OPERATION MANUAL

POWER METER ML83A
- VHF TO MICROWAVE BAND POWER SENSOR
MA72A/B, MA73A
MILLIMETER WAVE BAND SENSOR MP

ANRITSU ELEGTRIC GO, LTD.

TOKYO, JAPAN

1984.07 % 100 NIII-5(Y)




{(5) oOuasi millimeter wave band Sensor with special order
flange is suffixed like MP712A_, MP713A , etc. All
specifications of these Sensors are same as those of

standard model Sensors.
Specifications of Sensors for quasi millimeter wave band

is shown as following table to be inserted in Table 2-4,

Sensors for gquasi millimeter wave band

Model MP7372 MP738A MP712A_ MP713A_ MP714A

- Frequency

17 to 22 21.7 to 33 38 to 26,5 26.5 to 40 33 to 50
range (GEz) .

‘ Flange Refer to flange list
e Max.VSWR 1.6 1.5 - 1.6 - 1.5
‘ Measuring ~20 to +20 dBm (10MW to 100 mW)
power range _
Safety power ' +23 dBm (200 mW)
Calibration 17, 18, 19,1 21.7, 23, 18, 20, 22, 26.5, 28, 30, 40, 50
frequency 20, 21, 22 25, 27, 29,1 24, 26.5 30, 34, 36,
(GHz) : 31, 33 38, 40
Dimensions $51 % 103L mm $52 x 78L mm
Weight S 450 g _ S 700 g

- 2715 _
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SECTION 1

GENERAL DESCRIPTICN

This device consists of the ML83A Power Meter and the
MA72A/B, MA73A, and MP [__ | Sensors. It measures power in the
microwave to millimeter wave bands with high accuracy and
displays the measured values digitally.

The power range which can be measured by this device
depends on the sensor used:

o MA73A Sensor: -60 to ~20 dBm (1 nW to 10 uwW)

o Other sensors: =20 to +20 dBm (10 uW to 100 mW)

Since the MLB3A Power Meter can be combined with any
sensor, it can measure a wide range of frequencies (10 MHz
to 140 GHz).

This device has these important features as shown below.
o Wide bandg

The MLEB3A covers fregquencies from 10 MHz to 140 GHz
by combining the power meter with several types of

sensors.
o Wide range of power measurement

The -60 to +20 dBm power can be measured in frequency
range from 10 MHz to 18 GHz by combining the power
meter with the MA72A/B or MAT3A Sensor.

o Multiple functions
e Averaging to improve readout accuracy of low levels
e Automatic zero adjustment

e Setting on the front panel of calibration coefficient,
attenuation and gain compensating value of the

measuring system.

8 Measurement of relative power.

1-1



e Holding of the indicated wvalue.

Holding in measurement range as well as in

auto-range.

e Usable at any place because of operation with

a power supply of ac, dc, or the battery.
GP-IB interface (option)
For automatic measurement by remote control.
Battery operation
The Battery Pack MZ95A is exclusively used.
Excellent interchangeability

The power meter can be connected to any sensor without
adjustment, which can be selected to suit the purpose.

Smali.dimensions and light weight

Convenient shape and light weight for good portability.




SECTION 2

CONFIGURATION AND SPECIFICATIONS

2.1 Configuration
2.1.1 Standard Configuration

Tables 2-1 and 2-2 and Figures 2-1 and 2-2 show
the standard configuration of the ML83A power meter and
the MA72A/B, MA73A, and MP {1 sensors.

Table 2-1 Standard Configuration of ML83A

Name Quantity Remarks
MLB3A Power Meter 1 unit
Instruction manual 1 copy

Sensor-connecting

cord 1 piece This is supplied only when this
power meter is combined with
the MAT2A/B or MA73A Sensor.

Power cord Approx. 2.5 m

Fuses 1 set Contents of 1 set:
o 2A fuse ..... 1 piece

***p fuse ... 2 pieces

.

. e Table 2-2 Standard Configuration of MA72A/B,
= o MA73A, and MP [ ] Sensor
Name Quantity Remarks
Sensor
Ma [ 1 unit
MP EI:} each

2~1




Sensor ¢on- Power cord
necting cord (e.g. BS Type}

Fuses Instruction manual

fEqu 2-1 Standard Configuration of ML83A

MA73A(Low level)

Millimeter band sensors

Mp7153[] MPB1B{]
MP716A[] MP82B[]
MP717A(]

FPlg. 2-2 Standard Configuration of Sensors
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2.1.2 Optiocnal Unit

GPIB interface

(Fully compatible with IEEE Std. 488-1978., An
optional adapting connector for IEC 625-1 is prepared.)

2.1.3 Opticnal Accessories

© GPIB Coxd

Approx. 2 m long. When the GP-
IB function is added, this cord
connects a peripheral device
{such as, personal computer or
printer) to the MLB3A.

0 Battery Pack

A rechargeable battery that can
operate the MLB3A continuocusly
for up to 4 hours. This pack
can be attached under the MLB3A,
and the two together are fully
portable.

¢ Battery Charger

Charges the battery in the MZ95A
SR battery pack.

o 30 4B Attenuator MP47A for sensitivity ealibration

A 30 dB fixed attenuator MP472
used to calibrate when the MA73A

Sensor is calibrated.

o Coaxial Attenuator MP721 []

The Fixed Attenuator MP721 []
are used for level adjustment
and impedance characteristics

improvement.

2-3



DC Power-Connecting Cord

Approx. 2 m long. This is used

- when operating the MLB3A from

an external DC power source.

2.1.4 Peripheral Devices for the ML83A

o

PACKET II Personal Computer

This is used as an external
controller for the ML83A.

DPR7712A Printer

Prints out or tabulates the

MLB83A's measurements.

DPL7715A Plotter

Polots the MLB83A's measure-
ments., Both figures and

characters can be plotted.




2.2 Specifications

- Table 2-3 -lists the specifications of the ML83A power

_‘meter,,and Table 2-4 shows the specmflcatlons of each .

SENnsor.
Table 2~3 MLB3A Specifications
Model ML83A
Sensors MA72R/B, MAT73A, MP’]lSA[:] M9716AE§ MPBIBC],
MP82B[]
Display W/dBm/dB (REL) selectable

Digital in 4 digits
With a small analog meter (w;thout numerical
readout capacity)

Setting of calibration
coefficient and
compensating value

Calibration coefficient of the sensor and
compensation for attenuation and gain can
be input by the pushbuttons, in 0.01 dB

" steps over the range from ¢ to 79.99 4B

Ranges

MA72A/B, MPTLSAL ] /MP716A] /Mp717Aa 1/
MP81s [} /MP82B [T :

“«10, 0O, 410, +20 dBm full scale

MAT73A: =50, -40, -30, ~20 dBm full scale

Range. switching .

Automatic ranging and the range holding can
be perfommed according to the input power,

Zerc adjustment

"Coarse and fine adjustment (automatically
performed by depressing the pushbutton).

Zero shift between the -

ranges

10.2% of full scale after setting the zero in
the maximum sensitivity range.

Response time

Typical value till the displayed value geis
99% of the final wvalue (at the recorder
output terminal)

Max. sensitivity range: <12 sec.

Other ranges: <3.5 sec.

Drift

For 10 minutes under a constant temperature
after one hour's warm-up:

Max. sensitivity range: £3%

Other ranges: <1%
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Table 2-3 MLB83A Specifications {Cont'd) -

Model | ML83A

Calibrating oscillator Frequency: 50 MHz

S Qutput power: Q dBm (lmW)
i Accuracy: *1.2%

L cutput connector: N(J}

Averaging .. o - .| Sampling rate time can be set in 3 stages,

Holding indicated wvalue The indicated value can be held.

Zero set signal output When FINE zero is selected, the output

- becomes a TTL low level (0 to (.28 V).
When the zero setting is released, the
output becomes a TTL high level (45 £0.25 V),
Connector: BNC

éﬁ%

Recorder output . . ... . Cutput impedance 1 kfi; A dc voltage output,
‘ 0 tc 1 Vv, in proportion teo meter deflection.
Connector: BNC

Remote control . GP-IB interface incorporated (option}
Power ac: [F% v +10%, 50/60 Hz, 20 VA
-15

DC: +7 to +12 Vv, 12 VA
When GP-IB is incorporated: AC: 23 VA,
DC: 144 VA
. Continuous operation duration by an external
battery: 4 hours

Dimensions : 992 H, 282 W, 200 D mm

Weight 3.5 kg
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Table 2-4 Specifications of Sensors

VHF to Microwave Band Sensors

Model MATZA MA72B MAT3A
Frequency 10 Mz to 14 GHz 10 MHz to 18 GHz
range
Impedance VY
Max. VSWR 1.4 10 MHz to 14 GHz 1.4 10 MHz to 50 MHz 1.6
14 GHz to 18 GHz 1.5 50 MHz to 14 GHz 1.4
i4 GHz to 18 GHz 1.6
Measuring =23 to +20 d4Bm -60 to ~2G dBm
power range (10 uW to 100 W) (1 nW to 10 uW)
Safety power +22 dBm +23 dBm
(160 mW) {200 mW)
Calibraticn |10 MHz to 12.4 oGHz 0.15 dB{3.5%}| 10 MHz to 12.4 GHz 0,15 dB{3.5%) 10 MHz to 50 MHz .27 aBl6.5%)
aceuracy 12,4 GHz ro 14.0 CHz 0.23 dB{5.5%}] 12,4 GHz to 14.0 GHz 0.23 4B{5.5%)][50 MHz to 12.4 GHz  0.19 dB{d4.5%)
14.0 GHz to 18.0 GHz 0.3 4B{7.0%}{12.4 GHz to 14,0 GHz 0,29 dB(7.0%)
14,0 GHz to 13,0 GHz (.33 4B{8.0%)
RF input
connector N(P)
Bimengions 43 H, 53 W, 88 O mm
Weight 300 g
Millimeter Wave Band Sensors
Model MP715a(7] MP716AL] MP717A[7] MPS1B[] MP82B[]
Frequenc
rang: Y 140 to 60 GHz|50 to 75 GHz |60 to 90 GHz |75 to 110 GHz|90 to 140 GHz
Flange Refer to flange list
Max. VSWR 1.4 1,4 1.4 1.5 1.5
Measuring

power range

-20 to +20 dBm {10 uW to 100 mW)

Safety power*

+23 dBm {200 mW)

Calibration |, 4 66 Gra|s50,60,75 GHz|60,75,90 GHz|75,90,110 GHz|90,110,140 GHz
frequency

Dimensions 50¢ %75 L mm

Weight 700 g {includes 1 mm cord attached on each sensor)

* Tested with ac equivalent power.
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Fig. 2-3 MAT72A/B, MA73A Sensor VSWR
Characteristic Examples

' Tables 2-5 and Fig. 2-4 show the types and dimensions
of the flanges which can be used with the millimeter wave

band sensor.
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Dimensions of Flange used

with MP715A, MP716A,
MP717A, MP8BLB, MP82B

bimensions of Flange
used with MP715A1,
MP716A1, MP717AlL,
MPE1B1

Dimensions of Flange
used with MP82B1

Dimensions of Flange
used with MP71524,
MP71lehd, MP71724,
MPS1B4, MPB2B4
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SECTICN 3

1! M ki .
P U0 T RS

PRINCIPLES OF OPERATION

3.1 Block Diagram

Fig. 3~-1 is a block diagram of the ML83A power meter

with sensor.

3.2 MA722/B, Mp [} Sensor
3.2.1 Working Temperature of Thermocouple Junction

:f _ The MAT72A/B and MP {7 sensors use a thin-film
: thermocouple. The microwave or millimeter wave power

applied to the sensor is converted by a resistor into
heat. This heat is detected as a rise in temperature
by the thermocouple and is converted into voltage.

The enclosed thermocouple is an alloy of bismuth
and antimony. The thermal e.m.f. E of an antimony-
bismuth thermocouple is as follows.

E = (117.6 - 0.0009%tm) (t1-t2) (uV) {1)

where
tl and t2: temperatures of both junctions
tm: average temperature of tl and t2

%5? * However, since a thin-film type thermocouple is

ﬁi: used in this instrument, E is only 70 to 80% of the
- e.m.f. shown in equation (1). Therefore, the approxi-
mate expression of the e.m.f. of this thermocouple is

represented by eguation (2).
E = 88 (tl - t2) (uv) (2)

The DC output voltage is approx. 600uV with an
RF input of 10mW. Therefore, the temperature rise of
the junction is approx. 7°C with the 10mW input of

equation {2}.

3-1
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AT
=5

Linearity

It-is assumed that (tl - t2) is proportional +to -
the input RF power in eguation (1}. Therefore, only
the term containing tm effects the linearity. The
coefficient of tm is unknown in the thin-film thermo-
couple, but the order of magnitude can be calculated
from equation (1). According to this method, the
deviation in linearity is approx. 4 x 105 with a 10mW
input, making the tm term negligible in practice.

Influence of Fluctuation in Ambient Temperature

' ‘Since the coefficient of tm is unknown in the
thin-film thermocouple as discussed in par. 3.2.2, the
order of magnitude is calculated using equation (1).
This gives a value of approx. 1 x 10-3 /°C. Actual

measurements have yielded values of -(2 to 1.0) x 1074

/eC.

Maximum Power

As can be seen from par. 3.2.1, the temperature

- of the junction increases to 70°C with an RF input of

100mW. Up to an approx. 300mW input at normal ambient
temperature, there is no change of burn out, but there
is a possibility that performance may vary due to high
temperature; so avoid applying an excessive power input

_{more than 100mW) for a long period of time.

Moisture

The thermocouple has insufficient in damp-proofness.
But since it is sealed, it operates normally at tempera-
tures of up to 40°C and a relative humidity up to 90%.
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3.2.6 Sensor Operation

Since the sensitivity of this instrument is calib-
rated when it is shipped from the factory, RF power can
-be read directly by simply connecting the cord to the
 ML83A Power Meter.

Follow these guidelines when operating this
instrument.

(1} When connecting the meter with the system to be

ﬁeasured, screw the knock pin in tightly.

(2) If the ambient temperature changes sharply, offset
voltage will be generated since this instrument
‘uses a thermodoupla. Do not change the temperature
of the thermocouple housingﬁ for example, do not
touch it during measurement,

It is especially important to select a location
with minimal room temperature variation when using

the high-sensitivity range of -20 to -10 dBm.

(3) Do not remove the cover from the thermocouple
housing because it has a moisture-proof seal
{charged with inactive gas). If the element
.blows, contact Anritsu and return the entire

- thermocouple assembly.

3.3 MA73A Sensor

MA73A is an extremely sensitive sensor using a low-
barrier schottky dicde. This sensor can measure true
power since this diode always operates within the square-
law characteristic range.

The microwave applied to the sensor is detected by this
diode, and a DC voltage proportional to the detected power
is generated. This voltage is amplified and displayed on

the power meter.
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3.4 ML83A Power Meter

3.4.1 Input Circuit

The input circuit has been carefully designed
since DC output voltage of the sensor is extremely
low, approx. 1luV when an RF power of -15 dBm is
applied to it. The circuit is a DC~AC conversion type
based on the electrical chopper, which is considered
to be the DC amplification method with the lowest noise
and lowest drift at the present stage of technical
development. The DC input signal is converted by the
chopper to an AC signal of approx. 220 Hz, the drive
frequency of the chopper.

In order to minimize the offset voltage generated

by changes in ambient temperature, the chopper is made
on a small ceramic substrate by using the MIC (Micro
Integrated Circuit) technique.

3.4.2 Chopper Drive Signal Generator

220 Hz 1is selected as the approximate oscillation

frequency for these reasons:

(1) The influence of the power supply frequency {50
or 60 Hz and its higher harmonic components) must

' be avoided.

o ' - (2} As a high frequency as possible must be selected
i? : to avoid the adverse influence of phase rotation
in the AC amplifiers and also to reject 1/f noise,
even if a large coupling capacitor and a by-pass
capacitor are not used in the amplifiers.

3.4.3 AC Amplifier

The 220 Hz-chopped signal is amplified by an AC
amplifier which uses a linear IC (Z2-01,Q8 and 23~
02,03). The total amplifier gain is calibrated by



T

using the DC input voltage. For the most sensitive

range (-20 to -10 dBm), the recorder output indicates
1.00v, and the Digital Display shows -10.00 d&Bm when
the DC input voltage is 3.16uV. Therefore, the total

" amplifier gain is 110 dB.

Phase Detector and Low-Pass Filter

The phase detector (Z3-Q3), like the sampling
gate circuit, is driven by the signal output from the
220 Hz oscillator. The ripple of the output signal
from the phase detector is reduced by the lcow-pass
filter. |

qbd

DC Amplifier

The output from the low-pass filter is applied
to the input of the DC amplifier after passing the
resistor in the sensor for sehsitivity calibration.
The output from the DC amplifier is distributed to
the RECORDER QUTPUT, to the Meter circuit, and to the

A/D converter.

CPU Circuit

CPU circuit consists of an A/D cdnverter, an
8~bit microprocessor, ROM, RAM, and D/A converter.
The output signal from the DC amplifier (Z3-Q14) is €3§
converted to a 12-bit binary signal by the A/D con-
verter (Z4-Q4).

The microprocessor (Z4-Ql4) processes this binary
signal to indicate the input level on the digital
display in WATT, dBm or dB(REL), aided by the ROM
(z4-016, Q17, Q18) and RAM (2Z4-Ql9, Q20).

The output voltage of the D/A converter (Z4~Ql3)

-is used for the fine zero adjustment.



SECTION 4

OPERATION

(2) Turn off the power and disconnect the power cable

Ao (3) 1f this instrument ig Operated at room temperature
a

low temperature, condensation may cause g short-
Circuit, To prevent this, do DOt turn the power
O until the instrument is completely dry.

(4) 1f an excessively high Power wag input tgq the

&2 . MA72a/p 22 dBm (160 my)
MATISA/MP [} 423 ap (200 mw)

4.2 Operating Environment

Thig instrument Cperates normally at ambient temper-
atures of g to 50°¢, It must ot be ugeq where there ig.

(1) high vibration
(2) moisture or dust
(3) direct sunshine

{4) active gag
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4.3.2

Power Suppily

This instrument normally operates with the following

AC or DC power supply:

[}

ac 5] v T10%, s0/60 Hz

pc +7 to +12 v

AC Power Supply

This instrument can use a 100 to 130 Vac or 200 to
260 Vag power supply by changing the internal power trans—
former tap connection.

DC Power Supply

' qhis instrument operates aormally when the DC power

sdpply gatisfying the following conditions is used:

+7 to +12 V, 12 va
(14.4 VA when Gp-1IB is incorporated)



4.4 The Control Panel

Figure 4~1 (on a fold-out page located at the last
of this manual) shows the front and rear panels. Table
4-1 is a detailed explanation of the functions and
operations of the controls and indicators on these panels.

Table 4-~1 Controls and Indicators on the Panels

Number Symbol Function

(:) Digital display. The measured value is
displayed as a 4~digit number with a
polarity symbol ("+" or "-"}.

== (:) BLANKING Deletes the lowest digit of the number
displayed at

(:) W, mW, UW, nw, Range and unit display lamps.
dBm, dB (REL)
W, mW, LW, and nW: Indicates WATT mode;
and the value displayed at (:) is re-
presented in units of W, mW, UW, or

nW. The units are selected by the auto
range functicon according to the input
level. The relationship between these
ranges and sensors is shown below:

MA72A/B and MP{}
Sensors

Range MA73A sensor

+10 to +20 dBm ~30 to ~-20 dem
(10mW o 1LOOmwW) {1uW to 10uwW)

®

<:> 0 to +1C dBm -4C to -30 dBm

{1mW to 1lCnW) (C.3UW to LuUwW)

<:> -10 to O dBEm ~50 to -~40 dBm
{0.1oW to lmW) (100nW to O.1puwW)

(:) =20 to ~10 dBm -60 to -50 dBm
(10uW to 0.1mW) (10nW to LOOnW)




Table 4-1 Controls and Indicators on the Panels (cont'd)

Number

Symbol

Function

®

W, mW, UW, nW
dBm, dB (REL)

FACTOR

CAL

LOSS

dBm: Indicates dBm mode; the value
displayed at C) is represented in units
of dBm.

8B (REL): Indicates the dB {REL) mode;
a relative value from the stored
reference level is displayed at (1) in
units of ds.

Indicates the factor (CAL, LOSS5, or GAIN}
used to compensate a measured wvalue.

When a factor is selected by pressing the
FACTOR SELECT key in DATA INPUT (7) ,
the lamp corresponding to the selected
factor lights up.

The data for the selected factor can be
input by using the ®» A ¥ keys in DATA
weur () . N

After entering the data for the factor,
the CAL, LOSS, GAIN lamp goes on and off
repeatedly.

The value displayed in FACTOR is set as

the sensor calibration factor by pressing

the ®» A Y keys in DATA INPUT (7) .
O]

"{The calibration factor is a sensor

frequency characteristic compensation
value. A table of the characteristics
is printed on each sensor.)

Once this compensation value is set, the
calibrated value is displayed at C),

When an attenuation element {such as an
attenuator or a directional coupler) is
inserted between the sensor and a terminal
to be measured, the element attenuation
value can be stored in the LOSS FACTOR
memory by pressing the B 4 ¥ keys in
paTa INpUT (7)) . [ o

The power value to which the attenuation
is added is displayed at

]



Table 4-1 Controls and Indicators on the Panels (cont'd)

Number Symbol - Function
(:) GAIN When an amplifier is inserted between the
: sensor and a terminal to be measured, the
amplifier gain can be stored in the GAIN
FACTOR memory by pressing the » A ¥
keys in DATA INPUT (D |
The power value obtained by amplifier gain
compensation is displayed at (:).
(5) | can oursur
(6) |caL When the CAL CUTPUT ON/OFF switch is set
OUTBUT to ON, the CAL oscillator is activated
and supplies the cocaxial system calibra-
tion RF output (50 MHz, ¢ dBm) through
1 OFF connector @ .
oN This fgnction cannot be used for the
waveguide system.
<:) DATA INPUT Selects one factor from CAL, LOSS, and
GAIN, and inputs each data.
FACTOR When the power is turned on in the ML83A,
SELECT the CAL lamp lights up at FACTOR display

@ and initial data .00 dB is displayed.

Each time the FACTOR SELECT key is pressed,
the CAL, LOSS, and GAIN lamps light up by
turns as shown below, indicating that data
can be input. The data for the correspond-
ing factor is displayed at (@) .

SIEP ACTION ;§g§CATION §§g§g§&ION
1. Turn on the power, CAL 0.00 4\
2, Press the FACTOR LOSS Q.00 4B

SELECT key.
3. Press the PACTOR GAIN Q.00 4B

SELECT key.

4. Press the FACTOR (The indication is planked.
SELECT key. Used when the indication
is unnecessary.)
5. Press the FACTOR {Status returns to STEP 1.
SELECT key. STEPS (1} to (3} can be

performed again by pressing
the FPACTOR SELECT key
repeatedly.)
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Table 4~1 Controls and Indicators on the Panels (cont'd)

Number Symbol Function
(:) Bach time this key is pressed, the
biinking digit in the displayed number
moves from the left to the right.

| A new wvalue can be set to this digit by

using the A,¥ keys as follows:
STEP ACTION FACTOR INDICATION
1. Initial status 0.0C0 dB
2. Press the ™ key. X:0. 00 dB
&1
t‘This digit
blinks on
and off.
3. Press the P key. Oﬁ% 00 dB
] .
4. Press the P key. 0 0.-‘,(:)(—0 dB
(. .
5. Press the P key. 00. O:‘(:I- ds
3
6. Pregss the » kevy. {Status returns to
[ STEP 1. STEPs 1
to 4 can be per-
formed again by
repeatedly pressing
the key.}

A Each time this key is pressed, the blinking
digit is increased by "1". When this key
is pressed longer than about 1 second, the
digit increases continuously.

Note: The range of the highest-order
digit is between "0" and "7".
\j fach time this key is pressed, the blinking

MODE

digit is decreased by "1".
when this key is pressed longer than about
1 second, the digit decreases continuously.

Note: The range of the highest-order
digit is between "0" and "7".

Selects the WATT, dBm, or 4B (REL) mode.

fma
L
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Table 4-1

Controls and Indicators on the Panels {cont'd)

Number

Symbcl

Fanction

WATT

dBm

db (REL)

SAMPLE
RATE

Pressing the WATT key lights up the LED
inside key and selects the WATT mode.
The power meter displays the RF input
power in watt, milliwatt, microwatt, or
nanowatt units.

The WATT mcode can be cleared by pressing
the dBm or dB, (REL} key.

Pressing the dBm key lights up the LED
ingide the key and selects the dBm mode.
The power meter displayes the RF input
power in units of dBm.

The dBm mode can be cleared by pressing
the WATT or 48 (REL) key.

Pressing the dB (REL) key lights up the

LED inside the key and selects the dB

(REL) mode. The value just displaved is
stored as a reference value in the memory
unit, and "0" appears on the digital
display @ . The RF input level relative
te the stored reference value is displayed
on the power meter in units of dB.

The dB {REL) mode can be cleared by
pressing the WATT or dBm key.

This key is used for averaging.

When this key is set to ON, the sampled
data is averaged and the averaged value
is displayed at (:) in order to reduce
fluctuation in the value caused by noise.
The relationship between number of data
sampled and necessary repetition period
is shown below:




Table 4-1 Controls and Indicators on the Panels (cont'd)

Number Symbol Function
-jf (:) SAMPLE LED inside|Number of Necessary
' RATE STEP SAMPLE data records|repetition
RATE key to be period
averaged (seconds)

(i}
Initial Off (Averaging: off}
status
(ii)
Press the On 5 Approx. 1.5
SAMPLE
RATE key
{iii}
Press the an 10 Approx. 3
SAMPLE
RATE key
(iv)
Press the On 20 Approx. &
SAMPLE
RATE key
(v} {Status returms to (i). STEPs (i}
Press the{ to (v) can be performed again by
SAMPLE repeatedly pressing the SAMPLE
RATE key | RATE key.)

RANGE Selects the auto range function or the range
HOLD hold function.

Pressing this key lights up the LED inside
the key and holds the current range.
Pressing the key again selects the auto
range function, and extinguishes the LED. %i?

(:) IND EOLD When this key is pressed, the value dis-

played at (1) is held and the LED inside
the key lights up. In this status, the
displayed value cannot be changed by
operation from the front panel. When this
key is pressed again, the display hold
function is reset and the LED inside this
key goes off.

(:) ZERO BET Consists of a zero-set coarse adjustment
knob and a fine adjustment key.

This control is used when a sensor isg
replaced or the ambient temperature changes
sharply to adjust the zero point,




Table 4-~1 Controls and Indicators on the Panels {cont'd)

Number Symbol Function

(:) COARSE Used for zero-set cocarse adjustment. Set

the level within 20% of the full scale

level in the maximum sensitive range.

{The 20% range is represented on the

ﬁ%%meSt range on the peaking meter scale
-)

Approx. 20% of ///Peaking
the full scale '—“;?”\ \ I / /ﬁ/// meter
level on the AN s @
maximum sensitive
" range.
FINE Pressing this key is operates the auto zero

circuit for approx. 7 seconds which auto-
matically performs zero setting.

This function is used for precise zero
adjustment after coarse adjustment with
the COARSE adjustment knob,

The LED inside this key lights up when the
auto zZeroc circuit starts. The digital
display is performed in the WATT mode for
displaying the zero point. When the autoc
zeroc circuit operation ends, the LED inside
this key is extinguished and the mode
returns to its previous status.

Note: When zero adjustment is to be
performed using the COARSE and
FINE contrels, RF input must not
be applied to SENSOR INPUT @3 .
Applying RF input in this case
causes an offset which results in
an error in the later measurement.

SENSOR INPUT Used to connect a sensor cord. OCutput from
the sensor can be applied to this connector.

©

AC POWER AC power switch
-, O
-
(:) This lamp lights up when the AC power is

turned on. This lamp is functional only
when the AC/DC switch (:) on the rear
panel has been set to the AC position.




Table 4-1 Controls and Indicators on the Panels (cont'd)

Number 'Symboi Function

CONTROL These lamps indicate the ML83A control mode
{REMOTE or LOCAL}.

REMOTE This lamp lights up when the ML83A is
controllied externally through the optional
GP-IB interface.

LOCAL This lamp lights up when ML83A is being
controlled from the front panel.

®

The peaking meter visually indicates an
increase and decrease in a measured value.

UNDER RANGE If the RF input level is higher than the
measurement range being used, the OVER
OVER RANGE RANGE lamp lights up; if the RF input level e

is too low, the UNDER RANGE lamp lights up. e

- When RANGE HOLD is on, these lamps indicate
that the level is over or under the range

being held.
RECCRDER Connector for recorder output.
CUTPUT This connector outputs a DC voltage pro-
portional to the value indicated on the
peaking meter .

output veltage: 1 V £0.1 V at range full

scale (This output
voltage is obtained when the load impedance
is 100 kI or higher and the sensitivity
calibration factor, loss data, or gain data
was not input.)

(:) ZERQO SET This connector outputs the TTL low-level
voltage {0 to 0.25 V} when FINE zZero
SIGNAL adjustment is being performed. Otherwise,
this connector outputs the TTL high-level
voltage {+5 20.25 V).

QUTPUT

This output can be used to externally turn
off the RF input at zero adjustment.

(:) BC/DC switch. Set this switch to the AC
position when AC power supply is used; set
this switch to the DC position when DC
power supply is used.




Table 4~1 Controls and Indicators on the Panels (cont'd)

Number

Symbol

Function

)

® 6 ® O0®

®

CONNECT TO BATTERY
PACK OR EXT BC IN
(+7 - +12 V)

ACH*Y

LR

e

GP-1IB
{optional)

ADDRESS
{optional}

Input connector for MZ95A battery pack or
external DC power supply. An external DC
power supply can be connected with a cord
{optional accessory}. The DC power supply
must be from +7 to +12 V and 12 vA (or
14.4 VA when GP-IB ig incorporated).

When a DC power supply is connected, set
the AC/DC switch @ to the DC position.

AC power cord receptacle with 2 fuse
holders.

Grounding terminal for chassis

Interface connector used when external
contrel is performed through the GP-IB
interface.

Dip switch for address setting, used when
control is performed through the GP-IB
interface.

Power cord post. The power cord c¢an be
wound on these posts for storage or
transportation.




4.5 Preparation for Measurement
4.5.1 Connection

This device must be connected in the following

procedure:

STEP PROGCEDURE

1. Connect a sengor to the sensor connecting cord
(The MP [T] sensor is already connected to the cord.)

2. Connect the sensor connecting cord to SENSOR INPUT
of ML83A.

Note: Turn off the power to the ML83A before
connecting the sensor, connecting a
sensor to the ML83A while the power is
on may damage the sensgor.

3. - Connect the sensor to an RF signal to be measured.

4.5.2 Power Supply Connection

AC power supply, MEZ95A battery pack, or external
DC power supply can be used.

(1) AC power supply connection

STEP PROCEDURE
L. Set the AC power switch @9 to the COFF position.
2. Set the AC/DC switch @2 to the AC position.
3. Checklggether or not the line voltage is [**]
+

Vac ~15¢ and that all appropriate fuses have been set.

4. Connect the AC power receptacle @@ to the power
line with a 3-conductor power cable.

Note: 1If a 3~conductor power cord is not availabile,
ground the grounding terminal on the
rear panel of ML83A in order to prevent
electrical shock.




(2) Battery pack MZ95A connection

STEP PROCEDURE
1. Set the AC power switch @@ to the OFF position.
2. Disconnect the AC power cord from the AC power

receptacle @9 .

3. Attach the M2Z95A battery pack under the MLB83A power
meter as shown in Fig. 4-2. ({Loosen the battery
pack fastening screws at both sides of the battery
pack, insert them through the tapped holes on the
both sides of ML83A, and tighten them down.)

Fastening screws

Fig. 4-2 Battery Pack Mounting

A 4. Set the power switch of the MZ95A battery pack to
BN the OFF position.
; 5. Connect the battery pack cord to the DC input
connector @} .
6. Set the AC/DC switch @2 to the DC position.
7. Set the MZ95A power switch to the ON position.

Power is then supplied from the MZ93A to the ML83A,
The AC power switch i@ is not operational in this
case.
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{3) External DC power supply connection

s

STEP PROCEDURE

1. Set the AC power switch to the OFF position.

2, Disconnect the AC power cord from the AC power
receptacle .

3. Check that the output voltage of the external DC
power supply unit is in the +7 to +12 V range.

4, Set the power switch of the external DC power
supply to the OFF position.

5. Connect the external DC power supply unit to the DC
input connector with the extermal DC power cord
(optional accessory).

6. Set the AC/DC switch @3) to the DC position.

7. Set the power switch of the external BC power supply

unit to the ON position. External DC power is then
supplied to the MLB83A.

3.5.3 Operation Check

This section explains how to check that the ML83A
and the MA72A/B or MA73A sensor are operating normally.

This check is useful for an acceptance inspection

of the instrument or before using it to take measure-

ments.
g STEP PROCEDURE
1. Set the AC power switch C@ to the OFF position.
2. Set the AC/DC switch (2 to the AC position.
3. Check whether or not the power voltage is
Vac f%gz and that the appropriate fuses have
been set.




STEP PROCEUDRE

4. Connect the AC power receptacle %:) to the power
line with a 3-conductor power corad.

:g= Note: If a 3-conductor power cord is ngt available,

ground the grounding terminal on the
rear panel of the MLB83A to prevent electrical

shock.

o 5. Connect a sensor to the SENSOR INPUT connector (3
: with the sensor connecting cord.

6. Set the AC power switch (i) to the ON position.

7. Turn on the power and check that initialization
occurs, as shown in Fig. 4-3.

e Blank

j =" r-=-rea
-1 f by I !
e b d e bt o

ON ON OFF dBm (ON) [Ea

CAL (ON)

T OFF ON CFF ON OFF

Fig. 4-3 Initialization
8. Set the CAL OUTPUT switch (6) to the OFF position.
Note: When the MA72A/B sensor is used, perform STEPS
9 through 24, When the MA73A sensor is used,
perform STEPs 25 through 40.

9. Connect the MA72A/B sensor to the CAL OUTPUT connector

-



STEP

PROCEDURE

1c6.

11,

iz,

13.

14,

15.

16.

Turn the ZERO SET COARSE control (2 with a
screwdriyer so that the pointer of the peaking
meter ¢§ is located in the leftmost range of
the scale,

(The pointer must be located
in this range.)

7
\\\l///

Press the ZERO SET FINE key @@ and check that the
LED inside the key is on for approx. 7 seconds an £
that the output from the ZERO SET SIGNAL OQUTPUT

is set to TTL low-level (approx. 0 V). This output

is usually at the TTL high~level (approx. 5 V).)

Also check that digital display is in the WATT

mode, and that zero adjustment (0.0 0.1 uW) is

performed.

iy

When the LED goes out, the display returns to its
previous status,

Set the RANGE HOLD key (@0 to the ON position and
set the CAL OUTPUT switch (6) to the ON position.

Check that the OVER RANGE lamp lights up and
that "-1 3.0 4Bm" is displayed at .

Note: ] indicates a blank.

Set the RANGE HOLD key o the OFF position. &
Check that digital display shows approx. 0 dBm.

Press the WATT key and check that digital
display shows approx. 1 mW,

Check that the ocutput voltage from the RECORDER
OUTPUT at the rear panel is approx. 1 vdc,.

Press the dBm key and the » key @ The digit
-

in the ten's position of the FACTOR display ‘D

blinks on and off. Press the 4 and ¥ keys and
3

check that the range of the digit is between 0 and

7.
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frad e,

STEP

PROCEDURE

17.

18.

19.

20,

21,

22,

23.

24.

25,

26.

Each time the » key (:) is pressed, the blinking

digit in the FACTOR display (:) moves to the right.
Check that the range of each digit varies between
0 and 9,

Press the FACTOR SELECT key (7) and check that the
LOSS lamp in the FACTOR display lights up.

Press the FACTOR SELECT key (7) again. Check that
the L0SS lamp is off and the GAIN lamp is on.

Press the FACTOR SELECT key {(7) again and check
that the FACTOR display (4) shows a blank,

Set the dB (REL) key to ON. Check that the
digital display (1) shows +0.00 dB (REL).

Set the IND HOLD key () to ON. Check that the
indication cannot be changed by operating other
keys while this status is effective.

Set the IND HOLD key (@) to OFF and press the
SAMPLE RATE key once. Check that the LED
inside the key blinks on and off at intervals of
approx. 1.5 seconds. Press the SAMPLE RATE key
again, and check that the LED blinks on and off
at intervals of approx. 3 seconds. Press this
key again and check that the LED blinks on and
off at intervals of approx. 6 seconds. Pressing
this key again should cause the LED to go off,

This shows that the RF input is averaged and
measured while the LED is on. "This function is
useful when measuring a signal containing a lot
of noise.

Press the dBm key . Using the DATA INPUT keys
(:), return the data (in the CAL memory) to 0.00 d4B.

Connect the MA73A Sensocr to the CAL QUTPUT connector
through the MP474 30 4B attenuator.

Turn the ZERO SET COARSE (2 with a screw driver

so that the pointer on the peaking meter @j is
located in the leftmost range of the scale.
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STEP

PROCEDURE

27.

28,

29,

30.

3L.

32,

(The pointer must be located
in this range.}

!
~
\\\l///

Press the ZERO SET FINE key (3 and check that the
LED inside the key lights up for approx. 7 seconds
and that the output from the ZERO SET SIGNAL CUTPUT
connector is set to the TTL low-level (approx.
0 V). (Normally, this output is at the TTL high-
level (approx. 5 V).} Also check that the digital
display (i? is in the WATT mode and that the zero é;?
adjustment (0.00 nW) is performed. But the minimum
digit fluctuates a little by the influence of noise.

When the LED was goes off, the display returns to
its previous status.

Set the RANGE HOLD key @0 to ON and set the CAL
OUTPUT switch (6) to ON.

Check whether or not the OVER RANGE lamp (9 lights
up and that "-5 [].[J[J dBm" is displayed at C).

Note: [] indicates a blank.

Set the RANGE HOLD key @0 to OFF. And check that
digital display (:) shows approx. -30 dBm.

Press the WATT key and check that digital'disPlay -
(1) shows approx. 1 uw. €§§

Check that the output voltage from the RECORDER
QUTPUT é) at the rear panel is approx. 1 V dc.

Press the dBm key and the » key @ and check
L]
that the digit in the ten's position of the FACTOR
display (4) blinks. Press the 4 or V¥ key @ ., .
]

| _
check that the digit varies from 0 to 7.
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STER PROCEDURE

33. Each time the » key (:) was pressed, the blinking

digit in the FACTOR display (:) moves to the right.
Check that each digit varies from 0 +to 9.

34. Press the FACTOR SELECT key (7) and check whether
or not the LOSS lamp in FACTOR display (:) lights
up.

35, Press the FACTOR SELECT key again and check that

the LOSS lamp goes off, the GAIN lamp lights up.

36, Press the FACTOR SELECT key again, and check that
the FACTOR display (:) shows a blank,

37. Set the dB (REL) key to ON and check that digital
o display (:) shows +0.00 4B (REL).

38. Set the IND HOLD key @1 to ON and make sure that
the indication cannot be changed by operating other
keys while this gtatus is effective.

39, Set the IND HOLD key () to OFF and press the SAMPLE
RATE key (:) once. Check that the LED inside the key
blinks on and off in at intervals of approx. 1.5
seconds. Press the SAMPLE RATE key (:) again and
check that the LED blinks on and off at intervals of
approx. 3 seconds. Press this key again and check
that the LED blinks on and off at intervals of approx.
6 seconds. Pressing this kev again should cause the
LED to go off.

This shows that the RF input is averaged and measured
while the LED is on. This function is useful when
measuring a signal containing a lot of noise.

1
i
ik
BT

40, Press the dBm key . Using the DATA INPUT keys @,
return the data (in the CAL memory) to¢ 0.00 dB.




4.6

Measurement

Power can be measured in the following procedure:

STEP PROCEDURE
1. Set the AC power switch @} to the OFF position.
2. Set the AC/DC switch @2 to the AC position.
3. Check that the power voltage is Vac i%gz and
that the appropriate fuses have been set.
4, Connect a 3-conductor power cord to the AC power
line through the AC power receptacle.
Nete: If a 3-conductor power cable is not
available, ground the grounding terminal
located on the rear panel of the
MLB3A to prevent electrical shock.
5. Connect a sensor to the SENSOR INPUT connector i}
with the sensor connecting cable.
6. Set the AC power switch (4 to the ON position.
7. Set the CAL OUTPUT switch (6) to the OFF position.
(See Paragraphs 4.5 (2) and (3) for use of the
MZ95A battery pack or external DC power.
8, Turn the SET COARSE control @2 with a screwdriver

so that the pointer of the peaking meter @j is
located in the leftmost range of the scale.

(The pointer must be located
, in this range.)

]
TN

\\l///

Note: While zero adjustment is being performed,
do not apply RF input to the sensor. Zero
adjustment cannot be performed correctly
if it is.

s



STEP PRCCEDURE

9. Press the ZERO SET FINE key @3 and check that the
LED inside the key is on for approx. 7 seconds while
the auto zero loop circuit performs the zero adjust-
ment and the digital display (:) shows 0.0 0.1 uW.

When the zero adjustment has been completed, this
LED goes off.

Note: S8TEPs 10 through 13 explain how to calibrate
the MA72A/B or MA73A Sensor.
The millimeter wave band MP ] Sensor can
be calibrated using a calibrated calorie
meter; Section 4.7 explains millimeter wave
band sensor calibration.

s 10. Connect the sensor to the CAL QUTPUT connector (:).

i e When the MA72A/B Sensor is used, connect it directly.

£ When the MA73A Sensor is used, connect it through
the MP47a 30 dB attenuator.

Then, set the CAL QUTPUT switch (:) to the ON
position.

11. Read the REFERENCE FACTOR (CAL FACTOR wvalue at
56 MHz} printed on the sensor.
Enter the REFERENCE FACTOR into the CAL FACTOR
memory with the DATA INPUT keys (:).
Setting example: When the REFERENCE FACTOR printed
on the sensor is 0.34 4B, follow
this procedure:

(1) Press the FACTOR SELECT key (7) and
check that the CAL lamp in FACTOR
display (:) lights up.

(1i} Pressing the » key three times causes

i
Hit "5\';
Vi

the first digit after the decimal
point to blink in the FACTOR display (:).
Using the 4 , ¥ keys, set the FACPOR
R T ‘
display to 0.30 ds.
{(iii) Press the » keys again, and set the

second digit display after the decimal
point to .34 dB with the 4 , ¥ keys,
IO R |

This completes the REFERENCE FACTOR
setting.



bt

STEP PROCEDURE

1z, Adjust the sensor sensitiyity using a screwdriver
s0 that digital display shows (0,00 dBm ({(when
the MA72A/B Sensor is used) or -30.00 dBm (when the
MA73A Sensor is used).

13. Set the CAL OUTPUT switch (6) to the OFF position
and disconnect the sensor from the CAL OUTPUT
connector ().

14. From the calibration curve printed on the sensor,

determine the calibration factor value at the
measurement, Enter the calibration value into the
CAL FACTOR memory using the DATA INPUT keys .
Setting example: The calibration curve shown on
the left is printed on the sensor
and the measurement is to be taken
at a frequency of 2 CGHz.

1
tR
y

{i) Read the calibration factcr value for
2 GHz from the calibration curve. In
this case, assume that this value is
0.25 4B,



STEP . PROCEDURE

(ii) Press the FACTOR SELECT key (7) so
that the CAL lamp in FACTOR display
blinks.

(iii) Press the » key and check that the
-
ten's digit of the FACTOR display
blinks. Press the » key twice and
J

check that the first digit after the
decimal point blinks. Using the
A , ¥ keys, set the FACTOR display
O
to 0.20 dB.

{iv) Press the » key again and set the
-

Wil
L

HA

qfi

second digit after the decimal point
to 0.25 4B by using the a4 , ¥ keys.
/M 3

This completes the calibration value
setting.

Note: If an RF power exceeding the maximum
input power 1is applied directly to
the sensor, the sensor and the ML83a
power meter may be damaged.,

The maximum input power for each sensor
is shown in Table 2-4.

15, When an attenuator or amplifier is inserted between
the sensor and the RF power source to be measured,
use the DATA INPUT keys (;) to set a LOSS FACTOR

, value (for the attenuator} or a GAIN FACTOR wvalue
3 R 0h (for the amplifier).

Sengor

RF source

Attenuator
{35 4B}

= 4-23



STEP ' PROCEDURE

15. Setting example: When a 35 dB attenuator is
inserted between the sensor and
the RF source, follow this
procedure.

(1) Press the FACTOR SELECT key (7) to
turn on the L0OSS lamp in FACTOR
display @ .

(ii) Press the » key so that the ten's
(-
digit in the FACTOR display blinks.
Use the 4 , ¥ keys to set the display
3
to 30.00 dB.

= (iii) Press the » key again so that the unit £
R digit in the FACTOR display blinks. TUse
S the 4 , ¥ keys to set the display to
. [
35,00 dB.

(iv) After this, the applied RF power can
be directly measured.

i6. Connect the RF input power (to be measured) to the
sensor.

Note: 1If the RF input level is not appropriate, the
following alarm information appears on digital
display ().

i} + OVER RANGE

r==s r-re
s +2 1 0, o
. Towud | SRR} S

- dBm

... Indicates that the RF input level is
higher than the upper limit of the
measurement power range.

When RANGE HOLD is being used, "+2",
1", "O0" or "-1" is displayed,
corresponding to the range being
used,



STEP

PROCEDURE

lé.

17.

is.

19.

i1y -=2f 0.0

... Indicates that the RF input level is
lower than the lower limit of the
measurement power range,

When RANGE HOLD ig being used, "+1",
"o", "-1", or "-2" is displayed,
corresponding to the range being
used.

iii) +9

Neither the OVER RANGE
lamp nor the UNDER
RANGE lamp lights up.

... Indicates that the RF input level is
within the measurable power range,
but the wvalue stored in the FACTOR
memory is too large.

Select the units of measurement by pressing the dBm
or WATT key . When the current range is to be
fixed, set the RANGE HOLD key to ON.

A measured value is displayed directly on digital
display . The approximate analogue value is
indicated by the peaking meter .

When a relative value of the measured power is to be
displaved, press the dB (REL) ke . Pressing
this key sets digital display to 0.00 dB, that
is, the wvalue just measured is stored as a reference
value. In a later measurement, a relative value
from the reference value is displayed in dB units.

If noise causes tgo great a fluctuation in the
digital display , press the BLANKING switch

to delete the lowest digit_of the display
or press the SAMPLE RATE key te average the
measured data.
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Calibration of Millimeter Wave Band Sensor Mp [

PRI |
£
.
-1

VrRL s

When the MP {] Sensor is used, the DC e.m.f.*
resulting from the application of a low-fregquency power
is not always equal to the DC e.m.f. which results when
the same power is applied at RF. Therefore, the in-
struments shown in Tabkle 4-2 are reguired to calibrate
the MP [] sensor. '

* e.m,.f, is electromotive force

Table 4-2 Instruments Required for Millimeter
Wave Band Sensor Calibration

+ Millimeter wave band signal generator
{(Maximum output power: 20 mW or higher)

¢ Cavity-resonator frequency meter

* Rotary-type variable attenuator
(Attenuation: 15 dB or more, VSWR: 1,15 or less)

+ Standard power meter
The power meter calibrated at 34 GHz by using a calorie meter
substandard which was calibrated at 34 GHz by the Electro-
technical Laboratory in Japan.
A taper waveguide having attenuation calibrated is provided
with the meter.

The MP [[] sensor can be calibrated in the following procedure:

Point P Standard Power Meter

- e

L——-}— Sensor Mater
[Taper

‘ ’.r
oS¢ FM ATT ‘

> 1

1 FPaower meter to be catibrated

'
\ Power
A‘T/lnimr f-—-— Sensor Metar

MLa3Aa

dgj



o
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C) Using the cavity-resonator frequency meter, set the

oscillation frequency of the millimeter wave band
signal generator to the reference frequency. For
example, set it to the middle frequency of the
frequency band used by the sensor,

C) Using the standard power meter, measure the power at
point P shown in Fig. 4-4, and set the attenuator so
that the measured value is 1 mW (0 dBm).

C) Disconnect the standard power meter from point P and
connect the sensor cof the power meter which is to be
calibrated. Adjust and set the CALIB in the sensor
so that the power meter being calibrated indicates

T 1 nW.

Note: Adjustment of the CAIB in the sensor must be
performed by removing an outer case.
The outer case, however, should not be removed

as long as no calibration is performed.

C) For other frequencies, apply the 1 mW power, which
was calibrated with the standard power meter, to
the power meter being calibrated. Then plot a
calibration curve using the value indicated by the
power meter being calibrated.







SECTICON 5

GPIB {OPTIONAL UNIT)

Outline

The GPIB, an optional unit for the ML83A power meter,
is an interface bus developed based on IEEE-488-STD and is
mounted in the MLB83A cabinet.

When an ML83A power meter with the GP-~IB interface
is connected to a controller having the GP-IB interface
functions, automatic program measurement can be performed.
Also, when such an ML83A is connected to a data output
device having the listener function (e.g., a printer),

measured power values can be recorded.

Interface Function

Using the GPIB interface, the ML83A power meter can
be externally controlled, except for the power switch ON/
OFF setting, CAL OUTPUT ON/OFF setting, COARSE zero sett-
ing, and FACTOR Setting,

Table 5-1 is a list of the ML83A interface functions.

Table 5-1 MLB83A Interface Functions

Function Description
sHl Completes source handshake functions
AHI Completes aceeptor handshake functions
L2 Basic listener function

The listener function can be released by MTA.

T7 Basic talker function
Talk-only mode
The talk function can be released by MLA,




Table 5-1 ML83A Interface Functions {Cont)

Function Description
SRO Not including the service request function
RLL Including the remote operation/local operation

selecting function

BP0 Net including the parallel pole function
DCl Including the device clear function

DTO Not including the device trigger function
o Not including the control functicn

5.3 GPIB System Outline

The GPIB system electrically and mechanically stand-
ardizes the interface for devices having diverse functions,
connects the devices to a single bus line and transmits

data among devices through this bus line.

5.3.1 oOutline

Fig.5.1 is a block diagram of the GP-IB system.

Device A Device B Devica C Deavice D
Cantrotier Talker/ ]

Talker fistaner Talker LUistener
t.Istaner

T T
~

Fig.5.1 GPIB System Block Diagram

GPRIB interface bus

Four devices are connected in the example in Fig.5.1.
However, this interface bus system can connect a maximum

of 15 devices.



The functions of the devices can be classified into

three groups, with each device able to belong to any

group.
a; Controller

This controls the overall system. A computer or
calculator generally has this function.

i The controller is capable of gpecifying itself or

H cther devices as the listener and talker.
Two or more controllers may be attached to one bus
system, but only one can be operated as the control-

ler at any one time.
b} Talker

This is any device with the ability to send data to

other devices. This function is enabled only when
the device is specified as a talker. There cannot
be two or more talkers at the same time on one bus

system.
¢} Listener

This is a device with the ability to receive data
from a talker. This function is enabled only when
the device has been specified as a listener.

There may be more than one listener on one bus system.

ijf The three system elements have been described above.

I However, the actual devices often have all these functions.
| For example, a calculator can be operated as a controller,
talker, and listener at different times.



5.3.2 Description of Bus Line

Device A Device B Device C Device &
Controiter, i
taiker, |lstener Talker, listener Talker LIstener
i L il A ¥
T JAN It 1 AN T ATN
_ AR + % 5- IF
l i REN
SRQ
\ / Ecy!
DAV
{\) NRFD
\ / NEAC
Ay
< i ] DioI~8
— Interface control
bus (8)
- Data byte transfer
GP Interface bus Data bus (8} controi bus (3)
{totai 16)

Fig.5.2 Construction of Bus Line

As shown in Fig.5.2, the bus line consists of 16
signal lines functionally divided into the following

three buses:

1} Data bus (DIOl toc DIOR)

This bus consists of 8 signal lines and is used to
transfer data between devices and to send various

commands from the contreller to the other devices.
The data and command transfer takes place in bit-

parallel, byte-serial format.

2} Data byte transfer control bus (DAV, NRFD, NDAC)

This bus consists of 3 signal lines and is used to
send messages placed on the data bus by the talker
to the listener.

The process of sending data by means of these three
signal lines is called "3-wire handshake."

The role of each of these three signals lines is as

follows:
O pAV (Data Valid)

This line indicates that the data on the data



bus is effective. This line is controlled by the

contreller or talker.,
© NRFD (Not Ready For Data)

This signal line indicates that the listener is
not ready to receive the data on the data bus.
This line is controlled by the listener,

© NDAC (Not Data Accepted)

This line indicates that the listener has noct
accepted the data on the data bus,
It is controlled by the listener.

3) Interxface control bus (ATN, IFC, REN, SRQ, EOI)

This bus consists of five signal lines and is con~
cerned with control of the overall bus system,.
The operation of each signal line is given below.

O ATN {Attention}

This line controls the controller and determines
the meaning of the data on the data bus. It dis-
criminates between commands or addresses and data.)
When this line is TRUE, the data on the data bus
is an address or a command and all the devices
must receive data by participating in the 3-wire
handshake.

When thisg line is FALSE, the data on the data bus
is general data and only the specified {(addressed)

devices participate in the 3-wire handshake and
transfer data. At this time, the other devices

have no effect on the operation.
© IFC (Interface Clear)

This line sets the initial conditions and is con-
trolled by the controller.

REN {(Remote Enable)

This line is controlled by the controller and is



used to control whether the devices are remote or

local in accordance with other messages ({(commands).
© SRQ {Service Reqgquest)

This line is used when an interrupt is issued to

the controller. Each device controls this line,
© EO0I (End or Identify)

This line is used to indicate the end of transfer
of several bytes of data. It is controlled by
the talker.

Three~Wire Handshake

3,

A

As previously described, the three linesg DAV, NRFD
and NDAC are used to reliably transier data and commands
between devices. The relationship between these three
lines and the devices is shown in Fig.5.3 (Timing Chart)
and Fig.5.4 {Flow Chart),.

The GP-IB bus lcgic and signal names will be described
here as necessary precautions regarding Fig.5.3 and Fig.5.4.
The GP~IB bus uses negative logic. That is, LOW level in-
dicates that a signal is present. For example, when DAV
{(Data Valid) is LOW level, it indicates that the data to

be transferred is on the bus line.

However, on the 16 signal lines, NRFD (Not Ready For €:§
Data) and NDAC (Not Data Accepted) are functionally posi- o
tive logic. When NRFD is HIGH level, for example, it
indicates that the device is ready to accept data at RFD
{rReady For Data}. Therefore, 1if this 1s considered as
negative logic, it has the opposite meaning at RFD and
the function of the line becomes Not Ready For Data {(NRFD)
at LOW level.

5-6
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¥ig.5.3 Three-Wire Handshake Timing Chart
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-3

Talker Listener

S8t NRFD and
Set DAV to HMIGH, NOAC to LOW.

YES

NRFD

and NDAC
noth HIGH?

YES

Ready to
recejve data?

NG

Error display.

Place new data
on D0 lne,

Set NRFD MIGH.

QDAY LOW?

'
’ Data sent and recaived
Set DAV to L.OW. 2 T ves

Reacelve data byte.

! +
Set NRFD to LOW.
AC s heyy |
:

ND,
YES has

oW iy
3 nt
CCupted a1 the da’t:the listanay

Set NDAC

S8t DAV to HIGH. to HIGH.

Transfer
next data?

Set NDAC to [LOW

This handshake is performed one time, each
time the talker sends data to the listener.
DAV is controlled by the talker, and NRFD

and NDAC are controlled by the listener.

Fig.5.4 Three-Wire Handshake Flow Chart



5.4 Handling

5.4.1 Setting Address Switch

A unigue address is assigned to any instrument
connected to the GP-IB, and its address is designated
by an address switch to select the instrument for use
from among the other instruments on the GP-BUS.

An address code generally consists of 7 bits.

The address code of the ML83A, however, consists
of 6 bits in which the high-order bit, bit 7, has been
omitted,

k.
)

LH?

When the address switch of bit é has been set to
ON, the instrument operates in TALK ONLY mode.

p
[

.

When set to the OFF position, the switch consisting of
the other five bits is used as address toc identify the

instrument.
b6 b5 b4 b3 b2 bl
ONLY ON
A5 A4 A3 AZ Al
NOT ONLY OFF

On each instrument A5 through Al is set and whether
or not the combination of bits b5 through bl of the
address code from the controller match this bit configu~

w1 = ration is monitored.
- When they match, the instrument is set to a talker accor-
ding to the combination of bits 6 and 7.

The address of this instrument is set by the address
switch on the rear panel.

The instrument addresses can be selected within the
range shown in Note 1 and Note 2 of the ASCII code table
of Table 5.2. However, codes in which kit 1 through bit
5 are all "1" cannot be used since they have been designa-
ted the unlisten or untalk commands.



Table 5-2 USA Standard Code for Information Interchange (ASCII)

Note
3

Gﬁﬁ

b7 o o Jo o |1 |1 |1 |1
b o 0 1 1 G 0 1 1
“bsg G 1 0 1 0 1 e 1
BITS |bg|b3lby by| _Column o 1 p 3 4 5 6 5
Row
01061010 Q NUL, | DLE sp 0 @ b - kel
Ci0j0]1 1 SOH | DCL 1 a 0 a
glofll}o 2 STX | DC2 " 2 B R b
o011 1 3 BETX i bC3 # 3 C s c s
ollioleo 4 EQT | DC4 $ 4 3] iy 4 t
011101 5 ENQ | NAK | 0% 5 E U a u
0 1i1i0 S ACK | SYN | & 6 F v £ v
o1 1|11 7 BEL | ETRB - 7 G W g W
1 01010 a BS | CAN ( 8 H X h ®
110011 9 HT | EM ) 9 I Y i y
101110 10 LF |sSUB | * J Z j z
11011 1L vr |ESC | + ; X [ k {
1111010 1z FF FsS ' < I8 A\ i :
1i1loiz1 13 CR | GS - = M ] m }
1i1l1l0o 14 so | rs | . > ¥ | ~ | n ~
11111 15 SI | Us / ? I} - o | DEL
e
Note 3 Note 1 Note 2
Note 1: CP-IB wvalid LISTEN addresses
Note 2: GP-IB valid TALK addresses
Note 3: Logic 1=0 V
NOTE: Since bit 1 is ON in the address
switch setting example of Fig.
5-5, the address shows "1".
TALK ONLY

on L3
:

=

it

mwn‘

e
EEJrAv

QFF

Fig.5.5 Address Switch

When the switch of bit
set to TALK ONLY side,

ment functions as TALK ONLY.

6 has been
the instru-



5.4.2 Cable Connection

Up to a maximum of 15 devices can be connected to
the GP-IB system. However, these are restrictions on
the length of the connection cables which must be taken
into account.

a. Length of each cable must be 2 m or less.

b. Overall length of cable must be 20 m or less.

_ﬁj v a MmN -
2Z2u8&z50000
fattzzaomoodo

iy

Hii
g

211108 87 654321
2423202120 191817 1615 14 13

jul

z

Omcmﬂh&o LR S
Uv—!rﬂ

goooQaoo z

82z zzzz 5200¢9
dJUog oo Ue xaa0sG

Fig.5.6 GP-1B Interface Connector Pin Arrangement
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5.5 Programming Codes and Output Data Format

All codes are given in ASCIT.

5.5.1 Prcgramming Codes

The ML83A control program allows the use of the

programming codes listed in Table 5.3.

Table 5.3 GP~IB programming codes

Function Contents Programming code
RANGE (When the MA72A/B or MP [
specifica- sensor is used
tion [-10 dBm (100 uW) range G2
0 dBm {1 mW) range G3
Al [*+10 dém (10 wiW) range G4
=
g +20 dBm (100 mW) range GS
g When the MA73A sensoxr
E is used
~50 dBm (10 nW} range G2
-40 dBm (100 nW) range G3
«30 dBm {1 uwW) range G4
=20 dBm {10 uw) range G5
AUTO RANGE GI¥
MODE WATT MODE

d8 (REL) MOLE
dB (REF) (sets the reference

value)

dBm MODE D*
SAMPLE No averaging; measurements are .
RATE output in abeut $.3 second K

intervals.

An average is calculated for

each 5 measurements; the

L

averages are output in about
1.5 second intexwvals,

e



Table 5.3 GP-IB programming codes {cont'd)

Function Contents Programing code
An average is calculated for
each 10 measurements; the M
averages are output in about
3 second intervals,
An average is calculated for
each 20 measurements; the
averages records are output N
in about 6 second intervals.
ZERQ SET ZERDO SET FINE SWITCH ON Z
FACTOR Set CAL FACTOR. FC
INPUT Set GAIN FACTOR. FG
Set LOSS FACTOR. BT
Data format
3 .
Programming v
Code Nemeric data
(4 digits)
The decimal point is assumed to
be fixed at the third digit,
(e.g.} Set CAL FACTOR to 0.5dB.
FC 0 ¢ 5 o)
FACTOR** Clear CAL FACTOR. FIiC
CLEAR Clear GAIN FACTOR. FIG
Clear LOSS FACTOR. FIL
Clear all TACTORs. FIA
Measurement HOLD
mode

Settling time trigger**

Trigger¥*¥* I
Free run#*¥ R*
Settling time free run*¥ v




*The functions marked with A are automatically selected

when the power switch is turned on.

**Measurement rate can be selected only when remote control

ig active; this function is not available under local

control. The following explains the contents of the six

measurement rates.

a)

b)

<)

d)

£)

FACTOR CLEAR

The corresponding FACTOR will display 0.00.
ALl clear allows all input wvalues for FACTOR to be set
to 0.60, and those displays are set to CAL. FACTOR.

Heold

The measurement results are only retained; they are

not output.

Settling time trigger

Measurement is done only once, approximately 1 second
after this code is input. The resulting data is out-
put. This code is generally used for synchronous

measurement,
Trigger

Measurement is done only once, immediately after
this code is input. The resulting data is output.
This code is generally used for synchronous measurement.

" Free run

Measurement is done continucusly, and the resulting
data is also output continuously. This code ig used

for asynchronous measurement.

Settling time free run

Measurement is done in about 1 second intervals, and
the resulting data is output. This code is used for

asynchronous measurement.

9 .
itfw: .



5.5.2 Output Data Format

Fig.5.7 illustrates the MLB3A GP-IB output data
format. Each column is explained in Table 5.4.

E _—

|

STATUS

|

—_ —

’ ! 2-difgit t
~-digit n

MODE 4-dight numeric data Always Atways  exponent cR

FEEEr PrTy

RANGE SIGN

Measurement result

Fig. 5.7 GP-IB output data format

P
e
IF 13
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Table 5.4 GP-IB output data

Function Contents Cutput data
STATUS Valid measurement result b
WATT mode under-range Q
Over—-range R
dBm or dB (REL) mode under-~range ]
During automatic zero adjustment T
Zero could not be set during v
automatic zero adjustment.
{Either RF power is applied to the
sensor or the zero-setting loop
was unsuccessful.)
Note: BZero adjustment takes about
10 seconds,
RANGE When the MA72A/B or MP[C] sensor is
used.
-10 dBm {10C uw) range J
0 dBm (1 mW) range K
+10 dBm (10 mW) range L
L+20 dBm (100 mW) range M
When the MA73A sensor is used.
=50 dBm (10 nW) range J
=40 dBm {100 nW) range X
=30 dBm {1 uwW) range L
L ~-20 dBm {10 uW) range M
MODE WATT MODE A
¢dB (REL) MODE B
dB (REF} {Sets the reference
ievel for 4B (REL)
mode) C
dBm MCDE D
SIGN + {Sign of the measurement val
value} Space
MEASURED indicated as:
VALUE

n x lo™e

Where "n" is a 4-digit number
and "e" is a 2-digit exponent.

Note: CR and LF are output as terminator signals.
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5.6 Operation Examples

The following gives several examples of automatic
measurement with the MLB3A.

5.6.1 Measurement in TALX ONLY Mode

When connected to an output device, such as a
printer, that has the listener function, ML83A can
output the measurement results automatically to the

device,

GP~18
interface bus

<>

Printer
DPR7712A

Sensor ‘kﬁHT::> RF power source

Fig. 5.8 Connecting ML83A to a printer

Suppose that the ML83A is connected to a printer,
as shown in Fig. 5.8; and that the printer address is set
to LISTENER ONLY and MLB83A is set to TALK ONLY, as shown
in Fig., 5.9. Then, the measurements are automatically
output to the printer in the format shown in Fig. 5.7.

ADDRESS
r 3
b b b b b

?A’LKONLY_I 5 4 3 02 1
oN  —1
e 1L
OFF

Lmuw_Set this switch ON.

Fig. 4.9 Setting ML83A to TALK ONLY mode.
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5.6.2 Automatic Measurement

The ML83A can be connected to a controller for a
automatic measurement. Below are several examples in
which the Anritsu Packet II Personal computer is used
as the controller and the Anritsu DPR7712A printer is
uged as the output device, Fig. 5.10 shows how the
computer and printer are connected to the ML83A, and
Fig. 5.11 shows how the MLB83A address is set.

GP-IRB interface bus

< >

Personal computer
PACKET II

DPR7712A printer

Fig. 5.10 Sample Configuration for Automatic Measurement

ADDRESS

f i
b b b b b

TALK ONLY
15 4 3 2 1
ON 1 —
| | A 7 7
ez | |

OFF

Fig. 5.11 Setting the ML83A Address for
Automatic Measurement
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As shown in Fig. 5.11, the MLB3A address is set to
15 which corresponds to listen address / {(slash) in ASCII
notation (see Table 5.2}. TALX CONLY switch is set to OFF.

Then, a program for automatic measurement is shown below.

After automatic zero adjustment, measurements are made
in FREE RUN mcde and the measured data are output to a printer.
Subsequently, &B (REL) mode is set and the relative value is
measured every one second and the result is output to a printer.
Finally, again FREE RUN mode is set and switch over to LOCAL

contrcl is done at the end cf the program.
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Flow

Sets 5-SECOND
WAIT TIME

“ Sets FREE
RUN MODE,
ZERO

J

PRINT

Turns off RF power,

"R" and "2" are set,.

In orxder to confirm that zeroc adjustment has been
made, data is ocutput 4 times at 2-second intervals,

ol

Turns on RF power.

Sets dBm
MCDE

PRINT

Sets dB(REL}
MODE, SET-
TLING TIME,
and FREE RUN
MCDE.

RF power is measured in dBm mode.

"D" is set.

Measured data i1s output 12 times.

With reference to the current measured value,
relative value is measured, and data is output
at l-second intervals.

"B" and "V are set.

Level of RF power is varied.

PRINT

-

Sets FREE
RUN MODE

Sets LOCAL
CONTROL

END

Measured data is printed 12 times.

"R" is set.

End of program.



Program

10 REM

*** "MLB3AZRF" ZERC SET & TRIGGER MODE
& FREE RUN #*%*%*

Gives program title

20 WAIT DELAY 5

Allows 5-second wait time to

set RF power to OFF.
30 DIM AS$*50

Sets the length of string data

for string variable AS.
40 PRINTER IS €117

Sets the printer of address
No. 17 for output,.
50 PRINT

Performs line feed for easy
reference of data.
60 WRITE @115:"R,Z" Place the ML83A

{set to address
15} in free run mode and

automatic zerc adjustment.

70 PRINT "ZERO SET"

Prints out the title of the data.
80

FOR K=1 70 4 STEP 1

Repeats the line numbers 80 to
120 loop four times.

90 WAIT DELAY 2

Allows 2-~gecond wait time.
100 READ @l15:AS

Reads the measured data from
the ML83A.

110 . PRINT "AA"™; AS

Prints data after two spaces.
120 WEXT K

Returns controls to line number

80 until the above FOR-NEXT loop
has been done 4 times.
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Program

130 PRINT

Performs line feed.
140 WRITE 2115;

"pn Sets the ML83A to dB§ mode.
15¢ PRINT "DBM SET" Titles the data
160 GO sSUB 240 Executes the line numbers 240
to 310 print subroutine.
170 PRINT

Performs line feed.
180 WRITE @115:"B,V"

Sets the ML83A to 4dB (REL) mode

and the measurement mode To

settling time free run mode.
190 PRINT "REL MODE & FREE RUN WITH SETTLING TIME"
Titles the output data
200 GO 5UB 24¢ Executes the line numbers 240
to 310 print subroutine,
210 WRITE @115:"R" Returns the MLB83A to free run
mode.
220 LCL @115

Sets the ML83A to local operation.
230 GO TO 320

Jumps to line number 320 for the
end of programnm.

The statements from line number 240 to 310 are provided for the

print subroutine.

240 FOR J=1 70 3

Repeats the line number 240 to
300 loop three times.
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Prog ram

T 250 FOR X=1 TO 4 Repeats the line number 250 to
280 loop four times.

260 READ €115:AS$ Prints cut the measured data of
MI.83A.

270 PRINT * "AS; Prints data after two spares.

280 NEXT K Returns controls to line number

250 until the nested FOR-NEXT
loop has been done four times.

W

R
wig W
»

290 PRINT Performs line feed,

300 NEXT J Returnsg controls to line number
240 until the outer FOR-NEXT
locp has been done three times,

310 RETURN Ends the print subroutine.

320 END End of program.
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