901

J

[E ! L4 ]
[H: - 0oy J
[Lm - 0of J
| Ab E )
{fm’] F P j

(ttopooog )
(—_Dooaog )

[FE:‘?&:UU;’ i
{ LEF- 80 ]

The above example shows the failure report for test 90.1
which failed on the second of five passes.

{ goooansg ]
[ tak-End ]

" FLakZOO0 }
CLEF- 90 ]

The above two windows are the summary line that was
reported after the five test passes completed.

Remote Device Examples

*TESYT FORHAT .2 (Report failed tests and summary

lines.}

STEST BB, .55 (Run test groups 50 through 55.)
gaoasea TST=52.4 LO=897 FASS=81& HI=183

21 €8 AR T1 B F P 9000ABEBE ATFASL

gag9a81 FOHT=081 LTF=5Z.4

This example shows a typical test failure and summary line

resulting from a failed test execution. The FAIL=BA1 indi-

cates that only one test failed, which was test 52.4.

References
See Chapter 11, “Diagnosis and Repair” and specifically
“Initiating Self-tests: the TEST command™ on page 11-4.

Related Commands
CALIBRATE, SHOW CALIBRATE, STEP,
TEST FORMAT, X

AH 2500A Capacitance Bridge
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TEST FORMAT

Description
Petermines which test results are reported and what condi-
tions cause execution of the tests to halt {(pause).

Syntax
EST FORMAT hoc.rpr

Parameters

hoc

The “halt on condition™ parameter can be set to the values
below. The effects of each setting are listed. If an hoc condi-
tion oceurs, a “+" prompt will be sent to remote devices. The
STEP or X commands may be entered in response to this
prompt to cause execution {o continue.

0 Test execution does not halt until all tests are finished.

I Execution of the tests will halt on every occurrence of
an error report (test FAIL). '

2 Execution of the tests will halt on every occurrence of
any test result.

=3 Halt after the entered number of test failures has
occurred. Any number from 3 to 999 may be entered.

rpr
The “reported resuls” parameter can be set to the values
below. The effects of each setting are listed.

0 No test results are measured or reported. The word
SLOPE is displayed in place of the upper line of the
PASS/FAIL window on the front panel.

I Only any error result lines are sent to remote devices.
All results, failed or not, are shown on the front panel.
To guaraniee that a message is sent to a GPIB control-
ler, SH TE should be appended to the command line.

2 Only error results and the test summary line are sent to
remote devices, All test results, failed or not, are
shown on the front panel,

3 Al results, failed or not, are sent to remote devices
and are shown on the front panel.

Default Value 02 (Do not hatlt on error, send

error results and summary lines
to remote devices.)

Parameter Set Basic
Query Cmd? No

Comments

® The “halt or condition” feature is essentiat for reading
tndividual error results from the front panel. Most of
these would be overwritten in less than a second other-
wise.

AH 2500A Capacitance Bridge

Front Panel Examples
[EONC] [TEST] [FUNC] [FORMAT] =]
[EAGW] [FUNC] TEST] [FUNC] [FORMAT] [ENTER]

{ Fak FellE ]
[ kO rl ]

[f“mc rPr ]
[ R0 rl ]

In the example above, the rpr parameter was set to a one. The
Test Format parameters were then shown.

Remote Device Examples

*TEST FORMAT .1

*EHON TEST FORMNAT

TEST FRHT HGC=8 BFRA=1

*TEST 58

ARBARna T5T=50.2 LI=095 FRIL=89Z HI=1A5
Gi1 CA RA T1 B F F 984870080 Adeaes

*TEST FARMAT .2

>TEST S8

AARRERE TST=58.2 LO=A%% FALL=692 HI=10%
Gil CB fAB T1 B F F 098200808 AQAAGQ

apEnaesl FCMT=g01 LIF=%8.2
YTEST FORNMAT .3
+TEST S8

BERAEEE T3T=%6.1 LU=AZ% PRSS=16T HI=4880
Gat Ce A8 T1 BB F P A9A30060 OBBAAA
BEAREEE T3T=58.2 LO=A9% FAIL=A92 HI=18%
G11 CA RE 71 BA F P 699268800 AGDAGA
BRARAEEA T3T=58.3 LI=02% PASS=185 HI=488
G117 CA AB TY B F P BO9100B88 AappRa
aRaaang T3T=58.4 LO=A97 PRASS=186 HI=183
G21 CR AR TY BB F F DOOBGHEAR ABABEA
REERAAE TS3T=%8.5% LO=025 PASS=166 HI=408
G21 CB Ae T1 BB F P DODRSAAE Basoas
REARAEE T3T=hHE.6 LO=R97 PASS=188 HI=183
G31 CR AB 7Y BA F P DOBOZOGE ABARAR
ARARAAT FCHT=g01 LTF=58.,2
>
This example shows typical results obtained for three differ-
ent settings of the rpr parameter, The result from the first
TEST 58 command reports just the error result for the one
test that failed. Results from the second show the failed test
and the summary line. Resulfs from the third show all tésts
that were executed and the summary line,

References

See Chapter 11, “Diagnosis and Repair” and specifically
“Selection of Options: the TEST FORMAT command” on
page 11-7,

Related Commands STEP, TEST, X

Command Reference A-51



TRACK

Description

Enables and disables tracking mode. Also sets the threshold
at which tracking will occur. Tracking mode allows the
bridge to automatically switch to the highest measurement
rate of about 25 per second to track a quickly changing
unknown.

Syntax
TRACK threshold

or

BACK HALT or TRACK O

The syntax on the first line simultaneously enables tracking
mode and sets the tracking threshold. Fither syntax on the
second line disables tracking mode.

Parameters threshold

The threshold is an integer ranging from 0 to 5. A zero value
disables tracking mode. A non-zero value enables tracking
mode. A non-zero threshold is a measure of the maximum
rate at which the capacitance can change before tracking
takes over. The smaller the threshold, the more likely track-
ing will take over and the less likely that it will revert to the
current averaging time setting.

It is not possible to provide a simple relationship between the
threshold and the rate of change of the unknown. The thresh-
old is only a relative parameter. Incrementing the threshold
by one increases the rate at which the capacitance may
change without tracking occurring by a factor of approxi-
mately three, Increasing the threshold by two increases this
rate by a factor of 10. The threshold can change the rate by a
factor of 100.

Default Value 0 (Tracking disabled)

Parameter Set Gauge

Comments

¢ Tracking mode works with both SINGLE and CONTIN-
UOUS commands.

* If the unknown changes by a substantial capacitance or
loss ratio, the bridge may interrupt the high speed mea-
‘surement and spend about 0.5 second to make some
internal adjustments. It will then continue taking read-
ings at the high rate.

* When the bridge switches to making measurements at a
high rate, this is indicated with a “*k” in the upper right
corner of the front panel display and with a “T” message
to remote devices.

A-52 Command Reference

Front Panel Examples

[FURC] [TRACK] [ENTER]
[FUNC] [SHOW] [TRACK] [ENTER]

[ Erfc )
[ )

[CONTINUQUS] [ENTER

(5359058711 )
EEES

949379 G
an4

The first measurement window shows a full-precision result,
the second shows a tracking result with reduced precision
and the tracking indicator visible in the upper right corner.

Remote Device Examples

*TRA 5
*SHOW TRACE

TRACKING
LY

THRESHDLO=5

C= 939.8333%62 PF L= B.935308688 HS
C= 939.933365 PF L= &.830818 M3
L= 939,833371 FF L= 8.83530826 H3
C= 938,31 PF L= #.1 HE T
C= 235, 578 FF L= &.18 H3 T
L= 931.63 FF L= 8,1 M T
L= 923.8 FF L= &.8 H3 T
L= 215,66 FF L= B.08 HS T
0= 814,59 FF L= 8.88 H3 T
L= 314,72 FF L= B.18 HS ¥
o= 914,538 FF L= 8.1 Ha T
*THA HA

3

This example shows three full-precision measurements fol-
lowed by eight high speed measurements. Notice the differ-
ence in the rate of change of the capacitance in the two cases.

Query Cmd? No

References
See “Auto Switching t¢ High Speed” on page 4-7 and specif-
ically “Using Tracking Mode” on page 4-7.

Related Commands
AVERAGE TIME, CONTINUGCUS
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TRG

Description

The TRG command produces exactly the same result as the
GPIB bus GET command. Both of these execute 2 PRO-
GRAM 2 command. Since a program can contain any AH
2500A command or combination of commands, the TRG or
GET commands provide a convenient way of initiating any
bridge operation.

Syntax TRG

Parameters None

Default Value I aPROGRAM 2 file does not exist, a
SINGLE command will be executed
every time a TRG or GET command is
issued.

Query Cmd?  Dependent upon the contents of pro-
gram number two.

Comments

* The TRG command is not equivalent to the SINGLE
comumand. However, the TRG command can function
identically if program number two does not exist or if it
consists of one SINGLE command.

AH 2500A Capacitance Bridge

Front Panel Examples

This command word is not available from the front panel.
However, if a program filename of “2” exists, the same result
is produced with the key sequence:

IPRCGRAM] [ENTER]

Remote Device Examples

>FR CRERTE

#5R 1;51

¥50 2;51

¥SR 3;51

¥5H I

i

*STORE PROGRAN 2
*TRG

Sm

LS

Y

2

¥

C= 843.3186346 PF L= A,.83721 HS
C= 431.587114 PF L= 8.81378 H5
C= 187.615845 PF L= 8.88831 HE
C= 52.827986 FF L= 8.,8B553 NS

oy oon
H o1
3 P e

2]
[}

>

The above example shows the creation of a program that
automatically selects sample numbers one through four and
takes one measurement after the selection of each sample.
The program was stored into program set number two and a
TRG command was issued that caused the program to be
executed.

References

See “WORKING WITH PROGRAMS” on page 3-10 and
especially “The TRG/GET Program” on page 3-13. See also
“Initiating with a TRG/GET Program” on page 4-4.

Related Commands
Q, PROGRAM execute, SINGLE
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UNITS

Description Front Panel Examples

Selects the units that will be used to report the loss compo-
NS 1] [ENTER]
nent of the measurements.

Syntax (50GBEGSH )
(7492431

UNITS lossunit

[ONITS] { 2] [ENTER]

Parameters lossunit
The list below gives the corresponding units for the respec- \
tive lossunit numbers. ( igi zg 2 3 2 j
1 ~ Nanosiemens nS) =
2 - Dissipation factor {tand) (dimensionless) [GNITS] [ENTER|
3 - Series resistance in kilohms (k£2) ’
U (50E93965 |
4 - Parallel resistance in gigohms (GQ) [ T0ED (o0 ]
5-Glo GpF)

[UNITS] [ENTER]

Default Value 1 {nanosiemens)

50688658 ]
Parameter Set  Basi 50688658
e (00006100
Query Cmd?  Yes
[UnITS] (5] [ENTER]
Comments
b
® When any form of the UNITS command is issued it wil} (50588658 )
re-display the last measurement taken with the new units [ 2315787 )

setting in effect.

* (Capacitance is always displayed in units of picofarads or  [SHOW] [UNITS] [ENTER]
as percent deviation from a Reference value.

* 1 oss is always displayed in one of the five units in the [ Ui E5 ]
Hst above or as percent deviation from a Reference (LS ]
value,
¢ The lossunit parameter values one through four are in Note that UNITS 3 affected the capacitance vaiue also.
the same order as the top-to-bottom ordering of the front
panel unit indicator labels. Remote Device Examples
® The fifth lossunir parameter value is indicated on the SUMITS 1
front panel by displaying the two middle loss unit C= 454 588093 BF L= #.81744 HE
LED’s. SUHIT 2
s Changing the lossunit parameter will not usually cause L= 454.683993 FF L= B.08988611 b3
the capacitance value to change. However, the series FUNT 3
capacitance value of lossy unknowns is different from C= 454.688933 FPF L= B.882137 KD
the parallel capacitance value. This is demonstrated in UM 4
“Front Panel Examples™ on this page. ' L= 404.6889%3 PF L= 57.34 Lo
M &
References C= 454 ,633993 PF L= 8,882776 Gl
See “DECIDING WHICH UNITS TO USE” on page 4-10 ?
and specifically “Changing the Loss Units” on page 4-12. This shows a single measurement result reported in all five of
the possibie loss units. The automatic re-display feature of
Related Commands Nore the UNITS command is very useful here.
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USER

Description

Execution of this command sets the User ReQuest (URQ) bit
in the GPIB status byte. This provides a means by which a
user-specified event can be signaled to a remote controller.

Syntax
USER

Parameters None

Query Cmd? No

Comments
¢ This command cannot be entered from the front panel.

® The URQ bit is cleared by the execution of a SHOW
STATUS or RST command.

* The USER command is primarily useful when the AH
2500A is connected to a GPIB controller, but it may also
be useful with the front panel or serial port, Although the
USER command cannot be executed directly from the
front panel, it can be included in a program which is exe-
cutable from the front panel.

* This command is probably most useful when included in
an AH 2500A program.

AH 2500A Capacitance Bridge

Front Panel Examples

Not available, unless included in an AH 2500A program.

Remote Device Examples

*3H 378

STATUS MU= H35=8 bxE=8 ROY=Q
FOk=1 URE=8 CHE=8 JHR=8

YUSER

*5H 3TH

STATUS M= H55=8 EXE~B RIY=A

FOR=8 URGE=1 CHE=8 QHRA=B
3

This example shows that the USER command sets the UR#
bit.

*FROG CRERTE
BHOLD B
®SER
ESTHGLE

¥

In the example above, a program is entered which waits for
an external trigger pulse and then sets the URQ bit when a
pulse arrives. This can inform a controlier when a trigger has
started a measurement.

*FROG TR
ECAL 1
RUSER

¥

-,
ks

In the example above, a program is eatered which starts an
internal calibration and then sets the UR4 bit when the cali-
bration command is finished.

References
See “STATUS REPORTING” on page 6-3 and specifically
“A User Settable Status Bit” on page 6-6.

Related Commands
PROGRAM, SHOW STATUS, SRE
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VOLTAGE

Description

Limits the amplitude of the | kHz test voltage appiied by the
bridge to the device under test.

Syntax VOLTAGE highest

Parameters highest (Floating Point)
This is the maximum AC voltage in volts RMS that the
bridge will apply to the DUT. Any voltage may be entered,

but the bridge will limit the maximum measurement voltage
to a value equal to or below the amount specified. Table A-6

below lists the actual RMS voltages that the AH 2500A uses.

Table A-6 Capacitance and loss ranges for the
availabie limiting voltages.

Capacitance Loss range
Limit range (pF) (nS)
{volts)
From To From To
*15:00 -8 +80 0.4 +4
*7.50 -16 +160 -0.8 +8
375 -6 + 16 -0.8 +8
*3.00 -40 +400 -2 +20
*1.50 -80 +800 & +40
*(.750 -160 +1600 -8 +80
0.375 -160 +16006 -8 +80
%0,250 480 | 44800 | 24| 4240
0.125 ~480) +4800 -24 +240
*(3.100 -1200 +12 000 -60 +600
0.050 -1200 +12000 -60 +600
*0.030 4000 +40 000 -200 +2000
0.015 -4000 +40 0060 -200 +2000
*0.010 ~-12000 1 +120000 -6(0 +6000
0.0050 | -12000 | +120000 -600 +6000
#).0030 | -40000 | 400000 | -20006 | +20000
00015 | -40000 | -+400000 | -2000 | +20000
#0.0010 | -120000 | +1200000 | -6000 | +60000
0.0005 | -120000 | +1200000 | +6000 | +60000
Default Value 15 volis
Parameter Set  Gauge

Query Cmd? - No

Related Commands None

A-56 Command Reference

Front Panel Examples

[VOLTAGE] [ENTER!
SHOW| [VOLTAGE] [ENTER]

{Set highest voltage to 5 volts.)

(UBLEAGE )
SEAE )

The voltage was limited to 5 volts but the bridge selected the
next lower value of 3.75 volts as the maximum,

(95183125 )
ESERRE

(Take measurement in windows below.}

| 5:=401
[ U- 150

L S

The value of capacitance measured caused the actual voitage
used to be 1.50 volts, The [« ] and [ =] keys are used to select
which of the above windows is shown,

Remote Device Examples

RS U (Set the voltage to no more than one volt.)

351

L= 93.3724 PF L= 8.8e83 GU U=8.75 U
»3H U

WGLTAGE HIGHEST= &.7%5 U

¥

The voltage was selected to be one volt. From the table, the
kighest voltage that is equal to or less than one voltis B. 7%
which is what the bridge chose as its upper limit. The mea-

surement that was taken actually used 8. 75 volts since the
capacitance value was below 1600 pF.

Cominents

* Transient voltages as high as (.1 volts can occur no mat-
ter what the maximum voltage is set to.

® The voltage limits marked with asterisks (¥) are pre-
ferred voltage limits since they are made using higher

generator voltages. This results in betier signal to noise
ratios.

References
See “VOLTAGE OF THE TEST SIGNAL” on page 4-12 and
specifically “Limiting the Test Voltage™ on page 4-13.
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Description

Steps through operations when using the CALIBRATE 3,
PROGRAM or TEST commands. This occurs by pressing
only the X key on the keyboard of a remote serial device.

Syntax X {no RETURN key is used)
Parameters None
Query Cmd?

Execution of the X command usually produces a query result,
bat this is depenrdent on what root command is being exe-
cuted. The TEST command, for example, can be set to halt
on every test without sending a result.

Comments

® The X command produces exactly the same result as the
STEP command but is more convenient to use from the
serial port than the STEP command.

¢ This command tells the bridge to continue after waiting
for you to perform an external action. The latter occurs
with the CALIBRATE 3 and TEST commands.

* The X command is shortened from “eXecute”.

® The X command will do nothing if there is no active root
command waiting for input. ‘This allows the X command
10 be used in programs where the need for it may be
uncertain. It should cause no harm if it is not needed.

® This command will only work in an AH 2500A program
if it is not the first character. A space can precede it if
you desire to enter it by itself on a program line.

* An X command following an AH 2500A program will
not be processed even if the program contains a com-
mand that is looking for X as a reply. In other words, in
the command line “PROGRAM;X”, the X will never
have any effect no matter what the contents of the pro-
gram.

AH 2500A Capacitance Bridge

Front Panel Examples
The key is used instead on the froat panel.

Serial Remote Examples

For some examples see “DC BIAS High Voltage Tests” on
page 11-17 and “Obtaining Transformer Verification Data”
on page 9-12.

References

See “Single-Step Mode” on page 3-12, “Selection of
Options: the TEST FORMAT command” on page 11-7, and
Chapter 9, “Verification/Calibration”.

Related Commands
CALIBRATE, PROGRAM, SAMPLE, STEP, TEST
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ZERO enable

Description

Changes the result mode between Absolute result mode and
Zero compensation result mode. Zero resuit mode compen-
sates for residual capacitance and parallel 1oss effects that
are usually inherent in test fixtures.

Syntax
ZERO
or
ZERO HALT

The first form of the command enables Zero resuit mode and
the second form disables it.

Parameters

No parameters are entered. However, the SHOW ZERQO
command will show a one on the ZERD OH line if Zero
result mode is in effect and a zero if not,

Default Value 0

{ Absolute result mode)

Parameter Set  Gauge

Query Cmd?  Yes

Comments

¢ Hnabling Zero result mode is a separate operation from
entering the Zero values.

¢ Zero compensation capacitance and loss values can be
entered (and stored) without being enabled. Subsequent
enabling of Zero result mode will then use the Zero com-
pensation values to correct the measured values.

® When any form of the ZERO enable command is
issued it will re-display the last measurement taken with
the new Zero compensation settings in effect.

* This command is similar to REFERENCE enable.

® Zero result mode is identical io Reference resuit mode in
many ways, but the mathematical compensation per-
formed in Zero resuit mode is much more than just a
simple subtraction. The compensation calculation per-
formed is dependent upon the units currently in use and
can be complicated. The calculations require both capac-
itance and loss Zero values. Thus, the Zero result mode
differs from the Reference result mode by not allowing
you to enter a capacitance value without a corresponding
loss value or vice-versa.

* Zero result mode may be used in combination with Ref-
erence result mode. They will each function indepen-
dently of the other.

A-58 Command Reference

Front Panel Examples

(Take measurement in window below.)
( 11450208 )
SEEEER )
[ZERO! ISINGLE| [ENTER] (Get measured values.)
(Show the differences.)
(0oooooon
(ooooog ]
SINGLE {Show new measurement results below.)

[ -0000048
noo0 M

This shows the changes between |SINGLE| measurements.

Remote Device Examples

FZERD CAF 788 LO53 o.0080844
31

L= 744,171%4 FF L= 8.880085%7 05
e

C= 44 171937 ZFF L= B.AABA133 203
*Z HALT

L= T44.17194 PF L= 8.8880851 03
*51

L= 744 .17285 FPF L= 9.8888855 05

>

Zero compensation values were manually entered and a mea-
surement taken. Zero result mode was enabled causing the
compensated version of the previous result to be reported.
Zero result mode was then exited causing the same result to
be reported as for the original measurement. The result is
exactly the same since no new measurement was vet taken.-
The actual measurement which follows shows small changes
that are likely due to noise:

Notice that the Zero compensated result was

L= &,84088138 203 whereas Reference result mode
would have reported L= 8, 8888885 RD3. Thisis an
example of how different these two result modes can be.

References

See “Zero Compensation Result Mode” on page 5-4 and spe-
cifically “Enabling Zero Result Mode™ and “Disabling Zero
Result Mode”.

Related Commands
REFERENCE enable and ZERO value.

AH 2500A Capacitance Bridge
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ZERO value

Description
Provides manual and automatic ways o enter capacitance
and loss Zero compensation values.

Syntax
ZERC CAP capvalue LOSS lossvalue

is used to enter Zero compensation values manually, or

ZERO SINGLE

uses the last-measured capacitance and loss values before
any Reference corrections have been applied.

Parameters

capvalue {Floating Point)
This is the value of the capacitance to be used as a Zero com-
pensation value. The value is assumed to be entered in the
current units. The maximum value that can be entered is
99,999,999,

lossvalue {Floating Point)
This is the value of the loss to be used as a Zero compensa-
tion value. The maximum value that can be entered in any
units is 99,999,599,

Default Value 0,0
(The default Zero compensation values for capacitance and
loss are both zero.)

Parameter Set  Gauge
Query Cmd? No

Comments

® Entering the Zero compensation values is a separate
operation from actualiy using them by enabling Zero
restlt mode. This makes if easter to enter and exit Zero
result mode.

® This command is similar to the REFERENCE value
command.

¢ The bridge performs all Zero calculations before per-
forming any Reference calculations that might be
enabled.

References

See “Zero Compensation Result Mode™ on page 3-4 and spe-
cifically “Entering Zero Values Manually” and “Entering
Zero Values Automatically”.

Related Commands
REFERENCE enable and ZERQO enable.

AH 2500A Capacitance Bridge

Front Panel Examples

(Takes measurement in window below.)

1450208

aa2525
[7ERC| [SINGLE| [ENTER]

(Get measured values.)

{Enabie Zero result mode and show
compensated result.)

(oooopoen |

J

(000600 ]

[SHOW] IZERO] [ENTER] (Show the effects.)
(TTEEOIGE ) [ OEAD ]
OEEEEE RN EEEE )

( 2bkel on ]

U J
ENTER

(rEAdY )

{ )

This example shows all the front panel Zero result mode win-
dows above.

(Takes measurement in window below.)
[ -000007 |
agoooe

This result was compensated using the entered Zero values.

Remote Examples

*ZERG CAP 4.5 LOSS 8,805
#3H £
“ERD £=4.508000008 PF L=0,8825808 HS

=4.5
ZERG OH CEL=8
*
The capacitance and [oss Zero compensation values were
manually entered. The SHOW command then confirmed
their values, showing maximum precision results since there
is no uncertainty in an entered result. Zero result mode is cur-
rently disabled as indicated by “CEL=8",
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Appendix B

Error Messages

This appendix explains the various error messages and codes
that can occur in the process of normal operation of the AH
2500A. Error messages that occur as a result of executing the
self-test routines after power-on or by issuing the TEST
command are explained in Chapter 11 titled “Diagnosis and
Repair”. The section “Processor and Front Panel Tests” on
page 11-14 contains Table 11-7 on page 11-13 which lists the
possible power-on seli-lest messages.

Error Messages vs. Error Codes

Error messages are always reported as English text on the
front panel. Results sent to remote devices can also report
error messages as text or as a decimal error code. The way to
choose which form is to be sent is explained in “Error Mes-
sages vs. Error Codes” on page 5-6.

This appendix contains three tables of error messages. The
content of the first table (Table B-1) is identical with the
combined contents of the second two tables (Table B-2 and
Table B-3). The difference is that the first table is arranged
alphabetically and the remaining two are arranged by error
code.

Measurement vs. Command/Data Errors

The error messages may be divided into two types. One error
type results from an inability of the bridge to make a valid
measurement. These are usually the result of connecting an
unknown impedance that the bridge is unable to measure.
However, these can also indicate a problem with the bridge if
the unknown impedance is good.

The second kind of error is a result either of entering an
improper command or as a result of problems associated with
reading, moving or storing data within the bridge.

Measurement errors are listed separately in Table B-2 on
page B-6 arranged by error code. Command/data errors are
iisted separately in Table B-3 on page B-8 and are also
arranged by error code.

Error vs. Informative/Prompt Messages

The first three tables in this appendix list error messages.
Table B-4 on page B-10 lists some informative messages and
prompts. Informative messages are only sent to the front
panel display. These are often used to explain what the bridge
is currently doing, especiaily for time consuming operations
that give no other indication. Prompts tell you what to do
next. Prompts for the TEST and CALIBRATE 3 commands
are not inciuded in this tabie.

AH 2500A Capacitance Bridge

GPIB Status Bits

Errors cause one (and only one) of three bits in the GPIB sta-
tus byte to be set, These are the CME (CoMmand Error),
EXE (EXecution Error) and ONR (Oven Not Ready) error
bits. Which of these bits is set by a given error is indicated in
the first column of ali tabies in this appendix. See “STATUS
REPORTING” on page 6-5 for more information about status
bits.

The Meaning of Measurement Errors

When the AH 2500A senses that it cannot provide meaning-
ful measurement values, it attempts to identify and report the
nature of the problem in the form of one of about a dozen
error messages. This is a difficait and imperfect process due
to the poorly defined nature of some of the error conditions
that can occur at the measurement terminals of the bridge.
Thus the error messages will correctly describe the error con-
dition most of the time, particnlarly if a well defined sample
is present. The remainder of the time these messages may not
always be helpful. The error messages are not intended to
identify the nature of strange or unusual samples.

Some measurement errors or conditions are reported to the
front panel as a single letter which appears in the upper right
corner of the display. These are shown in the tables here as a
display filled with eights except for the upper right comer,

Numeric Errors

Another kind of error can oceur when a number is generated
that is too big to work with or to report. This can occur even
when a valid measurement has been made. The cause is usu-
ally the result of a division. This kind of error can easily
occur when units of tan 8, Rp, Cg, and Rg have been
seiected. Changing the units should convert the result to a
reportable value.

When an error of this type occurs, all nines are displayed in
the upper and/or lower displays of the front panel. On a
remote device, all nines will be reported in the mantissa of
the number.

Note that this ervor differs from that where a greater than
symbei precedes the number. The greater than symbol indi-
cates a range of values having a reported minimum absolute
value and a maximum absolute value that is infinite. All nines
indicates a single value that is too large fo report.

Error Messages B-1



Table B-1 Error messages arranged alphabetically

Error code Status bit

Remote error message

Front panel
error message

Explanation

01 EXE

AC OH L IHFUT

|
L

AL om L

(TaPut

Too much externally generated noise with a frequency
helow 100 Hz is being sensed at the measurement terminals.
This kind of noise is almost always caused by excess cou-
pling to the AC power lines. See “Low Frequency Noise” on
page 2-8.

18 EXE

AMBIGUOUS HORD: ARA

—

—

Not enough letters were entered for this command to be dis-
tinguishable from another, simitar command. The question-
able letters follow the error message as “AAA”. This error
cannot occur on the front panel. See *Command Word
Entry” on page 6-3 or “Command Word Entry” on page 7-9.

i9 CME

BRO FPRRANETER: BB

tAd PAr

A valid command was entered, but the parameter that fol-
lowed was either of the wrong type (alpha vs. numeric) or it
was out of range.

20 CME

ERD FASSCODE

bAd

PASSLOOE

The passcode that was entered in response to the passcode
prompt was not correct. If three incorrect passcodes are
entered in a row, then all subseguent passcode entries will
report this error until the bridge's power is cycled.

None

bukkan

buf FUOLL

This message will be briefly displayed when the front panel
keypad buffer is full. This can occur when a number of
commands are entered but are not able to be executed. This
happens when these commands follow a non-query com-
mand such as HOLD.

21 CME

CRL DATH RESENT

LRL 4HAEA

Jo—

HbSEnk

LR S—

The command that was entered requires that new calibration
data be present in RAM. The corresponding CALIBRATE
command must be executed firsi.

22 EXE

CRL DATA ERROA: O

CAL dREH

Error [

A checksum error has occurred while reading the calibra-
tion data from the EEPROM. Ccanbe 0, 1, 2, or 3 for errors
in the Original, Internal, Capacitance Update, or Trans-
former Update sections of the EEPROM, respectively. If
this error repeats on subsequent power-ons, see Table 11-19
on page 11-42 for repair information.

03 EXE

CRFP 700 HIGH

CAP koo

HIGH

The capacitance of the unknown impedance exceeds the
maximum that the AH 2500A can measure. The most posi-
tive measurable capacitance is 1.2 uF.

04 EXE

CAE TOD HEG

CHP koo

nkD

The capacitance of the unknown impedance is more nega-
tive than what the AH 2500A can measure. The most nega-
tive measurable capacitance is -0.12 gF

26 CME

CHE HOT OFERARBLE

Cnd nnk

OPE-HBLE

The comumand that was entered is not compatible with the
options present on this bridge or with the ROM version that
is installed. This error also occurs if execution of a STORE
command is attempted in a program or subprogram exe-
cuted with a REPEAT or CONTINUQUS qualifier.

B-2
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Table B-1 Error messages arranged alphabetically

Error code Status bit Front panel _
R error message EXpianatlon
emote error message
03 EXE There is an unallowable DC component to the voltage on
[ dc an L 3 the LOW terminal. If this voltage is supposed to be present,
OC ON L IRFUT T TnPut | | then the BIAS command can be used to block the DC com-
" | ponent.
27 EXE An external-trigger overrun has occurred. The bridge
[ EEEEEEER ] received at least one external trigger pulse but no HOLD 0
E { EEEEEEEE) v | command was waiting for it. This can only occur when the
trighuf parameter associated with the HOLD SPECIAL
command is zero. The “E” message is only reported follow-
ing a measurement result. See “Handling Unexpected Trig-
ger Pulses” on page 3-14.
28 EXE A checksum error has occurred while reading the EEPROM
{ EEP-0] 1 | during power-on. If this repeats on subsequent power-ons,
EEPROI ERROR: HH Ercar AH ] | see Table 11-19 on page 11-42 for repair information.
06 EXE The software is unable to properly balance the bridge due to
[ ErrBE: ¢ | | excess noise or a rapidly changing unknown sample.
ERRATIC IMPUT [ TPuE )
07 EXE Too much externaily generated noise with a frequency near
{ FFLEQS } I kHz is being picked up at the measurement terminals. See
EXCESS HOISE { OT5E } “High Frequency Noise” on page 2-8.
29 CME A file number was entered that did not match any file num-
{ E{LE mphk } ber in memory having the requested file type. Use the DIR
FILE HOT FOUND CEFound comumand to see what files are in memory. See “WORKING
: ' | WITH FILES” on page 3-8.
09 EXE The impedance between the HEGH terminal and ground is
[ BEREEHEH } too low. Check that these terminals are not shorted together.
H TQ GHD SHOART STEEEEEE } | Measurement results are stili reported when this error
A ’ | occurs. The error is indicated on the front panel by showing
an *“H” in the upper right corner of the display. See “High to
Ground Short” on page 2-9.
10 EXE The impedance between the HIGH and LOW terminals is
( H s L ] very low. Check that these terminals are not shorted
H TO L SHORT A ) together. See “High to Low Shorts” on page 2-9.
31 CME The command word that was entered is not one that is rec-
[ ] ognized by the AH 2500A, This error cannot occur on the
ILLESAL WORD: Ax¥ [ ] front panel. See “Command Word Entry” on page 6-3 or
“Command Word Entry” on page 7-9.

AH 2500A Capacitance Bridge

ErrorMessages B-3



Table B-1 Error messages arranged alphabetically

Error code

Remote error message

Status bit

Front panel
error message

Explanation

i1

EXE

THDETERN GFFSCALE

(TadEEEFT

[ OFFSCALE

The unknown impedance appears to be off-scale but is
either so far off or so unusual that the nature of the off-scale
condition is indeterminate.

32

EXE

INT CAL FRILURE

[Tk CAL

L OR—

| FAtLurE

A hardware fault has cansed the internal calibration proce-
dure to fail,

12

EXE

L 70 GHD SHOART

(L ko Lnd

[ Shaork

The impedance between the LOW terminal and ground is
too smail. Check that these terminals are not shorted
together. This error message will not appear uniess the mea-
surement begins with a cold start. See “Low to Ground
Short” on page 2-9.

38

CME

LIHE TGO LOHG

The command message entered was too long. Command
lines may not exceed 78 characters in length.

13

EXE

LOS3 ToO HIGH

[ LOSS koo

THIE

The loss of the unknown impedance exceeds the maximum
that the AH 2500A can measure. The most positive measur-
able conductance is 60,000 nS.

14

LOSS TOO HEG

£ LORS koo

{ nkED

The loss of the unknown impedance is more negative than
what the AH 2500A can measure, The most negative mea-
surable conductance is -6000 nS.

33

EXE

QuT OF SPACE

{ Ouk oF

" SPALE

The store command you atternpted requires more memory
than is available. To make more room, delete some parame-
ter sets or SOme programs.

15

ONR

DUEH

The oven confaining the internal capacitance standard is not
at its operating temperature. This error is shown on the front
panel with the OVEN NOT READY indicator, Either the
bridge has not warmed up yet or it is in an environment that
is too hot or too cold. You can take measurements with this
error, but they will be less accurate,

34

CME

FROG NEST EBROR

Bl nESE

—

R —

Erraor

A program tried to cail a sub-program that was already
nested to the maximum depth of eight. Don’t nest your pro-
grams so deeply. Did a program call itself? See “Nesting
Considerations’ on page 3-11.

35

CME

IYHTAX ERRUR: 555

T SUAERL

EF?"DI’

The command that was entered may have used valid com-
mand words, but either an expected word was not found or
an unexpected word was found. The word “555™ is where
the problem occurred. If you are having trouble using the
front panel, make sure it displays r£HdY before you
start enteting a command.

B-4
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Table B-1 Error messages arranged alphabetically

Error code Status bit

Remote error message

Front panel
error message

Explanation

16

This single letter message, which is always preceded by a

[ BBBBEREE measurement result, indicates that the measurement was
T [ FEEEEEEE ] taken in tracking mode since the sample value was chang-
ing. This is not an error: it is an indicator. See “Auto
Switching to High Speed” on page 4-7.
37 EXE The value entered for the external calibration capacitor is in
[ UPAdE B4 ] disagreement with the original value by more than 0.01%.
UPOATE 3T0 ERROR [ Error ] Either the incorrect value was entered, the calibration

capacitor is seriously in error or the bridge needs repair.

AH 2500A Capacitance Bridge
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Table B-2 Measurement error messages arranged by error code

Error code Status bit Front panel Explanation
Remote error message error message
01 EXE Too much externally generated noise with a frequency
[ AL an L J below 100 Hz is being sensed at the measurement terminals.
AC OH L INPUT (TaPut ) This kind of noise is almost always caused by excess cou-
pling to the AC power lines. See “Low Frequency Noise” on
page 2-8.
03 EXE The capacitance of the unknown impedance exceeds the
CRP Eknog } maximum that the AH 2500A can measure. The most posi-
CRF TOO HIGH T ) tive measurable capacitance is 1.2 uF.
04 EXE The capacitance of the unknown impedance is more nega-
[BF Eano || tive than what the AH 2500A can measure. The most nega-
CAP TO0 HEL { BT J tive measurable capacitance is -0.12 uF
03 EXE There is an unallowable DC component to the voltage on
[ de on L J the LOW terrainal. If this voltage is supposed to be present,
OcoOoM L INPUT [ TPak ] then the BIAS command can be used to block the DC com-
ponent.
06 EXE The software is unable to properly balance the bridge due to
E E--BE: - } excess noise or a rapidly changing unknown sample.
ERRATIC IHFUT ~ \
Podafuk ]
a7 EXE Too much externally generated noise with a frequency near
CMCESS NOISE [ E[TERG I | 1kHz is being picked up at the measurement terminals. See
k b f o IR £ , " [T =
] { N0l 5E ] High Frequency Noise” on page 2-8.
09 EXE The impedance between the HIGH terminal and ground is
‘ [ AEBEHERH J too low. Check that these terminals are not shorted together.
H TG GRO SHORT WEEEEEEEE ) Measurement results are still reported when this error
occurs. The error is indicated on the front panel by showing
an “H” in the upper right corper of the display, See “High to
Ground Short” on page 2-9.
10 EXE The impedance between the HIGH and LOW terminals is
[ H Ex L J very low. Check that these terminals are not shorted
H T L SHORY [ Shork } together. See “High to Low Shorts” on page 2-9.
11 EXE The unknown impedance appears to be off-scale but is
i 'Lmjm AadEEE~D } either so far off or so unusual that the nature of the off-scale
INDETERN OFFSCALE [“ OFESTRLE I condition is indeterminate.
12 EXE The impedance between the LOW terminaf and ground is
I Fa Gnd too small. Check that these terminals are not shorted
L TO GHO SHORT ELark ] together. This error message will not appear unless the mea-
- surement begins with a cold start. See “Low to Ground
Short” on page 2-9.
B-6 Error Messages AH 2500A Capacitance Bridge
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Table B-2 Measurement error messages arranged by error code

Error code Status bit

Remote error message

Front panel
error message

Explanation

i3 EXE

LOSE 700 HIGH

| LOSS Ean

[ HI GH

The loss of the unknown impedance exceeds the maximum
that the AH 2500A can measure. The most positive measur-
able conductance is 60,000 nS.

14 EXE

LO35 TOO HEG

LOSS koo

nEL

i, s,

The loss of the unknown impedance is more negative than
what the AH 2500A can measure. The most negative mea-
surable conductance is -6000 nS.

15 ONR

JUEN

The oven containing the internal capacitance standard is not
at its operating temperature. This error is shown on the front
panel with the OVEN NOT READY indicator. Either the
bridge has not warmed up yetor it is in an environment that
is too hot or too cold. You can take measurements with this
error, but they will be less accuraie.

16

( HBEBAB G

BEEEEEEEE)

This single letter message, which is always preceded by a
measurement result, indicates that the measurement was
taken in tracking mode since the sample value was chang-
ing. This is not an error; it is an indicator. See “Auto
Switching to High Speed” on page 4-7.

AH 2500A Capacitance Bridge
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Table B-3 Command and data error messages arranged by error code

Error code Status bit

Remote error message

Front panel
error message

Explanation

i8 CME

ANBIGUOUS WORD: AAR

LY.L S5

Not enough letters were entered for this command to be dis-
tinguishable from another, similar command. The question-
able letters follow the error message as “AAA”. This error
cannot occur on the front panel. See “Command Word
Entry” on page 6-3 or “Command Word Entry” on page 7-9.

19 CME

BAOD PARAMETER: BE

bHd PAr

A valid command was entered, but the parameter that fol-
lowed was either of the wrong type (alpha vs. numeric} or it
was out of range.

20 CME

BAD FASSCONE

bAd

PRSSL0JE

The passcode that was entered in response to the passcode
prompt was not correct. If three incorrect passcodes are
entered in a row, then all subsequent passcode entries wil}
report this error until the bridge's power is cycled.

None

Bukbonm

P —

buf FULL

This message will be briefly displaved when the front panel
keypad buffer is full. This can occur when a number of
commands are entered but are not able to be executed. This
happens when these commands follow a non-query com-
mand such as HOLD.

21 CME

CAL DATAR ABSENT

CAL dAER

AbSEnE

T —

The command that was entered requires that new calibration
data be present in RAM. The corresponding CALIBRATE
commmand must be executed first.

22 EXE

CAL DATA ERROR: C

CHL dHEHR

EF{‘DF E

LS—

A checksum error has occurred while reading the calibra-
tion data from the EEPROM. Ccanbe O, 1, 2, or 3 for errors
in the Original, Internal, Capacitance Update, or Trans-
former Update sections of the EEPROM, respectively. If
this error repeats on subsequent power-ons, see Table 11-19
on page 11-42 for repair information.

26 CME

CHEG HOT OPERARBLE

fnd nat

L

OPErAbLE

The command that was entered is not compatible with the
options present on this bridge or with the ROM version that
is installed. This error also occurs if execution of a STORE
command is attempted it a program or subprogram exe-
cuted with a REPEAT or CONTINUOUS qualifier.

27 EXE

HoBHoBHE

HHDHEHAE

An external-trigger overrun has occurred. The bridge
received at least one external trigger pulse but no HOLD 0
command was waiting for it. This can only occur when the
irighuf parameter associated with the HOLD SPECIAL
command is zero, The “E” message is only reported follow-
ing a measurement result. See “Handling Unexpected Trig-
ger Pulses” on page 3-14.

28 EXE

EEFRON ERRGR: HAH

FEEPFaf]

HH

E‘l“f‘ﬂl"

S L N

A checksum error has occurred while reading the EEPROM
at power-on. If this repeats on subsequent power-ons, see
Table 11-19 on page 11-42 for repair information.

B-8
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Table B-3 Command and data error messages arranged by error code

Error code Status bit

erfg:l’::‘gggae! e Explanation
Remote error message g
29 . CME A file number was entered that did not match any file num-
{ FILE mak } ber in memory having the requested file type. Use the DIR
FILE HOT FOUND (Found ] command to see what files are in memory. See “WORKING
WITH FILES” on page 3-8.
31 CME The command word that was entered is not one that is rec-
[ ] ogmized by the AH 2500A. This error cannot occur on the
ILLEGRL WORD: A&H { J front panel. See “Command Word Entry” on page 6-3 or
“Command Word Entry” on page 7-9.
32 EXE A hardware fault has caused the internal calibration proce-
{ [ mk CBL ] dure to fail.
INT CAL FRILURE
[ FAILurE ]
33 EXE The store command you attempted requires more memory
[ Out af ] than is available. To make more room, delete some parame-
OuUT OF SPACE (GPRALE ] ter sets Or Some Programs.
34 CME A program tried to call a sub-program that was already
[ Pef mEGE ] nested to the maximum depth of eight. Don’t nest your pro-
FROG HEST ERAOR [ Error ] grams so deeply. Did a program call itself? See “Nesting
Considerations™ on page 3-11.
35 CME The command that was entered may have used valid com-
[ CYOLR[ R ] mand words, but either an expected word was not found or
SYNTRE ERAOA: 555 (Error ] | 2o unexpected word was found. The word “555” is where
the problem occurred, If you are having trouble using the
front panel, make sure it displays r EFAdY before you
start entering a command.
37 EXE The vatue entered for the external calibration capacitor is in
[ HBAE S5E4 ] disagreement with the original value by more than 0.01%.
UFDRTE STD ERAOR (Errar ] Either the incorrect value was entered, the catibration
capacitor is seriously in error or the bridge needs repair.
38 CME The command message entered was too long. Command
[ J lines may not exceed 78 characters in length.
LIME Tad LOHG [ ]

AH 2500A Capacitance Bridge ErrorMessages B-9



Table B-4 Some informative messages and prompts arranged alphabetically

Remote prompt Display message Meaning
00 No Error
Some commands ask this question before beginning an irre-
_ [ H-E 40U J versible operation such as erasing memeory to confirm that
ARE WOU SUREY [ EUAE J you reaily want to perform the operation. Answer with a
“Y” or a “1” if you want to continue.
A measurement is in progress. See “Indication of Reference
[ bLLUSY ] Result Mode” on page 5-3 and “Indication of Zero Result
[ Y | Mode” on page 5-5 for an explanation of the alternate forms
J of this message.
This is a prompt requesting entry of the Calibrator passcode,
(AL [adE |
CAL CODE® 3
[ )
A calibration operation is in progress.
| [ALbrAEE ]
[ 505Y ]
ADEVICE CLEAR operation has been executed.
(JEUTLE ]
TLERrF ]
The GPIB output buffer is full. This can only occur after a
( Pl L Ouk } result has begun to be read by the GPIB controller or logger.
Thuf Full J  the controller or logger then reads no more of the result
If th | I h d f th 1
over a period of ten seconds then this message will appear
on the front panel. 1t wiil go away if the controller or logger
resumes reading the message.
This message appears on the front panel display if the
[ LBt } LOCAL| key has been pressed but a remote device has
( L ocouk } locked out the other channels.
This is a prompt requesting entry of the Owner passcode.
{ Onr LodE ]
OHRE CODE> { J
Any attemnpt to permanently change the calibration of the
{ PREEIOAE J bridge requires that a passcode be entered. This message is
PASSCODE { ) the prompt that requests that code.
This is a prompt requesting entry of the Replace passcode.
[ #PL [odE ]
RPL CODE> { d
This is a prompt requesting entry of the User passcode.
[ Usr [odE ]
WaFR Ccobe> [ ;
B-10  Error Messages AH 2500A Capacitance Bridge

<04



Appendix C

Performance Specifications

INTERPRETING THE
SPECIFICATIONS

The performance specifications of the AH 25004 are given in
the form of a fairly complicated set of equations. These equa-
tions, taken by themselves, are not easy to interpret. How-
ever, they do provide specifications that are an unusually
precise description of an electronic instrument.

To more easily interpret these equations, each of them has
been converted to two contour plot graphs which constitute
the body of this appendix. These are explained later in
“CONTOUR PLOT SPECIFICATIONS” on page C-7.

Notation

The specifications are grouped according to whether the
unknown is modeled as a resistor in paraliel with a capacitor
or in series with it.

Parallel:

“C”  is the value of the unknown (parallel) capacitance
in picofarads (pH= E(J"lZF). Also used are attofar-

ads (aF = 10‘6§F) and microfarads (UF = 'l{)ﬁp}'?).

“G”  is the value of the unknown loss expressed as a
conductance in nanosiemens (nS = 107 S
“I0”  is the value of the unknown loss expressed as a dis-

sipation factor (tan 8). I has ro units,

“Rp” is the value of the unknown loss expressed as a
parallel resistance in gigohms (G2 = 1670,
Series:
*Cg” 1is the value of the unknown series capacitance in
picofarads (pF = 1012 F).

*Rg” is the value of the unknown loss expressed as a
series resistance in kilohms (k2 = 10° Q).

Mise.:

“t;,” is the minimum selectable time between consecu-
tive measurernenis in seconds.

Vs the AC test signal voltage in volts applied across
the unknown. You may select its upper Hmit to
have any value listed in the AC Test Signal Volt-
ages table.

“ppm” means Parts Per Million.

AH 2500A Capacitance Bridge

The Meaning of the Uncertainties

The expressions on the following pages for accuracy, linear-
ity, stability. resolution, and temperature coefficient give
absolute rather than statistical uncertainties. Absolute uncer-
tainties are the most conservative of those in common use.
Andeen-Hagerling, Inc. guarantees repair within the war-
ranty period of any AH 2500A whose measured errors
repeatedly exceed these uncertainties.

Evaluation of Expressions

The expressions may be evaluated for particular values of
capacitance (C or Cg}, loss (G, DD, Rpor Rg), test voltage (V},
and measurement time (1). Only the resolution expressions
contain the measurement time. However, the other uncer-
tainty expressions assume that the measurement time has
been set to be long encugh so that these other uncertainties
are not limited by the resolution specification. In other words,
specifications such as accuracy may be limited by the resolu-
tion rather than the accuracy expression if the measurement
time is set {00 short.

Most of the uncertainty expressions can be evaluated by
direct substitution of the values of capacitance, loss and volt-
age as if they were read directly from the AH 2500A. The
bridge reports these values in the units given in the notation
section above. Some expressions also require the dissipation
factor, D, which, if it is not directly available, can be calcu-
lated using one of the foliowing relations:

D=G2nC, D=1/27CRp or D=2rx10°CqRg

For low values of capacitance and loss, the maximum allow-
able test voltage that you set (usuaiiy 15 volts) can be substi-
tuted for every occurrence of V in the uncertainty
expressions. For larger values of capacitance and foss, if the
voltage value is not read from a bridge, then the value of V
automatically chosen by the AH 2500A must be determined
from the AC Test Signal Voltages table.

The foliowing equations may be used to convert to the units
of C and G used in the table from units other than those used
in the table,

Givenunitsof: D use G=2rnCD
Rp G =1/Rp
Rg G = 2rCsD/(I+D?)
Cq C = Cy/(1+D%)

Accuracy, stability, linearity and resolution specifications
assume a recent internal calibration at the operating tempera-
ture,

Performance Specifications C-1



Dissipation Factor, D

-10°6 -10° -1 10°% 107 1 10°

Capacitance, C in pF

Figure C-1 Range of dissipation factor vs. capacitance

The measurable values of C and D are enclosed within the shaded area.

Parallel:

C: -0.0012/|D| uF to +0.012/|D] uF for D 2 0.01
-0.12 uF to +1.2 uF for -0.001 < D < 0.01

RANGE* D See Figure C-1.

Rp: -1.7X1074 GQ 1o -1.7x10° GQ

Series:

0,12 pF to +0.0012/{D| uF for -0.1 £ I3 < -0.001 Cg: See Figure C-2.

-0.012/|D] uF to +0.0012/{D| pF for D < -0.1

The capacitance range is also shown
graphically in Figure C-1.

G: -6000 1S to +60 000 nS

C-2  Performance Specifications

Rg: See Figure C-2.

and +1.7x10™ G to +1.7x10% GO

*The ranges of all measurable variables except Ry cover a
region defined by negative numbers for the lower Hmit and
positive numbers for the upper limit. This is due to the

AH 2500A Capacitance Bridge




Series Resistance,

il

H i
Ehe

“16°

Capacitance,

Figure C-2 Range of series resistance vs. series capacitance

The values of Cg and Rg are measurable in the six
shaded regions above. In five of these regions, one or
both of the measured values are too large to report on the
bridge’s display. In three of these five regions, one or
both values are also too large to send to any remote
devices. The table at the right shows what can be
reported in each region. A “Display” entry means that the
result canl be shown on the bridge’s display. A “Remotes”
entry means that the result can be reported to an RS-232
or IEEE-488 device.

CS in

| Display & Remeotes  Display & Remotes

1 Display & Remotes Remotes only

H Display & Remotes Neither

3% Remotes only Display & Remotes
v Neither Display & Remotes
Vi* Neither Remotes only

*Regions V and V] extend to infinity to the right and left
because the resistance associated with an infinite Cg is
measurable even though Cg itself is not reportable.

AH 2500A Capacitance Bridge
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AH 2500A's ability to measure both positive and negative
values of capacitance and loss. Other instruments which only
heasure positive values have ranges which cover a region
defined by small positive numbers for the lower limits to
large positive numbers for the upper limits. For the AH
2500A, the smail numbers which correspond to the lower
limits of other instruments are given by the AH 2500A's reso-
lution specifications in absolute units.

MEASUREMENT TIME

The time required to take a measurement is t, = 0.05x27 sec-
onds where T is an integer that you select which can range
from 0 to 15. (T is the averexp parameter in the AVERAGE
command. The first measurement on a given unknown
requires a mirdmum of 1/2 second.)

REPORTING LIMITATIONS

Front Panel Display Limitations

This specification results from the fact that the front panel
display may further limit the range and resolution of the
capacitance and loss.

Capacitance:

0.1 aF is the best display resolution for C and Cq.

G: 1077 nS is the best conductance display resolution.
D: 107 is the best dissipation display resolution.

Ry 1077 k€2 is the best series resistance display
resolution.

Rp: 107 GQ is the best parallel resistance display
resolution.

Remote Device Reporting Limitations

Capacitance:

(.01 aF is the best resolution for C and Cg.
Loss:
G: 1078 1S is the best conductance resolution.
D: 108 is the best dissipation resolution.
Rg: 1077 Q2 is the best serfes resistance resolution,

Rp: 1078 GQ is the best paralel resistance resofution.

C-4 Performance Specifications

NON-OPTION-E SPECIFICATIONS
CF PRECISION

Resolution

Resolution is the smallest statistically repeatable difference
in readings that is guaranteed to be measurable at every
capacitance or loss value. Useful resolution is typically a fac-
tor of ten better,

The resolution performance is expressed below in two ways.
The first group of specifications is expressed in absolute
units. The second expresses the resolution as a fraction of the
reported number.

Resolution in Absolute Units
Parallel:
Cr {015C + 50DC + [7.53(14nc) + nVC]/V}XIO‘5 pF

G: {50G +C + 5x10°C?
+[50(1+n¢) + 6nyCYV 110 nS

D: {8xI07°C + (1+DH3[0.15 + 50D
+(7.5(14+n0)/C + ny)/V]Ix10®

Rp: Rp{50 + Rp[C + 5x1073C?
+ (50(+ng) + 6nyCIV] X100 GQ
Series:
Cg: {0.15 + 50D + 17.5(1+nc)(1+D?/Cy
+ 1y YV }Cex107® pF

Rg: {1.3 + 50Rg + [0.15 + [7.5(1+n-}1+D?)/Cyg
+ ny)/VIRg/D 110 kQ

where ne = 14072 and ny = 0.0[(Rg+0Y2(14+DA 212,
t = t, except when t;, = 0.05 in which case t = /4,

The serjes resistance Rg may be calculated for the parallel
expressions using Rg= 1.6x10°D/C(+D?).

Resolution in ppm
Parallel:
C: 015 + 50D + [7.5(1+ng)fC + ay YV
G: 50+ {C+ 5x107°C%+ [50(1+n¢) + 6nyCYV G

D: {8x00°°C + (1+D%72[0.15 + 50D
+ (7.5(14+n0)/C+ ny ) V]/D

Rp: 50 + Rp{C + 540°°C? + [50(1+n¢) + 6nyClV}
Series:
Cg: 0.15 + 50D + [7.5(1+ne)(1+DH/Cg + ny WV

Rg: 1.3/Rg -+ 504 {0.15 + {7.5(1+nC)(1+D2)/CS
+ny VD

AH 2500A Capacitance Bridge
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Accuracy
The accuracy following a calibration is given in ppm.

Parallel:
C: £{5+ 200D + (0.2 + 7.5/CYV}

G: £{200 + [13C + 0.002C2 + (45 + 0.12CYV/G)

D: £{2 +3x10°%C + (103 2200D
+(0.02 + 7.5/CHVID

Rp: £{200 + [13C + 0.002C? + (45 + 0.12CH/VIRp}
Series:

Cg £{5 + 200D + [0.2 + 7.5(1+DH/Cy IV )

Rg: +{200 + 50/Rg + [2 + (0.02 + 7.5(1+DA/Cg )/ VYD)

The length of the cables connecting the AH 2500A to the
capacitance being measured has a negligible effect on the
accuracy for small capacitances. This assumes that the coax-
ial shield on these cables has 100% coverage. If uncorrected
by the CABLE command, cables similar to RG-38 will
increase the capacitance readings by about 40 ppm per meter
of cable pair and per pF of capacitance being measured.

The accuracy Y years following calibration may be calcu-
lated from the expression A + YS where A is the desired
accuracy expression from above and S is the corresponding
stability per year below.

Stability
The stability is given in ppm per vear.
Parallel:
C: +{1+30D + (0.01 + 2.5/CVV}
G: +{30+ [2C + 3x10°*C? + (15 + 0.06C)V/G}
D: +£{0.3 + 5x10°C + (1+DHY230D
+ (0.01 + 2.5/C)/ V11D

Rp: {30+ [2C + 3x107C? + (15 + 0.06C)/VIRp}

Cor {1+ 30D+ {001 + 2.5(1+D2)/CS)!V]

Rg: £{30 + 8/Rg + [0.3 + (0.01 + 2.5(1+D?)/C) VD)

AH 2500A Capacitance Bridge

Non-linearity

Non-linearity is the deviation from a best fit straight line
through a plot of the measured quantity versus the actual
quantity. The test signal voltage is assumed {o be constant.
The non-linearity is given in ppm.

Parallel:
C: £{0.15 4 50D + 7.5/CV + 1510°°C}
G: {50 + [C + 53077C2 + 50/V)/G}
D: £{8x10°°C + (1+D*)2[0.15 + 50D + 7.5/CV]}/D

Rp: £{50 + Rp|[C + 5x10°°C? + 50/V]}

Cg: £{0.15 + 50D + 7.5(1+D%)/CgV
+ 15x107°Ce/(1+D%)

Rg: +{1.3/Rg + 50 + [0.15 + 7.5(14DH/C VD)

Temperature Sensitivity

The temperature coefficient relative to a change in
ambient temperature is given in ppm per °C.

Parallel:
C: {0025 + 30D + 0.002/V + 15/(0.15 + CV) }

G: £{30 +[0.2 + 2x10°°C + 0.012/VIC/G
+ 100/ + GV)}

D {[0.03 + 3x10°5C + (1+DHM2(30D + 0.002/V)I/D
+ 15/(0.15 + CV) + 15/(0.15 + CDV)}
Rp: £{30 + [0.2 + 2x107°C + 0.012/VICRp
+ 100/(1 + V/Rp)}

Series:

Cg: £(0.025 + 30D + 0.002/V + 100/[]
+ 6CgV/I+D%)] )

Rg: £{30 + 0.5/Rg + (0.03 + 0.002/VY/D
+ 30/[0.15(1+D%) + CgV]
+ 100/[1 + 108VD¥(1+DHRg]}
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Power Line Sensitivity

The sensitivity to changes in the power line voitage is given
in ppm.

Capacitance:
+ 0.002 ppm per 1% change in line voltage
Loss:
Not measurabie
TEST SIGNAL VOLTAGES

Any voltage listed below may be selected. The capacitance

and loss ranges measurable at the selected voltage are shown.

The AH 2500A will automatically use the tesser of your
selected voltage or the highest voltage Hsted in the table
which provides sufficient range to be able to measure the
capacitance and loss of the unknown. The voltages listed
have tolerances of 5%

Fable C-1 Capacitance and loss ranges for the
available limiting voltages.

Capacitance Loss Range
Limit Range (pF) (nS)
(voits)
From To From To
15.00 -8 +80 -0.4 +4
750 -16 +160 -0.8 +8
375 -16 +160 -0.8 +8
3.00 -40 +400 -2 +20
1.50 -80 +800 -4 +40
6.750 -160 +1600 -8 +80
0.375 -160 +1600 -8 +80)
0.250 -480 +4800 -24 +240
0.125 -480 +4800 -24 +240
0.100 -1200 +12 000 -60 +600
0.050 -1200 +12000 -60 +600
0.020 -4000 +40 000 -200 +2000
0.015 -4000 +40000 | -200 | +2000
0.010 -12000 | +120000 | -600 | +6000
0.0050 | -12000 | +120000 | -600 | +6000
0.0030 | -40000 | +400000 | -2000 | +20000
0.0015 -40 000 +400000 | -20006 | +20000
0.0010 | -120000 | +1200000 | -6000 | +60000
0.0005 © -120000 | +1200000 | +6000 | +60000
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OPTION-E SPECIFICATIONS
OF PRECISION

The AH 2500A with Option E enhances the precision of the
bridge. These enhanced specifications are listed below. All
other specifications remain unchanged. Notes related to the
specifications below may be found in the specifications for
the standard version of the bridge on the previous pages.

Resolution

Resolution in Absolute Units
Parallel:
C: [0.07C + 20DC + (7.5(14n¢) + 1r1\,(2)/V}><1(}‘6 pF

G: {20G +0.4C + 5x107¢C2
+ (50(1+ng) + 6nyCHV }x10°0 nS

D: {8a075C + (1+DAY4[0.07 + 20D

+ (7.5(1480)/C + ny)/V]3x10™®
Rp: Rp{20 + Rp[0.4C + 5x107C2

+ (50(1L+ng) + 60yC)VIIXI0C GO

Series:
Cg {0.07 + 20D + [7.5(1+00)(14+D?)/Cy
+ ny)/V}Cexi0™® pF
Rg: {1.3 +20Rg + {0.07 + [7.5(1+n0)(1+D?)/Cg
+ay)/VIRg/D X0 kO

Resolution in ppm
Parallel:
C: 0.07 + 20D + [7.5(14+n)/C + ny YV
G: 20+ {0.4C + 5x107°C% + [50(14n¢) + 6nyCYV G

D: {8x10°°C + (14D '2[0.07 + 20D _
+ (7.5(1+n0)C + 1) V1)/D

Rp: 20 + Rp{0.4C + 5x107°C? + [50(1+np) + 60y Cl/V}
Series:
Cg: 0.07 + 20D + [7.5(14+nc)X 1+DH/Cg + ay YV

Rg: 1.3/Rg+ 20 + [0.07 + [7.5(1+np)(1+D2/Cg
+ny[/VID

Non-linearity

Non-linearity is the deviation from a best fit straight line
through a plot of the measured quantity versus the actual
quantity. The test signal voltage is assumed to be constant.
The non-linearity is given in ppm.

Parallel:
C:
G
D:
Rp:

£{0.07 + 20D + 7.5/CV + 5x10°C)

{20 H0.4C + 5x10°C? + 50/VIG)

£[8x10°°C + (1+DH12[0.07 + 20D + 7.5/CVI]I/D
+£{20 + Rp{0.4C + 5x10°C? + 50/V]}

AH 2500A Capacitance Bridge
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Cg: £{0.07 + 20D + 7.5(14DH/CgV
+ 5x10°°C /(14D %)

R £{1.3/Rg+ 20+ [0.07 + 7.5(1+D2)/CSV]ID}

Accuracy
The accuracy following a calibration is given in ppm.

Parallel:
C: {3+ 100D + (0.0 + 7.5/C)y/V}

G: £{100 + [13C + 0.002C% + (45 + 0.06CYVYG}

D: £{2 4+ 3x107C + (1+DHY 100D
+(0.01 + 7.5/CYV]HD

Rp: £{100 + [13C + 0.002C% + (45 + 0.06C)/VIRp}
Series:

Cyr £{3 + 100D + [0.01 + 7.5(1+DH/CS )V }

Rg: {100 + 50/Rg + [2 + (0.01 + 7.5(1+D*/Cg)/VI/D}

Stability
The stability is given in ppm per year.
Parallel:

C: 2{0.5+ 20D + (0.003 + 2.5/C)H/V}

G: {20+ [2C + 2x107C% + (15 + 0.02CY/VVG)

D: £{0.3 + 3x10°°C + (1+DH2120D
+(0.003 + 2.5/C)/V1)/D
Rp: £{20 + [2C + 2x107°C% + (15 + 0.02CHVIRp)

Cg: %{0.5 + 20D + [0.003 + 2.5(14D?)/C4)/V )
Rg: £{20 + 5/Rg + [0.3 + [0.003
+2.5(14D%/Cg VD)

Temperature Sensitivity

The temperature coefficient relative to a change in
ambient iemperature is given in ppm per °C.

Parallel:
C: £{0.008 + 10D + 0.001/V + 2/(0.15 + CVY}

G {10+ [0.2 + 2x107°C + 0.006/VIC/G
+ 15/(1 + GV)}

D: +{[0.03 + 3x10°°C + (1+DH 210D + 0.00U/V)VD
+2(0.15 + CV) + 2/(0.15 + CDV)}

Rp: £{10 + 0.2 + 2x107°C + 0.006/VICRp
+ I5/(1 + ViRp))

Cgr £{0.008 + 10D + 0.001/V + 15/[1 + 6CSV/{E*%~D2)]}

Rg: £(10 + 0.5/Rg + (0.03 + 0.000/V)/D
+4/[0.15(14D%) + CgV1
+ 15/[1 + 10°VD(1+D%)Rg]}

AH 2500A Capacitance Bridge

CONTOUR PLOT SPECIFICATIONS

The following thirty pages contain an elaboration of the non-
option-I specification-of-precision expressions presented in
the previous pages. Each expression is represented by two
contour piots. One kind of plot shows contours of the expres-
sion for a ser of fixed uncertainty values but always using the
maximum allowable signal voitage which is automaticalty
chosen by the bridge. These contours are not smooth every-
where; features resembling steps are common in them. These
steps occur where the bridge changes the test signal voltage
so that it is always at a maximum.

The other kind of plot shows contours for a single value of
uncertainty but using the set of every primary voltage that the
bridge can be set to. Each contour in this kind of graph has a
unique pattern that is used to identify the voltage of the test
signal. A legend that associates each pattern with its voltage
appears to the right of the graph.

The relationship between the two kinds of graphs is more
easily understood by looking at an exampie. Compare
Figure C-7 on page C-10 with Figure C-§ on page C-10.
More specifically, compare the 0.03% contour of the first
graph with al! the contours of the second graph. Notice that
all the contours of the second graph have an accuracy of
0.03%. You can see that the 0.03% contour of the first graph
follows the outermost perimeter of the sum of all the con-
tours in the second graph. This occurs becanse the bridge
automatically chooses its test voltages so as to cover the wid-
est possible range for a given accuracy.

The darkly shaded regions on the graphs show the limits of
the AH 2500A’s range. Unless otherwise noted, the more
lightly shaded regions with Roman numeral labels corre-
spond te similarly labeled regions in Figure C-2 on page C-3.
This is the graph showing the range of series resistance vs,
series capacitance.

Below each graph is the mathematical expression which was
used to create it. Each of these expressions is mathematically
identical to the non-option-E expressions given earlier in this
appendix. However, each expression is expanded from its
single-tine format so that it is much easier to read. Plotting
was done with n¢- and ny equal to zero which closely approx-
imates setting the averaging time exponent to seven or
higher,

Each graph typically took hours to calculate using a custom-
written program running under MatLab software on 2 Macin-
tosh computer. Another, more popularized piece of software,
took days instead of hours to finish and was therefore
rejected for this application. Matlab produced a PostScript
result which was then edited using Adobe Tlustrator soft-
ware.
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Figure C-3 Accuracy of C vs. C and G using maximum voltages.
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Figure C-7 Accuracy of D vs. C and D using maximum voltages.
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Figure C-9 Accuracy of R, vs. C and R, using maximum voltages
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Figure C-10 Accuracy of R, vs. C and R, using selected voltages.
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Figure C-11 Accuracy of C, vs. C; and R, using maximum voltages.
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Figure C-12 Accuracy of C; vs. C; and R, using selected voltages.
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Figure C-13 Accuracy of R, vs. C; and R, using maximum voltages
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Figure C-14 Accuracy of R vs. C and R, using selected voltages.
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Figure C-16 Non-linearity of C vs. C and G uvsing selected voltages.
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Figure C-17 Non-linearity of G vs. C and G using maximum voltages.
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Figure C-19 Non-linearity of D vs. C and D using maximum voltages.
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Figure C-21 Non-linearity of R, vs. C and R}, using maximum voltages.
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Figure C-22 Non-linearity of R, vs. C and R, using selected voltages.
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Figure C-23 Noen-linearity of C, vs. C; and R using maximum voltages,
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Figure C-24 Non-linearity of C, vs. C and R, using selected voltages.
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Figure C-27 Resolution of C vs. C and G using maximum voltages,
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Figure C-28 Resolution of C vs. C and G using selected voltages.
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Figure C-29 Resolution of G vs. C and G wsing maximum voltages.
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Figure C-30 Resolution of G vs. C and G uvsing selected voltages.
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Figure C-31 Resolution of D vs. C and D using maximum voltages.
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Figure C-33 Resolution of R, vs. C and R, using maximum voltages.
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Figure C-34 Resolution of R, vs. C and R, using selected voltages.
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Figure C-35 Resolution of C; vs. C  and R using maximum voltages.
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Figure C-37 Resolution of R, vs. C, and R, using maximum voltages.
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Figure C-38 Resolution of R, vs. C, and R, vsing selected voltages.
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Figure C-39 Stability per year of C vs. C and G using maximum voltages.
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Figure C-40 Stability per year of C vs. C and G using selected voltages.
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Figure C-41 Stability per year of G vs. C and G using maximum voltages.
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Figure C-42 Stability per year of G vs. C and G using selected voltages.
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Figure C-43 Stability per year of D vs. € and D using maximum voltages.
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Figure C-44 Stability per year of D vs. C and D using selected voltages.
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Figure C-45 Stability per year of R, vs. C and R, using maximum voltages.
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Figure C-46 Stability per year of R, vs. C and R, using selected voltages.
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Figure C-48 Stability per year of C, vs. C, and R, using selected voltages.
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Figure C-49 Stability per year of R, vs. C, and R, using maximum voltages.

Figure C-50 Stability per year of R, vs. C, and R, using selected voltages.
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Figure C-51 Temperature coefficient of C vs. C and G using maximum voltages.
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Figure C-54 Temperature coefficient of G vs. C and G using selected voltages.
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Figure C-55 Temperature coefficient of D vs. C and D osing maximum voltages.
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Figure C-57 Temperature coefficient of R, vs. C and R, using maximum voltages.

10 15.0 Volts

T k)

T 3 T ¥ 1
Temperature Coefficient represented by each contour is:50 ppm/°C

7.5 Voits

3.0 Voits

1.5 Voits

0.78 Voit

0.25 Volt

0.1 Volt

0.03 Volt

.01 Volg

0.003 Voit

0.001 Voit

C (pF)

Figure C-58 Temperature coefficient of R;, vs. C and R, using selected voltages.
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Figure C-61 Temperature coefficient of R, vs. C; and R, using maximum voltages.

108 — r — O ER EomCE o 15.0 Volts
10?__ 7.5 Volts
8
107+ 3.0 Volls
107 4 1.5 Volts
4
(LR o 0.75 volt
S s
:‘; 107+ 0.25 Voit
[I: 2
107+ 0.1 Volt
1 -
© 0.03 Velt
1 L.
0.01 Volt
107+ :
T@mp@rature Coefficient - 0.003 Vot
- yepresented by each contour is 50 ppm/"C -
10 7 B t 3 '4 t s & 7 2]
10 1 10 10 10 10 107 10 10 10 0,001 Volt

Cs {pF)

Figure C-62 Temperature coefficient of R, vs. C; and R using selected voltages.
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Appendix D

Sample Switch Port

The AH 2500A incorporates a connector on its rear panel that
is intended to provide signals to control an external coaxial
switch. Such a switch is useful for selecting among several
unknown samples. An AH 2500A command is provided to
allow program controt of such a switch.

At the time of publication of this manual, Andeen-Hagerling
does not manufacture a sample switch, However, such a
product is planned. i you are interested, watch for announce-
ments.

In the meantime, the sample switch port can be used to con-
trol sample switches of your own design. 1t is aiso not diffi-
cult to build an interface to commercially avaitable products
if you have some electronics experience.

Basic Operation

The sample switch port is a parallel port with eight data lines
and a strobe line. These lines use RS-232 drivers that produce
£12 volt signal levels. Five power lines are also present.
These can provide up to 100 mA of current to external
devices. The two 24 volt power supplies are unregulated. The
other three supplies are well regulated.

The eight data lines are decoded so that only one line is true
at a time. The lines are high-irue which means that one line
will always produce +12 volts and all the rest will produce
-12 volts. These data lines can be connected directly to non-
inverting relay driver circuits with no further decoding or
other logic, This allows one of up to eight relays to be selec-
tively closed.

Connector Description

The connector on the backpanel is a fifteen pin female “D”
style. The pinout of this connector is given in Table D-1.

Selecting a Sample Switch Position

The data line that is true is selected with the following com-
mand:

SAMPLE number

The number parameter specifies the sample to be measured.
It can have any valve from 1 to 64, however, values of this
parameter larger than cight will cause all sample switch data
lines to be false. Values from one to eight will cause one of
the eight sample switch data lines to be true. The number of
the selected sample switch signal name is one less than the
value of the number parameter. These values are listed in

AH 2500A Capacitance Bridge

Table D-1 Sample switch connector pinouts

Pin | Signal Bignal True for
No. | Name Description number

1 SDO | Sample Switch Data 0 1

2 SD2 | Sample Switch Data 2 3

3 SD4 | Sample Switch Data 4 3

4 SD6 | Sample Switch Data 6 7

5 GND | Ground

6 +5V | +5 Volt Power

7 +24V | 424 Volt Power

8 +12V | +12 Volt Power

9 SD1 Sample Switch Data 1 2

10 SD3 Sample Switch Data 3 4

11 SD5 Sample Switch Data 5 6

12 S Sample Swiich Data 7 8

13 SC Sample Switch Data Valid

14 -12V 1 -12 Voit Power

15 <24V | -24 Voit Power

Table D-1. The default value of the sample switch number
parameter stored in the BASIC 0 parameter file is 1.

The utility of the SAMPLE command may be greatly
enhanced when used with the AH 2500A’s PROGRAM fea-
tures. Obviously, the SAMPLE command is also useful when
incorporated into programs run on remote controllers,

Signal Timing

The sample switch port has two timing issues. One is the tim-
ing of the strobe line relative to the data lines, The other is
amount of time to wait after changing the sample switch set-
ting before taking a measurement. This is called the settling
time.

The Strobe Line Timing

If the sample switch data Iines directly control relay driver
circuits with no logic in between, then the Sample Switch
Data Valid line will not be used. On the other hand, if the data
from the sampie switch data lines is to be externally latched,
then the Sample Switch Data Valid line will be required to
strobe the latch.
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The Data Valid line is true when the sample switch data is
stable and false when it may not be. The Data Valid line goes
false {(~12V) 250 microseconds before the data lines change.
It goes true again (+12V) 250 microseconds after they
change. If the data is to be strobed into a latch, this would
normally be done by using the false-to-true transition of the
Data Valid line.

Changing the Settling Time

A time delay can be specified that automatically occurs after
each execution of the SAMPLE command. This provides a
settling time for sample switch relays to stabilize after being
switched. The syntax of the command that specifies this
delay is:

SAMPLE HOLD delay

This delay parameter is entered in seconds to the nearest hun-
dredih.

The SAMPLE command will not finish until the delay time
has expired. This holds off any further operations.

The delay time is the same no matter what sample number
has heen selected. If some samples require 2 longer settling
time than others, additional settling time can be provided by
executing the HOLD command after executing the SAMPLE
command for the slower samples.

If the SAMPLE command is executed with a long delay
time, you raust wait for this time to elapse or abort the

SAMPLE command with a DEVICE CLEAR command.

The default value of the sample switch delay parameter
stored in the BASIC 0 parameter file is 0.0 seconds.
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Appendix E | Hardware Options

This appendix is reserved for options that will become avail-
able for the AH 2500A.

AH 2500A Capacitance Bridge ' Hardware Options E-1
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