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MANUAL ABSTRACT

The FIREBERID 6000 Operating Manual contains 12 sections and several appendices. Each manual section is briefly
described below.

Section 1 GENERAL INFORMATION

This section detines the scope of the operating manual and presents an overview of the FIRERERD 6000 and its
capabilities.

Section 2 PREPABATION FOR USE

This section provides the instructions for unpacking and inspecting the FIREBERD as well as a list of the equipment
included in each shipment, the instrument’s power requirements, and important operational warnings.

Section 3 INSTRUMENT CHECKOUT

This section contains an explanation of the automatic self-test performed by the FIREBERD at power-up and step-by-
step procedures for performing a more detailed manual self-test.

Section 4  INSTRUMENT DESCRIPTION

A detailed description of the FIREBERDs front panel switches, indicators, menu functions, keypad, displays, and
rear panel features is presented in this section.

Saection 5  FUNCTIONAL DESCRIPTION

This section discusses the FIREBERD 6000’s error analysis, timing analysis, and signal analysis capabilities as well
as the various modes of operation available.

Section & OPERATION INSTRUCTIONS

Step-by-step procedures are presented in this section for utilizing the test capabilities of the FIREBERD. Separate
procedures are given for performing error analysis, timing analysis, and delay measurement.

Section 7 PRINTER/CONTROLLER INTERFACES

This section provides a description of the built-in RS-232 and the optional IEEE-488 Printer/Controller Interfaces:
© alsvdiscussed is their operation for both printing and remote control purposes. The various print formats are deseribed and
Hlustrated with sample printouts. This section also contains information on remote control operation and BERD-BASIC
programming.

Section 8 DATA INTERFACES

This section contains functional descriptions, eperating instructions, and the specifications for the built-in R§-232-C/
V.24 Data Interface as well as for many of the other data interfaces available for use with the FIREBERD 6000,

Section 9 JITTER OPTIONS

Included in this section is information on the jitter options offered for use with the FIREBERD 6000; specifically
covered are jitter measurement capabilites, avaiiable resulis, procedures for jitter measurement, and the jitter option
specifications,
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Section 10 SPECIFICATIONS
This section contains the specifications for the FIREBERD 6000,

Section 11 OPTIONS AND ACCESSQRIES

This section describes the various options and many of the accessories avaiiable for use with the FIREBERD 6000.
Also included is a list of the available accessories and their corresponding part numbers for ordering purposes.

Sections 12 MAINTENANCE AND SERVICE

This section contains information on routine maintenance as well as TTC’s warranty and equipment return policies.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

This operating manual contains information for the
operators and users of the FIREBERD 6000 Communica-
tions  Analyzer manuofactured by Telecommunications
Techniques Corporation. This manual also covers the metal
version of the instrument, the FIREBERD MC6000, and
the remote-control-only version, the FIREBERD 6000R.
An accompanying Remote Control Commands Handbook
supplements the information in this manual. Unless other-
wise stated, references to the FIREBERD or FIREBERID
6000 also refer to the FIREBERD MC6000 and FIREBERD
H000R.

Specifically included in this manual are installation
procedures, functional descriptions, operating instructions,
and specifications for the FIREBERD 6000 as well as for
various data interfaces used with the FIREBERD. A Manual
Abstract at the front of this manual gives a summary of the
cantents of each section.

1.2 INSTRUMENT IDENTIFICATION

An identification sticker is attached to the rear panel
of each FIREBERD. The sticker bears the serial number
assigned to the instrument; this serial number should be
quoted on any correspondence with TTC concerning the
instrument.

1.3 INSTRUMENT OVERVIEW

The FIREBERD 6000 is a powerful test instrument
for analyzing . evaluating, and troubleshooting digital com-
munications systems and equipment. Designed to operate
from 50 bis 1o 15 Mb/s and to use modular data interfaces,
the FIREBERD combines the best of traditionad bit error
rate analysis with such additional features as performance
analysis, signal analysis, and thning analysis.

Housed in a rectangular case spproximately 6'x 12712,
the FIREBERD weighs less than 16 pounds in the plastic
version and less than 2¢ pounds in the rugged metal version.
The light weight and a sturdy handle make the FIRERERD
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casily portable, and a front cover is included as standard
equipment for front-panel protection. To enhance flexibility
of use, fold-out rear panel feet ailow the FIREBERD (o be
operated in a stand-up position.

The FIREBERD 6004 front pancl is designed to be
as easy to operate for the first-time user as for the seasoned
troubleshooter who, in time-critical situations, nceds results
readity available at the touch of a button. The FIREBERD
features two alphanumeric dispiays, one of which can simul-
taneously display two sets of results. A combination of
electronic slide switches, pushbutton switches. and menu
formats with extensive HELP guidance further facilitate
complex test configurations. Such varied indicators s
labeled LEDs, panel labels with backlighting, and LED-ii-
luminated switches keep the user constantly informed of
test parameter changes and error or alarm conditions.

The FIREBERD 6000 operates in various full-duplex
configurations and with synchronous, asynchronous, or re-
covered timing. Transmit timing may be supplied externally
or from the built-in frequency synthesizer. The synthesizer
allows operation at any rate from 30 bis (o 15 Mbis with
the stability and cecuracy of a crystal oscillator. Other timing
anadysis features include: separate high-resolution transmit
and receive frequency counters; an inverted clock detector;
a selectable transmit clock inverter; a clock slip detector
that identifies system timing problems; and a clock recovery
option that permits received clock fault isolation.

The FIREBERD comes equipped with a built-in RS-
232 interface, aithough all FIREBERD 1500A and 2000-
compatibie data interfaces as well as pew T-Carrier data
interfaces may be installed through an interface module slot
in the instrument’s rear panel. With the appropriate T-Carsjer
interface instalied, the FIREBERD 6000's power and
capabilities are readily apparent—-in addstion to logical error
anafysis and timing analysis, the FIREBERD can perform
bipofar violation, framing error, and CRC error analysis.
For T1 testing, the FIREBERD can work with D4 or Fe
(ESF)Y framing and can generate framed or unframed loop
codes with intelligent CSU response detection. In addition,
bipolar violations can be inserted at variable rates, and BRZS
line coding can be awtomaticaily detected.

Ameng the FIREBERID 6000°s signal analysis func-
tions are the most advanced jitter generation and moastre-
ment capabilities available, such as exwernal or precisely
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Section 1

contrelled internal jitter modulation as well as automatic
frequency sweeps. The receiver features a peak-to-peak mea-
surement and a jitter hits circuit with variable thresholds
which operates continuously so that short-duration events
will not be missed. Jitter spectral analysis—with multiple
jitter masks-—1is performed using non-overiapping frequency
bands to permit jitter “fingerprinting” and rapid identifica-
tion of jitter sources. In addition, hard-copy graphs of the
spectrum can be generated. Other important sigmal analysis
functions include delay measurement and antomatic data
polarity detection.

The FIREBERD 6000 also advances the state-of-the-
art in remote control, whether used with a terminal or with
a computer. For terminals, the FIREBERD offers an under-
standable, easy-to-use, plain English format with extensive
HELP prompis and screens. For computers, a condensed
fixed-field format is offered. The FIREBERD also features
built-in BERD-BASIC, an advance in intelligent control
which allows the user to perform complex tests using only
a dumb terminal,

In addition to the FIREBERD’s extensive current
capabilities, its flexible architecture and advanced 80186
16-bit processor are designed fo easily accommodate up-
grades as standards change or as new featurcs and
capabilities are added. A separate, easily accessible HPROM
module permits software upgrades without disassembling
the instrument. These features, as well as the 6000°s com-
patibility with the FIREBERD 1500A and 2000, make the
FIREBERD 6000 the complete data communications
analyzer for present and future testing needs,

1-2
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SECTION 2
PREPARATION FOR USE

2.1 INTRODUCTION

This section provides unpacking and initial inspection
instructions, warnings, and power requirements.

2.2 UNPACKING AND
INITIAL INSPECTION

The shipping container should be inspected for damage
when it s received. If the shipping container or shipping
material is damaged, it should be kept until the contents of
the shipment have been checked for completeness and the
mstrument has been checked mechanically and electrically.
Procedures for chiecking electrical performance are given in
Section 3. If the contents are incomplete, if there 1s mechan-
ical damage or defect, or it the FIREBERD does not pass
the performance tests, the customer should notify TTC. If
the shipping coniainer is damaged, notify the carrier as well
as TTC, and keep the shipping container and materials for
the carrier’s inspection.

2.3 EQUIPMENT INCLUDED

The following equipment is supplied with each unit:

FIREBERD 600(/MC6000 @ Power Cord
® Operating Manuals
& Front Cover

® Snap-On Back Pouch

Power Cord
Operating Manuals

FIREBERD 6000R

24 WARNINGS

The following precautions must be observed before
and during all phases of operation of the instrument. Failure
to comply with these precautions or specific warnings else-
where i the manial may cause physical harm to the operator
or to the instrument, TTC assumes no liability for the cus-
tomer’s failure 10 comply with these requirements.

Rey. D

GROUND THE INSTRUMENT

To minimize shock hazard, the instriument chassis must be
cennected to an electrical ground. The instrument is equip-
ped with a three-conductor AC power cable. The power
cable must either be plugged into an approved three-contact
elfectrical outlet or used with a three-contact to two-conlact
adaptor with grounding wire {green) {irmly connceted 1o an
clectrical ground (safety ground) at the power outlet.

USE PROPER LINE VOLTAGE
SETTING AND FUSE SIZE

Before connrecting the AC power cord, verify that the line
voitage sclector card is positioned for the correct operating
vodtage. Never operate the instrument with the incorrect
fuse size.

KEEP AWAY FROM LIVE CIRCUITS

Do not remove mstrement covers or insert fingers or other
objects through rear panel holes while power is applied ro
the instrument.

TURN OFF POWER BEFORE INSERTING
AND REMOVING INTERFACE MODULES

DO NOT OPERATE IN AN AMBIENT
TEMPERATURE ABOVE 50° C

2.5 POWER REQUIREMENTS

The instrument requires a power source of 90-135 or
195-250 volis ac. single phase. 4% (0 66 Hz that can deliver
20 volt-amperes (mazimum). The instrumeni i3 normally
shipped from the factory set 1o operaie from a | 20-volt

2-1



Section 2

power source. To operate the instrament from a different
source voltage, proceed as follows:

{1) Remove the input power cord.

2y Shde the plastic door on the AC input conrnector
ter the left.

(3) Remove the fuse.

(4) Pull the voliage select card straight out.

{5y Change the orientation of the voltage select card
and reinsert so the appropriate operating voltage
ks visible on the card after #t has been installed.

{6) Install the appropriate size fase {See Table 2-1).

{7y Slide the plastic door to the right and reinsert
power cord.

Table 2-1
Fuse Size
Operating
Voltage Fuse Size
90-135 3amp 125 V Slow Blow
195-250 | 1.5amp250V Siow Blow |

2.6 GROUND JUMPER

The FIREBERD 6000/MC6000/6000R is equipped
with a plaggable ground jumper. When the FIREBERD is
shipped from the factory, signal ground is connected to
¢hassis ground through a 100-chm, ¥2 watt resistor. Signal
ground may be directly connected to chassis ground by
repositioning the pluggable jumper on a PC board. To repo-
sition the jomper, use either of the following procedures,
as applicable.

2.6.1 FIREBERD 6000/6000R {Plastic Case)

{1} Remove the power cord from the back of the FIRE-
BERD.

(2) Turn the unit upside down and remove the four
screws from the bottom of the FIREBERD case.

{3) Turn unit right side up, and remove the top cover
by simultaneously pressing in on both sides and
. pulling up.

(4) Locate PC board #40442 immediately behind the
front panel. The pluggable ground jumper is fo-
cated on the upper lefe-hand corner of the compo-
nent side of the board. (See Figure 2-1.)

€5y Lift the jumper (JW1) from the three-position
header (B position} and press it into place one
position to the right. (A position.)

(6) Put the top cover back on, turm the FIREBERD
upside down, and fasten the cover back in place
by replacing the four screws on the bottom of the
FIREBERD case.
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Figure 2-1

Component Side PC Board #40442
View of Upper Left Corer
and Pluggable Jumper Position

2.6.2 FIREBERD MCE000 (Metal Case}

{1) Remove the power cord from the back of the FIRE-
BERD.

(2) Locate and remove the two screws. (one on cach
side of the case) which hold the front bezel in
place.

NOTE: If the case is equipped with a handle,
press the buttons on each side of the handle and
rotate the handle downward to expose the front
bezel screws (one on each side of the case).

Rev.



(3
4)

(5}

(6)

(7}

(8)

Rev. D

Remove tront bezel by pulling forward.
Shide the top cover forward and lift out.

Locate PC board #40442 immediateiy behind the
front panel. The pluggable ground jumper is lo-
cated on the upper left-hand corner of the compo-
nent side of the board. (See Figure 2-1.3

Remove the pluggable jumper (JW1) from the
three position header (B position) and install it
one position to the right (A position}.

Replace the top cover by sliding it through the
guides on each side of the case, and ensure that
the cover is seated properly in the rear of the
FIREBERD.

Press the front bezel back into place and replace
the two screws.

Section 2
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SECTION 3
INSTRUMENT CHECKOUT

3.1 INTRODUCTION

This section describes the automatic self-test that the
FIREBERD 6000 performs at power-up. Also included is
a manual self-test which can be used to verify proper oper-
atior: of the FIREBERD. The foliowing procedures assume
that the user is familiar with the operation of the FIREBERD
6000; unfamiliar users should refer to Section 3,

3.2 AUTOMATIC SELF-TEST

The automatic self-test is actually a series of diagnostic
tests that are performed at power-up by the FIREBERD
6000 to ensure that it is functioning correctly. 1f one of
these tests fail, the FIREBERD 6000 will display an error
message specifying what part of the instrument lailed.

The automatic self-test also performs the following
functions.

& All of the discrete LED indicators (except the MK
and SP indicators), switches containing LEDs, and
panel labels with backlighting will be illuminated
for approximately 1 second,

@ Switches are checked for proper position. H a swilch
is found to be depressed {stuck) at power-up, an
error message is displayed specifying the key that
is stuck. For example, holding down the DATA
switch during power-up causes the message KEY
STUCK DATA to be displaved for approximate]y
1 second.

& Non-voiatile RAM (NOVRAMY is checked be-
cause, at power-up, the FIREBERIY 6000 restores
the nstrument o the settings that were selected
before the last power-down. H any changes are
found. a message is displayed for approximately |
secongd specifying what general portion of NOV-
RAM faited. The origingl factory seftings are au-
tomatically restored for cach portion of NOVRAM.
The FIREBERD 6000 may still be fully functional
even though switch settings may not be saved during
a power cycle.

Rev. D

& All of the RAM and the EPROMS wre tested. I an
error is found, a message is displayed, In the case
of an EPROM error, the instrument may not be
able to operate, and TTC should then be called for
service. :

3.3 MANUAL SELF-TEST

The manual self-test is performed in the Self-Loop
mode. The FIREBERD's operation in this mode is directly
related to the interface selected. TTC recommends that the
built-in R5-232/V .24 data interface be used for this test. If
the built-in RS-232 is suspected of malfunctioning, an exter-
nal interface may be used for the wst. Remember that power
to the FIREBERD must be turncd OFF before inserting or
removing an interface. If the interface used has clock invert
switches, they should be placed in the NORMAL position
for this test. Other interface switches should be set approp-
riately. {Refer to Section 8 for information on interface
switch settings; if an iterface is not included in Section 8,
refer to the individual operating manual.)

If the sclf-test leads to a determination that servicing
of the FIREBERD is required, it is helpful to note the arcas
of the test in which the FIREBERD failed.

3.3.% Preparation

(1) Verify that the ac line veltage card is set approp-
riately for the existing line voltage. Set the
POWER switch to the ON position.

(2} Verity that the automatic seli-test does not display
any error messages, Also verify that all of the
discrete LED indicators, swilches containing
LEDs, and panel tabels with backlighting are il-
luminated for approximately § second after power-
up.

3-1
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if the AUX FUNC IN USE label (to the left of
the MENU switch) is ifluminated, press the
MENU switch to select the AUXILIARY position.
Using the keypad, enter the number 99 and com-
plete the entry by pressing ENTER. The message
CLEAR FUNC IN USE? wili appear on the top
line of the display, and the answers YES and NO
will appear on the line below. Press the YES soft
key to clear all in-use auxiliary functions.

The SELF LOOP switch must be illuminated
throughout the entire test unless otherwise
specified.

3.3.2 Fregquency Synthesizer
and Frequency Counter

3-2

To set the FIREBERD 6000 for testing the {requency
synthesizer and the frequency counter, use the following
procedure.

(5

(2)

(6)

(N

(8)

9

Verify that the SELF LOOP switch is illuminated,
Set the DATA switch to the 2¥-1 position.
Set the GEN-CLK switch to the SYNTH paosition.

Set the TIMING MODE switch to the SYNC po-
sition.

Press the MENU pushbutton switch to select the
INTF SETUP function.

An interface selection menu will appear in the left
display (immediately above keypad). Press the
soft key beneath the INT 232 selection.

Press the EMLATE soft key.

Press the DTE soft key. Interface setup is now
complete. '

Press the MENU pushbuiton switch to select the
SYNTH FREQ function.

(1)) When a selection menu appears in the display,

press the illuminated MORE pushbutton switch
below the display to scroll to additional menu
selections.

(F1y Press the MORE key again; then press the soft

key heneath the 64 sclection. The synthesizer
frequency is now set.

(12

(13)

(14)

(15)

(16)

Press the feft and then the right CATEGORY
switches to select the SIGNAL category. (The
indicators fo the left and the right of SIGNAL
will itlluminate.)

Press the right RESULT switch until RCV FREQ
appears 1n the right portion of the display.

Press the left RESULT switch until GEN FREQ
appears in the left portion of the display.

Set the ANALYSIS MODE switch to the CON-
TINUQUS position.

Verify that the display above thc ANALYSIS
RESULTS block shows:

GENFREQ
64000.0

RCVFREQ
64000.0

3.3.3 Synchronous Transmit and Receive

To set the FIREBERD 6000 for testing synchronous

transmif a

h

nd receive, use the following procedure.

Verify that the 107 indicator is NOT illuminated.
If it is illuminated, press the ERROR INSERT
switch to turn it off,

Press the right CATEGORY switch to sefect the
ERROR category.

Press the right RESULT switch until BIT ERRS
appears in the right portion of the display.

Press the RESTART switch and verify that the
SYNC indicator is itluminated and that a zero is
displayed for bit errors in the right-most display.
The SYNC LOST, DATA INV, CLK INV, and
NO CLK indicators should be off.

3.3.4 Error Counter and Error Insert

To set the FIREBERD for testing the error counter and
the error insert function, use the following procedure.

(13 Use the setup procedure in Section 3.3.3.
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(2)

(3)

(4}

(6

Press the ERROR INSERT switch once and ob-
serve the right-most display (BIT ERRS) incre-
ment by one count.

Adjust the volume controb until a beep is heard
every time the ERROR INSERT switch is pressed.

Hold down the ERROR INSERT switch until the
H0-' indicator illuminates and observe the night-
most display count incrementing rapidly. A beep
should be heard for every second which contains
an error.,

Press the MENU switch fo select the TEST IN-
TERVAL function. Press the soft key beneath the
10 selection.

Press the right RESULT switch until the BER
result appears in the display and reads |.OOE-03
after approximately 13 seconds.

3.3.5 Seconds and Blocks

To set the FIREBERD 6000 for testing seconds and
block meastrement functions, use the setup procedure in
Section 3.3.3, but with the following changes.

(1

(3)

(6)

)
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Press the MENU switch to sefect the SYNTH
FREQ function. Using the keypad, type the
number | and press ENTER.

Press the left CATEGORY switch to select the
TiME category.

Press the feft RESULT switch untit E F EAS ap-
pears in the left portion of the display.

If the 107 indicator is iiluminated, press the
ERROR INSERT switch once to turn the indicator
off.

Press the MENU switch to sefect the AUXILIARY
function. Using the keypad, type the number 30
and press ENTER. Then type the number 1600
and press ENTER.

Press the RESTART switch and verify that the
count m the left side of the display above the
ANALYSIS RESULTS block is incrementing one
caunt per second.

Press the right CATEGORY switch to select the
TIME category. Press the right RESULT switch

{8)

Section 3

until £ A SEC appears in the right portion ol the
display. Verify that the counting s identical to
that for E F EAS.

Press the right CATEGORY switch to select the
ERROR category. Using the right RESULT
switch, scroll through the right portion of the dis-
play to verify that the results listed below arc
being measured correctly.

Countof Zero
Counting identical to EFEAS and
EASEC

BLKERRS
BLKS

3.3.6 g@§meenerat9§

To

test the operation of the data generator, use the

following procedure,

(H

(2)

(3}

(4)

(3

(0)

(7}

Set the DATA switch to the MARK position.

Press the MENU switch to select the SYNTH
FREQ function. Using the keypad, type the
number .05 and press ENTER.

Verify that the MK mdicator is illuminated,

Press the ERROR INSERT switch a few times
and verify that the SP indicator is briefly illumi-
nated.

Set the DATA switch to the 1:1 position and verify
that the MK and 5P indicators are both flashing.

Change the synthesizer frequency 1o 5 kHz by
typing the number 5 and pressing ENTER.

Sequence the DATA switch through all of its pat-
tern positions and verify that the SYNC indicator
is illuminated for each position except FOX and
USER.

3.3.7 Time

To verify that the FIREBERD is recording the correct
time and date, press the left RESULT switch until TIME

and then

DATE appear in the left portion of the display.

Verify that the correct time and date are shown.

If the time and date shown are not correct, set both
functions using Auxiliary Function 60 (sce Section4.3.2.3),
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SECTION 4
INSTRUMENT DESCRIPTION

4.1 INTRODUCTION

This section describes the FIREBERD 6000°s front
panel switches, indicators, menu functions, keypad, and
displays, Tt alsodescribes the connectors and test peints on
the rear panel and other pertinent FIREBERD features.

Figure 4-1 shows the FIREBERD front panel. The
numbers for each item in the figure correspond to the
numbered descriptions in the following sections.

4.2 CONTROLS AND INDICATORS

This section describes the FIREBERD s discrete
switches and indicators. There are two types of switches:
electronic slide switches and single-function pushbutton
switches. An electronic slide switch consists of a column
of labeled indicators above a pushbutton switch. Pressing

and releasing the pushbutton switch turns off the illuminated
indicator and turas on the next indicator. When the switch
is pressed and held down, the sequence continues until the
switch 1s released.

Several of the switches contain LED indicators. The
LED indicators served varied purposes and are described
along with their corresponding switches.

The FIREBERD features two types of indicators:
discrete LED indicators with adjacent labels, and panel
labels with backlighting. Both types of indicators are de-
scribed in the foliowing sections.

4.2.1 Controls

Listed below are descriptions of the FIREBERD
front panel controls. The numbers preceding each descrip-
tion correspond to the numbers in Figure 4-1.

1. DATA Switch

The DATA swiich selects the pattern or message to be
used for testing. The data generator transmits the selection
and the data receiver expects to receive this selection o
synchronize. The programmable pattern (PRGM)} and
user-programmable message (USER) are defined via Aux-
iliary Functions 33 and 41, respectively. Note that the
FOX and USER messages are not available with synch-
ronous or recovered timing and that the PRGM, 221,
2251, and QRSS patterns are not available with asynch-
ronous tming.

2. ERROR INSERT Switch and 10~ Indicator

The ERROR INSERT pushbutton switch causes eryorsto
be placed in the generator data stream. Each time the
switch is momentarily pressed and released, a single error
is inserted. If the switch is held down for longer than 1
second, a continuous error rate of 1 error in 1000 bits 15
inserted in the generator data stream, and the 10 * indicator
directly above the switch is iluminated. Momentarily press-
ing the switch while the 10 indicator is iiluminated returns
the switch to the off {error-free) position.

Rev. D
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3. SELF LOOP Switch

The SELF LOOP pushbutton switch changes FIREBERD
operation from normal Full-Duplex mode to Self-Loop
mode or vice versa. When in self-loop operation, a red
LED within the SELF LOOP switch is illuminated to
indicate that the generator and receiver data and clock
lines are disconnected from the system or connector under
test.

5. TIMING MODE Switch

The TIMING MODE switch selects between synchronous,
asynchronous, and recovered timing operation. Ifthe Clock
Recovery option is not installed, the RECOVD position of
the TIMING MODE switch will be skipped when scrol-
ling through the switch positions. The TIMING MODE
switch is not applicable with some data interfaces; when
such an interface is in use, the TIMING MODE switch
positions will not be ifluminated, and the switch will be
inoperative.

Section 4

4. GEN CLK Switch

The GEN CLK switch is used to select the source of
generator timing for the instrument. The SYNTH position
selects the built-in frequency synthesizer; the synthesizer
can generate frequencies from 30 Hz to 15 MHz The
BNC position selects an external timing source connected
to the rear panel BNC connector. The INTF position
selects a clock derived from the selected data interface.
Some restrictions apply to the BNC and INTF positions;
see Section 5.6 for further information,

If no clock signal is detected at the selected source, a red
LED within the GEN CLK switch will be illuminated. In
asynchronous timing operation, this LED will be illum-
inated regardless of clock activity when the GEN CLK
switch is set to either the BNC or INTF position.

6. VOLUME Control
The VOLUME control determines the audio level of the
tone generator.

7. MIENU Switch, Keypad, and Soft Keys
The MENU switch, keypad. and softkeys are described in
Section 4.3.2.
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8. ANALYSIS RESULTS Functional Block

The CATEGORY and RESULT switches are used to
determine which of the available analysis results are
shown in the two resulis displays. The left and right
CATEGORY and RESULT switches operate identicailly
and independently: the left pair of switches selects what is
presented in the left results display; the right pair selects
what is presented in the right results display.

The FIREBERD 6000 s analysis resulis are divided into
result categories. Within each result category, several
individual analysis results are typically available. A
particular analysis result may be displayed by first setting
the CATEGORY switch to the appropriate result category
and then pressing the RESULT switch until the desired
result is presented in the display. The analysis results
included in each category are listed in Section 4.4

10. PRINTER Functional Block

The PRINTER control block contains three switches which
can be used to turn on and off an external printer or to
initiate certain printouts.

The RESULTS pushbutton switch takes a snapshot of
the results currently available and queues them for printing.

The most recent results are used regardless of whether the
DISPLAY HOLD switch is in the ON position.

The CONTROLS pushbutton switch initiates a controls
printout. This printout contains the current setting of each
switch.

The OFF/ON pushbutton switch enables or disables the
printer. The green LED within the switch illuminates in the
ON position. Whenever the OFF/ON switch is switched
off, the print buffer is cleared. This switch applies to all
printouts except those initiated via the RESULTS or
CONTROLS switches; results prints and controls print-
outs are printed regardless of the position of the OFF/ON
switch.

4-4

9. ANALYSIS MODE Swiich

This switch determines whether a test will run con-
finuously or whether it will run only for a selected interval
and then stop. This switch is closely tied to the TEST
INTERVAL function of the MENU switch. In continuous
operation, results are accumulated indetinitely; in single
analysis operation, results are accumulated for the length
of the test inferval. Data transmission continues but the
FIREBERD willnot accumulate results past the end of the
test interval.




11. POWER Switch

The POWER pushbutton swiich turns the power to the
FIREBERD on and off. The ON and OFF positions are
tltustrated to the left of the switch.

13. RLSD {RR)/RTS/LOOP UP Switch

The RLSD {RRYRTS/LOCGP UP pushbutton switch
controls the state of the RTS (Request to Send} line in
DTE emutlation and the RR (Receiver Ready) line in DCE
emulation. The switch toggles between ON and OFF each
time that it is pressed; a yellow LED within the switch is
illuminated in the ON position. With an appropriate
T-carrier interface, a loop-up code will be transmitted
when the switch is pressed. The LED is illuminated while
the loop-up code s being transmitted.

Section 4

2. DSR (DM)/DTR/LOCP DOWN Switch

TheDSR{DM)/DTR/LOOP DOWN pusibutton switch
controls the state of the DTR (Data Terminal Ready) line
in DTE emulation and DSR{DM) (Data Set Ready) line
in DCE emulation. The switch toggles between ON and
OFF cach time that it is pressed:; a yellow LED within the
switch is illuminated in the ON position. With an ap-
propriate T-Carrier interface, a loop-down code is trans-
mitted each time the switch is pressed. The LED is
illuminated while the loop-down ¢ode is being transmitted.

i4. SYNC LOST Switch

The red LED indicator within the SYNC LOST switch
isilluminated immediately upon the detection of a receiver
synchronization loss and remains illominated until the
switch is pressed or the test is restarted.
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15. DISPLAY HOLD Switch

When the DISPLAY HOLD switchis pressed, all analysis
resulis selectable by the CATEGORY and RESULT
switches are frozen, sothat the vaiues of these results at the
time the switch was pressed may be examined. This display
hold feature does not affect a test in process; while the
display may be frozen, curent analysis resuits continue to
accumulate. When the display hold feature is selected, a
red LED within the switch is illuminated to warn that the
results presented in the display are not the current results.
Pressing the DISPLAY HOLD switch again will return
the displays fo their normal mode of operation.

4.2.2 Indicators

Listed below are descriptions of the FIREBERD
front panel indicators. The numbers preceding each
description correspond to the numbers in Figure 4-1.

17. AUX FUNC IN USE Panel Label

The yellow AU X FUNC IN USE panel label is illuminat-
ed when a status-select anxiliary function is in a state other
than its default state, Status-select auxiliary functions
alter the standard operation of the FIREBERD; they are
described in Section 4.3.2.3 and listed in Table 4-1 in that
section.
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18. RESTART Switch

When the RESTART switch is pressed, all accumulated
analysis results are cleared and all tests and measurements
are restarted. Pressing the RESTART switch alsoinitiates
data transmission in the Single Transmit mode, which is
selectable through Auxiliary Function 04.

18, (RLI/{TM)/ALM 2 Indicator

The yellow (RLY}/(TM)/ALM2 indicator is illuminated
when the FIREBERD is in the Emulate DTE mode and
the TM ( Test Mode) signaling line is ON. The indicator is
also illuminated when the FIREBERD is in the Emulate
DCE mode and the RL {Remote Loopback) line is ON.
When operating with pseudoternary interfaces, the indica-
tor is illuminated on particular alarm conditions. See the
specific interface sections for detailed information regard-
ing these alarm conditions.



19. {(LL)/CTS/ALM Indicator

The yellow {(LL)}/CTS/ALMI indicator is illuminated

when the FIREBERD is in the Emulate DTE mode and
the CTS{Clear to Send) signaling line is ON. The indicator
is alsoilluminaied when the FIREBERD is in the Emulate
DCE meode and the LL (Local Loopback) signaling line is
ON. When operating with pseudoternary interfaces, the
indicator is illuminated on particular alarm conditions.
See the specific interface sections for detailed information
regarding these alarm conditions.

21. RTS/RLSD (RR}/FRM SYNC indicator

The yellow RTS/RLSD {RR)/FRM SYNC indicator is
illuminated when the FIREBERD isin the Emulate DTE
mode and the RLSD (Receive Line Signal Detector)
signaling line 1s ON. The indicator is also illuminated
when the FIREBERD is in the Emulate DCE mode and
the RTS (Request to Send) signaling line is ON. When
operating with pseudoternary inferfaces, the indicator is
iluminated when synchronization to a specific framing
pattern has been achieved.

Section 4

20. DTR/DSR (DM)/CODE indicator

The yellow DTR/DSR(DM)/CODE indicator is illuminat-
ed when the FIREBERD is in the Emualate DTE mode and
the DSR (Data Set Ready) signaling line is ON. The
indicator is also illuminated when the FIREBERD is in
the Emulate DCE mode and the DTR (Data Terminal
Ready) signaling line 1s ON. When operating with pseudo-
ternary interfaces. the indicator is iHluminated when a
specific code, such as BEZS, is being received.

22 EMULATE DTE and EMULATE DCE Panel Labels
The yellow EMULATE DCE panel label is illuminated
when the FIREBERD is in the Emulate DCE mode. In
addition, the FIREBERD will backlight the DCE signal-
ing lead labels as shown to the left; these labels use RS-232
notation with R5-449 notation in parentheses.
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The yvellow EMULATE DTE panel label is illuminated
when the FIREBERD is in the Emulate DTE mode. In
addition, the FIREBERD will backiight the DTE signal-
ing lead labels as shown to the right; these labels use RS-
232 notation with RS5-449 notation in parentheses.

23. SYNC Indicator

The green SYNC indicator is illuminated when pattern
synchronization is achieved. The SYNC indicator is con-
trolled based on the receiver synchronization criteria
described in Section 5. In Live analysis mode, the SYNC
indicator is used to indicate the presence of the signal being
monitored.

When a pseudoternary interface is selected, the FIREBERD
will backlight the right column of labels as shown to the
left. Al or only part of the column of labels will be ik
fuminated depending on their applicability to the selected
interface.

24. MK and SP indicators

The yellow MK and SP indicators are illominated when
a Mark or a Space is detected in the received data. The
Mark and Space detection is performed prior to polarity
correction (if required). The MK and SP indicators are
mutually exclusive - the MK indicator is on and the SP
indicator is off for the duration of a Mark, and the SP
indicator is on and the MK indicator is off for the duration
of a Space.



25. RECEIVER Block Panel Indicators

The red DATA INV panel {abel is illuminated when the
data received by the FIREBERD has been found to be the
logical inversion of what was expected, and the auto-
polarity circuit has re-inverted the data to permit error
analysis.

The red NO CLK panel label is illuminated when the
sefected timing mode requires a clock and there has been
no receiver clock activity for 30 milliscconds. Note thata
clock loss will foree a synchronization ioss.

4.3 DISPLAY AND MENU FUNCTIONS

4.3.1. Display

The display is divided into three sections with an
upper and a lower line for each section. The display
sections and their use are described below. The numbers
preceding the descriptions correspond to the noembers in
Figure 4-1.

26. Results Display

The two sections of the results display are used for display-
ing test results. The right section corresponds to the
CATEGORY and RESULT switches on the vight side of
the ANALYSIS RESULTS block below the display: the
left section of the display corresponds to the switches on
the left side of the ANALYSIS RESULTS block. The
right and left displays are identical in function. The upper
iine of each section is used for the result name, while the
jower line containg the result itself, { a result is not yet

Section 4

The red CLK INV panel kabel is illuminated when the
clock-data phasing at the input to the FIREBERIY s data
interface has been found to be the opposite of that specified
by the applicable interface standard.

available (e.g., when the FIREBERD is5 not yvet synch-
ronized to incoming data.), the lower line of the display
remains blank. When a result is not applicable in the
operating mode, “MN/A™ is displayed. If a result has over-
flowed the 8-digit display, the visible portion of the result
wiil flagsh. If a result has overflowed #s internal storage
capacity so that it has become meaningless, the lower line
will display the message OVERFLOW.

The FIREBERD also provides the aser with error and
status messages. These messages appear on the upper line
of the display, alternating with the result names. For detail-
ed mformation on the messages, see Section 5.5.4.
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27. Menu Display

The menu section of the display accomodates the functions
selected by using the MENU switch, the soft keys below
the dispiay, the MORE switch, and the keypad. The menu
functions are described in Section 4.3.2.

4.3.2.

MERNU Switch, Keypad, and Soft Keys

The MENU swiich is used to select a menu to display;
menus are used to set up the various functions of the
FIREBERD, Menus are provided for functions which
have a large number of configurable parameters, functions
with selections that change with data interfaces or options,
and functions requiring numeric or hexadecimal entries,

The soft keys are used to move through the menu and to
make selections. There are three soft keys below the menu
display; the labels forthese keys appear on the lower line of
the display within the bracket above each key. 1f a soft key
18 ot used, its label will be blank.

The MORE switch (below the menu display) is illum-
inated when more than three soft-key selections are
available for a given menu. This switch can then be used to
display the labels for the next set of three soft-key
selections.

Each menu is designed using a hierarchical or “tree”
structure, Each menu free is presented graphically in
Section 4.3.2.2. For illustration purposes, the PRINT
EVENT menuispresented inFigure 4-2, In this figure and
ali other menu tree figures, the top of the tree is a single line
representing the switch position. All of the other boxes
signify soft-key labels.

To access a menu, the MENU switch is used to select the
desired function. When a fuaction is selected, the display
will show the top level of the menu. The current setting of
the present leve! of the menu is displayed on the upper line;
the soft-key labels are displaved on the lowerline. Pressing
asoftkey will either( 1) display the next level of the meny,
or(2) configure the FIREBERD tothe setting specified by
the soft key.
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whenever keypad entry is required for a menu selection,
Pressing the HELP soft key will display information re-
garding the nature and range of the parameters to be enter-
ed. This message will remain in' the display for approx-
imately 2 seconds, or as fong as the soft key is held down.

At this point in the PRINT EVENT menu, the user is at
the third level of the menu. The & key on the keypad can
be pressed to move back to the previous level in the menu;

[fthe TIME soft key is pressed, the menu will move down the ENTER keywill move the user back to the top level. A
vet another level and the labels OFF and HELP will detailed description of each keypad function is contained
appear in the display. The HELP soft key is displayed in Section 4.3.2.1.

PRINT EVENT

1

|

NORMAL

DELTA

TIME

OFF | |HELP

Rev. D

[ E

ERROR

SYNLOS TESINT
[ 1 1
off | [on | [ore] [ on

i

l | l l | |

OFF

BIT ERR| |BLK ERR{{BPVs|{FRA ERR{{CRC ERR| [CLK SLP{| JIT HIT

Figure 4-2
PRINT EVENT Menu Tree
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4.3.2.1 Keypad

Key Function

0-96 Used for numeric entry

. key Used for fioating decimal point entry,
such as synthesizer frequency.
SHIFT This key is labled in blue and provides
access to the hexadecimal digits A - F,
also labeled in blue. For example, to
enter an A, press and release the SHIFT
key, and then press the key labeled A, It
is not necessary to hotd down the SHIFT
key while the A key is pressed.
ENTER This key is used to terminate and im-
plement keypad-entered data. If no data
has been entered, this key will return the
user to the top level of the particular
menu in use.
& key This key is used to move to the previous
level of the menu in use.

Some menus have a cursor o allow the

operator to change all or partof a setting.

These keys are used to position the cursor
~under the field to be changed.

b, 4 keys

When no cursor is used, the 4 key also
functions as a rub-out (delete left char-
acter) key.

When afunction uses a large range of values that cannotbe
represented with soft-key labels, the keypad is used to
enter the desired values. After the digits are entered, the
ENTER key must be used to complete the entry.

Menu functions that have fields of data will display a

cursor, For example, the time and date setting (Auxiliary

Function 60) will display:

Here the cursor is under the first minute digit. The cursor
can then be moved with the® and 4 keys, [fthe user wants
only to change the year, the cursor should be positioned
under the YY field by using the & key:

4-12
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Changing only one field will leave the other fields unaffected.
The current year is entered using the keypad:

The ENTER key must then be pressed to implement the
new setting.

Some functions do not have fields and, therefore, do
not require the cursor. For example, the SYNTH FREQ
function display appears as:

To enter 1544.1 kHz as the new frequency, enter the
number 1 544.1 using the keypad. As soon as the first digit
is pressed, the previous display is blanked and replaced
with the new number as it is entered. The old setting(9.6) is
still implemented at this point. After ait digits are entered,
the ENTER key must be pressed to implement the new
frequency. The display wiil then read:




4.3.2.2 Main Menus

SYNTH FREQ: Selects the synthesizer frequency.

This menuis used to select the synthesizer frequency. The
frequency can be selected from the set provided by using
the softkeys(see Figure 4-3) orcan be entered by using the
keypad. Al frequencies are entered in kHz and must be
between 05 kHz and 15000 kHz. If the user attempts to
enter an out-of-range frequency from the keypad, the
FIREBERD will beep and restore the previous setting
without disturbing the test in progress.

A frequency may have four or five significant digits. Ifthe
first two digits are 16 through 99, four digits may be entered,

Section 4

If the first two digits are 10 through 15, five digits may be
entered.

The soft-key labels for frequency may be changed so that
the user will have the most commonly used frequencies
available at the touch of a button. Auxiliary Function 32
enables the user to program the soft keys 10 the desired
frequencies. The frequencies in Figure 4.3 are the factory
settings.

In asynchronous operation, when the synthesizer is the
generator clock source. the fiequency must be no more
than 20 kHz. In recovered clock operation. it must be no
more than 520 kHz. If the synthesizer exceeds these
freguency ceilings, the FIREBERD wilt indicate a
contention.

SYNTH FREQ

L i T ]

4.8] {9.6] [19.2) 156

64

1544} [2048] 13152 16312 {HELP

Figure 4-3
SYNTH FREQ Menu Tree

INTF SETUP: Sclects and configures the data interface.

This menu is used to select either the internal RS-232
interface or the external interface installed in the rear panel
opening. The menu is shown in Figure 4-4. The soft-key
label <EXTERNAL> will actually be labcled with the

name of the interface installed. When this soft key is
pressed, the external interface will be selected, If there are
configuration menus for that interface, they will then be
displayed. The menu diagrams for the interfaces that have
them are given in the individual interface sections of
Section 8.

INTF SETUP

I

l

|

INT 232 <EXTERNAL>
!
EMLATE
l
l
DTE DCE
| |
Ri CTS
I___L_1 [
| l !
OFF ON OFF ON AUTO
Figure 4-4

INTF SETUP Menu Tree

Rev. D

4-13.



Section 4

TEST INTERVAL: Sclects a test interval.

The test interval can be set to be a fixed interval of time, or
it can be determined by the number of data bits received
{see Figure 4-5). In continuous analysis operation, the test
interval determines the length of cyclic measurements
{e.z.. BER or BPV Rate); non-cyclic results are accumu-
lated indefinitely. In single analysis operation, the
FIREBERD accumulates all results until the test inferval
is complete and stops; no further result accumulations
OCCUTr.

When the TIMED soft key is pressed, the cursor will
appear and the interval can be changed within the range of
I second to 24 hours. The FIREBERD will beep for an
illegal entry and will restore the previous time without
disturbing the testin progress. Once data hasbeenentered,
but before the ENTE R key is pressed, the display changes
from TEST INTVL to SET INTVL to indicate that the
ENTER key must be pressed to implement the setting.

TEST INTERVAL

I

l10t4| [1045] [1.0461 [1047

10410 TIMED

10%8[ [10+9{

HELP

Figure 4-5
TEST INTERVAL Menu Tree

CHAR FORMAT: Selects the asynchronous character
format.

This menu is used to set up the asynchronous character
format for the interfaces (see Figure 4-6). The setings
shown in the menu diagram are applicable when the
TIMING MODE switch is set to the ASYNC position.
The number of data bits, stop bits, and parity bits can be

configured. Al selections can be made using soft keys,
although the number of data bits can be entered by using
either a soft key or the keypad.

HTYER: Configures the jitter parameters and displays
‘spectral analysis.

This function is described in detail in Section 9 {Jitter
Options).

CHAR FORMAT

DATA PARITY sSTOP
| |
L1 | | ! - [ !
8 7 6 5 OobD {1  EVEN NONE |7 1 1.5 2
Figure 4-6

CHAR FORMAT Menu Tree
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PRINT EVENT: enables results printouts based on
particular events,

The PRINT EVENT menu can be set in two basic modes:
DELTA and NORMAL (see Figure 4-7). Note that the
printer must be on for selected events o cause printouts.

Ifthe DELTA softkey is pressed. a Delta printis penerated
attheend of each testinterval. A Delia printis a printout of
those resuits accumulated only during the most recent test
interval. as opposed to being accumutated since testing
began.

If the NORMAL soft key is pressed, several event categories
may he selected to cause a cumulative resulis priut: TIME,
ERROR. SYNLOS. and TESINT. Any time that one of the
selected events oceurs, a results print will be generated.

Section 4

When TESINT is selected, a printout will occur at the end
of each test interval. With SYNLOS, u printout will be
generated when a loss of synchronization oceurs; the printout
results will be from 2 to 4 seconds proceding the synchroni-
zation loss. The ERROR sclection accesses the error printout
menu. A printout may be generated on the eccurrence of
bit errored seconds, block error seconds, BPY seconds,
frame error seconds, CRC error seconds, clock ship seconds,
or jitter hits seconds. Each error printout will be printed at
the end of an error analysis second (E A SEC); therefore,
AUX 03 receiver action on sync Joss may affect error prints.
The TIME selection is used to specify a time interval
for results prints. The user may enter from { to 1440
minutes {24 hours) by using the keypad.

PRINT EVENT

]

NORMAL

I

DELTA

l

TIME ERROR SYNLOS TESINT
OFF | IHELP OFF O OFF ON

i

I

!

OFF |1BIT ERR} {BLK ERR

BPVs

FRAERR CLKSLPH JIT HIT

CRC ERR

Figure 4-7
PRINT EVENT Menu Tree

RECALL/STORE: FIREBERD setup for store or recall.

The FIREBERD can store up to 10 different configurations
{see Figure 4-8). The current configuration mav be saved
by pressing the STORE soft key and then pressing the soft
key for the program’s ID number. A program may be
recalled by pressing the RECALL soft key and. again, the

solt key for the program’s ID number. The program’s ID
number may also be entered by using the keypad.

Once a program has been stored or recalled, the menu will
display “CURRENT PROGRAM: 0~ where “n™ is the
progrant’s 11> number. When the setting of a major switch
is changed. the display will indicaie “LAST PROGRAM™.

RECALL/STORE

I

STORE

(]

]

RECALL

T e

Figure 4-8
RECALL/STORE Menu Tree
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4.3.2.3 Auxiliary Functions

The FIREBERD has several other configurable
functions that are obtained via the AUXILIARY positien
of the MENU switch. The auxiliary function access menu
is shown in Figure 4-9, The LIST soft key enables the
operator to display the name and number of each function.
The FWD soft key moves through increasing numbers;
RVRS moves through decreasing numbers. The SELECT
soft key enters the menu for the displayed function. The
desired menu may also be obtained by entering the function
number from the keypad rather than using the LIST soft-
key menu.

A subset of the auxiliary functions is a group of status-
select auxiliary functions. The status-select auxiliary
functions are shown in Table 4-1. The status settings are
the actual soft-key labels; the setting listed first is the
default setting. A status-select auxiliary function is “in
use”™ when it is set to any other setting other than the
default. When one or more status-select auxiliary functions
are in use, the AUX FUNC IN USE panel label wiil be
lluminated.

The IN USE soft key in Figure 4-9 displays those
status-select auxiliary functions that are not in their defauit
settings.

AUXILIARY
l |
LIST iN USE HELP
| | E l l
FWD RVRS SELECT PAUSE EXIT
Figure 4-9

AUXILIARY Menu Tree

Fev. D



Section &

Table 4-1

Status-Select Auxitiary Functions

FUNCTION

NUMBER

NAME

STATUS SETTING

Generator Clock
Polarity

Receiver Clock
Polarity

Receiver Action
Upon Syne Loss

3ingle Transmit

interface

CGenerator Data
Iaverter

Receiver Clock

Select (Emulate
DCE Only)

Revy, 1

01

02

03

04

05

06

o7

GEN CLK POL

RCVR CLK POL

ACT SYN LGSS

SINGLE TRANS

INTEF CONTROL

GEN DATA INV

RCVR CLK SEL

NORMAL - Clock data phasing is per interface standard.

INVERT - Clock data phasingis the inverse of the interface
standard.

AUTO - Receiver clock data phasing is automatically de-
tected, corrected, and maintained while error analysis isin
process,

NORMAL - Clock data phasing is perinterface standard.
INVERT - Clock data phasing is the inverse of the interface
standard.

CLEAR - Clear all results counters and restart test as
soon as syne is reacquired.

HALT - Frecze all results counters for duration of syne
loss. Test continues as soon as sync is reacquired.
CONT - Continue to accumulate error analysis resuits
while receiver is frying to resynchronize. {Synchronous
and Recovered mode only.)

AUTDIS - Auto sync disable. Continue to accumulate
error analysis resuits but do not try to resynchronize.

OFF - Transmit data continuously.

ON - Transmit one pattern or message only cach time
restart switch is depressed.

F-BERD - The data interface is controlled through the
FIREBERD front panel or through remote control.

INTE - the data interface is controlled through switches
on the mterface. This function appiies only to interfaces
which are abie to be controlled both through the FIRE.
BERID front panel as well as by the interface’s own switches

OFF - Transmitted data not inveried.
ON - Transmitted data inverted.

AUTO - ST (a DCE output) automatically chosen if TT

{a DCE input) is not present at the interface

TT - TT chosen.
ST - 8T chosen.
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FUNCTION

L Qut-of-Band Flow
Control

In-Band Filow
Controi
{Asynchronous
Messages Only)

Sync Loss
Threshold

Printer Select

NUMBER

08

09

10

i1

Table 4-1 (Cont.)

Status-Select Auxiliary Functions

NAME

OUT-BAND
FLOW

IN-BAND FLOW -

SYNC LOSS THR

PRINTER SEL

STATUS SETTING
ABBREVIATION AND DESCRIPTION

OFF — Datatransmission occurs regardless of the status of
signaling leads.

ON—Data transmission can be conditioned upon the recep-
tion of TR, DM, RS, CS, and RR signals.

OFF — Test does not respond to XON and XOFF
characters in the data received, and data transmission is
not affected.

ON — Test set scans the incoming data for XON and
XQOFF characters and responds accordingly. Defaults
XON to I1H and XOFF to 13H.

MED - Declare syn¢loss when 250 biterrors are counted
in less than 1000 bits.

LOW — Declare sync loss when 100 bit errors are counted
in less than 1000 bits.

HIGH — Declare sync loss when 20,000 bit errors are

1 counted in less than 100,000 bits.

AUTO - Select R5-232 first, if no device connected (no
DTR) then send data to IEEE-488,

RS-232 - Select R5-232 only.
488 — Select IEEE-488 only.

4-18
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The following descriptions are for the auxiliary functions other than the status-select auxiliary functions.

FUNCTION

Biock Length

Signal Delay

Program Commeon
Frequencies

Programmable

Patiern

Site Identification

Results Print

Content Selection

Siatus Pring

Helection

Reow, I .

NUMBER

30

31

32

35

MAME

BLK LEN

DELAY

COMMON

FREQ

PATTERN

SITE 1D

RESULTS
PRINT

STATUS
PRINT

DESCRIPTION

Selects the block length. The allowable range is 100 -
1,000,000 bits.

Sets up the FIREBERD for signal delay timing. The start
timing and stop timing signals and edges are selected here.
See Section 6.4 for detailed information on setting up for
delay timing,

Used to program the most commonly used frequencies into
the soft-key settings for the SYNTH FREQ function of the
MENL switch.

Allows the user to program and edit a 3- to 24-bit pattern.
This is the pattern used for the PRCIM positionof the DTA
switch. The order of data bizs transmitied is left to right on
the display. When this function is entered, the pattern
editor is in “exchange”™ mode. Any binary digits entered
will write over the digh atthe cursor. Use the INSERT soft
key to toggle infout of insert mode. In insert mode. digits
are inserted at the cursor without overwriting any others.
Digits may be entered at the end of the patlern m cither
mode. The DELETE soft key deictes the digit at the
cursor. The B and € keys are used 1o position the cursor,
The ENTER key is used to save and implement ali changes
made to the pattern,

Used to enter a site 1D, This ID is included on printouts
and can be used to identify a site when the FIREBERID is
used in a network. The site ) is displayed and printed in
ASBCII characters; however, it must be entered using the
hexadecimal codes for ASCT characters. A hex con-
version table is included in Appendix C.

Used to determine the content of results printouts. STD
selects the standard printout. Table 4-2 shows the standard
printout for each operating mode. The LONG print in-
chudes all applicable results, The CUSTOM print allows
each result to be included (ONY or excluded (OF ). MNote
that each resultis included in the printout only s long as it
is applicable to the operating maode In use ai the time of the
printout,

Each of the status messages can be enabled (ON) or
disabled (GEE ). Whenenabled. the status messape wili be
printed each time the status changes (if the printer is ong.
The status message will not be printed when this function is
disabied.
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Table 4-2

Standard Printouts for Operating Modes

Asynchronous

SITE 1D

Bit Errors

Average BER

BER

Blocks

Block Errors

Character Errors
Error-Free Error Analysis Seconds
Error Analysis Seconds
Time/Date

GEN FREQ

Interface

Pseudoternary Standard

SITE 1D

Bit Errors

Average BER

BER

Error-Free Error Analysis Seconds
% Brror-Free Seconds
Error Analysis Seconds
Time/Date

Violations

Average Violation Rate
Violation Rate

Frame Errors

Average Frame Error Rate
Frame Error Rate

CRC Errors

Average CRC Error Rate
CRC Error Rate

Frame Word Errors
Average Frame Word Error Rate
Frame Word Error Rate
RCY FREQ

GEN FREQ

Interface

Synchronous and Recovered

SITE ID

Bit Errors

Average BER

BER

Blocks

Block Errors
Error-Free Error Analysis Seconds
% Error-Free Seconds
Error Analysis Seconds
Time/Date

RCV FREQ

GEN FREQ

Interface

Pseudoternary Live

SITE ID

Bit Errors

Error Analysis Seconds
Time/Date

Violations

Average Violation Rate
Violation Rate

Violation-Free Error Analysis Seconds
Frame Frrors

Average Frame Error Rate
Frame Hrror Rate

CRC Errors

Average CRC Error Rate

CRC Error Rate

¥rame Word Errors

Average Frame Word Error Rate
frame Word Error Rate

RCV FREQ

GEN FREQ

Interface

Rev. D



Printout Format

RS-232 Printer/
Controlier Setup

{EEE-488 Printer/
Controller Setup

User Message
Selection

Rev. D

37

38

39

PRINT FRMT

232

488

USER MESBAGE

Seaction 4

Used to change the format of the printouts. The COLUMN
soft key is used to change between 20, 40, and 80 columns,
The MODE soft key is used to change between COND
{condensed) and NORM (aormal). LAYQUT seiects be-
tween FWD (forward) and BACKWD  (hackward).
BACK WD should be selected with the PR-2000 20-column
printer. FWD should be used for CRTs and the PR-85 80-col-
umn printer. Further descriptions of the settings can be found
in Section 7.
Used to configure the R5-232 printer/remote controller
mote controlier interface. The display for this lunction
appears as:

232: bbbb,d,pppp.titt,x
where bbbb is the baud rate: -

110, 300, 600, 1200, 2400, 4800, 9600.

d is the number of data biis;
7, 8.

pppp 1s the parity:

ODD, EVEN, NONE.
tett is the line terminator;

CR (cariage return), LF (line feed), or CR LF
{both).

x is the print speed:
5 {slow}) - print no more than 20 characters per second.
F {fast) - print at full baud rate.

The S (slow) setting is recommended for the PR-2000
printer.

Used to configure the IEEE-488 printer/remote control
interface. The dispiay for this function is:

488: aaaa,sss, it x

where aaaa is the address or TALK ( this shows the current
setting of the DIP switch on the IEEE-488 option and is
not configurable from the front panel).

335 is the service request setting:
ERR (error), DAT (data).

ttit is the line terminator
CR (carrizge return), LF (line feed). CR LF (both).

x is the print speed:
S{slow} - print no more than 20 characters per sccond.
F {fast) — print at the full transfer rate.

Allows the sclection of one of three eser-defined messasess
for the USER positon of the DATA switch. The selected
message can then be edited, The characters are entered in
hex from the keypad. The® and < keys position the cursor,
Note that in hex. 2 digits are required to define a characier
therelore, the curser ks 2 digits wide, The INSERT key is
wsed b togele in/out of Insert mode. When not in insert
moede (when in exchange mode), the characler ontered

oo ihe

averwrites the character al the cursor In inser
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Characters may be added at the end of the message in
either mode. The DELETE soft key deletes the character
at the cursor. After editing, the ENTER key must be used
to save and implement the message. Messages may be
from 1 to 225 characters long.

Recall Pre-Syne 42 PRE SYNC Accessing this function will cause the results from 2 to 4
Loss Results LOSS saconds preceding the most recent sync or power {oss to be
transferred to the results display buffer. An automatic
display hold will be performed. If the printer is on, these
results will also be printed out, If no sync or power loss has
occurred since the fest started, the message “Neo sync
losses” will be displayed.

Clear Nop-Volatile 43 : {CLEAR Used fo clear the configuration of the FIREBERD and all
RAM Settings NOVRAM stored programs, patierns, and user messages. The FIRE-
' BERD will prompt the user to verify this operation twice
before it is performed. All of the settings will be reset to the
factory preset values.

Histogram Setup 44 HISTOGRAM 1lsed to select the resuts to be graphed and the scale fo be
' used for histogram plots. See Section 7 for details on the
~ histogram printout.

Time/Date Set 60 TIME/DATE Used to set the FIREBERDs clogk/calendar. The display
will show:
HHMM:00 DD/MM/YY

The cursor should be positioned under the field to be
changed and the digits entered from the keypad. Al or part
of time/date may be modified. 'The hours are in 24-hour
format and range from 00 io 24. ENTER 15 used to im-
plement the setting, Setting the minutes will automatically
set the seconds to 00

Clear Status Select g9 CLEAR FUNC Used to reset all of the status-select auxiliary functions
Functions in Use N USE {Table 4-1) to their default states. This will extinguish the
AUX FUNC IN USE panel label.

4.4 RESULT CATEGORIES

These are the categories.and results available by using the ANALYSIS RESULTS switches. This listing shows the

resuit abbreviation and the full name of the result. A detailed description of each result is included in Section 5.5.

ABBREVIATED
CATEGORY RESULT NAME FULL RESULT NAME
ERRORE BIT ERRS Bit Errors
AVG BER Average Bii Error Rate
BER Bit Error Rate
BLOCKS Blocks
BLK ERRS Block Errors
AV BLER Average Block Error Rate
CHARFERR Character Ervors
CLE SLIP Clock Slip
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CATEGORY

PERFORMANCE

TIME

T-CARRIER

SIGNAL

ALARM

Rev. D

ABBREVIATED
RESULT NAME

% ACT SEC
% AVIL SEC
% DEG MIN
% EFS

% SES

% SVS

% SYN SEC
% YFS
AVYL SEC
DEG MIN
EFS

ERR SEC
SES

SIGL SEC
SVS

SYNL SEC
UNA SEC
VFS

ERR EAS

E A SEC

E F EAS
ELAP SEC
TIME
DATE
BPVs

AVG BPVR
BPV RATE
VF EAS

% VF EAS
RCV CODE
FRA ERR
AVG FER
FE Rate
FRA LOSS
CRC ERR
AVG CRC
CRC E Rt
FWERR
AVGFWER
FW E Rate
ISECCRC

DELAY
MAX JITR
ISECIJTR
JTRHITS
% MASK
RCV FREQ
GEN FREQ

SYN LOSS
DATLOSS
CLIK LOSS
S1G LOSS
YEL SEC

Section 4

FULL RESULT NAME

% Active Seconds

% Available Seconds

% Degraded Minutes

% Error-Free Seconds

% Severely Errored Seconds
Y% Severely Violated Seconds
% Sync Seconds

% Violation-Free Seconds
Available Seconds

Degraded Minutes
Error-Free Seconds

Errored Seconds

Severcly Errored Seconds
Signal Loss Seconds
Severely Violated Seconds
Sync Loss Seconds
Unavailable Seconds
Violation-Free Seconds

Errored Error Analysis Seconds
Error Analysis Seconds

Error-Free Error Analysis Seconds
Elapsed Seconds

Time

Date

Bipolar Violations

Average Bipolar Violation Rate
Bipolar Violation Rate
Vioiation-Free Error Analysis Seconds
% Violation-Free Error Analysis Seconds
Received Code

Frame Errors

Average Frame Error Rate

Frame Error Rate

Frame Sync Losses

CRC Errors

Average CRC Error Rate

CRC Error Rate

Frame Word Error

Average Frame Word Error Rate
Frame Word Error Rate

One Second CRC Errors

Delay

Maximum Jitter

I Second Iitter

Jitter Hits

Maximuwm % of Mask
Receiver Clock Frequency
Generator Clock Frequency

Syac Losses

Receiver Data Losses
Receiver Clock Losses
Receiver Signal Loss
Yellow Atarm Seconds
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XS0 SEC Excess Zero Seconds
C-D CHA Receiver Clock-Data Phase Changes
PWR LOSS Power Losses
AIS SEC AIS Seconds
4.5 REAR PANEL GEN CLKIN

Al connections to the FIREBERD 6000 arc made
on the rear panel: data interface modules are also installed
in a slot in the rear panel. In addition to the test points and
BNC connectors which provide access to signals and ars
discussed in the following sections, several other faatures
are accessed through the rear panel, Figure 4-10 shows the
FIREBERD 6000 rear panel.

Remote Conirol or Printer

A standard feature of the FIREBERD 6600 is remote
control via the built-in RS-232 interface. This connectoris
a fernale 25-pin D connector configured as DCH. Com-
munication is asynchronous at a rate set using Auxiliary
Function 38. This R5-232 portis also used for connection
to a printer for obtaining hard copy of results and messages.
Remote control via the optional IEEE-488 (GPIB) inler
face is possible by installing the IEEE-488 module in the
slot below the data interface module slot on the rear panel.
Auxiliary Function 39 is used to configure the HIEE- 483
Printer/Controller interface,

Fuse and Voliage Selector

The voltage selector is a small card near the power

plug that is removed, rotated, and then replaced with the -

appropriate voitage showing. Any time that the voliage is
changed, the fuse must be replaced with ancther fuse of the

proper style and rating, See Section 2.5 for detailed in-

formation on voitage selection and fuse replacement.

Fan

A fan mounted on the rear panel aliows proper cooling
and ventilation of the internal components. The fan is
abways in operation when the FIREBERD itseif 15 on: the
fan cannot be operated independently. The fan is protected
by a screen which should be checked periodically for dirt
or blockage, See Section 12 for instructions on fan screen
maintenance.

451 BMC Connactors

Elp o four BMC conneciors are mounted on the rear
panel. These connectors are GEN CLEK OUT, GEN
CLE M, JFTTER MOD IM, and DEMOD JITTER
OUT. Fach of these connectors is described below,
GER CLE OUT

This con

ector provides a buffered version of the gen
sk signal This outputis a TTL signal capable of
50-ohm load.

eratis
driving 4

424

Aln external clock source may be used by connecting the
clock source to the GEN CLK IN connector and setting

© the FIREBERD front panel GEN CLK switch o the

BNC position. The FIREBERD accepts a sine- or square-
wave signalofatleast 1.5 volts peak-to-peak from 50 Hz to
15 MHz. This BNC inpui has a built-in 50-ohm termination.

JITTER MOD IN

This connectoris used only when the DS Jitter Generation
optionsinstalled inthe FIREBERD and the DS 1/D4/Fe
Diata Interface is used. Any signal presented to this con-
nector may be selected to jitter the transmitted T1 signal
correspondingly. Sce Section 9 for further information on
the jitter options.

DEMODR JITTER QUT

This connector is active only when the D581 Wideband
Jiter Measurement option is instalied in the FIREBERD
and the D51/D4/Fe Data Interface is selected. The jitier

" on the received T1 signal is extracted and is provided at

this connector for monitoring. This output can drive a 50-
ol load, and 1s calibrated at 10 unit intervals per voit.

4.5.2 TestPoinis

A variety of iest points are provided for measurement
and synchronization purposes. Test point inputs and out-
puts are at TTL level, where alogic low is less than or equal
to (0.4 volts, and a logic high is greater than orequalto 2.4
yolts.

RCVR CLK

This TTl~level output is a buffered version of the clock
used by the receiver section of the instrument. Under
normal circumstances. the data of the RCYR DATA test
point is valid on the rising edge of the RCVR CLK signal,
‘This output is not valid with asynchronous timing.

RCVR DATA

This TTL-ievel output is a buffered version of the daia
being sent o the FIREBERDYs recelver. A logie high
represents a received Mark; a logic low represents z received
Space.

GEN CLK

This TTL-level cutpui is a bulfered version of the clock
used by the generaior section of the instrument. Tinder
normal circumstances, the date at the GEN 13ATA test
poini 1s valid on the rising edge of the GEM CLE signal.
This outpat 15 not vatid with asynchronous timing,
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GEN DATA

This TT1L level output is a buffered version of the gen-
erator data being sent to the data interface. A logic high
represents a transmitted Mark: a logic low represents a
transmitted Space.

GEN PATT SYNC

This TTL-level output provides a one-bit-wide, high-going
pulse once per generated pseudorandom pattern. For ex-
ample. it the DATA switch is setto the SEI position, ong
GENPATT SYNC pulse will occur every 31T generator
data bits. 1fthe DATA switch is set 1o the PRGM postion,
one pulse is provided for every repetition of the 3- 10 24-bil
pattern. I the DATA switch iz set te the MK or 11
positions. one pulse is provided every 24 generator data
bits. This output is not valid with asynchronous timing,

RCVR PATT SYNC

This TTL level output provides a one-bit-high, high-going
pulse once per received pseudorandom pattern after the
receives hus achieved synchronization. I synchronization
s achwved 0 a PRGM pattern. one puise is provided for
cach repetition of the 3- to 24-bd pattern, I synchroniza-
tion Is achieved to o Muark or 1:1 pattern, one pulse is
provided every 24 received data bits. This output is not
valud with asynchronous timing.

ERROR

This TTL-level output provides a half-bit- wide pulse each
time anerroris detected in the received data. This output is
nol valid with asynchronous timing,

This TTE-level output will be at a logic low whenever the
recetver s notin synchronization with the received pattern,
and will be at a logic high when receiver synchronization
has been achieved. This outpul is not valid with
asyachronous timing,

DELAY START

Tois TT level input can be selectsd via Awxiliary
Function 3 (using the TP soft key) as the delay start-of
measurement signal. Bither the rising or falling edge of the
signal may be selected,
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DELAY STOP

This THi-level input can be selected via Auxiliary
Function 31 {using the TP soft key) as the delay end-of
measurement signal. Either the rising or falling edge of the
signal may be selected.

Z

This output is reserved for future use.

This test point is connected 1o signal ground.

4.6 BUILT-IN RS-232 INTERFACE

The built-in RS- 232 data interface has two female
25-pin 1) connectors for separate DTE and DCE operation.
The top connector is a DUCE connection and therefore
conpects toa DTE unit undertest. The iower connectoris
a DTE connection and connects 1o a DCE unpit under test,
Either synchronous or asynchronous tests, as well as re-
covered tests (if the Clock Recovery option is installed),
may he performed.

The built-in R5-232 Data Interface is described in detail in
Section 8.2,

4.7 TONE GENERATOR

The FIREBERD presents three distinct asudible
signals: they are listed below with the events that trigeer

them. The audio level of the tones can be adjusted with the
VOLUME control

Short single-tone beep
- Invalid keypad entry
—- Errored second when ERR EAS or BIT
ERRS is displayed.
Two-tone beep
----- Loss of synchrontzation

Three-tone heep
- Completion of a test interval when BER Iy
dispiayed.
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SECTION 5
FUNCTIONAL DESCRIPTION

5.1 INTRODUCTION

This section describes the FIREBERD 6000°s error
analysis, timing analysis, and signal analysis capabilities as
well as the various modes of operation avaitable. The error

analysis section specifically imcludes a description of

methods of operation, data generation, and receiver func-
tions. The discussion of timing analysis includes a descrip-
tion of the clock detectors, the FIREBERD s synthesizer,
and frequency measurement: the segment on signal analysis
discusses delay measurement. Section § also includes a de-
scription of the analysis resulis available, in what modes
and with which interfaces specific results are obtained, and
the methods in which results may be accumulated. The final
part of the section describes the timing modes available for
use with the FIREBERD 6000,

5.2 ERROR ANALYSIS

As used in this manual, the term Yerror analysis™ refers
1o the FIREBERD 6000 s ability to recognize various incom-
ing data patterns and to unalyze these patterns for incorrect
duta polarity. bit errors, data Josses and, in cerlain cases,
clock Josses, clock slips. character errors, T-Clarrier framing
errors. and hipolar violations. Most of these results are
counted and available to the wser through the front pancl
display und/or optional printer. Some of the resulis are cor-
related with time and posttion in the incoming data stream
1o yvield more refined information such as bit ervor rate and
counts of block errors and error-froe seconds.

In contrast to timing analysis (Section 5.3) and signal
analysis (hection 5.4). most of the crror analysis functions
cagy only be performed when the mcoming data pattern is
one of the patterns recognized by the FIREBERD; most of
the error analysis results are not available when the FIRE-
BERD 15 monitering “live” data traffic. Timing and signal
analvsis results are not restricted in this way.

5.2.1 Methods of Operation

Buring normal systern testing. clock and data outputs
from the FIREBERID 6000"s vencrator drive the system
under test, and clock and duts stgnals Trom ihe sysiom wnder
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test are supplied to the FIREBERD s receiver inputs. Truns-
mission and reception of data occur continuousty and inde-
pendently. This method of operation is referred to as tull
duplex. Full-duplex operation is availabic in all timing
modes and at all FIREBERD bit rates,

Fuil-duplex operation of the test set provides tor trans-
mission 10 be temporarily halted through the wse of n-band
or out-of-bund flow control. Whenever transmission s re-
sumed after a flow control initiated halt, the outgoing data
patiern continues from the precise point at which 1t was

halted.

In-band flow control. available only for use with usyn-
chronous messages, makes use of user-programimahle XON
and XOFE characters imbedded in the received duata strewm.
The FIREBERD will not respond to in-band [Tow control
characters unless specifically instructed to do so by activa-
tion of Auxiliary Function (9.

Out-ot-band flow coatrol makes use of interfuce sig-
naling leads to control data transmission and may be used
regardless of data type or timing. 1t s normually disabled so
that the FIREBERD will transant unconditionally, but Aux-
iliary Fanction 08 allows the wser to specity that ceriain
signaling lines must be in the ON stute for transmission to
take place. In either DTE or DUE emulation, data transmis-
ston niay be conditioned upon the ON state of any or all of
the foliowing signaling leads: DR (TR). DSR (DM), RTS
{R&) CTS (C5). and RLSD (RR).

Auxiliary Function 04 (Single Transmit) also affects
data transmission in full-duplex operation. This auxiliary
function allows transmission to be sutomatically halted after
one complete pattern or message 15 sent. When this single
transaussion function is cnabled, one complete pseudoran-
dom pattern or message is sent cach time the FIREBERD s
front panel RESTART switch is pressed. Pattern lengths for
Muark and 10t data are considered to be 24 bits for synchron-
ous operation and approximately 1000 bits (see section

5.2.2.5) tor asyachronous operation. This auxiliary function
ts avaitable in all tming moedes and at all FIREBERD 6000
bit rates.

As an alternative to full-duplex operation. the FIRE-
BERD's 5k SOOP switch may be used to select self-joep
aperation, in which the outputs of the clock und data tine
drivers are looped buck to the inputs of the clock and data

receivers on the instatled data interfuce or the built-in BS.237
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mierface. This method of operation completely isolates the
clock and data drivers and receivers from the interface con-
nector, aliowing self-loop testing to he performed without
disconnecting the FIREBERD from the system under test.
Sclf-loop operation is useful for verifying proper instrument
setup and operation as well as for checking operation of the
instafled data interface at the selected data rate. Data is
continuously transmitted and received in setf-foop operation
regardless of the status of any interface signaling leads or
whether the Single Transmit auxiliary function is selected.
Both in-band and out-of~band flow control are disabled dur-
ing self-loop operation so that data generation is performed
unconditionally. Note that selection of self-ioop operatien
does not cause interface signaling leads to be looped. Both
connected to the system under test. In self-loop operation
all available error analvsis results are exactly the same as
for full-duplex operation.

5.2.2 Data Generation

The FIREBERD 60007s data generator provides fixed
patterns, pscudorandom patterns, and messages. These pat-
terns and messages, as well as a detailed discussion of the
FIREBERD s data generation capabilities, are discussed in
the following sections.

5.2.2.1 Fixed Patterns

Three types of fixed patterns may be selected for use
with the FIREBERD 606(:

@ continuous Mark

® ulternate Mark and Space

® 3o 24-bit. user-programmable, repeating pattern
(This pattern is entered wsing Auxiliary Function
33 and is further described in Section 4.3.2.3)

5.2.2.2 Pseudorandom Palterns

Seven different pseudorandem  patterns  may be
selocted for use with the FIREBERD 600G:

63 (21
SIE (21
2047 (2'-h)
201

20

'2..3."7]

QRSS

e % ® & & @ @
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Each pseudorandom pattern 15 a maximal length sequence
generated from o feedback shift register of length *n” (n =
6, 9. U1, 15, 20 or 23). The generated sequence repeats
every 2°1 bit periods, and has the property thai no more
than “n” sequential ones (Marks) or “n-17 sequential zeros
(Spaces) will ever ocecur.

A Quasi-Random Signal Source (QRSS) patlern is
also provided. This pattern is derived froma 2= 1 pseudoran-
dom pattern and is modified to have no more than 14 con-
secutive zeres, This allows the FIREBERD 6000 to be com-
patible with and operate with test sets used exclusively for
T1 testing.

5.2.2.3 Messages

Four different messages are pro'vided by the FIRE-
BERD 6000: a FOX message and three user-programmable
MESSRIES.

A FOX message is available for asynchronous trans-
mission only in four different code levels. The specific code
used by the test set in generating the FOX message is deter-
mined by the number of data bits as follows:

Number of Data Bits Code
5 ‘Baudot
6 BCDIC
7 ASCIH
8 EBCDIC

The FOX message takes this form: THE QUICK BROWN
FOX JUMPS OVER THE LAZY DOG 1234567890 (CR)
(LF).

The user-programmable messages, which are provided
when the DATA switch is in the USER position, are selected
via Auxiliary Function 41. These messages may be program-
med through the FIREBERD 6000°s keypad and may have
a ‘maximum length of 255 characters each. (See Section
4.3.2.3 for further information on Auxiliary Function 41.)
For message entry purposes, ecach message character is rep-
resented by two hexadecimal digits. Messages may also be
entered in ASCH through a dumb terminal or other remote
controller.

When a user-programmable message is entered into
the test set’s memory, only the data bitg of each character
are stored. This leaves the user free to select the code level,
parity, and number of stop bits cach time a user-programm-
able message is chosen for transmission. When the code
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level is set to 5. 6. or 7, the 5, 6, or 7 least significant bits
of each hex characier pair are transmitted . The hex character
pair is transmitted in its entirety when an 8-level code is
chosen,

52.2.4 Data Generation With
Synchronous and Recovered Timing

All of the fixed patterns and pseudorandom patterns
are avaijable with synchronous timing as well as with reco-
vered timing (if the Clock Recovery option is installed; see
Section 5.6 for more information on the option). Messages
arc not available with synchronous or recovered timing. The
data generator’s output may be inverted through the use of
Auxiliary Function 06, With synchronous timing. the
mreximum data rate is restricted by the interface selected by
the user. With recovered timing, the maximum data rate is
restricted to the lesser of (1) the interface selected by the
wser or (2) 320 khys.

5225 Data Generation With Asynchronous Timing

Alt of the fixed patterns, messages, and pseudorandom
patterns, with the exception of the 2%-1, 2°-1 and QR3S
patterns. are available with asynchronous tming. 13ata gen-
cration and reception rates are restricted to a maximum of
20 kb/s with asynchronous timing.

In asynchronous operation. all transmitted data is
framed with start and stop bits to put it into character format.
The user may select each of the following parameters to
determune the specific format of each character; this selectdon
s made using the CHAR FORMAT function of the MENU
swilch.

Parameter Selection
Number of Data Bits 5.6.7.8
Number of Stop Bits 1.1.5,2

Parity Odd. Even, None

Each asynchronous character is trunsmitied in the fol-
fowing order: start bit, data bits. parity (optional), stop bitfs).
The start bit is normally a Space, and the stop bits are
normally Marks. When pseadorandom or {ixed pattern data
is sent. the transmitted order of the data bits is exactly the
same #s when syachronous o recovered fiming is chosen
With asynchronous messages. the data bis of cach character

Rev. D

Section 5

are sent in order of increasing significance, the feast signif-
icant bit immediately following the start bit. In all cases in
which a parity bit is sent, this bit immediately {oltows the
most significant information bit and inmediately precedes
the stop bit(s).

As discussed in Section 3.2.2.3, the FOX mussage
and the user-programmable messages are availuble Tor asyn-
chronous transmission. When operating in Asvnchronous
Single Transmit mode, generated pattern fengths are adjusted
to facilitate transmission of character formatted data. (Mes-
sages are not affected since they are entered in character
format. One full message is always transmitted in Singie
Transmit mode. No more. no less.) FThe pattern length for
Mark and 1:1 patterns vanes with the selected characier size
as follows: '

Data Bits/ Characters # Bits
Charactey Transmitted Transmitted
3 200 000
6 167 1002
7 143 i)

B 125 CH00

Pseudorandom patierns are transmitied completely. Charac-
ters are filled with the pattern data consecutively. If there
are not enotgh pattern bits remaining to 18 the last character,
bits are added from the beginaing of the pattern to §ifl the
character.

With all fiming modes, the data generator’s output
may be mverted through the wse of Auxiliary Function 06
With asynchronous timing. start, stop. and parity bits are
mverted along with the data bits.

5.2.3 Receiver Functions

The FIREBERL 6000°s receiver is that portion of
circuitry and software responsible for recognizing and syn-
chronizing to incoming data patterns. The receiver provides
mtormation such as data polarity and indications of syn-
chronization and data losses. Two types of resuits— standard
results and live results——are also available: these resulis are
further discussed in Section 3.5, The receiver accepts all of
the data patterns and messages Listed in Section 5.2.2 with
the same timing and speed restrictions as the data generator,

5.2.3.1 Standard Resuits Mode

Once the receiver has successlully synchronized to
the received data, the front panel SYNC indicator 1x iHumi-
nated and error analysis heging. When using psewdoternary
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interfuces, the Standard results mode accommodates the
measurement of bipolar violations (BPVs) and other code-
specific results on incoming duta that is-of the type selected
by the DATA switch. The following sections discuss how
these results are affected by a loss of synchronization.

3ync Acquisition

The FIREBERD altempts fo acquire synchronization
automatically, using its awtopolarity and receiver clrcuits.,
The autopotarity circuit is used {0 antomaticatly correct any
data inversion occurring in the system under test, und the
receiver circuits synchrouize to and detect any errors oceur-
ring i the received data stream. '

The setting of the FIREBERD s front panel DATA
switch determines what data pattern is expected by the FIRE-
BERD’s receiver. Under normal operating circumstunces,
the recerver will net even momentariy declare synchroniza-
tion to any patlern other thap that selected by the DATA
switch, even in a high bit-error-rate environment,

In synchronous and recovered timing operation, the
FIRERERD s receiver will declare synchronization to fixed
pattern data (Mark - L2 1 and 3410 24-bit, user-programmabie,
repeating) when it has received 30 consecutive bits without
any errors, For pseudorandom patferns, synchronization is
declared upon the reception of 30 + n consecutive ervor-free
bits for a pattern length of 2% ¢for the QRSS pattern,
n=20). The recover wil declare synchronization o asyn-
chronous fised patterns and message data when it has re-
ceived 10 consecutive characters without any errors.

Synchronization Loss

The FIREBERD 6000°s receiver will ‘declare a loss
of synchromization upon the occurrence of any one of the
following events:

I, High error rate in received data. In syachronous
and recovered thming operation. synchronization
will normaliy be lost when 250 bit errors are
counted in less than HO0 bits of data. Auxiliary
Fanction 16 (Sync Loss Threshold) may be used
to decrease this threshokd 10 100 ervors in less than
1000 bits o1 to increase i 1o 20,000 errors 1o less
than FOG.O000 bats. Auta syne disable 1s also ofterad
tor applications where this high sync loss threshold

is stitt not high enoungh (see section labeled Resyn-
chronization}, In asynchronous operation, sync
will be lost when 30 errored characters are re-
ceived in 60 or fewer characters of data.

2. Loss of received data. With synchronous and reco-
vered timing, a data loss - will be declared when
duta being clocked into the receiver does not change
state for 61 bit periods. {The data Toss detector is
automatically disabled upon the selection of Mark
data, as well as for fixed patterns whach are all
Mark or all Space.) In the Asynchronous timing
mode. a loss of received date will be declared when
no characters have been received for 10 seconds,
Whenever the FIREBERD 6000 loses synchroniza-
tion as a direct result of a data loss, the DAT LOSS
count is incremented and "DATA LOSS XXX
will immediately precede the SYNC LOSS printout
whenever an enabled printer is connected, where
XXX represents the count of data losses since the
beginning of the test.

3. Loss of recelved clock. With synchronous timing,
the absence of high-to-low state fransitions on the
received clock Hne for a period longer than 50
milliseconds will cause a clock loss to be declared.
Whenever the FIREBERD loses synchromzation
as a direct result of a clock loss. the CLK LOSS
count will be dncremenied snd “CLOCK LOSS
XXX will immediately precede the SYNC LOSS
printout whenever an enabled printer is connected,
where XXX represents the count of clock losses
since the beginning of the test,

Whenever a sync loss cccurs, the FIREBERD s front
panel SYNC indicator goes out and the red SYNC LOST
indicator 1s Hlununated. Afier it is Jluminated once, the
SYNC LOST indicator remains iHluninated regardless of
sync status until it is manually reset or until the test is
manually restarted. The purpose of this indicator is to inform
the user that feceiver synchronization has been lost at some
time since the start of the test.

Whenever a printer or controler i connected to the
FIREBERD, “S5YNC LOSS XXX7 will be printed on the
cocurrence of each synce loss (provided that the front pancl
PRINTER switch is set to ON and the SYNC LOSS status
message Is enabled through Auxiliary Function 36), where
XXX represents the count of syne losses since the start of
the test. Mote that data losses, clock losses, and syne losses
are numbered independently on the printout even though
data losses and clock osses always cause a svne loss to be
declared.
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Pre-Synchronization-Loss Results

The FIREBERD allows the user to recall the set of
iest results immediately preceding the most recent syne loss
in the Standard results mode with any type of data interface
tregundless of the setting of Auxifiary Function 03; see see-
tion labeled Resynchronization). In the Live Traffic mode,
the test results immediately precedie the most recent line
stgnal foss are available mstead. For cither mode, this sesulis
recull s cffected by activating Auxiliury Fuaction 42 (Pre-
Syne Loss Results), which will cause a complete set of
results preceding the most recent sync oss to be presented
i the display. Auxiliwry Function 42 also initiates an au-
tematic display hold, allowing the user to scrodt through the
pre-sync foss results asing the CATEGORY and RESULT
switches. The current results may be returned 1o the display
af any time by pressing the DISPLAY HOLD switch. Ac-
pvating Aoxiliary Funcion 42 will also initiate a titted pring-
vut of these results: this prirtonr will include the time at
which the printed results were stored.

Auxiliary Fanction 42 also allows access to the st
results immediviely preceding a loss of ac line power to the
FIREBERD. Since o common results bufler is shared be-
tween pre-sync-loss results and pre-power-loss results, the
auxilivry function gives the user access only (o the resuits
proveding the most recent syne loxs or the most recent power
loss. whichever occurred last. Printouts initiated by activa-
Hon of the guxiitary function wilth indicate whether the printed
resulis preceded a syne foss or a line power {ailure, The
pre-syne-loss results are always cleared upon a manual test
restart of uny kind. Activation of the auxiliary function
before a syne loss or power futlure occurs will cause the
messiuge UNo syne losses™ 1o appear in the menu display

In addition to manual recall of the results preceding
the most recent syne loss or power faiture. the FIREBERD
tmay be instructed 1o automatically print these results after
cuch such event If a printer is connccied fo the test set. This
may be done through the PRINT EVENT function of the
MENU switch. See Section 4.3.2.2 for more infermation
on the PRINT EVENT function.

Hesynchronization

Under normal circumstances. as soon as the FIRE-
BERD S receiver loses synchronization (o the incoming data
it immediately beging trying to resynchronize. Auxiliary
Function (13 (Receiver Action Upon Syne Lossy allows the
user to decide what happens 10 the various error analysis
counts and resulis provided by the recaiver when a syne
loss occurs, When the awahary Tunction s sel o CLEAR
(the “narsad ™ selting). a syne loss causes @l accumulated
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error analysis results to be clearcd and the test to be automat-
ically restarted.

NOTE: Performance analysis results will not be cleared
in CLEAR mode.

Setting Auxiliary Function 03 1o HALT causcs error
anatysis results accumulation © be suspended for the (ull
duration of the syne toss and resumed upon reacquisition
of sync. When this auxiliary lunction is set o HALT. sync
fosses will affect the real-time duration of the specific test
mterval in which they oceur 1f the wst Interval s specified
tn terms of the aumber of bits. This is because in the Halt
mode the accumulation of sl error analysis resulis, including
the count of bits, 18 suspended during @ syne loss, In effoct,
the test interval is specified in terms of the number of bits
of received data on which error analysis was actuaily per-
formed. Test intervals specified in terms of tme are not
affected by sync Josses except in the Clear mode, in which
4 sync loss/syne acquisition cyele causes the test interval
timer to be resturted along with the counts of al error analysis
results.

As & third aiternative. results accumulations miay be
allowed 1o continue while the receiver is in the process of
resynchronizing 1o the incoming data by setting the auxiliary
function to CONTINUE. Inthis mode. errors will be counted -
at a BER of approximately 0.5 while the receiver is trying
to resynchronize. The Continue mode s not available in
asynchronous timing.

Finally. the receiver may be prevented from resyn-
chronizing by setting the auxiliary function o AUTDIS
(Auto Sync Disable). This allows the results accumuiations
to continue after sync loss declaration and prevents the re-
ceiver from attempting to resynchronize to incoming data.
This mode is particutarly useful in a high bit-erroe-rate en-
vironment. Auto Sync Disable mode is not available in
asyachronous timing.

52.3.2 Live Resuits Mode

As an alternative 1o the Standard results mode, certain
code-specitic information may be obtained on any duta pat-
tern (ncluding “live™ datay by selection of the Live Traffic
results mode, which is accessed through the INTF SETUP
function of the MENU switch. The FIREBERIY s receiver
is disabled in this mode and only those results thai do not
require receiver synchronization to the incoming data are
provided. All available results begin accumulating as soon
as stgnal presence is detected at the receiver’s input. Resuits
accumulation is suspended during subseguent periods of
line-signal loss and resumed when signal presence is again
detected. In Live Teaffic mode, the SYNC and SYNC LOST
indicators are used to indicaic signal presence and signal
loss, respectively.
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5.3 TIMING ANALYSIS

53.1 Inverted Clock Delecior

The mverted clock detector determines if the phase
relationship between the receive clock and data is correct,
It the clock is inverted with respect to what is specified for
the data interface, the front panel CLK INV indicator will
fight. This detection only takes place when the unit is in
synchronous timing operation. Auxiliary Fuaction 02 (Re-
ceiver Clock Polarity) does not atfect the operation of the
inverted clock detector,

5.3.2 Clock Activity Detectors

Ciock activity detectors operate on both the transmitter
and receiver clocks to indicate when transitions are not pre-
sent. I there is no transmitier ¢lock detected, a red LED
inside the GEN CLK switch will be illuminated to warn the
user. M there is no receiver clock detecied, the NO CLK
indicator on the front panel will be iifluminated.

5.3.3 Receiver Clock Slip Detector

A clock slip occurs when the received data has
“moved” forward or backward with respect to the accom-
panying clock signal, To avold counting bit errors direcdy
resulting from a clock slip. bit errors occuring in the 30 bits
sarrounding the clock slip are not counted. This scheme
leaves 80-bit holes in all of the test results surrounding the
occurrence of cach clock slip.

5.3.4 Frequency Synithesizer

The FIREBERD 6000 contains a user-programmable
frequency synthesizer that aliows the FIREBERD to operate
at any data rate from 50,00 Hz 1o 15.000 MHz. This ad-
vanced feature provides the flexibility to test at non-standard
data retes and also {0 stress system performance by running
at frequencies that ase offset from the nominal. Section
4.3.2.2 describes how the synthesizer 1s controlled.

5.3.5 Frequency Measuremenis

Frequency measureiments are performed on both the
gencrator und receiver clocks and are displayed i the 51G-
WAL category of fhe ANALYSES RESULTS block. The

measuremants are made over a 1-second interval and have
an accuracy to within =5 ppm %1 count (optionally = 1
ppm > | count) of the reading. The displayed frequency is
given in hertz (Hz) with a resolution as shown in Table 5-1,
With asynchronous thming, only the generator clock {or
baud rate) is measured. There is no receiver baud rate mea-
surement providged.

Table 5-1
Frequency Range and Corresponding Resolution

Frequency Range Resolution
greater than 99,9999 kHz 1 Hz
10,0000 kHz 16 99,9999 kHz 0.1 kHz
1.00000 kHz t0 9.99999 kHz 01 kHz
fess than 1.00000 kHz 001 kHz

5.4 SIGNAL ANALYSIS

Signal analysis includes delay measurement and jitter
measurement, Delay measurement is discussed below; jitter
measurement is discussed in Section 9.

A delay measurement can be performed that measures
the time interval between two user-selectable events. These
events include rising or falling edges of signaling leads
(DSR, CT5, RTS, etc.). the transmitted or received data,
pattern sync signals, or user-supplied signals from rear panel
test points,

The start-of-measurement and end-of-measurement
signals can be set independently using Auxiliary Function
31. See Section 6.4 for a list of the signals and instructions
for using the suxiliary function. The range of measurement
is from 0 to 2999 9 milliseconds, with a resolution of (.1
millisecond.

By looping back the remote end of a test channel and
measuaring the delay between the generator pattern sync and
the receiver pattern sync, the round-trip delay can be ob-
tained. Ome delay measurement is set up, or “armed,” by
pressing the BESTART switch, whereupon the result display
is blanked. After the measurement takes place, the result is
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displayed and the RESTART switch must be pressed again
o re-arm for another measurement,

5.5 ANALYSIS RESULTS

Fhe FIREBERD 0000 offers a range of ervor analysis
results i various measurement configurations. Results may
be oblained in two modes. Standard and Live, depending
on the data interface in use. The Standard mode of resulis
i available for both pscudoternary und non-pscudoternary
interfaces while, in general, only pseudoternary interfaces
specifically designed for use with the FIREBERID 6{K)) can
obtain results 1n the Live mode.

5.5.1 Stiandard Analysis Resuits

Measurements in the Standard results mode require
recetver synchronization to obtain meaningful results. Syn-
chronization is achioved when the duta pattern selected by
the IXATA switch is the same as the meoming data pattern.
All avaitable results for any given configuration are accumu-
lled from the instant that receiver synchronization 18
achivved.

Bit Errors (BIT ERRS}

Average Bit Error Rate (AVG BER)

Section &

5.5.2 Live Analysis Resuits

As an alternative to the Standard results mode, certain
code-speciic information may be obtained on any data pat-
tern, including “live™ data. This Live Traffic results mode
is selected through the INTF SETUP fuaction of the MENU
switch., The FIREBERDs receiver is disubled n this mode,
and only those resuits that do not require synchronization
to the incoming data are provided. Al available resulis begin
accumuiating as soon as stgnal presence s detected at the
receiver's nput. The Live results mode monstors signal
characteristics, other than bit errors, in a kaown puttern.
Most of the results are concerned with code violations,
known as BPVs; CRC ertors and framing ecrors are also
measured if applicable.

5.5.3 Resuit Categories

ERROR Category

Results in this category depend on having the FIRE-
BERD's receiver synchronize to the incoming dittis pattern.
Once synchronization has been achieved, the received data
Is exarmned for bit errors and clock slips, and the FERROR
category results are calculated,

The number of errored data bits counted. since the beginning of the test.

The ratio of the number of bit errors counted to the number of data bits examined

since the beginning of the test.

Bit Frror Rate (BER)

The ratio of the number of bit errors counted over the last test interval to the

number of data bits examined 1n the last test interval.

Blocks (BLOCKS)

The number of complete blocks received since the beginning of the test. The

length of & block is set through Auxiliary Function 30.

Biock Errors {BLK ERRS).

The awnber of complete blocks received since the beginning of the test thud

cordain one or more bit errors.

Average Block Error Rate (AVG BLER)

The ratio of the number of block errors counted to the number of blocks examined

since the beginning of the test.

Character burors (CHAR ERR)

In asynrchronous timing only, the number of characters received since the begin-

ning of the test that contain one or more data errors.

Rev. D
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Clock Ships {CLK SLIP) The number of occusrences since the beginning of the test where data bits have
been added to or deleted from the received pattemn.

PERFORMANCE Category

CCITT Recommendation G.821 compatible perfor-
mance analtysis results provide statistical information about
the performance of the equipment or system under test,
These results are derived by observing the received bit error
counts and received bit counts at 1-second intervals, and
classifying cach I-second interval as either available, unav-
ailable, severely errored, error free, or as a syne loss second.

This division of test time is iliustrated in Figure 5-1. Further
calculations yield the number and percentage of degraded
minutes, and percentages of available, severely crrored,
error free, and pattern synchronization seconds.

In live analysis mode, the rececived bipolar violations
count and bipolar violations rate calculations are used o
classify each 1-second interval, and signal presence replaces
pattern synchronization for performance analysis purposes.

TOTAL TEST TIME : X
o FROM INITIAL SYNCHRONIZATION B
AVAILABLE SECONDS UNAVAILABLE SECONDS
SEVERELY
ERROR-FREE ERRORED
- SECONDS
SECONDS
SYNC § LOSS
SEC | ONDS
Figure 5-1
Division of Test Seconds for Performance Analysis
Errored Seconds (ERR SEC) The number of available scconds in which at least one bit error occurred.
Error-Free Seconds (EFS) The number of available seconds in which no bit errors occurred.
Jebrror-Free Seconds (%EFS) The ratio. expressed as a percentage, of the number of available seconds in
which o errors were detected to the total number of available seconds.
Severely Hrrored Scconds (SES) The number of available secoads during which the BER is worse than 10

5-8
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Gscverely Errored Seconds (%SES)

Unavatlable Seconds {UNA SEC)

Available Seconds (AVL SEC)

% Available Seconds (%AVL SEC)

Sync Loss Seconds (SYNL SEC)

% Sync Seconds (%SYN SEC)

Degraded Minutes {DEG MIN)

% Degraded Minutes (%DEG MIN)

Signal Loss Seconds (SIGL SEC)

9% Active Seconds (%eACT SEC)

Severely Violated Seconds (SVS)

% Severely Violated Seconds {(%SVS)

Violation-Free Seconds (VFS)
% Violation-Free Seconds (%VFES)

Rev. D
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The ratio, expressed as a percentage, of the number of severely crrored seconds
to the number of available seconds.

The number of seconds judged unavailable by CCITT Recommendation (G.821
criteria {see Appendix D).

The number of seconds judged available by CCH'T Recommendation G.821
criteria (see Appendix D).

The ratio, expressed as a percentage, of the number of availuble seconds to the -
number of test seconds since initial pattern synchronization.

The number of seconds during which the receiver was not in continuous pattern
synchronization,

The ratio, expressed as @ percentage, of the aumber of seconds in which pattern
synchronization had been achieved and there were no synchronization losses to
the total number of seconds since the initial pattern synchronization.

The number of blocks of 60 non-severely errored available seconds in which the
average BER over the 60 seconds was worse than 10 (see Appendix 1)), Note
that CCITT Recommendation (6,821 reluxes this requirement somewhat at 64kHz
(see CCITT Recommendation (G821, Table 1 Note 4), so that when the average
bit rate over 60 seconds is 64kHz, and four bit errors are counted, corresponding
to an average BER of 1.042 x 10, the minute 1s not considered to be degraded.

The ratio, expressed as a percentage, of the number of degraded minutes to the
number of minutes made up from available, non-severely errored seconds.

The number of seconds during which the signal was not present for any part of
the second.

The ratio, expressed as a percentage, of the number of seconds during which
the signal was present (active) for the entire second to the total number of seconds
since the initial signal presence.

The number of available seconds during which the BPV rate was worse than 10

The ratio, expressed as a percentage, of the number of severely vielated seconds
to the number of available seconds.

The nuinber of available seconds in which ne bipolar violations were detected.

The ratio, expressed as a percentage. of the number of available seconds in
which no violations were detected to the total number of available seconds.
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TIME Category

This category contains not only the time of day and

the date, but also results based on time.,

Time of Day (TIME)
Calendar Dute (DATE)
Elapsed Seconds (ELAP SEC)

Error Analysis Seconds (E A SEC)

Errored Frror Analysis Seconds
(ERR EAS) '

Error-Free Error Analysis Seconds
(E F EAS)

SIGNAL Category

The time of day in hours, minutes, and seconds. Hours are given in a 24-hour
format,

The ¢calendar date given in day of the month, month, and year. Both the tine
of day and the date may be set through Auxiliary Function 60,

The number of seconds, based on the time-of-day clock, since the last major
switch change or test restart.

The amount of time, given in seconds, during which error analysis has been
performed. The time error analysis has been performed depends on receiver
pattern synchromization and the setting of Auxiliary Function 03 {Receiver Action
Upon Sync Loss).

The number of error analysis seconds during which one or more bit errors were
detected. Errored error analysis seconds are of the asynchronous type.

The number of error analysis seconds during which no bit errors were detected.

The results in this category describe signal characteris-
tics such as receiver clock frequency or the delay between
two events. Included in this category are the jitter results
available with the jitter measurement options.

Time Delay (DELAY)

Receiver Frequency (RCV FREQ)
Generator Frequency (GEN FREQ)

I Second Jitter {ISEC JTR)

Maximum Jitter (MAX JTR)

The most recently measured time interval between a start and a stop event. The
start and stop cvents are selected through Auxiliary Function 31.

The current measurement of the receiver clock frequency.
The current measurement of the generator clock frequency.

The maximum amoeunt of timing jittter measured over the last l-second test
iterval, expressed in Unit Intervals peak-to-peak.

The largest value of 1-Second Jitter measured since the beginning of the test,
expressed in Unit Intervals peak-to-peak.
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Jitter Hits (JTR HITS)

Spectrum Analyzer (S/A)

Muaximum % of Mask {%MASK)

T-CARRIER Category

Section B

A count of the number of times the jitter has exceeded the selected jitter hity
threshold since the beginning of the test.

The preseat spectrum analyzer frequency in Hertz or, if noted, kHz. Also the
measured jitter amplitude at that frequency is displayed in unit intervals peak-to-
peak. If the spectrum analyzer is sweeping, the amplitude is the largest yet
measured at this frequency; 1f the spectrum analyzer is not sweeping, the
wnplitude is the fast measured at this frequency.

Each time the jitter spectrum analyzer takes a reading, the ratio of the measured
Jitter amplitude to the reference jitter mask’s value at this point s calcutated. 1f
the spectruny analyzer is sweeping, then the maximum value of that ratio encoun-
tered since the beginning of the test is displayed as a percentage. and s value
fess than 100% indicates that during the test no spectrun: analyzer reading ex-
ceeded the reference mask. I the spectrum analyzer is nol sweeping, then the
ratio of the last spectrum anatyzer reading to the reference mask at that frequency
is displayed us a percentage.

This category contuins analysis results avaifable ondy
with pseudoternary interfaces. Included in this category are
results based on framing analysis and line coding analysis.

Bipolar Violations (BPVs)

Average Bipolar Violation Rate
(AVG BPVR;

Bipolar Vielation Rate (BPV Rate)

Received Code (RCV CODE)

Violation-Free Error Analysis Seconds
(VFEAS)

% Violation-Free Frror Analysis Seconds

Frame Errors (FRA ERR)

Average Frame Error Rate (AVG FER)

Feame Hrror Rate (F B Rate)

Rev. D

The number of bipoiar coding violations detected in the received signal.

The ratio of the number of bipolar violations counted to the number of data bits
examined since the beginning of the test.

The ratio of the number of bipolar violations counted over the last test interval
to the number of data bits examined over the last test interval.

The type of line-coding detected, e.g., B8ZS, AMI. etc.

The pumber of error analysis scconds during which no hipolar violations were
detected.

The ratio, expressed as a percentage, of violation-free error analysis seconds (o
the number of error analysis seconds since the beginning of the test.

The number of errored framing bits received since the beginning of the test.

The ratio of the mumber of frame errors counted to the number of framing bits
examined smce the beginning of the test.

The ratio of the number of frame errors counted over the last test interval o the
aumber of {framing bits cxamined in the last test interval.
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Frame Sync Losses (FRA LOSS)

CRC Errors (CRC ERR)

Average CRC Error Rate (AVG CRC)
CRC Eror Rate (CRC E Rt

Frame Word Errors (FW ERR)

Average Frame Word Hivor Rate
Frame Word Error Rate (FW E Ratg)

One Second CRC Errors (1SEC CRC)

ALARM Category

The number of times that frame synchronization had been lost since the beginning
of the test.

The number of CRC errors counted since the beginning of the test.

The ratio of the number of CRC errors counted to the number of CRCs examined
since the beginning of the test.

The ratio of the number of CRC errors counted over the last test interval 1o the
mumber of CRCs examined in the last test interval.

The number of frame word errors counted since the beginning of the test,

The ratio of the number of frame (AVG FWER) word errors counted {o the
number of frame words examined since the beginning of the test.

The ratio of the number of frame word errors counted over the last test interval
to the number of frame words examined in the last test interval.

The number of CRC errors counted in the fast test second.

Some alarms-—such as signal, sync, data, clock, or power
loss—indicate conditions that affect the test underway . Other

Several alarm conditions are monitored by the FIRE- alarms note such occurrences as clock-data phase changes
BERD 6000, and occurrence of each alarm are accumulated. or the detection of a yellow alarm or excess zeros.

Sync Losses {(SYN LOSS)
Data Losses (DAT LOSS)Y

Clock Losses {CLK LOSS)

Receiver Clock-Data Phase Changes
(C-DCHA)

Power Loss (PWR 1.OSS)

Signal Loss (Carrier) (SIG 1L.OSS)

Yellow Alarm Seconds (YEL SEC)
Excess Zero Seconds (X80 SEC)

ALS Seconds (AIS SEC)

L B

The number of times a synchronization loss is detected.

" “The number of times-a receiver sync loss results from a loss of receiver data,

The number of imes a receiver sync loss results from a loss of receiver clock.

The number of times that the clock-data phase changed since the beginning of
the test.

The numbes of power losses since the last manual fest restart or major switch
change.

The number of times the receiver signal is lost.

- The number of seconds since the beginning of the test in which a yellow alarim

was active,

The number of scconds simce the beginning of the test in which excess zeros
have occurred.

The number of seconds since the beginning of the test in which the AIS alarm
wils achive.

Rev. D



5.5.4 Messages

Section 5

The FIREBERD alerts the user to several conditions
by temporarily placing a message in the display, The mes-

sages are listed and described below.

Test complete

TI frame loss

2M frame loss

Different intf

Gen hold <sig> off

Async framing err

Data overrun

No interface

55.5 Methods of Results Accumulation

This message indicates that receiver analysis is complete when the ANALYSIS
MODE switch is set to the SINGLE position.

This message is displayed if frame sync is lost while a F.544 Mbis pseudoternary
interface with framing is in use,

This message is displayed if frame sync iy lost while a 2.048 Mb/s interface
with framing is in use.

This message is displayed if the program being recalled through the RECALL/
STORE function had sclected an external interface which does not match the
external interface currently installed.

If the generator is being inhibited because of signaling, this message shows
which signal is causing the hold condition (<sig> is replaced by the name of
the signal). Transmission can be stopped by CTS, RTS, DTR, DSR. or RLSD
via Auxiliary Function 08.

This message 1s displayed any time that the USART detects framing crrors in
the incoming asynchronous data.

The message occurs if, m asynchronous operation, the USART receives too
many characters before the FIREBERD receives the data from the USART.

This message is displayed when the external interface previously selected is
removed and the FIREBERD is powered up with no interface instaifed.

of results stops and a “Test complete” message appears in

the display.

In Continuous mode. errorand signal analysis continue

There are two methods of accumulating analysis re-
sults: Single and Continuous. I Single mode, all results
are accumulated over the period specified through the TEST
INTERVAL function of the MENU switch. The test interval
may be set to any thone perod from 1 second 10 24 hours
{with T-second reselution). Alternatively, the test interval
ity be st to 107 bits where no = 4.5, 6, 7.8, 9 or 10
At the e of the wser-specitied st interval, accumulation

Rev, [

indefinitely from the start of the test. However, results print-
outs may be obtained at user-specified intervals; these inter-
vals may be set through the PRINT EVENT function of the
MENU switch. This print capability is augmented by the
Delta print function which, it selected, causes oniy the re-
sults accumulated during the most recent test interval to be
printed at the completion of cach interval. (Refer to Section
7 tor more information on the Delta print function.)
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56 TIMING MODES

The FIREBERD 6000 offers four timing selections:
synchronous, asynchronous, recovered, and pseudoternary.
Synchronous operation requires both a data and a clock
signal. Asynchronous operation uses only the data signal,
but several parameters must be coordimued between the

fransmit unit and the receive unit (such as baud rate, number

of bits, parity, ete.}. Recovered operation is similar to syn-
chronous operation ereept that the reeeived clock (i any)
i ignored and a clock s derived from the data. Pseudoternary

operation-hasthe clock and data encoded n the same signal, -
hui the bit rates are restricied to cenam trequencies and 1t o

requires specific interfaces 1o convert to this format.

With the exception of pseudoternary operation, the

timing is sefected by the TIMING MODE switch. When a
pseudoternary interface is selected, the TIMING MODE

switch is disabled. These four timing modes are described -

in detail in'the following sections.

5.6.1 Synchronous Timing and Operation

With synchronous timing, the FIREBERD operates
as notmal DTE orDCE- with several features which provide

additional flexibility for testing. The data is a stream of bits -

that is accompanied by clock.

The FIREBERD provides data and a synchronous

clock based on the generator clock source selected. The
generator clock source switch (GEN CLK) allows sefection
from three clock sources: the synthesizer (SYNTH), the
mterface (INTF), and a user-provided clock source (BNC).
The INTE setting uses a clock source from the data interface
module. In enmlute DTE operation, this interface clock is
usnaily sousced from the remote unit; in emulate DCE op-
eration. the receiver clock may be used as the clock source.

The FIREBERD s receiver requires data and a clock
synchromtzed 1o that data. 1 the clock s pot synchronized
o thi data. clock slips and/or clock-data phase changes may
oceur as g result of the data bits being sampled at the wrong
time. The FIREBERD automatcally selects a recerver clock
appropriate for the timing mode wsed and the imerface
selected. In emudate DCTE operation, the TT (Transmit Toa-
mg} signat is normally wsed. I TT is net active. then ST
{Send Thuing) b astomatically seleciesd, Awdlisry Function
U7 allows an override for this feature, '

514

5.8.2 Recovered Timing

The FIREBERD 6000 can operate in two differcnt
recovered timing modes depending orr the options used. A
Clock Recovery option is offered as an internal mainframe
option for isochronous data rates to 520 kb/s.

. ‘Eachi picudoternary interface includes a custom clock-
recovery circuit to extract the clock from the pseudoternary
signal.

5.6:2.1 ‘Recovered Operation
With DTE/DCE Data Interfaces

. Any data interface that can use synchronous timing,
including the built-in RS-232 data interface, can also be
used with recovered timing when the frequency of operation
is below 5320 kbfs. With the Clock Recovery option, syn-
chronously received data may be analyzed, even though the
received clock is missing or unusable, by extracting a clock
from the receiver data. To use this feature, the synthesizer
freguency must be set to the expected receiver frequency.
In normal operation where the receive and transmit frequen-
cies are the same, no problems will be encountered. When
in receive-only operation, the synthesizer must still be sct

o the expected receive frequency. To run the FIREBERD

in split treguency and also use the option, the syathesizer
must be set 1o the receiver frequency wnd the GEN CLK
switch must be sot either fo the INTF position or 1o the
BNC position with an external source connected to the GEN
CLEK IN rear panel BNC connector. The receiver frequency
and the synthesizer frequency setling may ditfer by over |

percent with acceptable operation. however, the best nolse

immunity s obtalned when that diffesence 1s mimmized as
much as possible. This is accomplished by setting the syn-
thesizer o what the expected receiver frequency 15, and then
reading the actual receiver frequency (RCY FREQ) result
(available i the SIGMNAL category of the ANALYSIS RE-
SULTS block) and setting the syathesizer t that frequency

56.2.2 Hecovered Operation With
Pssudoternary Data Interfaces

Preudoternary signals have the clock imbedded in the
data. which requires that pseudoternary interfaces must re-
cover the clock from the signal, The TIMING MOBE switch
is disabled when using a pseudoternary daty mterface. since
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clock recovery is performed automatically. The INTF posi-
fion of the GEN CLK switch selects either an oscillator on
the interface or a clock recovered from the received data
depending on the interface used and its switch settings. The
BNC positon of the GEN CLK switch allows an externgl
timoe base to be used 5o that generalor fiming is synchronous
with a system clock source.

5.6.3 Asynchronous Timing and Operation

Asynchronous timing capability is provided in the
FIREBERD 600G 0 allow generation and error analysis on
character data. Using the frequency synthesizer, any baud
rate from 50 b/s to 20 kb/s may be selected. Split frequency
operation 15 alse allowed with the use of a customer-pro-
vided. external reference.

To generate asynchronous data, the GEN CLK switch
must be setto either the SYNTH or the BNC position. When
set to the SYNTH position. the baud rate of the data to be
penerated must be entered as the synthesizer frequency.
When the GEN CLK switch is set to the BNC position, a
clock w16 times the desired generator baud rate must be
provided at the GEN CLK IN BNC tnput. In all cases where
recgiver operation s necessary, the synthesizer must be set
to the expected receive baud rute. This means that split
frequency operation is oaly allowed when the generator is
operated with an externgl 16-times clock source through the
GEN CLK IN BNC input.
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SECTION 6

OPERATION INSTRUCTIONS

6.1 INTRODUCTION

This seetion containy detailed instructions for exercis-
ing cach of the test capabilities of the FIREBERD 6000,
Funnliarity with Section 5 of this munual will Tend a more
ntuitive understanding to the following procedures and aid
i mterpreting the numerous results provided by the instru-
ment. For first-time use of the FIREBERD 6000, refer to
Seetion 2 (Preparation For Use) before executing any of the
metructions set forth i this section.

NOTE: If during any of the following procedures
a front panel switch is set to a position that
causes a4 switch contention {signified by Tashing
switch position indicator LEDs). the contention
must be reselved before continuing, Switch con-
wntions  represent invalid  combinations of
switch settings and resuit o Clock-out™ of ol
switches not involved in the contention until the

a program can be recadled to resolve the conten-
twon by using the MENU switch o select the
RECALL/STORE function. thereby rocalling a

set of switch and menu settings, Resobving a
swich comnention may require performing somg
of the followmg steps in an order different thun

that indicated.

6.2 PERFORMING ERROR ANALYSIS

The following step-by -step procedure may be foliowed
o prepare W make orror analysis measurements with the
FIREBERD 0000, It s intended 1o serve as a guide and is
not the only operafing scyuence.

(1) Select o measurement conliguration. [ loopback

Rey. I

testing s to be performed. enly one FIREBERD
6000 will be reguired. 11 end-to-end festing s
desired, two test sets will be needed and the setap
procedure should be followed for the unit al cach
end of the Hink.

With ac power 1o the FIREBERD 6000 wrned
OFF mstal! a duta intertace of the type required
1o connect 1o the system under test in the rear

(3)

)

panel data interface slot. Press the interface in
gently until the aluminum panel of the module
makes contact with the rear panel of the FIRE-
BERD 6000. Tighten by hand the two captive
fasteners on the data wterface’s parel o prevent
the module from being accidentally pulied out
during operation. If the FIREBERD s internal RS-
232C data interface & 10 be used for testing, no
interface need be installed in the rear panel slot.

Conneet the FIREBERD 6000 to an ac power
source and press the front-panel POWER switch
1o the ON position,

It using a data interface that allows the FIREBERD
o emulate cither DTE (data terminal equipment)
or DCE (data communications cquipment), deter-
mine which emulation mode is required. For duta
interfaces having only a smgie interface connec-
tor, emulation mode is determined by whether or
not the DTE/DCE adaptor cable furnished with
the interface is attached 10 the connector and glso,
for most mterfuces, by the setting of a togele
switch on the data interface’s panel. DCE emula-
tion requires use of the DTE/DCE adaptor cable
for these single-connector interfaces. For data in-
terfaces having two interface conmectors (such as
the tnternal RS-232C interface) emulation mode
is determined by which connector is used to inter-
face to the system under test and also the emulation
made selection made in the interface setup menu.
For TE emulation. connect the system under test

using an erdinary “straight-through™ cable: then
set the FIREBERIDY ¢ front panel MENU switch
to the INTEF SETUP function. use the soft keys
to select the desired interface, and then again to
sefect DTE emulation mode. DCE emulation re-
quires connecting the system under test to the
interface connector marked TO DTE and selecting
DCE emulation mode via the mterfuce setup
mena. No DTE/DCE adaptor cable is required for
these dual-connector interfaces. For further intor-
mation on emulation mode selection, refer to the
individual interface descriptions in Section &,
When emulation inode selection is completed, ver-
ify that EMULATE DTE or EMULATE DCE. ay
appropriate, 13 displayed via backlit labels over
the signaling controls and indicators at the right-
hind side of the FIREBERD s fronat panei.
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(5)

(63

(7

—

(8)

(9

Complete any additional interface sctup that may
he required by sctting switches on the interface
itsetf to the desired positions and setting any
parameters controllable through the interface setup
meny. For pseudoternary data interfaces offering
a chotee of standard or live traffic resulis (sec
Section 3.5}, select standard results for now re-
zardless of which results are to be used in actual
system testing. Sce the individual data interface
descriptions in Section 8 {or complete information
on interface setup.

Connect the interfuce cable from the system under
fest to the data interface in the maaner prescribed
for the selected emulation mode as described in
step 4.

1f an external printer or controller is to be used.
connect H to the appropriate printer/controller in-
terfiwe on the rear panel of the FIREBERD 6000.
Sectien 7 contains detailed information on the
built-in RS-232 priater/controller interface and the
aptional IEEE-488 plug-in interlace.

Set the TIMING MODE switch to the desired
pusition. If asynchronous operation is selected,
set the MENU switch to the CHAR FORMAT
fupction and use the soft keys to choose the
number of data bits per character, parity, and
number of stop bits per character. For detailed
information on the use of soft keys to make menu
selections, see Section 4.3.2.

Use the GEN CLK switch to select the source of

the clock that 1s to run the FIREBERDs data
generator. Section 5.6 provides information on
clock selection.

(10} I asynchronous or recoverad timing was chosen

in step 8. or if the internal frequency synthesizer
wis chosen as the generator clock source in step
9. the synthesizer frequency must now be set.
For asynchronous or recovered tinmng operation,
the synthesizer frequency must be set to within
+ 1 percent of the bit rate of the incoming data.
When the GEN CLEK switch is set 1o the SYNTH
position. the synthesizer frequency should be set
to the desired bit rate of the data 1o be generated
by the FIREBERD 6000, To sef the synthesizer
frequency. set the MENU switch o the SYNTH
FREQ position, key in the appropriate frequency
i kilohertz, and press the HNTER key. Alterna-
tively . the soft keys may be used to guickly seloct
one of the 11 common Trequencies pre-program-
med by the factory or programmed by the user

()

(13

(14

{16)

through Auxiliary Punction 32, Frequency re-
strictions for asyachronous and recovered timing
arc given in Scction 5.6; available resolutions
are discussed in Section 4.3.2.2,

Set the DATA switch to the desired position,
For end-to-end testing. both test sets mast have
their DATA switches in the same position. See-
tion 5.2.2 provides information on the various
data patterns capable of being generated and re-
ceived by the FIREBERD 6000.

If the 107 indicator above the ERROR INSERT
switch is illuminated, press the switch once to
turn off error insertion. Operation of the ERROR
INSERT switch is different from that of the other
tfront panel switches and is discussed in Section

42.1.

if the SELF LOOP switch is not illuminated,
press it once to cause the selected data interface
to toop s clock and data outputs back to s
clock und data inputs. This facilitates verification
of the FIREBERD 6000's setup prior to system

testing,

[f blocks and block errors are to be measured,
use Auxiltary Function 30 to set the desired block
leagth. Refer to Section 4.3.2.3 for information
on the use of this as well as other auxiliary func-
tions.

Set any auxiliary functions that are to be used,
If the AUX FUNC IN USE indicator (next to
the MENU switch) is itluminated prior to the
setting of any auxiliary functions, one or more
of the status-select auxiliary functions are still
set from the last time the instrument was used.
A list of the “in use” functions may be obtained
by pressing the IN USE soft key at the top level
of the AUXILIARY menu. Alteraatively, Aux-
iliary Function 99 may be used to clear all of
the "in use™ functions.

If avtomatic results prints are to be sent 1o a
printer or controlier connected 1o the FIRE-
BERD. set the MENU switch to the PRINT
EVENT function and use the soft keys o select
the print mode and, for the NORMAL mode,
the cvents that are (0 cause o printout. Also, if
the OFF/ON switch in the group of switches
laheled “PRIMNTER” is not diuminated. press i
onee 1o s it on, Print modes and prind event
selection are discussed in detail in Section
4.3.2.2.
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A17) Set the MENU switch to the TEST INTERVAL
function and sct the test interval to the desired
number of received bits or the desired time dura-
tion, The test interval specifies the period over
which the BER and BPV Rate results are com-
puted and also specifies the test duration (time
after which all resuits stop aecumulating) when
the ANALYSIS MODE switch is set to SINGLE.
Details of sctiing the test interval are given in
section 4.3.2.2,

(18} setthe ANALYSIS MODE switch to the desired
position. In the CONTINUGUS position, all test
resuits accumulate continuously: in the SINGLE
position, results accumulation stops at the end
of one test interval,

{19) B the DISPLAY HOLD switch is illuminated.,
press itonce to turs off the display hold tunctien.

(20 I the selected data intertace allows control of

outgoing stpnaling leads vin the two signaling
control swilches  (nmmediately  above  the
POWLER switch), set these switches to the desired
states. Hlumination of the switch indicates the
ON state of the signal specified by the backlit
label next to it If the LOOP UP and LOOP
POWN fabels are illuininated. these switches
huve a momentary function which is meaningless
m Sei-Loop mode, snd they should not be press-
ed.

The FIREBERD 6000 should now be operating with
ity data generator looped back wr #ts receiver, and the green
SYNC indicator should be iHluminated indicating that the
receiver has achieved synchronization to the generaged data.
Set the CATEGORY switch under esnther of the resalts dis-
plays to the ERROR position and, using the corresponding
RESULT switch to select the BIT ERRS result, verify that
no hit errors are being counted (BIT ERRS = ). Momen-
tartly. depress the ERROR INSERT switch and check to
see that 4 single bit error is counted. Also verify that the
red SYNC LOST indicstor is oft. H any of these indications
of successtul toopback are not present, check that the data
interface js imstalled property and that ity maximum recom-
mended speed is not being exceeded. Check that ali selec-
uens available through the interface setup menu have been
rnade properly and that any switches on the interface panel
i wt o their proper positions. [ o problem still exists,
Ladd Tor front-pancl wurning indicators such as CLK INY.
NOYCLK D o illumination of the red “no generator clock
sttty LR inside the GEN CLK switch. These indicators.
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along with the MK and SP indicators which show data
activity at the receiver's input, should aid in diagnosing the
problem.

Once  successful self-loop  operation has  been
achicved. the FIREBERD 6000 is ready to perform on-line
testing. At this point, if the Live Tralfic results mode
(available with certain pscudoternary data interfaces) is 1o

‘e used for system testing, it should be selected via the

Interfuce sctup menu.

To connect the FIREBERD data venerator und receiver
to the system under test, press the SELF LOOP swich, This
witl cause the red LED inside the switch o turn off. indicat-
ing that the test setis “on-hne.” [f the data and, for synchron-
ous systems. clock generated by the FIREBERD 6000 and
being sent out through the data interface are getting through
the systemn under testand making it back 1o the corresponding
line receivers on the data interface, the SYNC indicator will
he iHuminated and error analysis results will be avaifuble
for display and printout,

Should the SYNC indicator fail to illuminate, check
the group of indicators Jubeled RECEIVER for a possible
clue 1o the source of the trouble. For synchronous testing,
the frequency ol the clock being received by the FIREBERD
should alse be checked to ascertain that 1t is the same as
the expected received data rate. This may be done by setting
one of the CATEGORY switches to SIGNAL and then using
the corresponding RESULT switch o select the RCV FREQ
resuit. Note that in DCE emulation, improper setting of
Auxiliary Function 07 (Receiver Clock Select) could result
in the FIREBERD s using the wrong timing signal to clock
in the received data, thereby preventing recetver synchroni-
Zaion.

In the case of the Live Traffic results mode, receiver
synchronizatton to the incoming data is not required. and
results become availuble as soon oy signal presence is de-
tected. In this mode ., the SYNC indicator is used to indicate
signal presence vather than receiver synchronization,

Use of the two ANALYSIS RESULTS switches o
view the many results counted by the FIREBERD 6000 is
described in Section 4.2.1. Section 4.4 provides a list of
the results available. Result avaflabitity as o function of
operating mode is discussed in Secetion 3.5, which alwo pro-
vides detaijed information on results furnished by the FIRE-
BERD. Section 5.2.3.1 explains how avcumulation of error
analysis resuits are affected by loss of receiver synchroniza-
tion.
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6.3 PERFORMING TIMING ANALYSIS

Thning analysis refers to the measarement of certain
characteristics of clock stgnals employed by a synchronous,
digital communiculion system. Such measurements provide
information that will 2ad i isolating the cause of clock
refatod system errors or failures.

Timing analysis capabilities offered by the FIRE-
BERD 6000 tall into two broad categories: those that do
not require receiver synchronization and those that do. The
entire setup procedure described in Section 6.2 must be
performed o obtain those timing analysis results requiring
receiver synchronization. Timing analysis results not requir-
ing receiver synchronization may be obtained on clock and
data sourced by a FIREBERD 6000 or oa “live” signals. In
setting up the test set (o perform timing analysis on live
signals, the procedure ot Section 6.2 should be foliowed,
but those sieps invelved ia setting up the data generator
fe.g .. setting the GEN CLK switch, entering the synthesizer
frequency, ete.) may be skipped. Also. the SYNC indicator
need not iluminate when the SELF LOOP switch is turned
off when making measurements on live signals.

6.3.1 Timing Analysis Results
Not Requiring Receiver Sync

The most basic timing analyss result provided by the
FIREBERD 6000 is clock activity detection. A red NO CLK
indicator Huminates when no incomming clock signal is de-
tected in Synchronous timing mode. In DCE emufation the
operation ol this indicator is affected by the setting of Aux-
thary Function 07 (Receiver Clock Select). When this aux-
ilary function is set to AUTO, the test set selects the clock
sourced by the DTE on the Yerminal Timing (TT) line if it
is present: otherwise, the FIREBERD defaults to its own
generator clock (Send Timing, or 8T). Because of this re-
ceiver clock amoselection, the NO CLEK indicator will not
trn on ualess no stenal s present on the mconung TT line
and no activity is detected at the selecled source of generator
clock, I in the operating configuration of interest a clock
s expected from the DT, o possible source of confusion
will be clininated by setting the suxilary function o TT,
thus forcmg the receiver to select the TT signad whether it
is present or net. Under this civcumstance. the NO CLK
indicator will illuminate (and the receiver. consequently,

will be troperative) whonever no clock sctivity is detected
on the TT ling.

A red LED made the GERN CLK switch il lumirates
whenever no clock activity bs detected st the selected source.

&-4

When the GEN CLK switch s set to the INTF position,
this indicator provides further information about timing sig-
nals at the interfuce. In DTE emulation mode, Send Timing
is chosen in this position; in DCE emulation, Terminal Tim-
ing is chosen. In both cases, the red warning indicator inside
the switch illuminates to signal the absence of a clock signal
at the selected source.

A more sophisticated form of timing analysis per-
formed by the FIREBERIY 6000 is the detection of an impro-
per phase relationship between the incoming clock and data.
If the sampling edge of the clock (as defined by the applicable
interface standard) s, on the average. closer to the data
transitions than to the mid-bit position, an inverted clock
condition is declared and the red CLE INV indicator is it
Section 5.3.1 explains how the informaton supplied by the
mverted clock detector is used to correct the polarity of the
incomiing clock hefore applying it to the receiver $o that
error analysis may be performed on the data trrespective of
clock-data phasing.

If the frequency of the receiver clock is slightly differ-
ent than that of the incoming data (less than about 2 Hz
difference), the CLK INV indicator will flash on and off at
a rate corresponding o the frequency difference as the clock
stowly “stips by” the data. The numeric C-I CHA (clock-
data phase change) result, available through the ANALYSIS
RESULTS switches and displays. records the number of
times the CLK INV indicator has changed status since the
beginning of the test. This result aids greatly in diagnosing
probiems resuiting frons slowly stipping ciocks by essentially
“watching” the CLK INV indicator over long-term tests
during which the operator is not present.

A third timing analysis resull not requiring receiver
synchronization is the FIREBERD 6000°s ability to simal-
tancously measure the frequencies of the generator clock
and the receiver clock. These measurements. available
through the ANALYSIS RESULTS switches and displays
in the SIGNAL category), have 0 digits of resolution and

rucy ., regardless of frequency . Frequency measurement capa-
bility akds in the diagnosis of problems resulting from wrong
lreguency or improperly selected timing signals. Frequency

meastremaents can also meveal electrical noise from crosstalk
or other sources that s superimposed on clock signals, When
of sufficient magaitude 10 impatbr system operation, such
noise will generally mamfest iselt in the form of clock
frequency measurements that are somewhat higher than the
actual clock raie.
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6.3.2 Timing Analysis Results
Requiring Receiver Sync

The primary timing analysis capability requiring re-
cetver synchronization is clock slip measurement. In 2 bi-
nary. synchronous communication system, one clock cdge
iwoexpected for each received data bit. If this one-to-one
correspendence is fost, even momentarily, a clock ship is
siid to have oceurred. Possible causes of clock slips include
notse on the clock signal, missing or extra clock pulses,
and small frequency differences between the data and accom-
panying clock. Although more rare in occurrence, a missing
data bitor bits ("data slips™) also have the effect of disrupting
the one-to-one correspondence between clock edges and
duata bits, and thus are counted as clock slips.

The FIREBERD 6000 provides clock ship measure-
ments on pseudorandom data patterns i the Synchronous
ind Recovered timing modes as well as with pseudoternary
data intertaces. which recover o clock from the incoming
data pulses. In recovered clock operation, counted elock
slips are generally representative of data ships but may also
represent inability of the clock recovery cireuit o “track”
the datadue to excessive jitter or noise on the received signal.

1f the duta betng analyzed passes through a repeater
thut recovers clock i order w regenerate the signal, clock
ships may result from failure of the repeater™s clack recovery
cireuit to track the incoming data. The FIREBERD 6000 s
internal frequency synthesizer may be used to help diagnose
this kind ol problem through a timing analysis technique
conmonly known as frequency deviation stress testing, This
s dune by selecting the syathesizer as the source of the
senerator clock and then offsetting its frequency slightly

fron: the frequency expected by the system under test. I

thiy resubis in a noticeable increase in the rate at which clock
ships are counted or in the bit error rate, the system <lock
recovery ts probably fuulty. 1t shoukd be remembered also
that the longer preudorandom putterns stress clock recovery

systems more because they contain longer sequences of

veros. By varying the synihesizer frequency and data patters,
then, and by observing the effects on the bit error rate and
<lock slips count, ¢lock recovery circuits may be rather
aceurately characterized.

6.4 PERFORMING
DELAY MEASUREMENTS

The FIREBERD 60600 15 capable of measuring delays
berween the vising or fatling edge of any of the user-selected
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start-of-micasurement and end -of-measurcment signals listed
below:

Start-of-Mcasurement

Signal Sources: DTR

DSR

RTS

CTS (temulate DCE only)

RLSD

Generator data (GDATA)

Generator pattern sync pulse®

{(GPATT

& DELAY START rcar-panct test
point

® & ® & 9 & @

End-of-Measurcment
signal Sources: DTR

DSR

RTS

CTS (emulate DTE ondy)

RLSD)

Receiver data (RDATA)
Receiver  pattern sync pulse®
(RPATT)

DELAY STOP rvear-panel test
point

® @ 9 & & B @

L]

*MNot availuble in Asychronous tining mode. Alse, noe
edge selection s available for these signals.

To make a defay measurement. use Auxiliary Funetion
31 to select the precise defay inteeval to be meastred, Pres-
sing the START soft key gives access to the Hst of start-of-
measuremens signal sources. Onee the start-of-measurement
signal hus been selected by pressing the appropriate soft
key. the signal edge selection may be made. The character
7T represents the rising edge of the indicated signal. which
1s defined as the OFF40-ON transition of sigaaling feads,
the Space-to-Mark transition of data signals. and the logje-
tow-to-togic-high transition of the rear-panel test point in-
puts. The character ™V represents the faliing edge of the
indicuted signal. After making the edge selection for the
start-of-the-measurement signal. press the up-artow key
twice to return to the top level of the DELAY menu. Press
the STOP soft key and proceed to select the end-of-measire-
ment signal and signat edge to complete the delay measure-
ment setup.

The delay measurementeireuitry is armed immediately
upon completion of the setup, and the DELAY result. avail-
able through the SIGNAL category of the ANALYSIS RE-
SULTS swirches and displays, is blanked until the measuse-
ment is completed. The measurement is performed with a
resolution of 0.1 milliseconds over a range of 0.0 1o 9999 9
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milliseconds. If the end-of-measurement event is not de-
tected within 99999 milhiseconds of the start-of-measure-
ment event, the display will show “>9999.9 ms”,

After a delay measurement is completed, the measure-
ment may be restarted by pressing the RESTART switch,
changing or reselecting the start-of-measurement or end-of-
measurement event through Auxiliary Function 31, or
changing any major switch on the FIREBERD s front panel.
The DELAY result is biunked whenever the delay measure-
ment circuitry is armed.

With synchronous and recovered timing as well as the
pseudoternary data interfaces, the FIREBERD 6000 allows
the measurement of delay between a generator pattern sync
pulse and the following receiver pattern sync pulse. Since
these pulses occur at the same place in cach pattern, the
time delay between the generator pattern sync puise and the
receiver pattern sync pulse in loopback testing is equal o
the round-trip data delay. In order 10 obtain prompt and
accurate results. care must be exercised in choosing the
length of the pseuderandom pattern used for making such
vound-trip delay measurements. Specifically, the pattern
must be of sufficient length to ensure that transmission of
one complete pattern at the data rate of operation takes a
greater period of time than the longest possible delay that
s to be measured. On the other hand, the pattern should
nut be so long that many seconds elapse between pattern
sync pulses, requiring the wser to wall an iordinate amoung
of time beforz obtaining a sesult. These constraints imply

the minimum usable patiern length. given by

mitnimum usable pattern fength = (data rate) x {maximum
delay to be measured;

where data rate is in bits per second, mazimum delay to be
measured is in seconds, and the minimum usable patiern
length is given in bits. I the maximum delay to be measured
is unknown, it is probably safe to use 0.7 seconds. which
significantly exceeds the round-trip delay through a satellite
in geosynchronous orbit of approximately ©.6 seconds. For
example. to make a round-trip delay measurement at 1.544
Mb/s in an environment in which the defay is completely
unknown, the minimum usable pattern length would be
1,544,000 b/s x 0.7 s = 1,080,800 bits. The shortest pattern
provided by the FIREBERD 6000 that exceeds this length
is the 2°-1 patiern which has a length of 8 388.607 bits.
Using this pattern will give a result in less than 6 seconds.

Several important things should be noted about making
round-rip data detay measurements. First of all. the recetver
must be steadily synchronized w0 the incoming data in order

to obtain a valid measurement. When the receiver (s out of
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sync, it does not supply receiver pattern syne pulses to the
delay measurement circuitry, making the round-trip delay
measurement impossible. For this reason. the delay measure-
ment is prevented from being initiated until the receiver is
in sync (this restriction does not apply to delay measurements
between other events).

Round-trip delay measurements shouid only be made
using the 63, 511, 2047, 2-1, 2¥-1, or 2¥-1 pseudorandom
patterns. Measurements made using fixed patterns will pro-
vide erroneous results, and measurements made using the
QRSS pattern will yield results that are 20.5 bit periods
longer than the actual delay.

Round-trip delay measurements made with the recom-
mended pseudorandom patterns are always one-half bit
period longer than the actual delay. Under most cir-
cumstances, this difference will not even be noticed because
one-half bit period is only 0.1 milliseconds (the resolution
of the measurement) at a data rate of 5 kb/s, and even less
at higher rates. At lower data rates, onc-half bit period
should be subtracted from the measured round-trip delay if
precise resulis are required.
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SECTION 7
PRINTER/CONTROLLER INTERFACES

7.1 INTRODUCTION

The FIREBERD 0000 ix capable of communicating
with external devices, such as priaters and controllers.
through s builtin RS-232 Printer/Controller Interfuce or
the optional IEEE-488 Printer/Controller Interfuce. These
printer/controller interfaces enuble the FIREBERD o send
all results and/or status information o an externul printer
or computer, allowing the user o obtatn hard-copy priatouts
ol afl results and contigurations. The printer/controller inter-
Lices also allow a remote user to exercise full control over
Al normad FIREBERD functions (except power) and, addi-
tonally, they ailow the user to gain access O many remoie-
control-only tunctions, including use of the BERD-BASIC
programming language.

The FIREBERD printercontroller interfaces are de-
signed to communicate equaily well with cither a user operat-
ing a dumb terminal or g computer running an applications
program. When comninicating with a user operating a
dumb erminad, the FIREBERD runs interactively: that is,
it sends a prompt charcter o the terminal whenever it iy
ready to receive a command, and it echoes all command
churacters back to the terminal as the user types them. The
FIREBERD alse provides full en-line help to aid the user
in entering commands. When communicating with o com-
puter renning an application program. the FIREBERD dis-
ables the prompt and echo functions. This allows the remote
computer to cencentrale on sending commands and getting
results. Both of these modes are possible through either of
the R5-232 or the TEEE-48% printer/controlier interfaces.,

The RS-232 Printes/Controller interface is contigured
as data commuuncations equipment {DCE) L which alfows 1t
to be connected directly o @ printer or 1o any other piece
of data lerminal equipment. All commupications through
the RS-232 port are asynchronous using the standard ASCIJ
characters, with the exception of graphics codes uwsed 1o
produce output o graphics printers, such as the PR-85
printer. The baod rate and character format. as well as other
R5-232 spectfic functions. can be configured using Au-
siliary Function 38, The RS-232 Printer/Controller lnterface
15 discussed in more detail in Section 7.5,

‘The optional TELE-488 Printer/Controller interface.
winch pwiadls into o oslot on the FIREBERD vear punel.
comnpliics with the IEEE Standard Digital Interface {or Prog-
subnabiy Instrmentation (STD 488 1978). The nterface

Hev,

offers both Tatk-Only and Addressable modes. When operat-
ing in Talk-Only mode. the FIREBERD shoulbd be connevted
divectly to u hsten-only printer. In Addressable mods . the
FIREBERD may be connected with up to 14 other devices,
one ol which must be a controller. Auxiliury Puncton 39
is wsed 1o select other TEEE-488 specitic Tunctions. The
iEEF-488 PrinterController Interfiace is discussed inmore
detail i Section 7.6,

7.1.1 Printer Selection

The FIREBERD 6000 may be connected 1o an RS-232
external printer or may communicate woa prinier via the
IEEE-488 interfuce. When both the RS-232 and [EEE-488
interfaces are installed, Auxiliary Function 11 is wsed o0
select which one the FIREBERD is 10 print 0. The user
may specily either that the FIREBERD always print w the
R5-232, always print 1o the IEEE-388 or. alternately, that
the FIREBERD decide which interface 1o prnng to. (The
FIREBERD will sclect the RS-232 interfuce whenever i
detects the DTR signal trues otherwise. @ will select the

IPEL-488 )

Auxiliary Function [ is accessed through the AUX-
ILFARY function of the MENU switch. When this function
is selected, the following soft-key lubels will e displayed.

(1) AUTO - Sclect RS-232 firsts if no device connected
(o DTR), thea send to HEEE-I88.

(2) R5-232- Select R§-232 only.

(3) 488 - Scleet IEEE-488 only.

7.1.2 Controlier Selection

The FIREBERD 6000 can operate in one ol three
control modes; Local. Remote, or Program. On power-up,
the FIREBERD cnters Local mode, in which the front panel
swilches control alf functions. Upon reception of a vahid
remote control comunand trom the controller. the FIRE-
BERD enters Remote mode. In Remote mode. the front
panel switches are ignored and all FIREBERD functions are
confrolled by the remote user. The remote user may clect
to enter and run a BERD-BASIC program tor use a provis
ously entered one}, thus placing the FIREBERD in Program
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mode. While in Program mode, the FIREBERD recetves
all of its commands from the running program. This con-

tinues until the program stops, cither by design or because |

of a break request from the remete controller. At this point,
the FIREBERD returas to Remote mode und the remote
user again has control over the instrument. The user may
then return the FIREBERD back to Local mode, re-cnabling
{ront pancl operation. '

Only one interface may control the FIREBERD at a
time. Once either of the interfaces gains conirol (by sending
a valid remote control comand). the other will be ignored
until the FIREBERD i returncd to Local mode. Once back
in Local mode, both interfaces will be monitored, allowing
gither one the chance to take control of the FIREBERD.

7.2 PRINTER AND GRAPHICS FORMATS

The FIREBERD printouts can be divided mte five
broad categories: resudts prints. controls prints, status prints,
histograim prists, and jitter frequency prints. Note that hoth
the histogram and Jitter frequency printouts may be either
graphed on on Epson-compatible graphics printer or listed
to a terminal. Each of these prints will be described in the
following sections,

7.2.1 Results Print

Results prints may include some or all of the results
accumulated by the FIREBERD. Resulis prints may be in-
Hiated by {1} a user request (pressing the RESULTS switch),
{2} the occurrence of one of the user-selected print events,
or {3) the cccurrence of o resulls counter overflow, Note
that, i a prnntout initisted because of & results codater
overflow. the offending result will be marked with @ double
asterisk. ("3 indicating that i has just overflowed. In any
subsequent printouts, this result will be marked with a single
astertsk () mdieating that it had previousty overflowed,

The user may select which FIREBERD results are 1o
be included in the results printouts using Auxihiary Function
35. A long results print includes all available results. A
standard results print, on the other hand, includes only an
abbreviated fist of the more commonly-used results, If
neither of these selections i suitable, a custom results print
may he constructed in which the user may selectively include
{or exclude) any of the available FIREBERD results.

If the {Jelta print function has been selected through
the PRINT EVENT function of the MENU switch, automatic
Delta printouts will occur at the end of cach test interval,
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These printouts will contain only data accumuluted over the
last test interval. The Delta printout will not include average
error rates, performance analysis resuits, or other long-term
cumuiative analysis resulis. In all other respects, the Delta
printout will be treated in the same manner as any normal
printout (with regard to format, results selections, cte.).

Figures 7-1 through 7-4 show sample resulis printouts.

MANUAL PRINT
05:07:32 04 MAR 87
SITE ID Alpha
BIT ERRS 0
AVG BER 0. E-08
BER 0, E-06
BLOCKS 3120172
BLK ERRS 0
E A SEC 4875
E F EAS 4875
RCV FREQ 64000.0
GEN FREQ 640090.0
KEFS 100%

IF INTERNAL RS-232

Figure 7-1
Standard Resuits Print

MANUAL PRINT
§5:08:11 (4 MAR 87
SITE ID &lpha
BIT ERES 0
AVG BER 0, E-08
BER 0. E~-06
BLOCKS 314538
BLE ERRS 0
AVG BLER 9. B-05%
E A SEC 4914
ERRE EAS G
E ¥ EAS 4914
CTLE SLIP it}
BELAP SEC 4915
BELAY

RCY FREQ 54000.0
GEN FREQ 64300.0
SYN LOSS ]
AT LOSS 1}
CLE 0SS i}
PWRE LOSS i)
=13 CHA g
SYNL SEC 4}
ESYN SEC 100%
AVL SBC 4914
RDEG MIN 4.0
E5ES $.0%
REFS 1938%
EFS 4914
DEG MIN ]
ERR SEC 0
SES 0
Na SEC 4
RAVEL SEC 140
IF INTERNAL BS-232
DTR: OFF RTS: OFF
D8R OFF CTS: OFF
RLED: OFF

SELF LOOP O

Figure 7-2
tong Results Print

Rev. D



MANUAL
05:17:45
BIT ERRS
BER

BLK ERRS
CHAR ERR
ERR EAS
DELAY
SYN LO0SS
DTR: OFF
DSR: OFF
RLSD: OFF

PRINT

04 MAR 87
0

0. E-04

0

g

0

0
RTS: OFF
CTs: OFF

Figure 7-3
Custom Results Print

DELTA
03:46:32
SITE ID
BIT ERRS
BER
BLOCKS
BLK ERRS
E & SEC
E F EAS

PRINT

04 MAR 87
Alpha

0

0. B-06
1900

G

15

i5

IF INTERNAL RS~232

Figure 7-4
Delta Print

7.2.2  Controls Print

The controls printout lists the current state of all FIRE-
BERDY mainframe controls. When applicable, the state of
interface controls are Hsted also. This provides the user with
enough imformation to duplicate the current configuration

of the FIREBERD at another time or site.

Figure 7-5 shows a sample controls printout.

723 Status Prints

The FIREBERD will avtomatically generate a status
printout to inform the user of important developments with
the ongoing test. Like the resubts in a results print, the

Rev. D

15:05:03 Z8 MAY 86
SITE: Alpha
DATA: MARK
ERROR INS: OFF
SELF LOOP: ON
GEN CLOCK: SYNTH
TIMING MODE: ASYNC
SYN FRQ: 9.6 kHz

INTERFACE:
INTERNAL RS-232

RI: OFF
CTS: OFF
EMULATE : DR
DTR: OFF
RTS: OFF
TEST INT: 1074
ASYNC CHAR FORMAT:
DATA BITS: 8
STOP BITS 1
PARITY: QDD
JITTER:
WDBAND :
FILTER: FULL
THR: 6.5 UI
SPECTRUM ANALY:
FREOQ: 10 Bz
SWEEP: OFF
MASK : 0.171
PRINT EVENT : DELTA
TEST INT: OFF
SYNC LOSS: OFF
FRROR: QFF
TIME: OFF
ANALY MODE: CON
DISPLAY HOLD: OFF

BLOCK LENGTH:
160000 BITS

DELAY : DTR/ DR,/
XON CHARACTER: 11
XOFF CHARACTER: 13

AUX FUNC IN USE: NONE
REMOTE RS-232:

DATA BITS: 8

PRINT SPEED: FAST

BAUD : 4300

PARITY : EVEN

TERM: CR LF
Figure 7-5

Controls Print

Section 7
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various status messages may be individually enabled or dis-
abled using Auxiliary Function 36. Most status printouts
include a status message along with the current time/date
and site identification name. These status message include
G.821 transition, overflow print, data loss, clock loss, signal
toss, sync loss, sync acquired, frame error (asyne character),
receiver clock polarity change, test restart, new configura-
tion. signaling change, and power up. When applicable,
these messages also include the count of the number of
times they have occurred in the current test.

Figure 7-0 shows several sample status prints.

NEW CONFIGURATION

SITE ID Alpha
i5:08:50 28 MAY 86
SYNC ACQUIRED 1
SITE ID Alpha
15:08:81 28 MAY B6
CLOCK LOSS 1
S3ITE ID Alpha
15:09:40 28 MAY 86
SYNC LOSS 1
SITE ID Alpha
15:09:40 28 MAY 86
SYNC ACQUIRED 2
SITE ID Alphs
15:09:41 28 MAY 86
LAST POWER DOWN
15:09:47 28 MAY 86
POWER UP

15:09:51 28 MAY 86
SITE ID Aipha

Figure 7-6

Status Prints

A histogram print offers the user a perspective as o
how a FIREBERD result is changing with time. For instance,
a histogram could be used 10 monitor the accumulated bit
errors i each hour over a 60-hour period. From this infor-
mation. the user could determine whether the bit errors were
unifermly distnbuted over the 60 hours or biased towards
ONE PO i fame.

7-4

Histogram analysis of any integer results may be n-
itizted and printed using Auxiliary Function 44. In this dis-
cussion, the applicable auxiliary function soft-key labels are
shown in parentheses. The user must select the result to be
monitored (RESULT}. the units of the graph vertical axis
{VERT), and the measurement interval (1, 10, or 60 min-
utes——10 be plotted along the horizontal axis) per histogram
“bar” (HORIZ). Changing the measurement interval
(HORIZ) or the result will cause the histogram analysis to
restart; changing the units of the vertical axis will not cause
a restart, thus allowing the data o be replotted with a new
vertical scale.

The user may select either a graphics (GRAPH) or
list (LIST) format for histogram prints. When printing
graphics through the RS-232 interface, the user must be
sure that the character format (selected with Auxiliary Fune-
tion 38) is set for eight data bits. The histogram wiil be
printed along with s start time, any syne toss indicators
(") indicating intervals in which sync was lost, and any
(. 821 avaifability transition mdicators ("t} indicating inter-
vals in which transitions were made from available to unav-
ailabie time or from unavailable to available time.

Once the histogram analysis is turned on, the FIRE-
BERD will begin accumulating data for, al most, 60 inter-
vals. When all intervals have been accumulated. the results
will be printed and the histogram analysis will restart,

Figures 7-7 and 7-8 are examples of the histogram list and
graph printouts.

7.2.5 Jitter Frequency Prints

When the DST hiter Spectral Analysis option 1s instal-
led, a “jitter frequency Nist” result is also available, either
by itself or as part of a resuits print. This printout contains
the jitter measurements for each of the 40 frequencies mon-
itered by the spectrum analyzer. These measurements in-
clude the maximuwm unit iniervals of jitter measured at cach
frequency along with the percentage of the selected jitter
mask that this reading corresponds to. Again. like the
Maximum Jitter result, when this result is included in 2
Delta print, ot reflects only the measurements made during
the test interval. o

Jitter printouts may be initited 1o either graphics or
fist format using the front panel JITTER function of the
MENU switch. Note that when generating a graphics print
through the RS-232 miterface, the character format must be
set for eigh

Figures 7-9 and 7-10 are examples of the ptter freguency
st and graph.
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JITTER  FREQ LIST

15:10:23 01 JAN 87

MASK: 0.171

FREQ(Hz) Ul %MASK
i0 0.04 04
20 0.03 0.3
30 0.08 0.2
40 Q.08 0.5
50 0.02 02
60 Q.01 01
70 0.01 0.1
80 0.01 0.1
100 ©oo02 02
133 002 0.2
166 003 0.3
200 0.02 0.2
233 003 0.3
300 013 19
400 1.06 209
BOO 8.15 201.2
600 044 13.0
7?00 0.14 4.8
800 0.10 3.9
10k 0.11 53
1.3k 0.08 3.8
18k 004 3.8
20k 003 29
23k 003 23
30k 003 4.3
40k 003 By
50k 008 119
60k 003 85
7Ok 003 10.0
80x 004 66
10k .04 13.3
13k 0.04 13.3
16k 0.01 3.5
20k 002 6.6
23k 0.01 3.3
“#6k 0.01 3.3
A0k G.01 3.3
33k 0.02 6.6
36k 0.02 8.6
40k 0.0} 3.3

Figure 7-9

Jitter Frequency List

7.2.6 Print Formats

Auxilary Function 37 may be osed to specify the
printeut formats. This sncludes selecting the printout width
(28 or 80 characters), printout spacing (condensed or nor-
maly, and primowd order (forward st Tine {irst, or back-

wirds - Last fine st

76

The soft-key labels for Auxiliary Function 37 are listed
below.

(1) COLUMN-changes printout width from 20 to 80
colunins.

(2) MODE-accesses soft-key labels COND (con-
densed) and NORMAL.

(3) LAYOUT -accesses soft-key labels FWD (for-
ward) and BACKWD (backward).

The BACKWD setting should be selected for use with
the PR-2008) 20-column printer or other printers i ‘which
the paper is fed downward across the print mechanism. The
FWD setting should be selected for use with CRTs, the
PR-85 Printer, and most other printers.

7.3 REMOTE CONTROLLER COMMANDS

7.3.1  Terminal Operation and
the On-Line HELP Functions

The FIREBERD 6000 provides extensive on-tine help
information intended to aid the user operating from a dumb
ternmnal, This help includes & 7-page. on-line mini-manual
as well as a parameter syntax guide for every remote controf
conmmand.

To operate the FIREBERD {rom a dumb terminal, the
aser must first log in by typing a period (°.7) or the word
“TERMINALY followed by a carriage return. From there
the FIREBERID will intorm the user to type HEELP followed
by & carriage retwmn to call up the main help screen. The
main help screen will, in tern, imform the user of how 1o
get more help on specific subjects. The pages of the on-line
mini-maagual are presented in an appendix of this manual,

From a dumb termunal, the aser may thes select w0
enter interactive configuration mode. This Is done using the
buiif-in BERD-BASIC programs accessed via the PROG
command. Once in interactive mode, the FIREBERD will
ask all questions necessary to conligure a test. thereby al-
teviating the need for the user to memorize dozens of remote
comirod commands,

Note that the log-in sequence s only 10 mtorm the
FIREBERD that the controller is operating from a dumb
terpinal. This command should rot be used when operating
the FIREBERID from 4 comp&i{a’:}‘ because it causes ihe
FIREBERIDY to enable the prompt and echo functions, both
of which will only confuse o compuier program sttempting
to decipher the resalts returming from the FIREBERD.

Rev. D



Section 7

S
[
]
|
P
I~
=
P &
O o
— x
=
e
o
L
o [
o
-
o
—
I~
o
5?
=
~f¢
o
jie}
o4
g
. -
s o
i

Figure 7-10
Jitier Frequency Graph

Bev, I 77



7.2.2 Remote Conirol Command Formats

The general {format for a remole control command is
as follows:

command name ( parameter . .. )

where command name is the command name as iisted in
Section 7.3.4 and (parameter . . ) is an optional parameter
iist associated with the command. Whenever possibie, the
remote control command and parameter names have been
made consistent with those appearing on the FIREBERD s
front panel. In general, remote control names are derived
by shortening alt words shown on the front panel to their
first three letters, while leaving all numbers unchanged and
represepting exponenis with a caret (&7

Most FIREBERD commands may be used to either
select a new command state or o print the currently selected
commund state {without changing 1), To select a new com-
maad state, both the command name and the desired parame-
ter are entered s the command hine. To obtain the currently
selected state, only the command name 1s entered. In other
words, eptering o command name without selecting a new
state will case the FIREBER D to print the currently selected
state This &s referred 1o as a status request for the particular
command.

7.3.3 Remote Conirol Command Entry Sequence

Al commaands may be enfered o the FIREBERD in
either apper or lower vase, although the examples in this
manual are lsted in upper case only.

All space characters (7 7) are ignered by the FIRE-
BERD and thus may be used freely (o make the commands
more legible {as wiil also be done in all examples throughowt
this manual).

Entering a BACK-SPACE character (ASCH code
OsH. Control H ) causes the FIREBERID 1o discard the most
recently entered character,

Entering a CANCEL character (ASCIH code 18H, Con-
tral X ) causes the entire command line currently being
entered to be discarded.

Al comauand lines o the FIREBERD must be termi-
nated by o valid statement terminator. This may be acirriage
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return character (ASCH code ODH), a linefeed character
(ASCIH code 0AH}, or any character transmitted with the
EOI line asserted (IEEE-488 only). Note that commands
are not interpreted by the FIREBERD until this terminator
1 received.

7.3.4 FIREBERD Commands by Groups

Auxiliary Functions

ALXI —select/print generator clock polarity
AUX?2 -select/print receiver clock polarity
AUX3 -select/print receiver action on sync
foss
AUX4 -select/print single transmit
AUXS -select/print data interface controller
AUX 6 —select/print generator data invert
AUXT -select/print receiver clock select
AUXE -select/print out of band How contol
AUXO9 -select/print in band flow control
AUX 10 —sefect/print syng loss threshoeld
AUXIL =s¢lect/print printer select
AUX 30 -select/print block length
ALUX 31 —select/print delay measurcment
AUX32 =select/print commeon frequencies
AUX 33 —select/print programmuable duta
pattern
AUX34 select/print site wdentification
AUX 35 —select/print custom results printout
AUX36 - select/print custom status printouts
ALX 37 ~select/print printout format
AUX 38 ~select/print RS-232 printes
controler configuration
AUX 39 —selecyprint IEEE-488 printer/
controller configuration
AUX 40 —print software revision level
(see HELL.O)
ALIX 41 ~sel/print user message
AUX 42 ~print pre-sync loss results

AUIX43 clear all novram

AlLIXN 44 —select/print histogram set-up
AUX 60 ~setiprint tiime and date
AUX 99 ~clear auxiliary functions in use

Controller and General Configuration

BYE -return the FIREBERD to a
pPoOweT-Up state
(see DEVICECLEAR)

DATE —set/print the date (see AUX 60)
DEVICE
CLEAR ~return the FIREBER Do a
power-up state
ECHO ~select/print controiler echo mode

END - end an ENTER sequence
ENTEER —Jisable contention checking on
subseguent commands

Rey, 0



HELLO print the software revision fevel
HELP ~print help information
ISU control the Interface Switching Unit

LOCAL ~return to FIREBERD local mode
MACRO -lefine user macro sequences
OPTIONS Jist options currently installed in

the FIREBERD
PROG ~Lise built-in BERD-BASIC programs
PROMPT select/print the prompt mode
SELFTEST  -print the results of the automatic

self test
TERMINAL  -—configure the FIREBERD to talk 1o
o dumb terminai
~set/print the ime (see AUX 60)
et stade of rear panel fest point 727

TIME
TP
Display and Audio Indicazor Functions
ANARES
ANARES?

seleet Teft display result
~sefeci right display resuls

AUDIO selec/printaudio level override
BEEP -sound the beeper

1215 HOL wselect/print display hold mode
DISPLAY —select/print {rom panel display mode
SYNLOS ~¢lear the sync fost LED

Intertuce Signalmg, Lic.

SR -manipulate/print DSRADM) control
line state (DCE ondy}

DTR —manipulate/print DTR/TR ) control
ling state (DTE only)

1.OO generate oop codes (T-carrieronly)
RLS -manipuiate/print RLSDARR) control
line state {DCE only)

QCTTIM ~control octet timing transmission
for 64 kb/s 6.703 Data Interface
RTS ~manipulate/print RTS/HRS) control

ling state ¢t DTE only)

Printer Coatiguration

CUSTOM ~select/pring custom results prits
(see AUX 353
FORMAT ~select formatted printer output
{see AUX 373
LONG ~select long results prints (see AUX 35)
PLAIN
ENGEISH ~select character or hex user message
prints

STANDARD -select standard results prings
(see AUX IS

—select/print custom status prits
(see AUX 30)

~set/print RS-232 print line (erminator
(sec AUX 38

TERM 488 - set/print IEEE-488 peint hine

terminator (see AUX 39)

STATUS

TERM 232

Rev. D

UNFORMAT

WIDTH

Printer Functions

CLEARFIFO

LS
CONTROLS
HOLD
LEDS
LPRINT
NUMBER
PAGE

PRI
PRINT

REL

RESULTS

Test Configuration

ANA MOD
CHA FOR
DAT
ERRINS
ERROR

GENCLK
INTSET

HT
PRIEVE

REC
RES
SELLOO
3T
SYNIPRE

TESINT
TiM MOD
USER

Section 7

—selected unformatted printer output

(see AUX 37}
-select/print priatout width
(sce AUX 37)

—clear the printer buffer (see PRI
------- clear the ferminal screen
—generate a controls printout {sce PR1)
~hold alf printer ouiputs
-print front panel LED status
print the literal string
dist commund or parameter numbers
~print pages from the on-line mint-
nanual
-select/print printer enable/function
-print the single FIREBERD results or
BERD-BASIC variable
—release alt accumutated printer outputs
from HOLD
~generate a results printout (see PR1)

-select/pring anal ysis mode
-select/print async character format
-select/print generator data pattern
-select/print logle error insertion rate
~insert a single logic eryor
{see ERRINS)
—select/print generator clock seurce
-select/print data interface
contigiration
~sedect/print jitter measurement
parameters
~select/print antomatic result print
events
~recali stored front panel program
Testart the test
select/print self loop mode
-store front panel program
-select/print idernal svnthesizer
frequency
-select/print test interval
-selectprintiiming mode

~load user message with ASCIH text

7.3.5 Command Line Shortcuts

A macro s g wseful string of characters that can be
inserted Into a command at any point asing just one or two
keystrokes. The FIREBERD aliows both user-defined and
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automatic macros. User macros are defined using the
MACRO command and are recalled using the character se-
quence & (mumber} in the command line, where {(number)
is the macro identification number. The automatic help/
status mucro is set whenever a help (see the HELP command)
or status reguest 1s issued for a particular command. The
user can then refer to that command by simply using the
YT character in the command fine. This saves the user the
trouble of having to retype the command name again to alter
1ts state.

Any command or command parameter issued to the
FIREBERD may be abbreviated by entering s first few
letters followed by a period (7.7, The few-letters command
should be enough to uniguely identify it from all other FIRE-
BERD commands or command parameters respectively. If
a non-unique eniry is geoerated in this mannor, the FIRE-
BERD will choose the first command or command parameter
(as listed in the HELP! or HELP {command name) printouts
respectivelyy that matches the entered abbreviation. For in-
stance. CUL can be used as an abbreviation for the CUSTOM
commatnd since no other commands begin with the letters
CU. On the other hand, CG. ¢could not be used to abbreviaie
alse beging with the letiers ©O and the COMMON conmand
appears fiest in the HELP printout. (This iseans that ©0.
could be used to abbreviate the COMMON command: corres-
plizzrza';%kingfy, COMN. could be used to abbreviate the COM-
TROLS conunand. )

Multiple parameters may be selected from the same
cormand by separsting them with commas (7,7) on the
command line. For example, to set the asynchronous charac-
ter formiat to 7 data bies and even parity, the contrelier could
either enter the two comumands CHA FOR DAT 7 and CHA
FOR PAR EVE. or enler the single commuand CHA FOR
DAT 7, PAR EVE_ Note that in the latter example, the CHA
FOR command had only 1o be specified onee and the comma
separated the two parameter selections, One prompt will be
returned 1o the controller for each parameter selected {pre-
ceded by an ervor message i the commuand was Hlegaly.

Multiple commands may be issued o the FIREBERD
on the same command line by separating them with semico-
lons 5 The commands will be executed in the sequence
i which they were entered. One prompt will be returned
to the controlier for each executed commund (preceded by
an error message i the command was tllegaly,

7.3.6 Pausing FIREBERD Printouts

batering an X-OFF character (ASCI code E3H. Con-
trol & ) o pressmg the space bar will cause the FIREBERD
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to temporarily halt all printouts unti] either an X-ON charac-
ter (ASCIH code 11H, Control Q) or a statement terminator
is received. Similarly, entering a space character (* ™) wili
cause the FIREBERD to temporarily halt ali printowts, fol-
lowing the completion of the current Jine. until a statement
terminator is received.

7.3.7 Aborting FIREBERD Operations

Fntering a Control C character (ASCI code 03H.
ETX) will cause the current input hing to be discarded, the
print buffer to be cleared, any WAIT or LOO commands in
progress to be aborted, and any BERD-BASIC program
currently executing to stop. This is the “break” command
that gets the FIREBERD back to normal command mode.

7.4 BERD-BASIC _
PROGRAMMING CONCEPTS

A BERD-BASIC program is stmply a sequence of
commands that instruct the FIREBERD 1o perform desired
functions. The program 15 written ahead of time and may
be carried owt later, possibly many times. without reguiring
the user to be present. The program itself takes control of
the FIREBERID and, 1 effect, takes the place of the remote
user.

A program nesds o contain information as {0 hoth
what communds are (o be executed and in what order. This
mformation i eniered into the program as a sequotee of
program lines. Huach program tine is made up of two parts,
a tine number and 2 command. The command specificd
in & program line is the same remote control command that
waortkd be specified by the remote user; it tefls the FIREBERD
what to do. The line number. on the other hand, tells the
FIRERERD when to do it Program lines may he entered
in any order; the FIREBERD will avtomatically sort them
From Jowest to hughest line number as they are entered.

In general, o program will be executed starting with
the fowest numbered line and proceeding, n sequence, 1o
the highest numberad line. (For this reason, 1115 conventional
w imtally enter program lines numbered by tens, that is,
Y, 20, 30, 4G, ete, This ensures that several new Lines can
be casily inserted between two existing lines in case hew
commands need to be added later.) The absolute ordering
of program line exgcution from lowest to highest e number
may, however, be overridden, For example. the program
can mstruct the PEREBERD 10 "go back 107 or “skip 0w a
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specilied line or, more importantly, the program can instruct
the FIREBERD to “go to™ u specified line only if a ceriain
condition is true. In this way. the program can take certain
actions depending on the values of one or more of the FIRT-
BERD) resuits,

BERD-BASIC also provides simple integer variables
that can be used to count events. The program may print,
change, ortest the current value of any of these variahles,

The FIREBERD allows the user to maintain up to five
BERD-BASIC programs at a time-—one “working” program
and tour stored on the ramdisk, The user can save and load
programs o and from the ramdisk using casy-to-remember
progriam names. Additionally. the running program may
invoke the execution of any of the stored programs, Note
that all five programs are stored in non-volatile RAM and.
therefore. are not ost when the FIREBERD 15 powered
down.

BERD-BASIC Program Conunands

BREAK  -select program action on error
END ~¢nid program execution
GOSUB  —transfer program execution to a subroutine
GOTO ~transfer program execution to specified fine
IF-THEN  —condittonal GOTO statement

(based on results or variable valuce)
INPUT —gater input from terminal ito user macro
LET - assign new valie to BERD-BASIC variable
REM ~remark or comment
RETURN  —return from subroutine
STOP —siop program exceution (temporarily)
WAIT —wail for sync or the specified tme

BERD-BASIC Program Control Statements

CONT -CORUNEe program execution

from Contgal C or STOP
LIST —Hstewrent BERD-BASIC program
RUN -start program execution

BERD-BASIC Program Line Entry

(hne number) {command) ~enter a program line
(hne number) ~delete a program line

BERD-BASIC Ramdisk Operations

CHAIN  —chain execution fo saved program
COMMON —preserve all vanable values thru the next CHAIN
DIR ~Jist names of saved programs
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KiLL —delete (unsave} a saved program from the
ramdisk
LOAD ~load a saved program

SAVE

-save the current program on the ramdisk

Figure 7-11 shows anexample of a BERD-BASIC program.

7.5 RS-232 PRINTER/
CONTROLLER INTERFACE

7.5.1 Interface Desciiption

The RS-232 Printer/Controffer Interfuce is a built-in,
standard feature of the FIREBERD 6000; the female, 23-pin
D connector 15 Tocated on the FIREBERD rear panel. The
interface 1y configured such that the FIREBLRIY acts as

© DCE and may be direetly connected directly 10 a pranter (or

any other piece of data terminal equipment). All communi-
cations through the R8-232 port are asynchronous using
ASCIL code, with the exception of Fpson-compatible
graphics codes used to produce owput to graphics printers.

The following is a list of the RS-232 interface pins
ancd their associated functions:

pinl:  protective ground  —connected {0 chassis ground

pin 2. transmit data ~tata transmitted to the
FIREBERD

pind receive data —ata received from the
FIREBERD

pin3:  cleartosend —output true when the

FIREBERD is ready to receive
—output true when the
FIREBERD is on
~¢onnected 1o circuit ground
-outpat true when the
FIREBERD is on
pin 2k dataterminal ready  —nwust be input true before the
FIREBERD will send

pinéd:  data set ready

pin7:  signal ground
pin8:  datacarrier detect

Note especially that the DTR signal (on pin 20) must
be driven true by the printer before the FIREBERD will
send any data

Auxiliary Function 38 provides control over the RS-
232 communication port configuration. Five categories of
parameters may be contretted: baud rate; namber of data
bits per character; parity: line terminator; and print speed.

The baud rate may be set o 110, 300, 600, 1200,
2400, 4800, or 9600. The number of data hits may be either
7 or 8. The parity may be odd, even, or none. The fine
terminator transmitied from the FIREBERD may be set to
carriage retum (CR3, linefeed (LY} both {CRLF), or none.
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10 REM ====T] NETWORK INTERFACE TEST == ==

20 REC 3; WAIT 900; REM...REC = RECALL PROGRAM...800 SEC = 15 MINUTES

30 IF %MAS <= 100 THEN 80; REM...%MAS = MAX % OF JITTER SPECTRAL MASK
40 LPRINT “*** JITTER EXCEEDS AT&T PUB 62411 MASK ***”

50 IF BPVS <= 300 THEN 70; REM.........

BPVS = BIPOLAR VIOLATIONS COUNT

60 LPRINT “*** MORE THAN 300 BPVS IN THE 15-MINUTE intervai ***”

70 IF ROV FRE < 1543920 THEN 80; IF RCV FRE > 1544080 THEN 80; GOTO 90
80 LPRINT “*** RECEIVED T1 FREQUENCY OUT OF TOLERANCE ***”

90 REM... EQUIPMENT NEEDED — FIREBERD 6000 AND A DUMB TERMINAT.....

Figure 7-11
Sample BERD-BASIC Program

It the print speed is set to fast, the FIREBERD will
send as fast as the baud rate allows. I the print speed is set
to slow, the FIREBERD will send no more than 20 characters
persecond, and will pause for one-half second between lines,

The default scttings for the FIREBERD are: 2400
baud, 7 data bits, even parity. carriage return, and slow
print speed. W reconfigured, the FIREBERD will remember
the new settings when powered down.

I the controller sends commands to the FIREBERD
faster than it can process them (that is, if the controller
iznores the Clear To Send signal output from the FIRE-
BERD), the FIREBERD may not be able to keep up. 1 this
oceuts, the FIREBERD will respond with either & receiver
overrun or receive buffer overtlow error message and the
comnmand(s) will be discarded, To be safe, it Is suggested
that the controfler either monitor the Clear To Send signal
being output by the FIREBERD or wllow the FIREBERD
ample processing time following each command. {200 mil-
liseconds is a good conservative [igure for most commands )

7.5.2 Auto-Baud Function

To sunplify the chore of setting up RS-232 remote
control communications, the FIREBERD ofters a very sinme
ple auto-baud function. This allows a remote user to confi-
gute the FIREBERTY s baud rate, data bits, and parity with-
out the trizl-and-error approach normally associated with
RS-232 communications. In fact, the remote user need not
even known the configuration he is using: the FIREBLRD
will figure it all oot automatically (and even tell the user,
via Auxiliary Function 38).

To mitiate Auto-Baud mode, the romote controller
must sent three BREAK chamcters {geacraily a separate
kiey on the terminal that forces a steady space condiiion on
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the RS-232 ling) at 1-second intervals. Following this, the
user must repeatedly type SPACE characters (ASCH code
20H) at a 5 Hz to 10 Hz rate for 10 seconds {or until the
FIREBERD responds with the message “auto-baud
achieved, press ESCAPE to continue™). Once this is done,
the user must send an ESCAPE (ASCH code 1BH) character
and the FIREBERD will respond with the message “Charac-
ter format determined.” At this point, the FIREBERD i
fulty configured and the user may enter TERMINAL mode,
if desired, and begin remote control.

There are a few ftems to note about the auto-baud
procedure:

(1} If auto-baud is not achieved within 30 seconds of being
initiated. the FIREBERID will abort the function and
reverl back to its prior R5-232 settings. This timeout is
necessary since many terminals and printers will gener-
ate a Break character as they are powered up or down,
and thus might fool the FIREBERD into entering Auto-
Baud mode when it 15 not supposed to. H this happens,
the FIREBERD front panel display will flash the mes-
sage "RE-232 auto-baud” unti] the 30-second timeout
is tinished, at which time the FIREBERD wili abort
Auto-Baud mode {(bringing the RS-232 configuration
hack to what it was). Note also that changing Auxiliary
Function 38 from the front panct will also abort the
aute-baud function.

(2} The SPACE characters sent to identify the terminal’s
traud rate 1o the FIREBERD must be transmitied at such
a rate that there is “dead time” between characters on
the RS-232 commumicaiions link. Usually, using the ter-
minal’s “auto-repeat” Tunction is fine; however, at 110
baud this may be tou fast. 1 this is the case, then the
user may transmit the SPACE characters by hand at a
minimun frequency of three per second. Noie also that
W ‘1'1“V;i']ilﬂ(‘pi'u-audlng by computer, the computer should
send the SPACE charvacters at about five per second,
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{3y The message "Auto-baud achieved, press ESCAPE to
continue” will always be transmitted with 7 data bits,
2 stop hiis, zmdgmpzx;‘ity. since the FIREBERD has
aot yot determined the character format of the remote
conatroller. For this reason. it may not appear normal
on some terminais conligured differently. The solution
to this is to just go ahead and send the ESCAPE charac-
wer anyway. The FIREBERD wilt then figure out the
character format and everything will work properly.

-}y While in Auto-Band mode, the FIREBERD will con-
stantly transmit a single asterisk (%) and bell (Control
G, ASCIE code 07H) character at the end of each baud
e thut 5 scans. This is provided to give the user some
indication that the FIREBERD 15 in Auto-Baud mode
and that the user should be sending the SPACE charac-
HEr S

7.6 |IEEE-488 PRINTER/
CONTROLLER INTERFACE

The FIREBERD TEEE-488 interface complies with
the IEEE Stundard Digital Interface for Programmable In-
strumentation (ST 488419783y, The imterface  offers
bothTalk-Only and Addressable modes. When operating in
Talk-Oniy mode. the FIREBLRID should be connected di-
rectly to a histen-only printer. In Addressable mode, the
FIREBERD may be connected with up 1o 14 other devices,
one of which must be o controller,

The rear panel DIP switch located on the IEEE-488
pancl is used to select the interface mode along with the
FIREBERD '« nterface address tused only In addressable
mode). The DIP switch contiguration 15 as follows:

SWi SWZI o 8W3 o SW4 o BWS SW6
) Adressable
= DOWN,  AO Al A2 Al A4 Talker Only

| = LR}

where Addressable/Talker Only selects the operating maode
and Al through A4 are the umit address. Although the FIRE-
BERD HEEE-488 interface offers both Talk-Only and Address-
able modes, remote control s available only in Addressable
mode. Additionally, when operating in Addressable mode,
the FIREBERD will respond tw the TEEE-488 Device Clear
(DCL) by performing a re-power-up.
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The following is a typical remote control input sequence.

(1) The controller addresses the FIREBERD o lis-
ten,

{2) The controller sends a remote control command.

(3) The controller sends o terminator.

(%) Upon receipt of the werminator. the FIREBERD
analyzes the command and respoads approp-
riately.

As churacters are recetved. ASCTE nuli and space charac-
ters are discarded, and the remaining characters are suved until
i lerminator is received, The FIREBERD automutically recog-
nizes any one or a combination of the following terminator
sequences; CR; L or CRLLF

Once the terminator has been received. the commuand will be
anadyzed. I there is an error with the command. a service
request will be issued and the feast significant bit of the serial
pell register will be set. If there is no error. the FIREBERD
will generate the appropriate response for the command and
then prepare to receive another command.

Auxiliary Function 39 provides control over the IEEE-
488 communication port configuration. Thiee categzories of
parameters may be controlled: service request, line terminator,
amd print specd.

If service request s set to data, the FIREBERD will
generate a service request {SRQ) whenever an erroneous
command is received, or when it has data ready to transmit.
I service request is set to error, the FIREBERD will generate
a service request only when an erroneous command s re-
celved. In either case, the FIREBERD will set the most
significant bit of its seriad poll register (davy whenever
has data to ransmit. See Figure 7-12.

B7 B6 B3 B4 B3 B Bl BG
day rsv avn
dav = data available tn FEREBERID print buffer

T8V reguest service (SROQ)
syn o= comarand syntax error

Figure 7-12
Serial Poll Status Byte
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The tine terminator transmitéed from the FIREBERD
may be set to carriage return (CR), linefeed (LF), both
CRLF), or none. Regardless of mode or terminator selection,
the EOT signal is raised with the nal character of each line.
(For software revision D and above only}. If the print speed
is set to fast, the FIREBERD will send as fast as the interface
allows. If the print speed is set to slow, the FIREBERD
will send no more than 20 characters per second, and will
pause for one-half second between lines.

The default settings for the FIREBERD 6000 are: error
service request, CRLF fine terminator, and fast print speed.
If reconfigured, the FIREBERD will remember the new
settings when powered down.

IN2.[ Unlike an RS-2372 connection, the IEEE-488 bus re-
quires that one device on the bus act as controller. All other
devices connected to the bas must act as slaves to that
controffer. The FIREBERD can only act as a slave, Another
intelligent device must be used as the bus as the bus control-
fer.

Devices commonly used as a controller include the
following:

@ Hewlett-Packard HP-85 computer with the 82937 In-
terface.

® IBM-PC with a National Instruments GPIB-PC inter-
face card and sysiem software.

In most cases, a software program is required to oper-

ate the controfler. Sample programs for the HP-85 and Na- -

tional instruments GPIB-PC are shown in Appendix B.

7.6.1 IEEE-488 Programming Hints

A device must be addressed to respond to & command.
It is possible to address any single device or any group of
devices on the bus.

Addressing a single device is accomplished with a
staternent such as Quiput (7013 “DAT63” to the device at
address 1 of the HP-857s port 7.

To address multiple devices using the HP-85, the RE-
MOTE x,x.x statement is used. The x's constitute a lost of
devices to be addressed. Once the group of devices has been
addressed, the group format of the commands muy be used.
One example is “Trigger 7.7 which causes all addressed
devices on the bus to perform their DEVICE Trigger func-
[N,

Before attempting to read data from a device, it is
necessacy (0 know if the device has data 10 send.

7-14

The controfler has two ways of determining that the
FIREBERD has data: (1) bit 7 of the serial poll register
{dav) is set whenever a line of data is available, and (2) if
the FIREBERD AUX 39 SRQ mode selection is set to DAT,
the FIREBERD muakes a service request to the 488 controlier
whenever it has data available.

Both of these methods are demonstrated in the sample
programs shown in Appendix B.

The statement used ot read data from the FIREBERD
must be one that terminates the read operation when the last
character of the line is encoundered. Since it is up to the
user to specify the FIREBERD s line terminator (CR, LF,
CRLF), the most foolproof way to detect the last character
is by sensing the EOI signal.

The HP-85 statement “ENTER 701  USING

“#%,% K AY reads characters from device | until the EGH
signal is encountered.
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SECTION 8
DATA INTERFACES

8.1 INTRODUCTION

Data interface modules are used to interface the FIRE-
BERD 6000 with different types of data communications
coeuits. This section contains functicnal descriptions,
operating instructions. and specifications for the built-in
RS5-232 Data Iaterface as well as for many of the other data
inlerfaces available for use with the FIREBERD. The {ollow-
ing 18 @ listof the data interfaces described in this section.

8.2 Built-In RS-232 Data Interface

8.3 V. 357306 DTE/DCE Data Interface (Maodel 40202)
8.4 RS9 DTHE/DCE Data Intertace (Mode! 40200)
8.5 DSU/DSUA Data Interface (Model 30481)

8.6 DSID4Fe Data {nterface (Model 40460)

8.7 DSUTI (D4 Frming) Data Interface (Mode! $0405)
8.8 DS1C/DS? Data laterface (Model 30447)

8.9 2048 Mbss G703 Data Interface (Model 40380)
840 LAB Duta Interface (Model 40204)

8.11 DS Date Interface (Model 405403

8.12 5448 kb/s G703 Data Interface (Model 30524)

Separate operating manuvals are availuble for many of these
daty interfaces and many other data interfaces may be used
with the FIREBERD 6000——consult TTC for additional in-
formation.

8.2 BUILT-IN
RS-232-C/V.24 DATA INTERFACE

8.2.1 Introduction

The RS-232-C/V .24 Data Iaterface, provided as a
built-in feature of the FIREBERD. meets ETA R5-232-C,

Bev. D

CCITT V.24 and V.25 and 1SO 21 10-1980 Standards. This
data interface has two 25-pin D connectors which enable
the FIREBERID o erulate both data terminal cquipment
(BTEY and data communications equipment (DCE}. DTE
ar DCE operation can be selected by selecting the INTF
SETUP function of the FIREBERD front panel MENU
switch, The 25-pin 1) comnectors are located on the FIRE-
BERDY s rear panel. The DTE connecior s labeled TO DCE,
and the DCE connector s labeled TO DTE. The two connec-
tors share the FIREBERIDY s deivers and receivers and should
not be used concurrently.

8.2.2 Functional Description

8.2.2.1 DTE Operation

In a typical RS-232 circuit, the DCE supplics siming
to the FIREBERD (DTE) on the TC (Transmiit Clock, HCE
source) lead. When the interface clock s being used as the
source of timing, the FIREBERD will generate TD (Transmit
Datay and XTC (Traasmit Clock. DTE source; coincident
with the clock received on TC.

When the FIREBERD's synthesizer is being used as
the source of timing. the FIREBERD will ignore TC and
generate TD and XTC coincident with the selected internal
rate. The BNC input may also be used 10 supply gencrator
timing. Data and clock signals received on the R (Receive
Data) and RC (Receive Clock) leads are used for ervor
analysis.

Two switches on the FIREBERD front panel allow
RTS8 iRequest 1o Send) and DTR {Data Terminal Ready) to
be tirned on and off. CTS (Clear to Send), DSK (Data Set
Ready}), and RLSD (Received Line Signal Detector) are
received and their status displayed on the FIREBERD front
panel.

8.2.2.2 DCE Operation

In u typical circuit, the FIREBERD (DCE) supplies
timimg to the DTE on the TC lead. The DTE will return TD
and XTC to the FIREBERD for ervor analysis,
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When the interface’s clock is being used for generator
timing, RD and RC (Receive Signal Element Timing) wili
be generated coincident with XTC from the DTE. The FIRE-
BERD may also generate RD and RC coincident with the
synthesivzer rate or the BNC rate.

Two switches on the FIREBERD front panel allow
RLSD and DSR to be twrned on and off in DCE mode. DTR
and RTS are received and their status displayed on the FIRE-
BERD front panel. CTS and RI (Ring Indicator) can be
turned on and off by selecting the INTF SETUP function
of the FIREBERD's MENU switch and pressing the INT232
soft key. See Figure 8-1 for a diagram of the INT232 menu
wee. (Refer to Section 4 for dewiled instructions on the
MENU switch and its selectable functions).

8.2.2.3 Timing Modes

Syachronous, asynchronous, or recovered timing can
be used with this interface. With asynchronous timing, asyn-

INT.2.32.
|

EMLATE

l

chronous data analysis can be performed at rates to 20 kb/s.
The interface can be operated at rates to 64 kb/s using
synchronous or recovered timing.

8224 Self-loop

The SELF LOOP switch on the front panel of the
FIREBERD connects the transmit clock and data cutputs to
the receive clock and data inputs. User connections do not
have to be removed to perform a toop test. In DTE operation,
timing for the joop test can be provided on the TC lead
(DCE source), by the FIREBERD s synthesizer, or through
the rear panel BNC connector. In DCE operation, timing
can be provided by the synthesizer or through the BNC
connector. The self-loop function {ests the actual drivers
and receivers that are used during normal operation.,

DTE

DCE

Ri

CTS

OFF ON

OFF ON AUTO

Figure 8-1
INT232 Menu Tree
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8.23.1 General
Mauxinmum Speed: & 04 kb/s.
Data Polarity: ® Mark (hinary 1} less than -3 velts.
@& Space (binary (1 greater than + 3 voits.
Signal Polarity: @ On: greater than +3 volis.
® Off: open or less than -3 voits.
8.2.3.2 Drivers
Oufputrise time:; @ greater than 20 microseconds.
Cenerator Impedance: ® less than 100 ohms.
Signal Swing: & + 10V into 7K ohms typical.
Short Circuit Current: ® loss than 100 mA.
B.23.3 Heceivers
Load Impedance; & 3K o 7K ohms.
Maximum Input Voltage: @ 23V,
Table 8-1
Internal RS-232-C/V.24 Data Interface
Pin Assignments
STATUS AT CONNECTORS
PIN EIA CCITT SIGNAL NAME TTODCE” TTODTE?
! AN Protective Ground Conpected to chassis ground
2 BA 103 Transmitted Data output input
3 BB 104 Received Data imput ouipul
4 CA t05 Request To Send output input
3 CB 106 Clear To Send/Ready for Sending input OuwpLL
f ¢ 107 Prata Set Ready mnput output
7 AR 2 Signal Groungd Connected to signal ground
8 Or 109 Received Line Signal Dector Inpui output
15 DR 1id Transmit Clock (DCE source) nput outpi
i7 oD 113 Recetve Clock (DO source) input output
20 D Fs/2 Liata Terminal Ready OUEpLL inpau
22 L 125 Ring (Calling) Indicator input® output
24 3A I3 Transmit Clock (DYTE sourced outpui input

o Raceived; reserved for futire use.

Fov. D




Section 8

2-4

Rev. D



Section 8

8.3 V.35/306 DTE/DCE DATA INTERFACE (Model 40202)

MIFRAAL NORMAL

INVERT  INVERT |

! | |
OTE — TX LK —BOY LI MON STD TIMING
DOE - ROV GLK~ TX CLR TIMNG MODE

VS

8.3.1 Introduction

The V.35/306 DTEDCE Data Interface is designed
in accordance with the following interfuce specifications:

& CCITT Recommendation V.35

& 306 Type Widchand Data Set. Beli System Tech-
nical Reference Publication PUB41304

@ Digital Data System Data Service Unit. Bell Sys-
tern Technical Reference Publication PUB4 1454

This interface enables a FIREBERD tw sct as Tata
Terminal Equipment (DTE) for use in testing Data Com-
munications Equipment (DCE). With the use of an adaptor
cable (included) the FIREBERD can be confi gured as DCE
or DTE. The data i exchanged in serial binary format.

8.3.2 Functional Description

8.3.2.1 DTE Operation

The V.353/306 DTEDCE Data Interface converts the
signal characteristics specitied by the appropriate interface
specifications to the TTL signals used by the FIREBERD.

In a 306-type system, the DCE supplies timing to the
FIREFBERD (DTE} on the SCT (Serial Clock Transmit)
leads. When using the intertace clock as a source of generator
timing, the FIREBERD will generate SD (Send Data) and
SCTE (Serial Clock Transmit External) coincident with the
clock received on the SCT leads. When the FIREBERD s
synthesizer is used as the timing source, the FIREBERD
will ignore the SCT leads and generate SI and SCTE coin-
cident with the selected internal rate.

In a V.35 or Data Service Unit (DSU) type of system,
timing is suppiied to the FIREBERD on the SCT leads in
the same manner as the 300-type systern. However, the
V.35, DSU-type systems do not accept the SCTE signal
from the FIREBERD. With the interface set for V.35 oper-
ation, the SCTE driver 15 disabled and the interface’s
generator clock should be used. (When the clock source is
the synthesizer. data only will appear at the interface connec-
tory. In both the V.35 and 306 modes, data and clock are
received for BER measurement on the RID {Receive Data)
and the SCR (Serial Clock Receive) feads. respectively,

All clock and data drivers and receivers are high-
speed, balanced V.35 type. All signaling drivers and receiv-
ers are single-ended RS-232 (CCITT V.28) type. RTS (Re-
quest to Send) and VTR (Data Terminal Ready) are control-
led by FIREBERD front panel switches, DSR {Data Set
Ready:, RLSD (Received Line Signal Detector) and CTS
(Clear to Send) are received and their status displayed on
the front panel of the FIREBERD.
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8.3.2.2 DCE Operation

The V.35/306 DTE/DCE Data Interface can easily be
configured to look like DCE for testing of DTE by using
an adaptor cable {included). When the adaptor cable is con-
nected to the interface, configuration as DCE is done au-
tomatically. (A spure grounded pin in the interface cable
tells the FIREBERID that it is being used as DCE )

[ a 306-type system. the FIREBERD (DCFE) supplies
timing to the DTE on the SCT leads. The DTE will return
to the FIREBERD both SD and SCTE which may or may
notbe comceident with the clock on the SCT leads {depending
upon the configuration of the DTE). The 8D and SCTH
signals are then translated 1o TTL and seat to the receiver
section of the FIREBERD for analysis.

Inu V.35 or DSU-type system, SCT s generated in
the FIREBERD (DCE) as in the 306-1vpe system, However,
the DTE will not return timing on the SCTE leads. The
DTE returns only SD to the FIREBERD coincident with the
DCY-generated SCT. In the V.35 mode as DCE, the SCTE
receiver is disabled.

In both the V.35 and 306 modes. the FIREBERD as
BCE gonerates SCR and RD and seads them to the DTE.

All clock and data drivers and receivers are high-
speed. badanced V.35 type. All signaling drivers and receiyv-
etsoare single-ended RS-232 (COITT V.28) type. Two
switches on the front panel of the FIREBERD allow the RLSD
and ISR signals wo be turped on and ofl in the DCE mode.
DIRORTS and LT are received and thetr status dispiayed
on the FIREBERD front panel. The DTE-generated RTS is
tied directly back to the DTEreceived TS,

8323 Timing Modes

Syncironous. asynchronous, or recovered tming cag
be wsed with this interface. With asynchronous timing, asyn-
chronous data analysis can be performed at speeds o 20
kbis. Recovered timing provides a clock derived from the
received dota transitions at speeds o 520 khys,

83.2.4 Self-Loop

The SELE LOOP switch on the front panei of the
FIREBERD conneots the trunsmit clock and dain CANTHLLS 10

B-6

the reccive clock and data inputs. User connections do not
have to be removed to perform a loop test. The self-loop
function tests the actual drivers and receivers that are used
during normal operation.

8.3.25 Clock Polarity Control

Auxiliary Funetion 05 determines whether the FIRF-
BERD orthe interface has coatrol of the transmit- and ro-
ceive clock polarities. When the auxiliary function is sl
teF-BERD (defuull), clock polarities are controllied by Aux-
2. In thes case the clock invert
switches on the interfuce are disabled, and the inferface's
NON-STANDARD TIMING indicator should be ignoved.
When Auxiliary Function 05 is ser w0 INTF, the interface s
clock invert switches are enabled,

£.32.3 Interface Switches and Indicators

TRANSMIT CLOCK INVERT Switch

As DTE, setting the TRANSMIT CLOCK INVERT switch
to the INVERT position causes SD to be valid on the rising
edge of the chosen clock source instead of the falling edee
(normal). When the switch is in the INVERT position as
DCEL the FIREBERD expects valid 813 on the rising odge
of the SCTE for 306 mode, or SCTHV 33 mode is chosen.,

RECEIVE CLOCK INVERT Switch

As DVE. setting the RECEIVE CLOCK INVERT switch
1o the INVERT posiion causes the FIREBERD w0 expect
valid data (RD) on the rising edge of the SCR clock instead
of the falling edge (normal). As DCH, setting this switch
to the INVERT position causes the FIREBRERD 1o generate
vahd data (RID) o the rising edge of SCR.

NON-STANDARD TIMING Indicator

Fhis mdicator 1s Huminated when either of the interfaces
clock mvert switches are set to the INVERT pasition, When
Auxiliary Function G5 Is set o F-BERD . this indicsior should
b ignored,
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8.3.4 Specifications

8.3.4.1

8.3.4.2

8.3.4.3

8344

8345

8.3.4.6

Rov. 3

General

Maximam specd (306 mode),
Muximum speed (V.33 mode):
Delay SCT e S

Skew SCTEto S

Balanced Drivers

Signal swing (Bipolur):
Short circuit current:
Rise Time:

Generator Impedance:

Balanced Receivers

Load resistance;

Unbalanced Drivers (RS-232)

Rise time:

Generator Impedance:
Short circuit current:
Output level (7K Load):

Unbalanced Receivers

Load Impedance:
Maxinmum input voltage:

Polarity

Data Polarity:

Signaling Polarity:

& & & @

® @ @@

15 MHz.

Cable length dependent.
approximately 70 ns typical.
approximuately 20 ns typical.

255V + 1 into 100 ohms,
less than 100 mA,

less than 20 ns.

H30 ohms.

100 ohms.

greater than 20 microseconds.
less than 100 ohms.

jess than 100 mA.

= 10 volts typical.

IK {o 7K ohms.
+ 25 volts.

Section 8

Mark (binary 1} "A" lead pegative with respect to “B7 lead.
Space {binary 0): "A" lead positive with respect o "B lead.

On: greater than + 3 volts.
Off: open or fess than -3 volts.
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Table 8-2

V.35/308 DTE/DCE Connector Pin Assignments

PIN CIRCUIT V.35/306 DESCRIPTION COMMENT*

A AA Protective Ground internally connectedto B

B AB Signal Ground internally connected to A

C CA Requestto Send output

D CB Clearto Send input

E Cc Data Set Ready input

F CE Received Line Signal Detector input

H CD Data Terminal Ready output

1] CE Ring Indicator open

K — Local Test open

R RD(A)Y Received Data input

T RD(B) Received Data input

v SCR({A) Serial Clock Receive input

X SCR(B) Serial Clock Receive input

P SI2(A) Send Data output

5 SD(B) Send Data outpui

U SCTEA) Serial Clock Transmit External output

W SCTE(B) Serial Clock Transmit External outpet

Y SCT(A) Serial Clock Transmit input

AAora SCT (B) Serial Clock Transmit input

BB SCT (A) Spare output (disabled in DTE mode)
({DCE mode only)

Z S5CT (B} Spare output {disabled in DTE mode)
{DCE mode only)

EE GND Spare internally connected to B

CC DTE/DCE Spare connected to B in DCE mode

* Comments refer to Interface Pancl Connector and are applicable for DTE operation only.
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Tabie 8-3
Cross-Reference for Connector Pin Lettering

MIL. SPEC. Commercial
C-22857-C Connector 3

A

B

C

D

E E
F F
H H
J ]
K i
i I.
M M
N N
P P
R R
S S
T T
U U
\% \%
W W
X X
Y Y
Z 7
AA a
BB h
CC C
DD d
EE {
FF 4
HH h
H i
KK i
LL k
MM m
NN i

Rev, D 3-9



Section 8

PIN SIGNAL PiN
Y A )\ U
SCT SCTE
AA A I\ W
u A A %
SCTE /\  SCR
w J\ X
’ Ay A "
SD RD
s T
Z 2 & Y
MALE CONNECTOR FEMALE CONNECTOR
FIREBERD BB SPARE /\ J\_scT AA  TODTE
R A /A\ P
RD SD
T /\ ]
c A A F
y -BS i\ /1 RLSD £
DTR DSR
g DSR ., _DTR_
o A A .
cs K]
F RLSD RS c
g~ P
cc DTE/DCE
EE Gnp
a PROTEC ,TIVE PROTECTIVE A
GND [\ /\  GND
SIGNAL GND SIGNAL GND
Figure 8-2

V.35/306 DTE to DCE Adaptor Cable FIREBERD
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8.4 RS-449 DTE/DCE DATA INTERFACE (Modei 40200)

S Y

AZT TR ROV INY

8.4.1 Introduction

The RS5-449 DTE/DCE Data Interface is designed in
accordance with BEIA RS-449, CCITT V. 10 and V.11, and
ISO 4902-1980. This interface enabies a FIREBIRD to act
as data terminal equipment (DTE) for use in testing data
communicaiions equipment (DCE). With the use of an adap-
tor cable (iacluded) the FIREBERD can be contigured as
DCE. The data is exchanged In a serial binary format. The
R5-4449 Specification describes twe categories of signals:
Category | and Category 2. The specification {and the inter-
face) allow Category } circuits to be implemented with
either RS-422-AsV 11 (balanced) or RS-423-A/V {0 {unbal-
anced) drivers and receivers. All Category 2 circuits are
implemented with RS-423-A/V .19 drivers and recetvers.

The RS-449 DTE/DCE Data Interface converts signals
with characteristics specified by the RS-449 interface
specification to the TTL signals used by the FIREBERD.

8.4.2 Functional Description

8.4.21 DTE Operation

In o tvpical RS-449 circuit. the DCE supplies thning
to the FIREBERD {DTE) on the ST {Send Timing) leads.
Depending on the setting of the GEN CLK swilch. the
FIREBERD will generate 81D (Send Data) and TT (Terminal
Timing) coincident with the clock received on the ST leads
or will frnoere the 8T leads and generate SD and TT using
the BNC input or the synthesizer as the source of generator

SROV X NORM

ROV TX INVERY
v oL

ﬁ
faewd bLOFREF

KA MODE

B TR NOT

Hoddas 070 D AUARTOR

]

timing. Date and clock are received on the RD (Receive
Data) and RT (Receive Timing) leads for analysis,

Two switches on the FIREBERD front panei allow
RS (Request o Sendy and TR (Terminal Ready) to be turned
on and off. CS (Clear to Send), RR (Receiver Ready). and
DM (Data Maode) are received and their status displayed on
the Tront panel of the FIREBERD.

8.4.2.2 DCE Operation

The FIREBERD RS-449 DCE/DTL Data Interface can
easily be configured to look Ike DCE for testing of DTE
by using an adaptor cable (included).

In & typicat RS-449 circuit, the FIREBHERD (DCE)
supplies timing to the DTE on the 8T (Send Timing) feads.
The IVTE will return to the FIREBERD both 8D (Send Data)
and TT ¢Terminal Timimg). Two DCE modes are selectable
on the interface pancl: DCE T'T and DCE ST, In the DCE
TT mode, SD and TT are sent to the receive section of the
FIREBERD for analysis. In the DCE ST mode, SID and the
internally generated ST are sent to the receive section of
FIREBERD for analysis. Depending on the position of the
GEN CLK switch, R {Recaive Data) and RT (Receive
Timing) will be generated coincident with TT (Ferminal
Timing) from the DTE. or will be generated using the BNC
input or the internal synthesizer as the source of timing.

Ar the DTE end of the adaptor cable, €5 (Clear to
Send) is tied directly o RS (Request 1o Send). Two switches

8-11
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on the front panel of the FIREBERD allow RR {Receiver
Ready) and DM (Data Mude) to be turned on and off. TR
{Terminai Ready). RS (Request to Send), LL (Local Loop-
back), and RL (Remote Loopback) are received and their
status displayed or the front panel of the FIREBERD.

8.4.2.3 Timing Modes

Synchrenous, asyachronous, or recovered Himing can
be used with this interface. With asynchronous iming, asyn-
chronous data analysis can be performed at speeds to 20
kb/s. Operation with RS-423/V 10 drivers and receivers is
timited to 130 kb/s with synchronous and recovered timing.
With RS-422/V 11 drivers and receivers, operation at speeds
te 320 kb/s with recovered timing and 15 Mb/s with syn-
chronous timing is possible.

8424 Self-Loop

The SELE LOOP switch on the tront panel of the
AIREBERD activates interface relays to connect the clock
and data drivers fo the clock and data receivers. User cons
nections do not have to be removed during a seif-loop test,
The seh-feap function tests actual drivers and receivers that
are usad during aormal operation.

8.4.2.5 Cilock Polarity Control

Auxifiary Function 03 delermines whether the FIRLE-
BERD or the interfuce has control of the transmit- and 1e-
ceive-clock polarities. o DTE operation. setting the aux-
iary function te P-BERD (detudt) aliows Ausiliary Fune-
tions 01 and 02 to control the clock polartios, and the two
clock invert switches on the intevface contred only 1L (Local
Loopback) and RL (Remote Loopback). I Auxiliory Fune-
ton 05 is set to INTF. the two interface switches become

8.4.4  Specifications

84,41 R5-449 Category 1 Circuils

(RS-423/RS422 TERM/RS-422 UNTERM):

cnabled. When the auxiliary function s set t F-BERD in
DCE operation, the inforface’s TRANSMIT CLOCK IN-
VERT switch controls only TM (Test Mode), and the -
CEIVE CLOCK INVERT switch is disabled. When the
auxifiary function is set to INTF, the interface’s two clock
mvert switches are cnabled.

8.4.3 Interface Swiiches

TRANSMIT CLOCK INVERT Switch

As DT, setting the TRANSMIT CLOCK INVERT switch
to the INV (up) position causes SD to be valid on the nising
edge of the selected clock source instead of the falling edge
(normal, middle pusition). By setiing the switch down, the
transmit clock s unaffected and LI is turned on. As DCE,
sctting the TRANSMIT CLOCK INVERT swiich w the
INV (up) position causes the FIREBERID o expoct valid
50 on the rising edge of the selected clock soures instead
of the falling edge (mormal. middle position:. Setting the
switeh down turns on TM with no tnversion of the clock.

RECEIVE CLOCK INVERT Switch

As DTE, setting the RECEIVE CLOCK INVERT switch
to the INV (up) position causes the FIREBERD o expect
vididd RD on the rising edge of the RT clock instead of the
fatling edge {normal-middle position). Seiting the switch
down causes the receive clock o be unaffected . and RL s
terned on, As DCEH setting the RECEIVE CLOCK INVERT
switch to the INY (up) position causes the FIRERERD w
generate valid RID on the rising edge of the RT clock instead
of the falling edge (normai-middle position). In DCLE oper-
ation. this switch bas no secondary function,

Send Data £5D).
Receive Data (RID)).
Terminal Timing (T1).
Send Timing (8T}
Receive Timing (RT).
Request ta Send (RT53
Clear to Send (CT5).
Receiver Ready (RR).
Termmmal Ready (TR,
Daata Mode (DM,

& 9 $ & 6 & & & & @
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8.4.42 RHS-449 Category 2 Circuiis
(R5-423/V.10 only):

8.4.43 RS-422/V.11 Data Mark {binary 1),
Control Lead OFF:

8.4.4.4 RS-422/V.11 Data Space {binary 0),
Controt Lead ON:

8445 RS5-423/V.10 Data Mark (binary 1),
Control Lead OFF:

8.4.46 RS5-423/V.10 Data Space (binary 0},
Control Lead ON:

8.4.47 RS-422/V.11 Line Drivers

Output differential voltage:
Short ¢ircnit current:
QOuiput rise ime:

84,48 RS5-423/V.11 Line Drivers

Qutput voltage:
Short circuit current:
Output rise time:

84,49 RS5-422/V 11 Terminated Line Receivers

[oad impedance:
Difterential inp threshold voltage:

8.4.410 RB-422/V.11 Unterminated Line Receivers

Load impedance;
Bifferential input threshold voltage:

8.4.411 RS-423/V.10 Receivers

Load impedance:
tnput threshold voltage:

Rev. O
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& lLocal Loopback (LL).
& Remote Loopback (RL).
& Test Mode (TM).

® lLead (A) more negative than Lewd (13).

- ® Fead (A) more positive than Lead (B).

® Negative polarity.

® Positive polarity.

@ 2 volrs minimum with 100-chm load.
® 150 mA maximum,
® 20 s maximunm.

+ 3.5 voits minumum with 450-ohm load.
150 mA maximum.

I microsecond typical (Model 40200-01).
4 microseconds typical (Model 40200-02).

® 100 ohms + 10%.
® +(.25 volts.

& 2000 ohms minimum.
® =025 volis.

@ 2000 ohms minimum.
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Table 8-4
AS-449 DTE/DCE

Connector Pin Assignments

PIN CIRCUIT 449 DESCRIPTION COMMENT*
1 SHIELD Ground internally connected to 20, 37, 19
2 51 Signaling Rate Indicator open
3 SPARE Spare ST (DCE only)
4 SD{A) Send Data output
5 ST(A) Send Timing input
0 RD(A) Receive Data input
7 RS (A} Request Te Send output
8 RT{A} Receive Timing input
9 CS(A) Ciear To Send input
10 LL Local Loopback 423 output -
11 DM (A) Data Mode input
12 TR(A) Terminal Ready output tied ON
13 RR{A) Receiver Ready input
14 REL Remote Loopback 423 output
I5 IC Incoming Call open
6 SF/SR Select Frequency/Signaling Rate Selector open
17 TT(A) Terminal Timing output
18 ™ Test Mode 1 input
19 SG Signal Ground
20 RC Receive Common
21 SPARE Spare ST(DCE only)
22 SD(B) Send Data output
23 ST(B) Send Timing input
24 RD(B) Receive Data input
25 RS{(B) Request To Send output
26 RT(B} Receive Timing mput
27 CS5(B) Clear To Send nput
28 IS Terminal in Service open
29 DM (B) Pata Mode input
30 TR{B) Terminal Ready output tied ON
31 RR(B) Receiver Ready mput
32 55 Select Standby open
33 5Q Signal Quality open
34 NS New Signal open
33 | TT(B) Termina) Timing output
36 SB Standby Indicator | open
37 SC Send Common '

* Comments refer to Interface Panel Connector and are applicable for DTE operation only,
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MALE
CONNECTOR TO
FIREBERD

PIN SIGNAL

5 A A

23 5T J\ J\__7T

17 A A

a5 _ 1T [\ JAN:

4 A A

22 _ SD__ [\ /\_RD

3 A A

21 _SPARE [\ /\_sT

6 A Iy

b7 __BD__ [\ /\_sb

12 A A

LA /\ pm

7 A A

35 RS [\ /\ RR

11 A A

29 DM [\ /\ TR
cs

13 _. A A [

a1 RR_J\ \_,RS

18 A RL

A JANETE

CS
14 A A
20 __RL__/\ /\__Tm
RC RC

19 A i

37 SGQ_/\ A\ s6
sC

27 CS(8)|

1

Figure 8-3

DCE Cable for R5-449 Interface

35

14
10

18
20

19
37

FERAALE
CONNECTOR
TO DTE
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8.5 DSO/DSOA DATA INTERFACE (Model 30481)

e DG
BIPOLAR  FAR NEAD _
k oy TX

DEO/DSOA INTERFATE ADAPTOR

{ DS0a E
i DATA RATE {kn/s)

8.5.1 Introduction

Designed to expand the capabilities of the FIREBERD
for testing and maintenance of the digital data system, the
DSDS0A Data Interface transmits and receives D50 sig-
aals at the 64 kb/s synchronous data rate. The interface may
be used to parform straightaway and loopback tests for 2.4,
4.8, 9.6, or 36 kbys DSOA circuits. In oddition, 64 kb/s
channel testing may also be performed, Loopbacks may be
venerated tor data service units (DSUY, channe! service units
(CHAN), and office channel units (OCLUD,

Circuitry within the DSO/DSOA Data Interface termi-
nates the 64 k17 and 8 kHz office clocks tor synchronizing
bath the transmitter and receiver of the FIREBERD test set.
The selected loop codes and pseudorandom data are output
in bipolar or Togic Tevel formats for testing at any central
oftice access point.

Wher equipped with 2 DSXDS0A Data Interface, the
FIRFRERD is compatible with all FIREBERD modeis: it
is ajso compatible with KS-type st sets. Included with the
interface adaptor is a 9-pin 1 to 3-pin office adaptor cable.
and several other adaptor cables are availdble for conpecting
the imerface adaptor to a variety of central office equipment,

8.56.2 Functional Description

The DSOVDS0A Data Iaterface contains circwtry
which accepts the 64 kHy and 8 kHz office clocks. Clocks
may be received in either balanced or logic level formats.
Clock formal is determined by the adaptor cable used.

The mterface transmits and receives data in three for-
mats: logic far, logic near, or bipolar. Logic near causes
transnussion and reception on the connector tip; logic far
catises ranmission and reception on the connector ring.
When set to either logic format, the interface both transmits
and receives st -+ 35V and OV levels.

When set to bipolar. the interface {ransmits at 5V
bipolar levels and receives at 3.3 to 5.5 bipolar levels.
Signuls ave pon-return-to-zero (NRZ) with alternate mark
inversion (AMI) coding. The receiver circuit will place a
135-0hm termination on the RX INPUT when the seceiver
sieeve Is grounded tn bipolar mode. When the sleeve is
open, the RX INPUT presents a high impedance load. The
DTR signaling indicator will fight when the receiver input
is terminated.

8521 DSO Clear Channel Testing

The interface may be used to test an entire 64 kb/s
channel by using the DS Clear Channel mode. In this mode
all & bits of cach byte carry pseudorandom data, i the
channel bas 64 kb/s clear channel capability, any FIRE-
BERD pattern may be used. 1f clear channel capability is
not preseat. the 63, MARK, 1:1, or any programmable
pattern with no more than seven consecutive zeros may be
used.

8522 DSOA Testing

The interface may also be used to test DSOA channels
at four different customer data rates; 2.4 kb/s. 4.8 kb/s. 9.0
kb/s. aned 56 kbis, At subrates, bytes are repeated 20, 10,
or 5 times. At 50 kb/s no bytes are repeated.
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When used in the DSOA mode, loopbuck codes may
be generated for DSU, CHAN, and OCU loopback testing.
A momentary CODE ONLY [unction initiates the loopback
by transmitting continous loop codes with no pseudorandom
data. To maintain the loopback, loopback codes are transmit-
ted alternating with pseudosandom data. For straightaway
testing, pseudorandom duta may be transmitted with no loop
codes. If the CODE ONLY function is used with no loop
code {NONE) selected, continuous Idle code is generated.

8523 GSeli-loop

The SELF LOGP switch on the FIREBERD front panel
activates a relay in the interface which connects the TX

QUTPUT to the RX INPUT. This allows the operation of

the FIREBERID and the interface to be verified. The data
cables aced not be removed as the relay also isolates the
input and output connectors. To perform a seif-loop test,
bit and byte clocks must be provided just as in normal
operation. Self-loop testing may be performed in Clear
Channel or DSOA mades and in bipolar data format or cither
of the logic data formats, When in DSCA mode, self-loop
testing may be performed at any data rate, and straightaway
(NONE) or CHAN loop codes may be selected.

8.5.3 Interface Setup

All Tunctions of the DSIVDSOA Data Interface may
he conirolled by switches on the FIREBERD 6000 front
pancl. This is accomplished by using the FIREBLERIDY s INTF
SETUPR function. which is described below. The switches
on the interface are disabied when the FIREBERD is in
control. i desired. the interface may be controlled through
its own switches by using Auxiliary Fanction 05, When the
auxifiary function is sei to INTF. the interfuce operates
cractly as it would in o FIREBERD 1500A or 2000, For
information on DSOAIS0A Data Interface operation with
the FIREBERD 1500A or 2000, refer 1o the DSVDISOA
Operating Manual (ML 10633).

When the DS/DSOA Data Interface is instalied in the
FIREBERIY 6000 and is to be controlled through the FIRE-
BERD front panet, the MENU pushbutton switch should be
pressed to select the INTF SETUP funcuon. Two selections
will then appear in the display: INT232 and DSQ. Pressing
the 150 soft key selects the DSWDSOA data interface. Aller
D50 has been selected, two more selections appear in the
display: CLR CH and DS0A The CLR CH selection is used
only tor clear channel testing: pseudorandom date will ap
pear on the entire 64 kbrs channed and no loop codes will
be transmitted or received. The DS0A selection will lead

8-18

to lurther selections for data type, loop codes, and data
rates. Figure 8-4 shows the DSO/DSOA intertace menu (roe,
Deseribed below are the choices uvailable under the DATA.
LOOP, and RATE selections.

DATA:

(1) BIPOL -When selected. the interface adaptor transmits
at 5V bipolar levels and receives at 3.5 to0 5.5V bipolar
levels. Signals are NRZ with AMI coding.

(2) L. NEAR - When selected. the interface adaptor both
transmits and receives at + 3V and OV levels ontiponly,

(3 L FAR When selected. the interface adaptor both trans-
mits and receives at + 5V and OV levels on ring oaly

LOOP:

(1) DSU-This selection is for loopback wt the customes’s
DSU.

(2) CHAN -This selection is for loopbuck at the customers
end of the local foop.

(3) GCU-This selection is for loopback at the office end of
the local ioop.

() NONL - This selection 15 for straightaway testing. No
loopback codes are ransmitted or reeeived.

RATE:

The RATE selections specify the customer data rate.

(1) 2.4 kb/s— This selection will cause cach byie 1o be
repeated 20 times,

£2) 4.8 kb/s—- This selection will cause each byte to he
repeated 10 times.

3) 9.6 kb/s— This selection will cause each byte to be
repeated 5 tmes.

(4} 56 kbis — This selection will not cause any byte repe-
titions,

Once the bottom of any branch of the DS0A menu s
reached. w CODE selection will zppesr in the display. When
the solt key beneath this selection iy pressed, the interface
adaptor transimits the selected loop code continuadly for up-
proximately b osccond. with ao psewdorandom data, I no
foop code 15 selected, Idle code will be transmited while
the CODE soft Rey iy held in the depressed position.
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DSO
|
CLR CH DSOA
BIPOL L NEAR L FAR
| i i
DATA LOGP RATE
i l | |
BIPOL L NEAR L FAR CODE
DSu CHAN ocu NONE CODE
l I i ]
2.4 4.8 3.6 56 CODE
Figure B-4

DSO/DSO0A Interface Menu Tree

8.5.4 Interface Slgnaling Options

The DSO/MSOA Data Interface has three signaling op-
tions that affect indicators on the FIREBERD front panel.
A fourth option, the CODE ONLY option, is not functional
with the FIREBERD 0000, A four-position DIP switch lo-
cated at the rear of the interface adaptor controls the options .
The interface adaptor is shipped from the factory with the
thiee signaling options enabled. The following instructions
deseribe how to change the option sefection.

(1) BIT &-The (LL) signaling indicator will show the
level of bit 8 of each byte received. To disable
this option, set switch | up (away from the switch

Rev. D

number). To re-enable this option, set switch |
down (toward the switch number).

T
=

TERMINATED -The DR signaling indicaior will
Hght when the receiver input is terminated. To
disable this option, set switch 2 up (away from
the switch number). To re-cnable this option. set
switch 2 down (toward the switch namber).

LOOPBACK ACHIEVED -The RTS signaling in-
dicator wiil light when returning loopback codes
have been received. To disable this opuoen, set
switch 3 up (away from the switch aumber;. To
re-enable this option, set switch 3 down {toward
the switch aumber).

(3
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8.5.5 FINEBERD Switches and Indicators

GEN CLK Switch

When using the DSO/DSOA Data Interface, the FIRE-
BERD's GEN CLK switch must be set to the INTF position.

The FIREBERDs TIMING switch will not be illuminated
because the only applicable position is SYNC.

MK (Mark) and SP (Space) Indicators

Whenever the RX INPUT signal is a logical one, the MK
indicator will be illuminated. Whenever the RX INPUT
signal is a logical zero, the SP indicator will be illuminated.
These indicators will respond to received loopeodes, control
and framing bits, as well as data bits. Under normal condi-
tions, both indicators will be illuminated.

{Li.) Indicator

The (LL} signaling indicator will show the level of bit 8 of
each byte received. This indicator will be Hluminated when
hit 8 is a one, which signifies that the channel is carrving
data. When the channel is pot carrying data, bit 8 will be
a0 and the (LL)Y indicator will remain dark.

The DTR signaling indicator will be illuminated when the
receiver input is terminated.

RTS Indicator
The RTS signaling indicator will be illuminated when retarn-
ing loopback codes are received.

8.5.7.1 Bipolar input Specifications

Input Connection:

Input linpedance, Bipolar Terminated:
Input lmpedance, Bipolar Unterminated:
Operating Signal Level:

Cable Length:

8-20

8.5.6 Data-Clock Test Points

This section describes the phase relationship between the
DSO/DSOA Data Interface’s data and clock signals and the
FIREBERIY s rear panel test points.

RCVR DATA: The signal at this fest point will be high
when the received data is a logical high.
The signal will be low when the received
data level is a logical low. All data appear-
ing at the RX INPUT will also appear at
this test point, includng loopback codes,
control, framing, and redundant data bits.

RCVR CLK: This test point provides a TTL clock signal
phased so that the rising edge occurs at the
midpoint of cach received data bit. This
signal will be inactive during loopback
codes, control, framing, and redundant bits;
it will be active only when pattern data is
being clocked into the FIREBERD.

GEN DATA:  The signal at this test point will be greater
than 2.5V when the transmitted data is at
4 logical high. The signal will be less than
0.4% when the transmitied data is at a log-
ical low. This signal wili be inactive during
loopback codes, control, framing, and re-
dundant data bits; it 18 active only when
pseudorandom data is being clocked out of
the FIREBERD.

GEN CLK: The signal at this test point provides a TTL
clock signal phased so that the rising edge
occurs at the midpoint of each transmitted
data bit. This signal will be inactive during
loopback codes, control, framing, and re-
dundant data bits; it is active only when
pseadorandom data is being clocked out of
the FIREBERD.

Bantam jack, color coded red.
130 ohms = 5%.

1000 ohms or greater,

3.5 to 5.5 volts peak.

1500 feet of 24 gauge maximwn.
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8.5.7.2 Bipolar Outpui Specifications

8573

8.57.4

8575

Rev. D

Output Connection:

Test Load Impedance:
“Zero” Output Level:

Pulse Amplitude:

Half Amplitude Pulse Width:

Rise and Fall Times:
Data Format:

Logic Data Input

Input Connection:

High Level Input Voltage:
Low Level Input Voltage:
High Level Input Current:
Low Level Qutput Current:

Logic Data Cutput

Output Connection:
High Level Output;
Low Level Guiput:
Dyata Format Near:
Data Format Far:

Data and Code Capabilities

® & @ & &

% & & & @ [}

& @ % & B

Bantam 3ack, color coded white.
135 ohms resistive.
0.7 volts maximum.

15,6 +0.5 microseconds with a maximum imbalance of =+ 0.7

microseconds,
0.5 microseconds maximum.

Aiternate Mark Inversion, Non Return to Zera.

Bantam jack, color coded red.
1.6 volts minimum.

0.9 volts maximumn.

ImA maximum at 5.0 volts.
ImA maximum at 4.7 volts.

Bantam jack, color coded white.

Section 8

3.5 volts minimum for output current less than | mA.
(.7 volts maximum for input current less than 10 mA.

Data transmitted on 6p only.
Data transmitted on ring only.

Any data pattern offered by the FIREBERD may be transmitted and received.

Codes Transmitted:

Data Rates:

® ® @ &

OCU loopback code.
CHAN loopback code.
DSU loopback code.
IDLE code.

2.4 kb/s.
4.8 kb/s.
9.6 kb/s.
56 kb/s,
64 kbfs.
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8.6 DS1/D4/Fe DATA INTERFACE (Model 40460)

— RONILEARY é}mm}m—_-_—;f

oS

o

8.6.1 Introduction

The DS1/D4/Fe Data Interface allows the FIREBERD
to test communications systems that use the Bell System T1
(DS1) 1.544 Mb/s Digital Channel Service and similar sys-
tems. The T1 signals are serial, differential return-to-zero
{RZ) pulses with alternate mark inversion (AMI} or bipolar
with eight zero substitution (B8Z8) coding. The data inter-
face will operate with either framed data, required by Digital
Access Crossconnect Switches (DACS) and channel banks,
or with unframed data as used in unswitched networks.

8.6.2 Functional Description

The interface panel has five bantam jacks: a primary
output, three secondary outputs, and the receiver input. Each
of the four outputs is capable of sourcing DSX level signals;
the primary output aiso has selectable line build-out. A
simplex current path is also provided between the primary
output and the receiver input.

8.6.2.1 Timing Sources

Three transmit timing sources can be selected: (1) the
clock recovered by the interface from the incoming T1 sig-
nal; (2) the synthesizer clock, which can provide an internal
timing reference at or around 1.5344 MHz; or (3) the external

Rev. D

BNC inpui. Timing selection is made by using the GEN
CLK switch on the FIREBERD front panel.

8.6.2.2 Self-Loop

The data interface includes a relay which is activated
by the SELF LOOP switch on the FIREBERDY's front panel.
In Self-Loop mode, the primary T1 line driver is connected
to the T1 line receiver. This provides quick verification of
the FIREBERD and its data interface when performing bit
error detection. The input and primary output connections
need not be removed during the test because complete iso-
lation is provided by the relay; the secondary outputs are
anaffected by Self-Loop mode. Note that the FIREBERID s
GEN CLK switch should not be set to the INTF position in
Self-Loop mode and Thru mode should be off.

8.6,3 Interface Setup

The DS1/D4/Fe Data Interface is controlled through
the FIREBERD front panel. After installation, the interface
is enabled by using the MENU pushbutton switch to select
the INTF SETUP function; when a selection menu appears
in the display, the soft key beneath the DS1/Fe selection
should be pressed. A new menu with seven categories will
then appear in the display. The DSI/D4/Fe menu trec is
shown in Figure 8-5. The seven main menu sclections and
their sub-selections are described below.

8-23



Section 8

DSt/ Fe

RESULT THRU INPUT BPVINS

stof| uve | |on [{orr] /| Team| isripge| | PoX | | RraTe | {sinGLe| |oFF
[

HELP | (KEYPAD)

CODING FRAMED LBO
! |am] | sszs pa | U ke | " ]orr 0dB; -7.5dB | {-15dB
’\‘\ : . ’ .-“
#
Figure 8-5

DS1/D4/Fe interface Menu Tree

RESULT:

The RESULT category allows selection of standard o live traffic results (standard and live resalts are described
i Section 5).

(D STD (defaultty— Selects standard analysis results. Bit error, bipolar viofation, framing error. and CRC error
analysis are performed during the time in which bit error analysis is performed. Framing error
analysis is only performed when this selection is combined with the FRAMEIVDY selection.
CRC error analysis is only performed when this selection is combined with the FRAMED/Fe
selection.

(2) LIVE-—- Selects live traffic analysis results. Bit error analysis is not performed; bipolar violation, framing
error. and CRC error analysis are performed during the time in which the signal is present.
Framing error analysis is endy performed when this selection is combined with the FRAMED/D4
setection. CRC error analysis is only performed when this selection is combined with the
FRAMEDVFe selection.
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THRU:
(1) OFF (defauit)—

(2) ON--

(1) TERM (defauit)—

{2y BRIDGE-—

(3} DSEX-MON---

{1y OFF (default)-—
(2) SINGLE -

{3) RATE—

CODING:

{1 AMI {default)—

(1) BRLS-~—

{1y OFF (default)—

Rev. D
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Selects the normal operation of the interface in which the received data is analyzcd by
the data receiver of the FIREBERD and transmit data is generated by the data generator
of the FIREBERD,

This selection causes the interface to act as a repeater. All data received will be echoed
unchanged on the transmitter output. This setting can be used to emulate u CSU in line
loopback mode, The received signal is still analyzed by the FIREBERIY s data receiver,
Note that the ON selection disables the BPVINS and CODING sections of the menu;
the data is not re-encoded prior to transmission.

Selects normal operation in which the input is terminated by 100 ohms and will accepl
a T1 signal attenuated by 0 dB to 24 dB of cable attenuation.

This selection allows monitoriag of T1 lines which are already terminated. In this mode,
the input will exhibit an impedance greater than 1000 ohms, accepting signals attenuated
by 0 dB to 24 dB of cable attenuation.

This selection conditions the receiver to operate with signals from DSX-Monitor ports.
In this mode, the input accepts T1 signals resistively atlenuated by 10 dB to 30 dB,
and terminates the line with 100 ohms.

Selects the normal mode of operation in which no BPVs are transmitted.

This selection allows the insertion of 2 single BPV cach time the sof key beneath
SINGLE is pressed.

This selection cause the insertion of bipolar violations at a user-selectable rate ranging
from 1E-9 to 9E-3. To change the BPV insertion rate, press the RATE soft key. The
cursor will be positioned under the mantissa: a new mantissa. from I to 9, may be
entered. Once a number has been entered, the display will change to SET BPY RATE
to indicate that a new rate s being entered, and the cursor will move to the exponent.
A new exponent, from 3 to 9, may be entered. The new rate is selected by pressing
the ENTER key: the previously selected rate will continue to be transmitted until the
ENTER key is pressed.

NOTE: The synthesizer frequency must be set to 1544 kHz; any other setting causes the
insertion rate to be maccurate.

This selection allows Alternate Mark Inversion (AMI) coding. AMI is encoded by
transmitting a puwlse of alternating polarity for every one (Mark) and no pulse for every
zero (Space).

This selection allows Bipolar with 8 Zero Substitution (B8ZS) coding. which also
transmits a pulse of alternating polarity for every one and no pulse for every zero, except
that strings containing eight consecutive zeros are replaced by a zero substitution code.
In this case. the eight-zero sequence is replaced by 00VIOVE. where O represents a
Space, 1 represents a Mark, and V represents a bipolar violation (consecutive pulses of

cight zeros.

This selection (uniramed data) performs data analysis on the full 1.544 Mb/s bandwidth
of the T1 line: no framing bits are added upon transmission, and no data bits are stripped
upon reception,
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(2y D4~

(3) Fe-,

This selection allows the FIREBERD to transmit and analyze T1 signals with D4
{Superframe) framing. D4 framing occupies § kb/s of the 1544 kb/s bandwidih; the
selected data pattern occupies the remaining 1536 kb/s. The D4 framing pattern is
compatible with DI, D2, D3, and D4 channel banks, When Live analysis mode is
selected, both the Fs and Ft framing bits are examined for errors.

This selection allows the FIREBERD to transmit and analyze T1 signats with Fe (Fx-
tended Superframe) framing. With Fe framed signals, the framing pattern occupies 2
kb/s, the CRC check bits occupy 2 kbv/s, and a data link occupies 4 kb/s; the selected
dafa pattern occupics the remaining 1536 kbss. The data link is transmitted with an
all-ones pattern and is examined only for the presence of a Yellow Alarm signal.

NGTE: In the D4 and Fe {raming modes, receiver frequency measurements ase available only when the data intertace
is in continuous frame sync to the incoming data. In the case of intermittent frame sync or no frame syne at all (¢ g,
uniramed data), receiver {requency measurements may be obtained by setting FRAMEL to OFF in the interface setup

ment,

LBO:
(1} 048 (defaulty—
(2y 7.5 dB—

(3) -15 dB—

This selection sets the primary output to the DSX level with no line build-out (0 dB
attenuation).

This selection provides a -7.5 dB line build-out. attenuating the primary output with
7.5 dB of simulated cable loss.

This selection provides a -15 dB line build-out, attenuating the primary owtput with 15
dB of simulated cable loss.

8.6.4 fIREBERD indicators

MK {Mark) and SP {Space) Indicators

An input signal consisting of a continuous string of ones
(Marks) or framed ones in the framed data mode will cause
the MK indicator to be illammated. Absence of an input
signal for AMI code or an all-Space pattern for BEZS code
will cause the 8P indicator to be iiluminated, Under normal
operating conditions both the SP and MK indicators should
be ilfuminated.

FRM SYNC Indicator

The FRM SYNC indicator wifl be illuminated when a fram-
ing pattern is present in the received data. The framing
pattern can be D10, D2, D3 or 134 when FRAMED/D4 is
selected, or Fe when FRAMED/Fe s selected. This indicator
is functional in both Standard and Live analysis modes. The
frame detection clrenitry prevents false synchronization in-
dications for unframed pscudorundom patterns.

CODE Indicator
The CODE indicator will signal the presence of B8ZS se-

quences on recelved data. AMI and BEZS encoding are
front paned menu selections; however, BEZS decoding is

B-206

automatically performed. The CODE indicator will itlumi-
nate independently of AMI coding selection if a BEZS pat-
tern is detected.

ALMT Indicator

The ALMI indicator will be illuminated when a veliow
alarm condition is detected in the received framed data.
When the FRAMED/D4 selection is made, this indicator
will be illuminated when 235 consecative channel samples
have bit 2 set 0 zero, I FRAMED/Fe is selected, the indi-
cator will Tight when an alternating sequence of 1111 1111
0000 Q000 is detected on the 4 kb/s data link for 16 consecu-
tive periods.

ALM2 Indicator

The ALM?2 indicator will light when an excess zero condition
(16 or more consecutive zeros) s detected on the received
data.

8.8.5 _Bata«@imk Test Points

This section describes the phase relationship between
the DEV/D/Fe interface’s data and clock signals and the
FIREBERID S rear panel test points.
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ROVR DATA: The signad at this fest point will be high GEN BATA:  This test point provides the TTL cquiva-

when the received data bit 15 a Mark con- lent of the transmitter data. The signal at
dition and will be fow when the received this test point will be high when trunsmit-
data bt 1s a Space. Framing bits are re- ting u Mark and will be low when transmit-
moved prior to this test point. ting a Space. This test point is inactive

during {raming bits.

RCVR CLK: This test peint provides a TTL signal

derived from the clock recovered from GEN CLK: This test pomnt provides a TTL signal
the data pulses. The phase relationship derived from  the transmitter clock.
between this signal and RCVR DATA s The phase relationship between this sig-
such that mid-bit data sampling occurs at nai and GEMN DATA is such that mid-bit
the rising edge transition of the RCVR data sumpling occurs at the rising edge
CLK signai. This test point is inactive dur- transition of the GEN CLK signal. This
ing received framing bits. test point is inactive during framing bits,

8.6.6 Specifications

8.6.6.1

Rev. D

T1 Transmitter Specifications

Connectar

Connector Type: #® Bantam.

Confliguration: #® Tip-Ring-Sieeve; Sleeve connected to ground, differential signal on
Tip and Ring.

Pulse Mask

Al specitfications are for OdB line build-out and with output terminated in 100-ohm resistive load. Moets pulse
masks given in CCITT reconmendation G703 and in Belt Publications CBI3, CB119, CB 143, PUR 41451, PUB
62411, and PUB 62508

Pulse Amplitude: ® =3 + (.3 volts with a maximum imbalance of & 0.13 volis.
Half Amplitude Pulse Width: ® 374 = 24 ns with a maximum umbalance of & 15 ps.

Rise and Fall Times: ® 100 ns maximum {10% o 90%).

Trailing Edge Overshoot: ® 0% w0 30% of pulse beight with decay 1o 108 of pulse height

within 400 ns.

Eine Codes: ® Bipolar (pseudoternary): selectable AMI or BSZS,
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8.6.6.2

8.68.63

8-28

toopback Code Generation

Loop Up Cede:
Leep Down Code:

Line Buildout (Primary output oniy)

-1.5dBLBO

-15dBLBO

Tt Receiver Specifications

Connecior

Connector Type:

Configuration:

input impedance:

Input Level:

Data Rate Range:

Line Code:

Jitter Tolerance:

® Repetitive “100007,
® Repetitive “1007.

® -7.5dB = 1dB attenwsation at 772 kHz.

® -15.0dB + | dB attenuation at 772 kHz.

& Bantam.

& Tip-Ring-Sleeve; Sleeve connected (o ground, differential signal on
Tip and Ring.

& TERM or BSX-MON position - 100 ohms = 5%,
#® BRIDGE position ~ 1000 ohms minimum,.

@ +3 volts (DSX-1) nominal, with O to 24 dB cable attenuation
(BRIDGE, TERM), 10 to 30 dB resistive attepuation (DSX-MON).

@ |.544 Mb/s + 3500 b/s minimum.

® Bipolar (pseudoterpary), AMI with automatic detection of B8ZS coding.

® Meets jitter mask given in CCITT Recommendation G.703 and in Beli
publications PUB 41451 and PUB 62411,

Hxcess Zeros Detection: & |6 or more Zeros.

Simplex Current Path

All specifications are for QUTPUT (TX) connector Tip and Ring shurted together and INPUT (RX) connector Tip
and Ring shorted together.

Clurrent; & 60 mA nomunal, 145 mA maximum.
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Voltage Drop: & 7.3 2 0.5 volts at 60 mA,

Polarity; ® Bi-directional - either pair may be positive with respect to the other pair.

Breakdown Voltage: ® +

+ |50 volts minimum from Tip and Ring to Chassis Ground.
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8.7 DS1/T1 (D4 FRAMING) DATA INTERFACE (Model 40405)

: mwse-ﬁ i—maeﬁ T

i 51,71 na FRAMJN&} smm;me mwmaf-___:--_l_

8.7.1 Introduction

The DS1/T1 (D4 Framing) Data Interface allows the
FIREBERD to test communications systems that use the
Bell System T1 (DS1) 1.544 Mb/s Digital Channel Service
and similar systems. The T1 signals are serial, differentiai
return-to-zero (RZ) pulses with alternate mark inversion
(AMD) or bipolar with eight zero substitution {B8ZS) coding.
The data isterface will operate with either framed data,
required by Digital Access Cross-Connect Switches (DACS)
and channel banks. or with unframed data as used in un-
switched networks.

In addition to making the conversion between the TTL
levels required by the FIREBERD and T1 signal levels, the
data interface has the following capabilities:

® It accepts low-level degraded signals, regenerates
the data, and recovers the clock timing from the
data.

® Bipolar violations {BPVs) in the received data can
be detected and measurements of Violation-Free
Seconds or Bipolar Violation Rates can be made.

& Data can be received and transmitted with or without
the D, D2, D3, or D4 framing pattern inserted
as the 193rd bit position.

® Received data can be looped (retransmitted) without
removing BPVs, thus emulating a repeater or a
Customer Service Unit (CSU) in loopback. Any
BPVs in the received data are monitored.

Rev. D

® A simplex current path is provided which allows
repeater powering when festing is performed on the
“wet side” of a T span.

# Loop-up and loop-down codes can be transmitted
to contrel loopbacks i compatible CS5Us.

@ ‘The presence of B8ZS encoded data, frame patierns,

or a Yellow Alarm condition cause signaling indi-
cators to be illaminated.

8.7.2 Functional Description

The BS1/T] Data Interface offers two modes of oper-
ation: hit error detection and bipolar violation detection. In
normal bit error detection operation, code violations are
ignored and the received data is sent to the FIREBERD for
bit error analysis. Data can be in either framed or unframed
format. In framed data format the framing bits are not
checked for errors.

In bipolar violation detection operation, a bipolar vio-
tation is defined as a Mark having the same polarity as the
preceding Mark. When this mode of operation is being used.
the output data from the FIREBERD is looped within the
data interface and an error is inserted in the looped- -back
pattern for each BPV detected. The output pattern of the
data interface is selected on the FIREBERD front panel.
The received data is not required to match the pattern selected
on the FIREBERD front panel, which allows “live traffic”
to be momitored for BPVs. A fail safe circuit will break the
looped-back data path when no T1 data is present at the
receive input.

A BPV-Loop mode allows all data received by the
interface to be retransmitted. The interface emulates a repeat-
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er, or a USU in loopbuck. Bipolar violations are monitored
as described above, but are not removed from the data when
it 1S retransmitied.

8.7.2.1 Timing Sources

The data inierface offers both unframed and framed
ransinit timing. In Uniramed mode, four sources of transmit
tming are availsble: (1) an externally supplicd signal con-
nected o the GEN CLK IN rear-panel BNC connector: (2)
the svithesizer clock; (3) the crystub oscittator on the data
mrertace: or (4) the clock recovered from the incoming T
dati strearn. §n Framed mode. there are two sources: the
crystal oscillator on the data interface and the clock re-
covered Trom the incoming T1 data stream. The FIRE-
BERIY’s front panel GEN CLK switch, together with the
TIMING switchon the datainterface . determing which timing
mode is selected in accordance with the table below.

GENCLK TIMING
Source switch switch
I External signal BNC X
20 Synthesizer SYNTH X
3. Crystad osciflator INTF XTAL
4. Recovered INTE RECOV (Loop)

Mote that in framed operation, the only valid setting of the
GEN CLEK Switch is the INTY position,

8.7.2.2 BSelf-Loop

The SELF LOOP switch on the FIREBERD front panel
activates a relay in the intertace which connects the T1 line
line vecerver. This seli-loop test provides
gquick verilication of the FIREBERD and s data interfuce
in hit error detection operation. The input and ovtput connec-
tors need not be removed during the test because complote

driver o the T

ssoluiion Is provided by the relay.

8.7.3 Imerface Swilches and Connectors

MODE Switch

The MODE switch is a three-position toggle swilch that
selects the operating mode of the DSUTE (D4 Framing)
Dtz Interface. The NORM position routes the data 1o the
FIREBERD for logical bit error analysis, Both the BPY
LOOP and the BPV positions detect bipolar violations in
the recetved data. The differences between the BPYV 1LOOP
and BPY positions He in the source of yanssmt data, When
the BPY LOOP positen is chosen. the data interfuce retrans-
mifs dade that was weoeived by the receiver, wherens the
BPY position causes transinission of (e pattern selectesd by
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the FIREBERD s DATA switch. In the BPY position, {m
transmttted patiern is unframed regardtess of the posit
of the interface™ DATA switch. The position of the DA
switch docs not affect the detection of BPVs. The MODE
swiich should not be set to the BV LOOP position when
performing i sell-loop test, When the BPV 1LOOP position
is selected, only the IMPEDANCE and TIMING switches
on the data intertace are functional,

CODE Switch

The CODE switch s a two-position toggle switch whach
selects the coding format of the output duia. When the AM!
positen is selected, o Mark & encoded with a puise which
has polarity oppostte to the Mark preceding i, & Spuace 1y
voded as the absence of a pulse.

The BEZS position provides a simifar code except that strings
of eight sequential zeroes are replaced by the patters
Q0OV IOV | where Vis a bipolar vielation (BPV, This aflows
data that contains long strings of zeros fo be tramsmitted on
a T spun without violating the ones density criterion.

This switeh does not affect the reception or detection of
BEZS-coded data. The receiver will replace each B8ZS se.
guence detected in the incoming data stream with a string
of eight zeros regardless of the positien of the CODE switch,

L

The TIMING switch 15 a two-position switch that selects
the transmut timing clock source when the FIREBERD s
GEN CLK switch 1s set to the INTF position. The XTAL
position selects a 1544 MHz crystal oscillutor located on
the data interface. Fhe RECOV (LOOP) position sefects a
clock recovered from the received data s the transmit Uming
clock source. In the BPV-Loop mode. the TIMING switch
has no effect on the data rate of the data being received and
retransmitted by the interfuce but does affect the data being
looped back on the interface. The TIMING switch should
be set to the RECOV(LOOP) position 1o ensure accurate
BPV measurements.

In Self-Loop mode, THC recommends that the XTAL posi-
tion of the TIMING switch be used with the FIREBERD s
GEN CLK switch set either to the INTF position or to the
SYNTH position.

IMPEDANCE Switch

The IMPEDANCE switch s a two-postiion toggle switch
which selects the input impedance at the receive input, The
TERM position provides a 100-ohmy input impedance. The
TERM position should be wsed when the PIREBERD 1y
ferminaiing the fine. ihz BRIDGE position provides groater
than 1000 ohuns nput inpedance and should be used i g
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termination is already present on the line. The IMPEDANCE
switch is functional in the BVP-Loop mode.

QRSS Switch

The QRSS toggle switch allows a 2%°-1 pattern to be modifed
1o become the quasi-random signal source (QRSS) when
the interface s used with a FIREBERD 1500A or 2000,

NOTE: This switch should be in the DISABLE
position for proper operation with the FIRE-
BERD 6000,

DATA Switch

The DATA switch is a two-position toggle switch that deter-
mines whether the data is going to be transmitted and re-
ceived framed or unframed. The FRAMED position of the
switch causes transmission of data with a framing bit inserted
every 192 data bits as the 1931d bit. The framing pattern is
compatible with DI, 132, D3, and D4 Channel Banks.
The signaling bits in the 6th and 12th {rames are included
as part of the pseudorandom pattern; that is, these bits are
not stolen for signaling. The framed data rate is 1.536 Mb/s:
this 15 added to the framing bit rate of 8 kb/s to arrive at
the T1 data rate of {544 Mby/s.

The UNFRAMED position allows data to be transmitted
and received at the full 1.544 Mb/s without framing bits.
This mode is compatible with TTC’s Model 40365 T1 Data
Interface.

Recejver frequency measurements are available in framed
operation only when the data inferface is in continuous frame
sync to the incoming data. In the case of intermittent frame
syne or oo frame syne at all (e.g. ., unframed data), receiver
frequency measurements may be obtained by setting the
DATA switch to the UNFRAMEID position. Note that when
the MODE switch is set to BPV or BPY LOOP, the interface
operates without respect to received framing. and receiver
frequency measwremenis are always valid.

Connectors

Two WECO 310 jacks are provided for T1 line input and
output. The jack sleeve is connected to ground; the differen-
tial signal appears tip and ring. Anoptional cable is available
for mating with a 15-pin ) connector,

8.7.4 FIREBERD Switches and Indicators

LOOP UP and LOOP DOWN Switches

The LOOP UP and LOOP DOWN switches will ransmit
faop-up and foop-down codes as described in Section 4.

Bev. D
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MK (Mark) and SP (Space) Indicators

An input signal consisting of a continuous string of ones
(Marks) or framed ones in the framed data mode will cause
the MK indicator to be illuminated. Absence of an inpuet
signal for AMI code or an all-Space pattern for B8ZS code
will cause the SP indicator to be illuminated. Under normal
operating conditions both the SP and MK indicators should
be iHuminated.

CODE Indicator

The CODE indicator on the front panel of the FIREBERD
will be flluminated whenever a B8ZS code is detected in
the received data. The detection is not dependent on any
switch position and is functional in all modes of operation.

FRM SYNC Indicator

The FRM SYNC indicator will be dlluminated when a {ram-
ing pattern is present in the receive data. The frame pattern
can be either D112, 132, D3, or D4 framing. Frame detection
is functional ir all modes and switch position combinations.
The frame detection circuitry prevents false synchronization
indications on unframed pseodorandom pattemns.

* Pxcept when receiving a tramed all-zero, BSZS-coded
paitern.

ALM1 Indicator

The ALMI indicator will illuminate when a yellow alarm

condition is detected 1n the received framed data. A yellow

alarm condition occurs when 235 consecutive channel sam-
ples have bit 2 set to zero.

8.7.5 Data-Clock Test Points

This section describes the phase relationship between

the DSETI Data Interface’s data and clock signals and the
FIREBERDs rear panel test points.
RCVR DATA:  The signal at this test point will be high
when the received data bit is a Mark con-
dition and will be low when the received
data bit 15 a Space. This test point is mac-
tive during received framing bits. Note
that in BPY or BPVY Loop modes, the data
does not reflect the actual incoming data.
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RCVR CLK: This test point provides a TTL signal this test point will be high when transmit-
derived from the clock recovered from ting a Mark and will be jow when transmit-
the data pulses. The phase relationship ting a Space. This test point is inactive
between this signal and RCVR DATA is during transmitted framing bits.

such that mid-bit data sampling occurs at
the rising edge trapsition of the RCVR
CLK signal. This test point is inactive dur-
ing received framing bits.

GEN CLK: This test point provides a TTL signal
derived from the transmitter clock.
The phase relationship between this sig-
nal and GEN DATA is such that mid-bit
data sampling occurs at the rising edge

GEN DATA: This test point provides the TTL equiva- transition of the GEN CLK signal, This
lent of the transmitter data. The signal at test point is inactive during framing bits.

8.7.6 Specifications

8.7.6.1
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T1 Transmitter

Connector

Connector Type: e WEHCO 310 jack.

Configuration: ® Tip-Ring-Sleeve; Sleeve connected to ground, differential signal on
Tip and Ring.

Pulse Mask

All specifications are for output terminated in 100-ohm reststive load. Meets pulse masks given in CCITT recom-
mendation G.703 and in Bell publications CB113, CB1i%. CBE43, PUB 41451, PUB 62411, and PUB 62503.

Pulse Amplitude: ® = 3 2 (.3 volts with a maximum imbalance of + 0.15 volts.

Half Amplitude Pulse Width: @ 3174 + 24 ns with 2 maximum imbalance of = 15 ns.

Rise and Fall Times: & 100 ps maximum (10% Lo 90%).

Trailing Edge Overshoot: & 0% to 30% of pulse height with decay to 10% of pulse height within
: 400 ns.

Line Codes: ® Bipolar (psendoternary); selectable AMI or BZS.

Loopback Code Generation

Loop Up Code: # Repetitive 100007,

Loop Down Code: ® Repetitive 1007
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8.7.6.2 Tt Receiver Specifications

Connector
Connector Type: & WECO 310 jack.
Configuration: ® Tip-Ring-Sieeve; Sleeve connected to ground, differential signal on

Tip and Ring.

T1 Input Circuit

Input Impedance: @ TERM position - 100 ohms % 5%.
& BRIDGE position - 1000 ohms minimum.

Input Level: ® + 3 volts (DSX-1) nominal, with 0 to 24dB cable attenuation.

Data Rate Range: ® 1,544 Mb/s = 300 b/s minimum.

Line Code: @ Bipolar {pseudoternary), AMI with automatic detection of BEZS coding.
Jitter Tolerance: & Moeets jitter mask given in CCITT Recommendation G703 and in Beld

publications PUB 41451 and PUB 62411 (W§3).

Simplex Current Path

All specitications are for Transmit (Output) connector Tip and Ring shorted together and Receive (Input) connector
Tip and Ring shorted together.

Curreat: @ 60 mA nominal, 145 mA maximum.

Voltage Drop: ® 7.3 * 0.3 voltsat 60mA; jumperable to 2.8 volts maximum at 60 mA.
Polarity: & Bi-directional - cither pair may be positive with respect to the other pair.
Break Down Voltage: ® £ [50 veits minimum from Tip and Ring to Chassis Ground.

Crystal Oscillator

Frequency: & 1.54400 MHz.
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Accuracy and Stability; & =+ 35 ppm (=34 Hz), 0° C 1o 50° C ambient.

Drift: #® 5 ppm per year typical.
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8.8 DS1C/DS2 DATA INTERFACE (Model 30447)
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8.8.1 Introduction

The DS1C/DS2 Data Interface allows the FIREBERD
to test communications systems that utilize Bell System
DSI1C or DS2 type signals. The DSIC signal is a 3.152
Mb/s serial, differential bit stream consisting of bipolar,
return to zero (RZ) pulses. The data is coded with alternate
murk inversion (AMI) coding. where a Mark (one) 13 coded
as a pulse. and a Space (zere) is zero volts, and pulses
alternate in polarity. The DS2 signal is similar to DSIC
except that it runs at a faster rate (6.312 Mb/s), and utilizes
B6ZS (bipolar six zero substitution} line coding. The B6ZS
scheme replaces strings of six consecutive zeroes with a
code that contains pulses that violate the AMI rule (Bipolar
violations or BPVs). The data interface operates with un-
framed data only.

In addition to standard bit and block error testing, the
DS1C/DS2 interface gives the FIREBERD the following
powerful capabilities:

® Live traffic monitoring—The FIREBERD cun be
bridged across a line to detect and count BPVs, and
to detect all ones or excess zeros,

@ (able equalization—The receiver imput can accom-
modate up o 1000 feet of connecting cable.

® BPV insertion—Bipolar viciations can be mserted
on the transmit signal to aid in identifying lines and
checking out monttoring eguipiment.
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8.8.2 Functional Description

The DSI1C/DS2 Data Interface may be vsed with the
FIREBERID in various applications; three test configurations
are described in the following sections.

8.8.2.1 Terminal Configuration

As shown in Figure 8-6{A), the FIREBERID sources
a test pattern to the system under test, where it is cither
fooped back at some point or received by another FIRE-
BERD. The receive line is terminated by using the INPUT
switch. Logical errors in the data can be analyzed or BPVs
can be analyzed depending on the ERROR TYPE switch.
BPVs can be inserted on the transmit signal using the BPV

* INSERT switch. {See Section 8.8.3 for a description of the

interface switches.) The transmit clock can be selected from
four different sources: an externally supplied signal, the
FIREBERDY's synthesizer, the crystal oscillator on the data
interface, and the recovered clock frem the incoming data
stream.

8.8.2.2 Bridging Configuration

As shown in Figure 8-6(B), the FIREBERD bridges
a line with a high impedance termination so that non-disrep-
tive monitoring of live data can be performed. All-ones
conditions and excess zeros in the receive data are also
detectad.
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Figure 8-6
Typical Test Configurations
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8.8.2.3 DSX Monitor Configuration

As shown in Figure 8-6(C), the FIREBERD monitors
live traffic at a DSX (Digital Signal Cross-Connect) monitor
point. Messurements are identical to those of the bridging

configuration.
8.8.2.4 SeH-Loop

Loopback relays are located at the input and output
jucks of the interface to enable an internal loopback condi-
tion. FThis allows a complete self-chock of the mstrument
and its setup. The toopback is enabled with the SELEF LOGP
switch locared on the FIREBERD front panel. Cables need
net be removed when performing internal loopback tesis as
the relays provide complete isolation between the data inter-
face and the system under test.

8.8.3 Interface Switches and Connectors

TIMING Switch

This toggle switch selects the source of transmit fiming

when the FIREBERD's GEN CLK switch is set to the INTF

position. The XTAL position selects a crystal oscillator on
the dats intesface. The RECOV (1.00P) position selects the
clock recovered from the recerve data.

BPV INSERT Switch

This three-position toggle switch allows bipolar violations
to be inserted on the pansmit output signal, In the 10°0
position. BPVs are inserted &l a rate of one every 100 bits.
The OFF position disables the BPV insertion, and the
SINGLE position is 2 momentary position which inserts a
single BPY when depressed. BPVs that would fall within
4 B6ZS code are delayed and mserted after the BOZS code.

ERROR TYPE Switch

The ERROR TYPE switch is a two-position toggle swilch
that determines what type of errors will be counted and
anajyzed by the FIREBERD. In the LOGHC position, only
logical biterrors in the data are counted. In the BPY position.
coding errors in the form of bipolar vielations are counted.,
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BPVs that are part of a B6ZS code are not counted. It is
recornmended that RECOV(LOOP) timing be used when
measuring BPVs. When operating in a bridging configura-
tion, the ERROR TYPE switch should be in the BPY posi-
tion.

INPUT Switch

The INPUT switch allows selection of the input impedance
of the recetver. Both the TERM and the DSX MON positions
select 2 100-ohm impedance to terminate the line. while the
BRIDGE position sefects an impedance of 1000 chms or
greater [or bridging the line. The DSX MON position should
be used when the input signal has undergone resistive atlenis-
ation, such as at a DSX monitor point.

MODE Switch

The MODE switch permits selection of DS{C {3,152 Mb/s),
BS2H (6. 312Mb/s), or DSX-2 (6,312 Mb/s) operation. In
the DSTC or DSX-2 modes, the TX output complics with
the appropriate DSX pulse mask. In the DS2H mode, the
output is a rectangular pulse useful for driving long cable
lengths (to 1000 feer),

Connectors

Two WECO 310 jucks are provided: one for the receive
input and one for the transmit output. Each jack is tip-ring-
sleeve, with the jack slesve connected o ground and the
differential signal appearing across the tip and ring.

8.8.4 FIREBERD Swétches“gﬁqu!ndicators

DATA Switch

For most applications, a 27-1 pattern should be selected
because it conforms to the QRSS (guasi-random signal
source) specifications for DS1C, The 271 pattern is also
recommended for use with DSZ.

ME (Mark) and SP (Space) Indicators

The ME indicator will be iHluminared whenever a one (Murk)
is detected in the data, The SP mdicator will be illumunated
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whenever a zere (Space) is detected . Under normal operating
conditions both indicators will appear 0 be illuminated
continuously,

ALM1 Indicator

The ALMI indicator on the front panel of the FIREBERD

will be iHuminated whenever 1025 or more consecutive ones

8.8.5 Specifications

8.8.5.1 Qutput Specifications

Connector

Connector type:

Configuration:

DS1C Output Signal

are detected in the received data. This indicaies 2 “blue
alarm™ or “keep alive” signal on the ling.

ALMZ Indicator

The ALM?2 indicator will be iluminated whenever excess
zeros are detected in the received signal. An excess zeros
condition 15 defined as 34 or more consecutive zeros for
DSIC, and 6 or more zeros for D82,

@ WECO 310 jack.

@ Tip-Ring-Sleeve; sleeve is grounded, differential signal on tip and ring.

All specifications are for the output terminated into a 100 ohm resistive load.

Pulse Amplitude: & 3 + (.3 volis,

Hall Amplitude Pulse Width: ® 139 = |5 ns with a maximum imbalance of 9 ns.

]

Rise and Fall Times:

®

L4

Trailing edge overshoot:

DS2H Quiput Signal

less than
less than

50 s (20% to 809).
20 ns imbalance.

less than 10% of pulse height

Adl specifications are for the ouipod terminated with a 10 ohun resistive load.

Pulse Ampligude: ® 1 *

Halt Amplitude Pulse Width:
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DSX-2 Qutput Signal

The DSX-2 output complies with all the specifications given for the DSX-2 interconnect in AT&T Compatibility
Bulletin No. 119, “Interconnection Specification for Digital Cross-Connects™.

input Specifications

Connector

Connector type: 8 WECO 310 jack.

Configuration: #® Tip-Ring-Sleeve; sleeve grounded, differential signal on tip and ring.
Input Impedance: ® 100 ohms + 10%, TERM or MON switch position.

® greater than 1000 ohms for BRIDGE position.

Per DSX specifications, nominal pulse amplitudes are = 3V (DSI1C), & 2V (DS2H), or +1V {DSX2). For the
TERM or BRIDGE switch positions, the receiver will compensate for cable attenuation for cable lengths up o
1000 feet. In the MON position, the receiver will compensate for up to 24 dB of resistive attentuation only.

Frequency Range

EX

DSIC: ® 3152 « 3 kHz (% 95 ppm).

DS2: ® 6312

i+

6 kHz (= 95 ppm).

Jitter Tolerance

For DS2 operation. the receiver will tolerate jitter that lies within the mask given in Figure 8-7.

The all-ones alarm occurs if 1025 or more consecutive ones occur in the received data.

Excess Zeroes Atarm

The excess zeros alarm occars i 34 or more consecutive zerpes occur in DSTC data, or if 6 or more consecutive
zeros occur m D82 data.

8-41



Section 8

8.8.5.3 Crystal Oscillators

Frequencies:

Accuracy and Stability:

Drift:
10 =
UMNIT
INTERVALS
§ e
PK-PK
HTTER
AMPLITUDE
3 g

® 3.152 MHz (DS1C),
® 6.312 MHz (DS2).
# = 10 ppm.

® 5°Ctos50° C.

® 5 ppm/year typical.
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8.9 2.048 Mb/s G.703 DATA INTERFACE (Mode! 40380)

f L
RECOV {LOTR

¥ CAUTION USEWECO 310 PLUGS ONLY.

TX et (= CODE -y (- MODE [ BX..
D Zﬁw*.-_wt}m:?icﬁ L ]

2088 Mbps G20

8.9.1 gntroduction

The 2.048 Mb/s G703 Data Interface allows the FIRE-
BERD to test data communications equipmert utilizing the
interface specification in Section 6 of CCITT Recommenda-
tion G.703. The G.703 signals are serial, differential return-
to-zere (RZ) pulses with alternate mark inversion {AMI) or
high density bipolar three (HDB3) encoding. This interface
will operate with both the 75-ohm and the [20-ohm differen-
tial pair “preferred solution™ of Recommendation G.703.

In addition to making the conversion between the TTL
fevels used on the FIREBERD and the G.703 signals, the
interface has the following capabilities:

® It accepts low-level degraded signals, regenerates
the data, and recovers the clock timing from the
data.

@ Bipolar violations (BPV) or HDB3 coding viola-
tions in the received data can be detected by the
FIREBERD.

To conform with CCITT Specification O.151 for a
2'%1 pseudorandom pattern, all data leaving the interface
is inverted with respect to the “pormai”. Each logical one
generated by the FIREBERD is transmitted as the absence
of 4 pulse {Space) and each logical zero is transmitted as
the presence of a pulse (Mark). The words Mark and Space
refer to the presence or absence of a pulse, respectively, at
the output of the data interface.

8.9.2 Functional Description

There are various operating modes available for use
with the G.703 data interface. The normal mode of operation
is bit error detection, in which coding violations are ignored
and the recetved data is sent to the FIREBERD for bit error
analysis,

Another miethod of operation is coding violation detec-
tion; circuitry within the interface detects coding violations
in the received data. The CODE switch determines the criter-
ion for which a coding violation is counted. When coding
violation detection is in use, the output of the FIREBERD
is looped back to its input by the data interface and an error
1 inserted in the looped-back pattern for each coding viola-
tion in the incoming signal. The output of the G.703 data
interface is the pattern selected on the FIREBERD front
panel. This mode allows live traffic to be monitored by the
data interface because the data is only checked for coding
violations and is not expected to match the pattern selected
on the FIREBERD front panel. A fail-safe circuit automat-
ically breaks the loopback path when no G.703 input signal
is detected,

8.9.21 Timing Sources

Four clock sources are available for use as the source
of transmit timing: (1) a crystal oscillator located on the
data interface; (2) the clock recovered from the incoming
(G.703 data; (3) the FIREBERD's synthesizer; or (4) an
externally supplied signal input through the FIREBERD rear
panet BNC conrector. The selection is made by using the
GEN CLK switch on the FIREBERD front panel.
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8.9.2.2 Seif-Loop

The SELFLOOP switch on the FIREBERD front panel
activates a relay in the data interface which connects the
G.703 line driver to the G.703 line receiver. This allows
quick verification of the FIREBERD and its jnterface in the
bit error detection operation. The input and cutput connec-
tors need not be removed during the test because complete
isolation Is provided by the relay when testing, Note that a
fiming source must be provided for the loop testing, and
the RECOV (LOOP) position of the intertace’s TIMING
switch should not be used.

8.9.3 Interface $w;tches and Connectors

MODE Switch

The MODE switch is a two-position toggle switch which
selects the operating mode of the G703 data interface and
the FIRIEBERD, The NORM position selects bit error detec-
ton operaiton, while the VIOLATION position selects code
violation detection operation. This switch should be in the
NORM position when performing a self-loop lest. I the
switch is in the VIOLATION position during a self-foop
test. operation of the interface and the FIREBERD shouid
appuar the same as when the switch is m the NORM position.
However, the ability of the violation cirenitry to detect cod-
mg violatons is not checked in this mode because no coding
violufons are generated.

COBE Switch

The CODE switch s a two-position toggle switch which
selects between AMI and HDB3 encoding/decoding of the
date. When the HDB3 position is selected, the data is en-
coded with every Mark having the opposite polarity of the
preceding Mark and any Space coded as no transition. Any
siring of four consecutive Spaces is replaced by the string
PV or 01V where V represents a bipolar vielation. Each
violation pulse 15 of the opposite polarity of the violation
preceding . This 18 accomplished by either inserting or
omiiting @ one in the first bit of the replacement string. Two
successive violations of the same polarity constitute g single
HD3 coding violation,

In the AMI position, the data is coded with every Murk
havipg the opposite polarity of the preceding Mark. When a
Mark s delected with the same polarity as the preceding Mank,
a violation is counted. A Space is coded as no ansition,
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TIMING Switch

The TIMING switch is a two-position toggle switch which
selects the source of transmit timing when the FIREBERD s
GEN CLK switch is set to the INTF position. The XTAL
position of the TIMING switch selects the crystal oscilfator
on the data miterface: the RECOV (LOOP) position selects
the cleck recovered from the incoming data stream. Note
that the RECOV (1.OOP} position shouid not be used wiih
the FIREBERD in self-Toop,

IMPEDANCE Switch

The IMPEDANCE swich is a two-position toggle switch
which selects between bridging (BRIDGE) and terminated
(TERM) input impedances. In the BRIDGE position the
input impedances for both the balanced and unbalanced inpui
are greater than 1000 ohms. The TERM position provides
input impedances of 120 ohms for the BAL input and 75
ohms for the UNBAL input,

Connectors

Both WECO 310 jucks and BNC connectors are provided
for connecting the data interface to the circuit under test.
The WECO 310 jucks provide the balanced input and owtput,
The BNC connectors provide the bipolar unbalanced mput
and oulput.

The WECO 210 jacks are tip-ring-sleeve jucks. with the
jack sleeve connected to ground and the differential G703
signal appearing across the tip and ring . The BNC connectors
provide ground connection for the shield, and the bipotar
unbalanced G 703 signal appears on the center conductor,
Simultancous connections shoold not be made to the receive
BNC and the receive WECO 310 jack.

8.9.4 MK {Mark) and SP (Space) Indicators

The MK indicator will be iHuminazed i the absence of an
input signal in AM{ code or the presence of an all-HDB3-en-
coded Space pattern in HDB3 code. The SP indicator will
be illuminated when an inpuwt signal consisting of a continu-
ous string of Marks is detected. Under normal operating
conditions both the ME and 5P indicators should be Hlami-
nated.
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8.9.5 Data-Clock Test Points

This section describes the phase relationship between the
2.048 Mbis G.703 Data Interface’s data and clock signals
and the FIREBERD’s rear panel fest points.

RCVR DATA:

RCVR CLK:

The signal at this test point wili be high
when the received data bit is a Space and
will be low when the received data bit is
a Mark.

This test point provides a TTL signal
derived from the clock recovered from
the data puises. The phase relationship
between this signal and RCVR DATA is
such that mid-bit data sampling occurs at

8.9.6 Specificalions

GEN DATA:

GEN CLK:

8.9.6.1 Generai
Operating bitrate: ® 2.048 Mb/s nominal.
Coding: ® AMI/HDB3 selectable.
Connectors: ® BNC and WECO 310,
8.9.6.2 Drivers
Pulse shape:

Nominal Peak

voltage of a Mark (pulse): ®

: ®

Peak voltage

of a Space (no pulse): ® 0+
20 =

Nominal Pulse Width: @ 244 ns.

Rev. D

.3 volts into 120 ohms.
(.24 volts into 75 ohms.

Section 8

the rising edge transition of the RCVR
CLK signal.

This test point provides the TTL equiva-
lent of the transmitier data. The signal at
this test point will be high when transmit-
ting a Mark and will be low when transmit-
ting a Space.

This test point provides a TTL signal de-
rived from the fransmitter clock. The
phase relationship between this signal
and GEN DATA is such that mid-bit
data sampling occurs at the rising edge
transition of the GEN CLK signal.

& Conforms to Figure 15 of CCITT Recommendation (G.703.

3 volts = 10% into 120 ohms.
2.37 volts = 10% into 75 ohms.
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Ratio of amplitudes
of positive to negative

pulses at midpoint of pulse: 2 0.95t0 1.05.
Ratio of widths of
positive to negative pulses
at nominal half amplitude: # 0.9510 1.05.
8.9.6.3 Receivers
BNC Load resistance: #® Switchable, 75 ohms with minimum 20 dB return loss or greater than

1K ohms.

WECO 210 Load resistance: ® Switchable, 120 ohms with minimum 20 dB return loss or greater than
1K ohms.
Operating bit rate: @ 7.048 Mb/s. = 1 kHz minimum.
8.9.6.4 Crystal Oscillator
Frequency: @ 2.048 MHz.
Accuracy and Stability: | ® i._ 35 ppm, 0°C to 50°C ambient.
Drift: =o 5 ppm'}?e;r yez{_r typical.
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8.10 LAB DATA INTERFACE (Model 40204)

Section 8

8.10.1 Introduction

The Lab Data Interface is a versatile interface umit
which allows the FIREBERD to test a wide variety of data
handling devices. Capable of driving any load from 50 ohms
to high impedances, with user-selectable receiving imped-
ances, the Lab Data Interface allows the user to select bipolar
or unipolar, balanced or unbalanced operating modes. Data
is exchanged in a serial binary format. All connections with
the Lab Data Interface are made through BNC connectors.

8.10.2 Functional Description

~ The Lab Data Interface is designed to convert between
the TTL signals used within the FIREBERD and the user-
selected signal type. Data generated by the FIREBERD is
transmitted through the TX DATA jack. The synchronous
transmitted clock signal is sent through the TX CLK OUT
jack. Data is returned to the FIREBERD for analysis through
the RCV DATA jack. The synchronous returned clock is
sent through the RCV CLK jack.

8.10.2.1 Timing Sources

Timing for the transmitted data signal may be deter-
mined by: (1) the FIREBERD’s_synthesizer; (2) a clock
signal via the EXT TX CLK IN jack on the data interface:
or (3) the FIREBERD rear panel BNC connector. The timing
source used is selected by the FIREBERD’s GEN CLK
switch.

8.10.2.2 Timing Modes

Synchronous, asynchronous, or recovered timing can
be used with this interface. With asynchronous timing, asyn-
chronous data analysis can be performed at speeds to 20
kb/s. Recovered timing operates to 520 kb/s and provides
a clock derived from the received data transitions. Synchron-
ous liming operates to 15 Mb/s with this interface.

8.10.2.3 Self-Loop

The SELF LOOP switch on the front panel of the
FIREBERD connects the interface’s TTL-level transmit data
and clock signals directly to the FIREBERD's TTL-level
receive data and clock inputs. When in self-loop, the data
interface’s transmit data and clock signals are unaffected.
The receive data and clock signal terminations are not af-
fected by the self-loop test, although these signals do not
reach the FIREBERD itself.

8.10.24 Applications Information

The following information is provided to aid in using
the Lab Data Interface to best advantage. The interface
switches mentioned in the following paragraphs are de-
scribed in detail in Section 8.10.3.

When operating at a high bit rate or when driving long
cables, TTC recommends that a terminating impedance be
placed at the receiving end. The Lab Interface line drivers
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are low-impedance drivers and can operate into any load
down (o 50 ohms. The terminating impedance will serve to
reduce ringing and cable crosstalk,

When supplying the data interface with an external
clock input, note that the external clock signat must be in
the same mode (¢.g., Unipolar Unbalanced) as the transmit
and receive data and clock signals. The transmit data and
clock outputs are high fevel (greater than 19 dBm into 50
ohns) and caution should be used when connecting to sen-
SHIvVe cguipment.

When operating in the Unipolar Unbalanced mode
with the INPUT IMPEDANCE switch set to 8K OHMS,
the transmit and receive data and clock signals can be directly
connected to any TTL Tamily circuits, The data interface
inputs and outputs are compatible with ail TTL families
{e.g. Schottky TTL, L3 TTL),

When operating in the Unipolar Balanced mode with
the INPUT IMPEDANCE swiich set to either 8K OHMS
or 100 OHMS and with CLOCK PHASING set to “e- ",
the data interface should be functionaily compatible with
RS-422A systems.*

When operating in the Bipolar Unbalanced mode with
the INPUT IMPEDANCE switch set to 8K OFMS and
CLOCK PHASING set to “w =7 the data interface should
be functionaily compatible with RS-232C, RS-423A. or
Mititary Standard 188-114 bipolar unbalanced systems.*

When operating in the Bipolar Balanced mode with
the INPUT IMPEDANCE switch set to 100 OHMS and
CLOCK PHASING set to "= w7 the data interface should
be functionally compatible with Miditary Standard Mil-158-
{14 bipolar balanced, and with a pad on the outputs, V.35
systems,®

* Full compliance with the mestioned system parameters
is not guaranteed.

8.10.3 interface Switches

The Lab Data Interface has three switches, each with
four positions. affecting the operation of the unit. By prop-
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erty selecting the switch positions, any of up to 64 operating
modes miay be accommodated.

INPUT IMPEDANCE Switch

The INPUT IMPEDANCE switch affects the three inputs:
ROV DATA, RCV CLK. and EXT TX CLK IN. When in
the 50 OHMS position, the switch places a S0-ohm terminat-
ing resistor ucross cach of the three inputs. When placed in
the 75 OHMS position, a 75-ohm resistor terminates each
of the three inputs. The 100 GHM position provides a 100-
ohm lenminating resistor and the 8K OHMS position allows
the input signals 1o go directly to the line receiver integrated
circuits with no other resistive termination.

MODE Switch

The MODE switch controls the mode of operation of all
five data and clock jacks. Two major modes of operation
arc available: the Bipolar configeration (both positive and
negative with respect to ground) and the Unipolar configura-
tion (positive only with respect to ground). For each of these
two modes, an Unbalanced arran gement {the outer conductor
tied directly to ground) or a Balanced arrangement (the outer
connector used as & complementing driver) are selectuble.

Figure 8-8 shows the output voltage levels and the signal
arrangements for each of the four selectable modes. Figure
8-9 shows the voltage fevels required by the RCV DATA,
RCV CLK, and EXT TX CK IN signal jacks for proper
operation. Note that the voltage kevels required are indepen-
dent ot the terminating impedances.

CLOCK PHASING Swiich

When Auxiliary Function 05 is set to F-BUERD (default),
transmit- and receive-clock polarities are controlled by Aux-
ilsary Functions 04 and 02 However, when Auvxiliary Func-
ton 45 13 set to INTF, the CLOCK PHASING switch con-
trols the data and clock phase relationships {or both the
transmit and receive ports. For both the trunsmit and recetve
sides. either falling-edge valid or rsing-edge valid can be
selected. Figare 5-1) shows the four avatlable switch posi-
tions und the resultant darsiclock relationships.
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Figure 8-10
Clock Phasing Selections
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8.10.4 Specifications
8.10.4.1 OQutput Levels

Bipotar Balanced: ® -+ 2.0 velts minimum differential voltage
(+19,0 dBm minimum into 30 ohms)
(+17.3 dBm minimum into 75 ohms).
Bipolar Unbalanced: e = 3,0 volts dc minimum
(+22.6 dBm minimum into 50 ohms)
_ ©(+20.8 dBm minimum into 75 ohms),
Unipolar Balanced: # + 2.0 volts minimum differential voltage
(+19.0 dBm minimum inte 50 ochms)
: {+17.3 dBm minimum into 75 ohms).
Unipolar Unbalanced: ® +2.5 volts dc minimum Mark (logic 1).
# +0.5 volts dc maximum Space (logic 0).

8.10.4.2 Input Levels

Bipolar Balanced: ® + (.25 volts minimuim differential voltage
{+ 1.0 dBm 50 ohms)
(-0.5 dBm 75 ohms).
® = 12.0 volts dc maximum with respect to FIREBERD ground.
Bipolar Unbalanced: & +0.25 volts dc minimum Mark (logic 1).
® -0.25 volts dc minimum Space (Jogic Q)
{+ 1.0 dBm 50 chms)
(0.5 dBm 73 ohms).
Unipoiar Balanced: & -+ (.25 volts minimum differential voltage
{+ 1.0 dBm 50 ohms)
(-0.5 dBm 750hms).
® = 12.0 volts dc maximum with respect to FIREBERD ground.
Unipolar Unbalanced: #® -+ 1.8 volts dc minimum Mark (logic 1).
® + 1.2 volts dc maximum Space (logic 0},

8.10.4.3 Maximum Input Levels

The following voltage levels are not to be exceeded at any time (differential voltage for balanced operation, volts
dc for unbalanced operation): '

50 ochms +3.3 volts {23.4 dBm)
75 ohms 4.0 volis (23.3 dBm)
100 ohms =4.7 volts (23.4 dBm)
8K ohms +15.Q volts

8-52 Rev. D



8.11 DS1/71 DATA INTERFACE (Model 40540)

SNPLUT QUTPUT
1T

DS1/TY INTERFACE ADAPTOR

r—-—-—-ﬁUXiLMR? GUT?UTS——-—-!

RE. TX DSX-1

DSX-1 DSX-1

HODEL 40540

8.11.1 Introduction

The DSI/TI Data Interface allows the FIREBERD to
test communications systems that use T1 (DS1}) 1.544 Mb/s
Digital Chanpel Service and similar systems, The T1 signals
are serial, differential seturn-to-zero (RZ) pulses with alternate
mark inversion (AMI) or bipolar with eight zero substitution
(B3ZS) coding. The data interface will operate with either
framed data (D4, Fe, or SLC*-96}, required by Digital Access
Crossconnect Switches (DACS) and channel banks, or with
unframed data as used in unswitched networks.

8.11.2 Functional Description

The interface panel has five bantam jacks: a primary
output, three secondary outputs, and the receiver input. Fach
of the four outputs is capable of sourcing DSX level signals;
the primary output also has selectable line build-cut. A simplex
current path is also provided between the primary cutput and
the receiver input.

Two THRU-DATA modes, where the received T1 data
is retransmitted by the interface, provide repeater emulation
(LLB) and APS testing capability {TL.B), The TLB mode also

- allows jitterizing the retransmitied data as well as inserting
BPVs, logic errors, or logic and BPV errors at user-selectable
rates,

This interface is also compatible with all jitter options
{Wideband Jitter Measurement, Spectral Analysis, and Jitter
Generator) described in Section 9.

*SLC is a trademark of AT&T Technologies.

Rev. D

8.11.2.1 Timing Sources

Three transmit timing sources can be selected: (1) the
clock recovered by the interface from the incoming T signal;
(2) the synthesizer clock, which can provide an internal timing
reference at or around 1.544 MHz; or (3} the external BNC
input. Timing selection is made by using the GEN CLK switch
on the FIREBERD front panel.

8.11.22 Self-Loop

The data interface ianudes a relay which is activated
by the SELF LOOP switch on the FIREBERD s front panel,
In Self-Loop mode, the primary T1 lime driver is connected
to the T1 Jine receiver. This provides quick verification of
the FIREBERD and its-data interface when performing bit
error detection. The input and primary output connections
need not be removed during the test because complete iso-
lation is provided by the relay; the secondary outputs are
unaffected by Self-Loop mode. Note that the FIREBERD s
GEN CLX switch should not be set to the INTF position in
Self-Loop mode and Thru mode should be off.

8.11.3 Interface Setup

The DSI/T1 Data Interface is controlled through the
FIREBERD front panel. After installation, the interface is
enabled by using the MENU pushbutton switch to select the
INTF SETUP function; when a selection menu appears in
the display, the soft key beneath the DS1/T1 selection should
be pressed. A new menua with seven categories will then
appear in the display. The DS1/T1 menu tree is shown in
Figure 8-11. The seven main menu selections and their
sub-selections are described below,
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RESULTS:

The RESULTS category allows selection of standard or five
traffic results (standard and live results are described in Section

5y
(1) STD (default)—

(2) LIVE-—

(1) OFF (default)—-

{2) LLB-—

{3) TLB-—

Rev. D

Selects standard analysis results. Bit
error. bipolar violation, framing
error, and CRC error analysis are
performed. While frame synchroni-
zation and frame losses are detected,
framing ecrror and CRC  error
analysis are not performed. Framing
error analysis is only performed
when this selection is combined with
either  the FRAMED/D4  or
FRAMED/SL.C96 selection. CRC
error analysis is only performed
when this selection is combined with
the FRAMED/Fe selection.

Selects live traffic analysis results.
Bit error analysis is not performed;
bipolur violations, framing error,
and CRC error analysis are per-
tormed during the time in which the
signal is present. Framing error
amalysis is only performed when this
selection is combined with either the
FRAMEIYD4 or FRAMEIDVSLCY%
selection. CRC error analysis is only
performed when this selection is
combined with the FRAMED/Fe
selection,

Selects the normal operation of the
interface in which the received data
is analyzed by the data receiver of the
FIREBERD and transmit data is gen-
erated by the data generator of the
FIREBERD.

The Line Loopback selection causes
the inferface to act as a repeater. All
data received will be echoed un-
changed on the transmitter output.
This setting can be used 10 anulate
a CSU i line loopback mode. The
received signal is still analyzed by the
FIREBERD s data receiver. Noe that
the LLB selection disables the ER-
RINS and CODING sections of the
meny; the data is not re-encoded prior
0 gansmission.

The Fest Loopback selection emu-
fates a CSU or channel bank in digital
loopback. All received data is echoed

v

INPUT:

(1) TERM (default)—

(2) BRIDGE—

(3) DSX-MON-

{1 OFF (default)-—

(2) SINGLE——

(33 RATE—

Section 8

on the transmitter output and the re-
ceived signal is still analyzed by the
FIREBERIYs data receiver. ER-
RINS, CODING, and jiteer genera-
tion (if option instalted) remain ac-
tive. BPVs and B8ZS coding are
stripped from the received signal. The
outgoing signal is re-encoded with
AMI or BEZS according to the COD-
ING selection; BPV, LOGIC, or
LOGIC & BPV errars are inserted
according to the ERRINS selection.
The data is jittered if the Jitter Gener-
ation option is installed and selected.

Selects normal operation in which
the input is terminated by [00 ohms
and will accept a Tl signal at-
tenuated by 0 dB 1o 24 dB of cable
attenruation.

This selection allows monitoring of
T1 Lines which are already termi-
nated. In this mede, the input will
exhibit an impedance greater than
1000 ohms, accepting signals at-
tenuated by U dB (o 24 dB of cable
attenuation.

This selection conditions the receiver
to operate with signals from DSX-
Monitor ports. In this mode, the input
accepts T1 signals resistively at-
tenuated by 10 dB to 30 dB, and ter-
minates the line with 100 ohms.

Selects the normal mode of operation
in which no errors are transmitted.

This selection allows the insertion
of a single crror each time the soft
key beneath SINGLE is pressed.

This selection causes the insertion
of bipolar violations at a user-select-
able rate ranging from 1E-9 1o 9E-3,
To change the BPV insertion rate,
press the RATE soft key. The cursor
will be positioned under the man-
tissa, 2 new mantissa, from 1 to 9,
may be entered. Once a number has
been entered, the display  will
change to SET BPV RATE to indi-
cite that a new rate is betng entered,
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(4) BPV-—

(5) LOGIC—

(6) LOGIC & BPV—

CODING:

(1) AMI {default)—

(2) BRZS

FRAMED:

(1} OFF (defaulty—

8-56

and the cursor will move to the ex-
pounent. A new exponent, from 3 to
9, may be entered. The new rate is
selected by pressing the ENTER
key; the previously selected rate will
continue to be transmitted untilf the
ENTER key is pressed. NOTE: The
synthesizer frequency must be set to
1544 kHz; any other setting causes
the insertion rate to be inaccurate.

Selects bipolar violations as thetype
of error to be inserted.

Selects logic errors o be inserted,
These errors may fall on any bit
{data or framing).

“This error type emulates the type or

errors which occur on repeated lines
by adding or deleting a pulse after
the T1 signal has been encoded with
AMI or B8ZS coding. It should be
noted that if B8ZS coding is
selected, BPV and logic error muiti-
plication will occur when the
LOGIC & BPV error is inserted in-
side of a B8ZS code.

This selection allows Alternate
Mark Inversion (AMI) coding. AMI
is encoded by transmitting a pulse
of alternating polarity for every one
{Mark) and no pulse for every zero
(Space).

This selection allows Bipolar with
8 Zero Substitution (B3ZS5) coding,
which also transmits a pulse of alter-
nating polarity for every one and no
pulse for every zero., except that
strings containing eight consecutive
zeros are replaced by a zero substitu-
tion code. In this case, the eight-zero
sequence is replaced by DOVIOVI,
where 0 represents a Space, | repre-
sents a Mark, and V represents a
bipolar  violation  {consecutive
pulses of the same polarity). The
B8ZS decoder will restore a detected
BBZS pattern 1o the original eight
ZRT0S.

This selection (unframed data) per-
forms data analysis om the full 1,544

(2) Dg

(3) Fe—

(4) SLC 96

LBO:

(1) 0 dB (default)—

(2)-7.5dB—

Mb/s bandwidth of the T1 line; no
framing bits are added upon trans-
mission, and no data bits are
stripped upon reception.

This selection allows the FIRE-
BERD to transmit and analyze T
signals with D4 (Superirame) fram-
ing. D4 framing occupies § kb/s of
the 1544 kb/s bandwidth; the
selected data pattern occupies the re-
maining 1536.kb/s. The' D4 framing
pattern is compatible with DID, D2,
D3, and D4 channel banks. When
Live analysis mode is selected, both
the Fs and Fit framing bits are
examined for esrors,

This selection allows the FIRE-
BERD to transmit and analyze T1
signals with Fe (Extended Super-
frame) framing. With Fe framed sig-
nals, the framing pattern occupies 2
kb/s, the CRC check bits occupy 2
kb/s, and adata link occupies 4 kb/s;
the selected data pattern occupies
the remaining 1536 kb/s. The data
link is transmitted with an all-ones
pattern and is examined only for the
presence of a Yellow Alarmsignal.

This selection is used to transimit and
analyze T1 signals with S1L.C 96
framing. SLC 96 framing and con-
trol channel occupy 8 kb/s of the
1544 kb/s bandwidth; the selected
data pattern occupies the remaining
1536 kb/s. The transmitied framing
pattern is D4 compatible. In Live
Analysis mode, only the Ft framing
bits are examined for errors since
the Fs bits are time-shared with &
control channel.

This selection sets the primary out-
put to the DSX level with no linc
build-out (0 dB attenuation).

This selection provides a -7.5 dB
line build-out, attenuating the pri-
mary output with 7.5 dB of simu-
lated cable Joss.
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3y -15 dB— This selection provides a-15 dB line
build-out, attenuating the primary
output with {5 dB of simulated cable

loss.

8.11.4 FIREBRERD
Switches and Indicators

LOOP UP and LOOP DOWN Switches

The LOOP UP and LOOP DOWN switches will transmit
loop-up and loop-down codes as described in Section 4.

MK (Mark) and SP (Space} indicators

An input signai consisting of a continucus string of ones
{Marks) or framed ones in the framed data mode will cause
the MK indicator to be illuminated. Absence of an input
signat for AMI code or an all-Space pattern for B8ZS code
will cause the SP indicator to be illuminated. Under normal
operating conditions both the SP and MK indicators should
be ifluminated.

FRM SYNC Indicator

The FRM SYNC mdicator will be illuminated when a fram-
ing pattern is present in the received data. The framing
pattern can be D1D, D2, B3 or D4 when FRAMED/D4 is
selected, Fe when FRAMED/Fe is selected, or SLC 96 when
FRAMED/SLC96 15 selected. This indicator is functional
in both Standard and Live analysis modes. The frame detec-
tion circullry prevents false synchronization indications for
uptramed pseudorandom patterns.

CODE Indicator

The CODE indicator will signal the presence of BEZS se-
quences on received daia. AMI and BSZS encoding are
front panel menu selections: however, BSZS decoding is
automatically performed. The CODE indicator will illami-
nate independently of AMI coding selection if a BRZS pat-
tern 1s detected.

Rev. D
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The ALMI indicator will be illuminated when a yellow
alarm condition is detected in the received framed data.
When either the FRAMED/D4 or FRAMED/SLUY6 selec-
tion is made, this indicator will be illuminated when 253
consecutive channel samples have bit 2 set to zero, If
FRAMED/Fe is selected. the indicator will Hight when an
alternating sequence of [H1T 111 0000 0000 is detected
on the 4 kb/s data link for 16 consecutive periods,

ALMZ Indicator
The ALM2 indicator will light when an excess zero condition

(16 or more consecutive zeros) is detected on the received
data.

8.11.5 Data-Clock Test Points

This section describes the phase relationship between
the D51/T1 interface’s data and clock signals and the FIRE-
BERD’s rear panel test points,

RCVR DATA: The signal at this test point wiil be high
when the received data bit is a Mark and
will be fow when the received data bit is
& Space, Framing bits are removed prior
to this test point.

RCVR CLK: This test point provides a TTL signal de-
rived from the clock recovered from the
data pulses. The phase relationship be-
tween this signal and RCVR DATA is
such that mid-b:t data sampling occurs at
the rising edge transition of the RCVR
CLK signal. This test point is inuctive dug-
ing received framing bits.

GEN DATA:  This test point provides the TTL equiva-
lent of the transmitter data. The signal at
this test point will be high when transmit-
ting & Mark and witl be low when transmit-
ting a Space, This test poim s inactive
during framing bits.

GEN CLK: This test point provides a TTL signal de-
rived from the transmitter clock. The
phase relationship between this signal and
GEN DATA is such that mud-bit data sam-
pling occurs at the rising edge fransition
of the GEN CLK signal. This test poin
15 inactive during framing bits.
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8.11.6

8.11.8.1

62411, and PUB 62508.

8

Specifications

T1 Transmitter Specifications
Connectors
Connector Type:

Configuration:

Pulse Mask

@ Bantam.

" ® Tip-Ring-Sleeve; Sleeve connected to ground, differential signai on

Tip and Ring.

All spectfications are for 0 dB line build-out and with output terminated in 100-chm resistive load. Meets pulse
masks given in CCITT recommendation .703 and in Bell Publications CB113, CB119, CB143, PUB 41451, PUB

:

Pulse Amplitude:
Half Amplitude Pulse Width:
Rise and FFall Times:

Trailing Edge Overshoot;

Line Codes:

Loopback Code Generation

Loop Up Code:
Loop Down Code:

Line Buildout {Primary Circuit Only)

-7.5dBLBO
-15dB LBO

8.11.6.2 T1 Receiver Specifications

8-58

Connector Type:

Configuration:

T1 Input Circuit

Input Impedance:

Input Level:

® =3 +0.3 volts with a maximum imbalance of =0.15 volis.
® 324 +24 ns with a maximum imbalance of * 15 ns.
® 100 ns maximum (10% to 90%).

® 10% to 30% of pulse height with decay to 10% of pulse height within
400 ns.

® Bipolar (pseudoternary); selectable AMI or B8ZS.

® Repetitive “10000.”
® Repetitive “100.”

® -7.5 dB =1 dB attenuation at 772 kHz.
@ -15.0dB +1 dB attenuation at 772 kHz.

® Bantam.

® Tip-Ring-Sleeve; Sleeve connected to ground, differential
signal on Tip and Ring.

@ TERM or DSX-MON position 100 ohms =*5%.
BRIDGE position 1000 ohms minimum.

]

® +3 volts (DSX-1) nominal, with { dB to 24 dB cable attenuation
(BRIDGE, TERM), 10 dB to 30 dB resistive attenuation {DSX-MON).

Rev. D



Hitter Analysis Input Level:

Thru Data LLB Input Level:

Thru Data TLB Input Level:

Data Rate Range:
Line Code:

Jitter Tolerance:

Excess Zeros Detection:

8.11.8.8 Simplex Current Path

Section 8

& TERM =3 volts (DSX-1) with 0 dB to 15 dB resistive attenuation.
@ BRIDGE =3 volts (DSX-1) with 0 dB to 24 dB cable attenuation.
@ DSX-MON -3 volts (DSX-1) with 10 dB to 30 dB resistive attenuation,

® TERM +3 volts (DSX-1} with 0 dB t¢ 24 dB cable attenuation.

& BRIDGE =3 volts (I2SX-1} with 0 dB to 24 dB cable attenuation.

@ DSX-MON :£3 volts (DSX -1) with 10 dB to 30 dB resistive attenuation.
® TERM =3 volts (DSX-1).

® BRIDGE =3 volts (DSX-1) with (0 dB to 24 dB cable attenuation.

& DSX-MON =3 volts (DSX-1) with {0 dB 1o 30 dB resistive attenuation.
@ 1,544 Mb/s 500 b/s minimum.

® Bipolar (pseudoternary}, AMI with automatic detection of B8ZS coding.

@ Meets jitter mask given in CCITT Recommendation G.703 and in Bell

publications PUB 41421 and PUB 6241 1.

# {6 or more sequential zeros.

All simplex current specifications are for OUTPUT (TX) connector Tip and Ring shorted together and INPUT (RX) connector

Tip and Ring shorted together.

Current:
Voitage Drop:
Polarity:

Breakdown Voltage:

Rev. D

® 60 mA nominal, 145 mA maximum.
& 7.3 +£0.5 volis at 60 mA.
® Bi-directional—either pair may be positive with respect to the other pair.

@ =150 volts minimam from Tip and Ring to Chassis Ground.
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8.12 8448 kb/s G.703 DATA INTERFACE (Model 30524)

RECG@ :

i H
‘ . ) RIS 3 7. FE

E G703 8 448 Mbps INTERFACE ADAPTOR

8.121 Introduction

The 8448 kb/s G.703 Data Interface allows the FIRE-
BERD 6000 to test data communications equipment utilizing
the interface specification in Section 7 of CCITT Recommen-
dation G.703. The G.703 signals are serial, return-to-zero
{RZ) pulses with high density bipolar three (HDB3) encoding.
This interface will operate with the 75-0hm “preferred solution”
of Recommendation G.703.

In addition to making the conversion between the TTL
levels used on the FIREBERD and the (G.703 signals, the
mnterface has the following capabilities:

& It accepts degraded signals, regenerates the data, and
recovers the clock timing from the data.

# It permits HDB3 coding violations in the received
data to be detected by the FIREBERD.

To conform with CCITT Recommendation O.151 for a 2'5-1
pseudorandom pattern, all data leaving the interface is inverted
with respect 1o the “normal.” Fach logical one generated by
the FIREBERD is transmitted as the absence of a pulse (Space)
and each logical zero is transmitted as the presence of a puise
{Mark}.

8.12.2 Functional Description

There are two operating modes provided by the 8448
kb/s G.703 Data Interface. The normal mode of operation is

* wma——ﬁ o L e i
ESREPRY vioLaTION. T ! T

bit error detection, in which coding violations are ignored and
the received data is sent to the FIREBERD for bit error analysis.

The other method of operation is coding violation detec-
tion; circuitry within the interface detects coding violations in
the received data. When coding violation detection is in use,
the output of the FIREBERD is looped back to its input by
the data interface and one error is inserted in the looped-back
pattern for each coding vieolation in the incoming signai. The
output of the G.703 data interface is the pattern selected on
the FIREBERD front panel. This mode allows live traffic to
be monitored by the data interface; the data is only checked
for coding violations and is not expected to match the pattern
selected on the FIREBERD front panel. A fail-safe circuit
automatically breaks the loopback path when no G.703 mput
signal is detected.

8.12.2.1 Timing Sources

Four clock sources are available for use as the source
of transmit fiming: {1) a crystal oscillator located on the data
interface; (2) the clock recovered from the incoming (G.703
data; (3) the FIREBERD’s synthesizer; or (4) an externally
supplied signal input through the FIREBERD rear panel BNC
connector, The selection is made by using the GEN CLK
switch on the FIREBERD front panel in conjunction with the
INTF SETUP menu selections.

81222 Self-Loop

The SELF LOOP switch on the FIREBERD front panel
activates a relay in the data interface which connects the G.703
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ling driver to the G703 line receiver. This aliows quick ver-
ification of the FIREBERD and its interface in bit error detec-
tion eperation. The input and output cosnectors need not be
removed during the test because complete isolation is provided
by the relay when testing. Note that a timing source must be
provided for the loop testing, and the RECOV position of the
interfoce’s TEVHNG switch should not be used.

8.12.3 interface Setup

Adlof the functions of the 8448 kb/s (G703 Data Interfuce
may be congotled by the switches on the FIREBERD 6000
front punct, This is accomplished by using the FIREBERIY s
INTEF SETUP function, which is described below. The
switches on the interface are disabled when the FIREBERD
is in control. B desired, the interface may be controtled through
its own switches by using Auxibiary Function 05, When this
auxiliary function t set 1o INTF, the interface operates exactly
as it would g FIREBERD 1500A or 2000, See the 84438
kb/s G703 Data Interfuce Operating Manual for information
on operutton of the interface with o FIREBERD 15004 or
2000.

When the interface is installed in the FIREBERD 6000
and is to be controlled through the FIREBERD front panel.
the MENU pushbutton switch should be pressed to select the
INTH SETUP function. Two sclections will then appear:
INT232 and 8MGT03. Pressing the SMGT703 soft key selects
the 8448 khvs G703 Data Interface. Alter SMGT03 has been
selected | thive more selections appear in the display: TEIMING,
MODE, and IMPED. Figure 8-12 shows the 8448 kbs (.703
interface menu tee. Dieseribed below are the choices availuble
under the TIMING, MODE, and IMPED selections,

TIMING:

These two soft keys select the source of transmit thning when
the FIREBERD™s GEN CLK switch is in the INTF position.

(H XTAL—  Selects as the transmit iming source the
crystal oscitlator on the interface.
{Z)RECOV - Selects as the transmit timing source the clock
recovered from the incoming data stream,
Note that the RECOV selection should not
be used with the FIREBERD in scli-loop.

MODE:

These two soft keys select the operating mode of both the
interface and the FIREBERD.

This selection mnstructs the FIREBERD to
detect HDB3 coding viclations.

{[yBPY-—

{2} NORM——  This selection instructs the FIREBERD w
detect bit errors.

NOTE: The NORM soft key should be selected when
performing a self-loop wst. If the BPV soft key is
selected during a self-loop test, operation of the interface
and the FIREBERD should appear the same as whon
the NORM soft key is selected. However, the ability
of the violation circuitry o detedt coding violations is
not checked because no coding violations are generated.

BMG703

TIME

MODE

IMPED

XTaL

RECOVE iNOR M}

BPV TERM

BRIDGE

Figure 8-12 N
8443 kb/s G.703 Interface Menu Tree
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IMPED:

These two soft keys determine the input impedance of the data
mterface.

{1y BRIDGE-— Selects the input impedance to be greater than
1000 ohms.

{2)TERM-—  Selects the input impedance to be 75 ohms.

8124 Interface Conneclors

The 8448 kb/s G.703 Data Interface has BNC connectors
for linking the interface to the circust under test. The connectors
provide bipoiar unbalanced input and output with the shields
connected to chassis ground and the center conductor carrying
the (i.703 signal. For instructions on disconnecting the RX
shield from chassis ground. consult TTC’s Custorer Service
Departmen.

8.12.5 MK (Mark) and SP {Space) Indicators

The FIREBERD’s MK indicator will be illuminated
whenever a Space is received on the input signal. The SP
indicator will be illuminated whenever a Mark (pulse} is re-
ceived on the input signal. Under normal operating conditions
both the MK and the SP indicators should be iilurinated.

8.12.7 Specifications
8.12.7.1 General
Operating bit rate:

Coding:
Connectors:

Section 8

8.12.8 Data-Clock Test Points

This section describes the phase relationship between
the 8448 kb/s G.703 Data Interface’s data and clock signals
and the FIREBERD’s rear pune! iest poinis.

RCVR DATA: The signal at this test point will be
a TTL high when the received data
bit is a Space {no pulse) and will be
a TTl. low when the received data
bit 15 a Mark {puise).

RCYR CLK: This test point provides a TTE signal
derived from the clock recovered
irom the data pulses, The phase re-
lationship between this signal and
ROVR DIATA 15 such that the mid-
bit data sampling occurs at the ris-
ing-edge transition of the RCVR
CLEK signal.

GEN DATA. The signal at this test point will be
a TTL high when transmitting a
Space and will be a TTL low when
transmitfng a Mark.,

GEN CLK: Thiy rest point provides a TTL signal
derived from the mansmitter clock.
The phase relationship between this
signal and GEN DATA is such that
the mid-bit data sampling occurs at
the rising-edge tramsition of the
GEN CLK signal.

® #3448 kb/s nominal.

@ HDB3 (High Density Bipolar with 3 Zero Substitution).
® BNC. Tx Juck: signal oninner conductor, shield grounded. Rx Jack:

Signal on inner conductor, shield grounded.

8.12.7.2 Drivers
Pulse shape:

Nominal peak
veltage of a Mark (pulse):

Hev. D

® Conforms to Figure 16 of CCITT Recommendation G.703.

® 2.37 volts = 10% into 75 ohms.
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Peak voltage
of a Space {no pulse):

Nominal pulse width:

Ratio of amplitudes
of positive to negative
pulses at midpoint of pulse:

Ratio of widths of
positive to negative pulses
at pominal hall amplitudes:

8.12.7.3 Receivers

Input Impedance, Term:
InputImpedance, Bridge:
Sensitivity:

Operating bit rates:

81274 Crystal Oscillator

8-84

Freguency:

Accaracy and Stability:

®

®

0 = .24 volts inte 75 ohms.

59 ns.

(.95 10 .05,

.95 to 1.05.

75 ohms with 20 dB minimum return loss.

1000 ohms minimum.
-6 dB.

8448 kb/s =30 ppm.

8448 kb/s

30 ppm, 0°C to 50°C.
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SECTION 9
JITTER OPTIONS

This section contains information on the jitter options
available with the FIREBERD 6000, The first half of the
section describes the components of DS Jitter; the second
half of this section describes the components of G.703 Jitter.

9.1 DS1 JITTER GENERATION AND

MEASUREMENT

This section describes DS1 jitter generation and mea-
surement, specifically.

® DS1 Wideband Jitter Measurement (Option 6001)
% DS litter Spectral Analysis (Option 6002)
® D3] litter Generation (Option 6(3)

Each of these options may be used with the DS1/D4/Fe
Data Interface (Model 40460) or the DS1/T1 Data Interface
(Model 40540). The three options operate simuitaneously.

litter on a T1 line is the phase displacement in time
of a T1 pulse from its ideal position. There are two paramet-
ers associated with jitter that can be measured. The first is
the amplitude of the phase displacement, which varies with
time. The amplitude is measured in vnit intervals (UT), where
one Ul is equal to the amount of time associated with one
T1 bit pericd, or 648 ns. The second parameter, measured
in Hz. is the frequency at which the amplitude is changing.

The IXS1 Wideband Jitter Measurement option meas-
ures jitter over a wide frequency band (10 Hz to 40 kHz).
This measurement follows the guidelines set forth in CCITT
Recommendation O 171, The DS1 Jiter Spectral Analysis
option performs 40-band spectrum analysis on the wideband
Jitter; the DS1 Wideband Jitter Measurement option must
be installed to use the Spectral Analysis option. The DS
Jiter Generator option can apply a sine. square, ramp. or
triangle wave jitter signal to an mternal, external, of reco-
vered T1 clock signal.

8.1.1 DS1 Wideband Jitier Measurement Option

The DS1 Wideband Jitter Measurement option re-
ceives a jittered clock signal from either the DS1/D4/Fe
Data Interface (Model 40460 or the DS1/T1 Data Interface
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(Model 40540). The Wideband Jitter option then demod-
ulates the jittered clock and makes the following measure-
ments.

® Peak-to-peak jitter {ISEC JTR)
® Maximum peak-to-peak jitter (MAX JTR)
® Jitter hits count (JTR HITS)

9.1.1.1 Functional Description

The DS Wideband Jitter Measurement option demod-
ulates the jittered clock by generating a voltage that is prop-
ortional in amplitude to the amplitude of the phase displace-
ment. This voltage may then be easily measured. This full
bandwidth jitter voltage is subsequently sent to two places:
(1} the measurement circuits on the Wideband Jitter option;
and (2) the DS1 Jitter Spectral Analysis option for further
analysis,

After the demodulated jitter signal is sent to the DS1
Jitter Spectral Analysis option, an 8 kHz highpass filter may
be sclected, if desired. This filter allows only the high fre-
quency components to be measured. The jitter signal, either
with or without the filter, ts buffered and sent to the rear
panel BNC connector labeled DEMOD HTTER OUT. The
jitter voltage is finally measured using a peak-to-peak mea-
surement circit,

The Wideband Jitter option also measures jiteer hits.
A jitter hit occurs when the jitter exceeds a user-selectable
threshold. 1t is the absolute value of the demodulated jitter
that is measured. Therefore, both positive jitter peaks and
negattve jitter peaks are compared to the peak jitter
threshold,

9.1.1.2 Operation

Figure 9-1 shows the meny tree for all of the jitter
options. The menu tree is accessed by pressing the MENU
pushbutton switch to the HTTER position. The various DS
Wideband Jitter Measurement modes are accessed by pres-
sing the WDBANE soft kev. Three more sclections will
then appear ia the display: FULL, =8 kHz, and HELP,
Pressing the FULL soft key causes the highpass filter to be
removed from the jitter measurement path. Pressing the -8
kHz soft key causes the highpass filter to be mserted in the
jitter measurement path. Pressing the HELP soft key displays
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the possible range for a jitter threshold. The peak jitter
threshold may be entered via the keypad by typing two digits
{0.1 to 6.5 Ul) and pressing ENTER: there is no soft key
for this function.

The jitter results—1SEC JTR, MAX JTR, and ITR
HITS—are found in the SIGNAL category of resuits. The
ISEC JTR result is the maximum jitter measured over the
last second. The MAX JTR result is the maximum of the
ISEC JTR results since the last test restart. If the DS
Wideband Jitter Measurement option is not installed, these
results will not be accessibie.

9.1.1.3 Specifications

Data Rate: ® 1544 kb/s.
Bandwidth: ® -20 dB/decade below -3 dB point at 2 Hz.

& -120 dB/decade above -3 dB point at 68 kHz.
Selectable High Pass Filter: & -20 dB/decade below -3 dB peint at § kHz.

Measurement Accuracy: ® TERM with 0-20 dB resistive attenuation.
® DSX-MON with 0-30 dB resistive attenuation.
=35% = .04 UL at 10 Hz and 1 kiz.
*7% +.04 UL at 1 kHz and 10 kHz.
- + 0% + 06 Ul at 10 kM and 40 kHz.
7 ® BRIDGE with 0-24 dB cable attenuation
+T7% +0.3 Ul at 10 Hz and 40 kHz.

Range: @ (10 13.00 Ul p-p.
Resolution: }0 (.01 UL
Jitter Hit Threshold: ® Maximum—6.5 UL

@ Resolution—0.1 UL
HTTER OQUT BNC: ® Scale—0.1 v/UL

@ Range—0-—1.3 V peak-to-peak.
® Drive Capability—50 ohms minimam termination.
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2.1.2 D51 Jitter Spectral Analysis Option

The DS Jitter Spectral Analysis option consists of a
board that plugs into the Wideband Jitter option and cannot
be used without that option in place. The spectrum analyzer
measures the maximum peak-to-peak jitter in 40 frequency
bands from 10 Hz to 40 kHz and displays the result in unit
intervals (UI) peak-to-peak. This option enables the follow-
ing measurements.

@ Jitter amplitude measured in Ul peak-to-peak with a
continuous sweep of 40 frequency bands.

® Continuous jitter amplitude measurement in Ul peak-
to-peak of | to 40 frequency bands.

@ Percent of mask for each band.

9.1.2.1 Functional Bescriplion

The DS1 Jitter Spectral Analysis option is offered with
the FIREBERD 60600 to allow the user to determing the
spectral content of timing jitter in a T1 system. This is
accomplished by filtering the wideband jitter signal obtained
from the IXS1 Wideband Jitter option into 40 discrete fre-
guency bands. The output of each filter is then measured
using a peak-to-peak measurement circuit. The Spectral
Analysis option can either (i} continuously measure 1 of
the 40 frequency bands, which constantly updates the jitter
amplitude for that frequency, or (2) continually sweep
through the 40 frequency bands. When the sweep is enabled,
each jitter value stored in the 40 frequency bands is compared
1o the measured value of the corresponding frequency, and
the maximum value is saved until a test restart occurs.

The sweep function of the Spectral Analysis option
operates synchronously with the sweep function of the DS1
Jitter Generation option. The jitter generator will generate
jitter st a specific {requency, the specttum analyzer will
measure that frequency band, and both options will incre-
ment 1o the next frequency band. This capability can be
used to test equipment for bit errors or jitier attenuation
characteristics. (See the Functional Description in Section
9.1.3.1 for more information. }

The time required to complete one sweep of the spec-
trum analyrer depends on the jifler generator sweep, With
the jiticr generator sweep tumed off, it takes approximately
45 seconds 1o complete one sweep of the spectram analyzer.
With the jitter zenerator sweep turmed on, it takes approxi-
mately 85 ssuonds to complete one sweep; jitter 15 generated
for approximately 1 second before a measurament is taken.

9-4

Care should be exercised in comparing the spectral
analysis results with the wideband jitter result discussed in
Section 9.1.1. The Wideband Jitter option makes continuous
measurements over the entire 10 Hz to 40 kHz band. The
result obtained with that option is a true indication of the
maximum jitter in that band. This is in contrast to the spec-
trum analyzer which looks at a much narrower bandwidth
for each measurement. In a normal system, jitter measured
in the 40 spectrum analyzer bands will add in a very complex
and non-linear fashion. As a result, it is important that the
wideband measurement be used in conjunction with the spec-
trurn analyzer measurements in determining system perfor-
mance.

9.1.2.2 Operation

The DST Spectral Analysis measurement modes are
accessed in the HTTER menu tree (see Figure 9-1) by pres-
sing the S/A soft key. At this level in the menu, the current
frequency and the measured amplitude at that frequency are
displayed. If the sweep is disabled, the frequency displayed
is static, and the amplitade at that frequency is updated as
each measurement is completed. If the sweep is enabled,
the frequency displayed sweeps along with the measurement,
which allows the user to know the status of the sweep at
any point in time. In addition, the amplitude displayed for
each frequency is the maximum amplitude measured in that
band since the last test restart.

Pressing the SWEEDP soft key causes the selections
ON and OFF to be displayed; selecting either the ON or
OFF soft key places the sweep function in the corresponding
state. Pressing the FREQ soft key accesses the UP and
DOWN soft key results which can be used to scroil through
the 40 frequency bands. When the sweep is enabled, the
amplitude displayed is the maximum value stored for that
band. When the sweep is disabled, either of the UP or
DOWN soft keys changes the frequency band currently being
measured o the band selected by the soft key.

Pressing the PUAK scft key accesses the soft keys
PEAKUP and PRAKDN, which enable the user to quickly
find any peaks in the spectrum when the sweep is enabled,
& peak 15 defined as thase results that are immediately pre-
ceded by and foliowed by lower readings. The PEAKUP
soft key will find the next higher (requency jitter psak and
the PEAKDN soft key will find the next fower frequency
jitter peak. Since there are 1o peaks when the sweep is
disabied, the PEAK soft key 15 not visible if the sweep is off.

Two results are displayed in the SIGNAL caegory of
results. The 5/A results contuin the frequency of the mea-
sureroent and the amplitude being measared by the spectrum
apalyrer. If the sweep is eaabled, both the frequency and
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amplitude sweep through the 40 bands, displaying the high-
est amplitude measured in each band. If the sweep is dis-
abled, the frequency is displayed and the amplitude of that
frequency is continuatly updated with each new measure-
ment. With the sweep disabled, the frequency being mea-
sured by the spectrum analyzer can be changed from any
menu by pressing SHIFT followed by the key to increment
the frequency to the next higher band, or by pressing SHIFT
followed by the key to decrement to the next lower frequency
band.

The second available result is @MASK, which com-
parcs the measured amplitude of a frequency band to the
selected mask value of that frequency . This result indicates
whather the jitter amplitude is within the limits specified
for a given mask; for example, 114 %9MASK is 10% above
the alfowable jitter level and 50 %MASK is half the allow-
able jitter level (see Section 9.1.4), 1f the sweep is disabled,

9.1.2.3 Speciiications

Section @

the %MASK corresponds to the frequency being measured.
If the sweep is enabled, the %MASK corresponds to the
largest %MASK of the 40 frequency bands. The 40 pomts
can all be obtained through the printer or remote control
with the jitter list command.

Pressing the LIST soft key in the ITTER menu sends
a list of the jitter spectrum analyzer frequency band measure-
ments and their corresponding %M ASK values to the printer
port. If the jitter spectrum analyzer sweep is turned off,
only one frequency in the fist is printed and the others remain
biank.

Pressing the GRAPH soft key in the JITTER menu
generates a graph of the DS1 Jitter Spectral Analysis results.
The graphics are EPSON-compatible and can be used with
TTC’s PR-8S Printer. The results are graphed only when
the jitter spectrum analyzer sweep is on.

Data Rate: ® 1544 kb/s.

Frequency Points/

Measurement Bandwidths: & See Table 9-1.

Filter Bandwidths: & Specified at the .1 dB and 3 dB points with 36 dB octave roll-off (see

Figure 9-2 and Table 9-2).

Accuracy: #® * 0% of reading =0.05 UL

Resolution: & (.01 Ul

Range: ® Ol to 12.5 UL

Table 9-1
Frequency Points and Measurement Bandwidths
10Hz BW 33 Hz BW 333 HzBW 1kHz BW 3.3kHz BW
10 Hz 10 Hz 300 H, 1.0GkHz 3.00kH? 10.0kHz
20 Hz 133Hz 400 Hz 1.33kHz 4.00kHz 13.3kHz
30Hz 166 Hy SO Hz [.66kH? 5.00kHz 16 6k
40 Hxz 200He 600 Hz 200 kHz 6 00 kH2 20.0kH»
S0Hz 233 Hz THYHz 2.33kHz 70 kHz 23 3kiz
H0 Hz 300 Hz 8.00kHz 26 6 kH»
TOHz 30.0kHz
BOHz 33.3kHz
36 6kHz
40.0kH2
Rev. D 9-5
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Figure 9-2
Filter Bandwicdih
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Table 9-2
Filter Bandwidths

¥

Nominal Minimum .1 dB Maximum3dB

Bandwidth Bandwidth Bandwidth
10Hz S.0Hz it.9Hz
33Hz A1 Hz 39 4Hz
100 Hz 89 5Hz 7 Hz
333z 301 Hz 391 Hz
| kHz 904 kHz 1 17kHz
3 3kHz 302 kHz 391 kHz
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9.1.3 BS1 Jitter Generation Option

The DSI Jitter Generation option can phase modulate
a Tl signal using an internally generated waveform, an
external waveform, or a combination of both to produce T1
jitter with the DS 1/D4/Fe Data Interface (Moedel 40460) and
the DSI/T1 Data Imerface {(Model 403540). Jitter can be
produced on an internal clock. external clock, recovered
clock, and looped-thru data. The following list summarizes
the features of the DST Jiter Generation optien.

Freguency:

@ User-selectable frequency. 3-digit resolution
#® Can automatically sweep the 10 Hz to 40 kHz band
in 40 steps

Amplitude:

® User-selectable amplitude, 0 to 13 Ul peak-to-peak
02 Ul resolution

#® Canautornatically set amplitude to selected mask level

@ Can autornatically set ampiitude to 50% of the selected
mask level

Modulation:
® Sine
® Square
® ‘Triangle
® Ramp
& External

Clock Sources:

@ Internal
@ Lixternal
@  Recovered (requires Option 6001)

8.1.3.1 Functional Description

The D3I Jitter Generation option can apply jitter to
a T1 signal by phase modulating the TT signal with another
waveform. This waveform can be externally generated or
internally generated by the jitter generator.

There are three clock sources which may be used with
the jitter generator. When internal timing is selected, a 1.544
MHz oscillator on the jitter generator is used. (The freguency
syathesizer 1s used to generate the frequency of the jitter
modulation j At external clock source can be used by apply-
ing the clock source to the FIRERERDY s GEN CLK IN rear
panel BNC connector. The third clock source which can be
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used is the recovered clock extracted from the DS /T inter-
face’s receive input. This clock can only be used when the
D51 Wideband Jitter Measurement option is instatled since
the jitter generator uses as the recovered clock the dejitterized
clock from the Wideband Jitter option.

There are three parameters to be selected with the DS
Jitter Generation option: modulation type, frequency, and
amplitude. In addition to external modulation, the jitter
generator allows four types of internal modulation. The
waveform synthesizer contained in the DS1 Jitier Generation
option can generate a sine, triangle, square, or ramp wave.
When any one of these waveforms is selected, it is added
to the external waveform, alfowing the jitter signal to be
extremely versatile. The external signal can also be sclected
to be the only modulation signal used. If the modulation is
turned off, the DS Jitter Generation option is no longer
used to sapply timing to the DS1/T1 interface.

The FIREBERD 6000°s frequency synthesizer is used
to generate the jitter modulation frequency . The modulation
frequency can be selected with a 3-digit resolution from
10.0 Hz to 40.0 kHz. As an alfernative to fixed-frequency
Jitter modulation, a jitter generation sweep can be turned
on. This sweep will sweep through the same 40 points mea-
sured by the spectrum analyzer. The jitter genmerator will
sweep through the 40 points, gencrating jitter at cach fre-
quency for approximately 1 second. 1f the spectral analyzer
sweep s on, the jitter generator and the spectrum analyzer
will sweep m unison, with jitter generation and spectral
measurements occurring simultaneously at each of the 40
points.

The jitter amplitude. either with or without the jitter
generator sweep enabled, can be selected manually or can
be automatically referenced to the selected jitter mask. In
either case, the range of the jitter amplitude is 0 Ul to 13
UT peak-to-peak in .02 Ul steps. The mmplitude can be set
to MASK, which will set the amplitude of the generated
jiter to the level specified by the selected mask for the
current jitter frequency. This may be used in conjunction
with the jitter sweep 1o perform jitter tolerance tests. The
Jitter generator amplitude can also be set to XFER. which
will set the amplitude of the generated jitter to halt of the
jitter specified by the mask for the current jitter frequency.
This may be used in conjunction with the jitter sweep to
perform jitter transfer characteristic tests.

9.1.3.2 Operation

The FIREBERD 6060"s front panel GEN CLK switch
selects the T1 clock source that is phase modulated by the
D51 Jitter Generation option. When the GEN CLK switch
is set to the SYNTH position, the oscillator on the jitter
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generator is selected as the clock source, when jitter
generator modulation is on. Note that the frequency synthe-
sizer is not selected as the clock source; it is instead used
to generate the jitter modulation frequency. When the GEN
CLK switch is in the BNC position, the GEN CLK IN rear
panel BNC connector is selected as the clock source. When
the GEN CLK switch is set to the INTF position, the dejit-
terized, recovered T1 clock is selected. Since theDS1 Wide-
band Jitter Measurement option. supplies the dejitterized
clock, it must be installed before the Jitter Generator option
can apply jitter to the secovered clock. If the Wideband
Jitter option is not installed and the GEN CLK switch is set
to INTF, the red indicator within the GEN CLX switch will
be lluminated and no data will be transmitted.

The rest of the jitter generation functions are accessed
through the JITTER menu tree (sce Figure 3-1). At the top
fevel, MOD OFF or MOID ON is displayed to indicate the
status of the jitter generator (if present}. Pressing the GEN
soft key accesses the top level of the jitter generation mena;
at this level, the frequency and amplitude displayed reflect
the actual arnount of jitter being generated. When a conten-
tion occurs, these actual amounts may differ from the vatues
which the user has selected. A contention occurs when the
amplitude selected is greater than the amplitude that can be
generated at the selected frequency; the displayed values
for frequency and amplitude will flash to indicate the conten-
tion.

NOTE: At lower levels in the menu, the display will
always show the frequency and amplitude values
sclected by the user, rather than the frequency and
amphitude of the jitter actually being generated.
Likewise, when a contention occurs at these lower
menu Jevels, the user-selected values will flash to in-
dicate the contention. To view the actual amount of
jitter being generated, the user must return to the top
level (GEN soft key) of the menu.

The modulation type may be selected by pressing the
MOD soft key. If the modulation is set to OFF, the selected
generator clock is not modulated. If the modulation is set
to EXT, the external BNC connector labeled HTTER MOD
IN is used as the modulation source. The SIN, SQU, TRI,
and RAMP soft keys represent the available internally gen-
erated waveforms, and the waveform that is selected is added
tothe external input and used as the modulation waveform.

Pressing the FREQ soft key accesses the soft keys
SWEEP and Hz, which are used 1o selected the desired
frequency . If the SWEEP soft key was previously selected,
the message SWEEP is displayed instead of the current
frequency. Pressing the Hy soft key will turn the sweep off
and allow the deswed frequency to be entered; the last fre-
quency entered is displayed, as are the soft keys UP, DOWN,
and HELP.

S-8

The UP and DOWN soft keys step through the 40
frequencies corresponding to the spectrum analyzer’s 40
bands, and the HELP soft key gives instructions for entering
a new frequency from the keypad. If the Hz soft key was
previously selected, the current jitter generator frequency is
displayed and a new frequency can be entered by using the
keypad and then pressing the ENTER key.

MOTE: It the jitter generator sweep has been turned
off and the Hz soft key has been selected, the frequency
can then be entered directly from the top level (GEN
soft key) of the menu.

The AMPL. soft key accesses the soft keys MASK,
XFER, and UL, which allow the desired amplitude to be
selected. If cither the MASK or XFER soft keys was previ-
ously selected, then MASK or XFER is displayed instead
of the carrent amplitude. Pressing the Ul soft key turns off
the MASK or XFER function; the last amplitade entered is
displayed, and soft keys labeled UP, DOWN, and HELP
are displayed. The UP and DOWN soft keys increment or
decrement the jitter amplitude by .02 11, and the HELP
soft key gives imstructions for entering a new amplitude
from the keypad. If the Ul soft key was previously selected,
the cumrent jitter generator amplitude ts displayed and a new
amplitude can be entered by using the keypad and the pres-
sing the ENTER key.

MOTE: If the UI soft key has been selected, the

amplitude can be entered directly from the top level
(GEN soft key) of the menu.
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Reference Clock: & Internal—1.544 MHz =35 ppm crystal oscillator.
® Recovered from DS1 Wideband Jitter Option, —
@ Fxternal BNC input: GEN CLK IN,

Frequency: ® 10.0 Hz~-40.0 kHz, =0.1% (all waveforms),

@ 3-digit resolution.

Amplitude: & ( Ul to 13 Ul peak-to-peak.

® (2 U resolution.

Modulation Accuracy: @ Sine wave—I10 Hz—40 kHz, =3% = .05 Ul
® Square, Triangle, and Ramp waves—30Hz —35kHz, = 7% + .06 UL,

Spectral Purity: ® Sine waves greater than or equal to 1,00 UT peak-to-peak; all spurious
frequencies 30 dB minimum below fundamental.

External Modulation:

& & @ @

BNC labeled HTTER MOD IN.
Impedance: 10 k ohms, AC coupled.
Calibration: 1.0 Ul/volt.

Frequency response

—+ 3% +.05 UL, 10 Hz—40 kHz,
—-greater than or equal to 20 dB/decade
roll-off above 40 kHz.

Jittered Clock Qutput; & Available on GEN CLK OUT BNC.

9.1.4 Masks
The FIREBERD 6000°s DS1 jitter options fully reflect
three industry-standard jitter masks and partially reflect two
others. The specifications in CCITT Recommendation
0171 and  Bell  Technical Reference  Publications
PUB41451. PUB43801. and PUB624 1| are all T1 standards
which specify jitter charactenstics for Tt equipment and
systems. The masks are shown m Figure 9-3. along with
the sine wave limit for the DST Ntter Generation option.

The mask values are used by the DS Jitter Speciral
Analysis option to calculate the %MASK in each of the
frequency bands. This measurement can be used 1o casily
determine i the jitter on a T1 line exceeds the amount of
Jitter allowed by the applicable mask. The mask vatues are
also nsed by the DS itter Generation option to transmit
the amount of jitter cited by a specific mask at the s=lected
frequency.

Hey, D

The desired mask can be selected by pressing the
MENU pushbutton switch to select the HTTER function;
pressing the MORE key causes the MASK, GRAPH, and
LIST soft-key labels to appear in the display. When the
MASK soft key is pressed, the previously selected mask is
displayed. To change masks. simply press the soft key as-
soctated with the desived mask.

The FIREBERD 60007y jitter options fully meet the
specificattons in CCITT Recommendation €171, Bell
PUB41451, and the 1983 issue of Bell PUR6241T. The
specitications in Bell PUB43801 and the 1983 issue of Bell
PUB&2411 are met where those masks are less than 13 L1
atul between 10 Hy apd 40 kHz. Since the litter Generation
option oniy operates o 13 UL any mask that escesds this
value 1s truncated 1o 12 UL The Speciral Analysis option
does geverate a proper “MASK value for these points in
the mask if the jitter measuced is within the option s measure -
ment range.
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8.2 G.703 JITTER GENEBATION AND
MEASUREMENT

This section describes G.703 jitter generation and mea-
surement, specifically:

® (5.703 Litter Generation and Wideband Measurement
{Option 6007)

8 G.703 Jitter Spectral Analysis (Option 6008)

These options are used with either the G.703 64 kby/s
Data Interface (Model 30608) or the G.704 2048 kb/s Fram-
ing Interface (Model 30609). The presence of (.703 Jitter
Generation and Wideband Measurement (Option 6007) is
required for G.703 Jitter Spectral Analysis (Option 6008)
to be installed. (Both options operate simultaneously,)

Jitter on a digital line is the displacement in time of
& data pulse from its ideal position. Two parameters are
used to characterize jitter. The first is the amplitude of the
phase displacement, which varies over time. The amplitude
is measured in unit intervals (UT), where one Ul is equal to
the amount of time associated with one data bit period. or
488 nanoseconds at 2048 kb/s and 15,63 microseconds at
64 kb/s. The second parameter is the frequency at which
the amplitude is changing measured in Hertz (Hz).

The G.703 Jitter Generation and Wideband Measure-
ment option measures jitter over a wide frequency band (20
Hz 1o 10 kHz for 64 kb/s; 20 Hz 1o 100 kHz for 2048 kb/ 8).
This measurement follows the guidelines set forth in CCYTT
Recommendation 0.171. The jitter modulator can apply a
sine, square, ramp, or triangle wave jitter signal to an inter-
nal. external, or recovered reference clock signal. Discus-
sion of the two functions of the G703 Jitter Generation and
Wideband Measurement option is split into two sections:
Section 9.2.1, Jitter Widehund Measurement; and Section
9.2.3. Jitter Generation,

The G.703 Jitter Spectral Analysis option performs
multiple-band spectrum analysis on the wideband jitter; this
option is discussed in Section 9.2 .4,

92,1 G.703 Jitter Wideband Measurement

The G.703 Jitter Generation Wideband Measurement
option (Option 6007) receives a jittered clock signal from
either the G 703 64 kb/s Data Interface (Mode! 30608) or
the G.704 2048 kb/s Framing Interface (Mode] 30609). 1t

Rev, I}
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then demodulates the jittered clock and makes the following
measurements.

@ Peak-to-peak jitter (1SEC JTR)
® Maximum peak-to-peak jitter (MAX JTR)

@ fitter hits count (JTR HITS)

9.2.1.1 Functional Description

The G.703 htter Generation and Wideband Measure-
ment option demodulates the jittered clock by generating a
voltage that is proportional in amplitude to the amplitude
of the phase displacement. This signal is bandwidth-limited
based upon the RANGE sclection (BAND1; BAND?2) and
the bit rate. Once it is converted to analog voltage, the jitter
signal is sent to the measurement circuitty on the G.703
Jitter Generation and Wideband Measurement option and to
the G.703 litter Spectral Analysis option (if instalted). In
G.793 Jitter Generation and Wideband Measurement, peak-
to-peak measurement circuitry tells the FIREBERD 6000
how may unit intervals of jitter are being received. The
analog jitter signal is also buffered und sent to the rear panc!
BNC connector labeled DEMOD HTTER OUT.

The G703 Jiter Generation and Wideband Measure-
ment option also measures pitter hits. A jitter hit occurs
when the instantaneous jitter exceeds a user-selectable
threshold. 1t is the absolute value of the demodulated jitter
that is measured. Therefore, both positive and negative iitter
maxima are compared W the chosen jitter hit threshold.

§.2.1.2 Operation

Figure 9-4 shows the menu tree for all of the G.703
jitter options. The menu tree is accessed by pressing the
MENU pushbutton switch to the JITTER position. The
Wideband Jitter Measurement modes are accessed by pres-
sing the RANGE soft key. Three more selections wiilt then
appear in the display: BANDL. BANDZ2, and HELP. The
RANGE specified affects both the amphtude and the fre-
quency range of the ptter measured. Table 9-3 lists the
RANGE specifications: the HELP soft key also offers a
condensed version of this table.

The jitter results—1SBC FIR, MAX JTR, and JTR
HITS-—are found in the SIGNAL category of results. The
ISEC JTR result is the maximum jitter measured over the
last second. The MAX JTR result is the maximum of the
ISEC JTR resulis since the fast test restart, The JTR HITS
result is the number of jitter hits that have been counted
since the last test restart. These results are not accessible i

g-11
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the Jitter Generation and Wideband Meéasurement o'ptiors is

not installed, or if an incorrect interface is installed.

Pressing the HETS soft key in the JITTER menu allows
the user to set the jitter hits threshold. (The HITS soft key
is accessed by pressing the MORE soft key.) The user may
enter a hits threshold from the keypad, or may scroll to the
desired hit threshold using the UP and DOWN soft keys.
When pressed, the HELP key displays a range of valid
values for the hit threshold based on the currenily selected
frequency band.

9.2.1.3 Specifications

The specifications for G.703 wideband jitter measure-
ment and G.703 jitter hits measurement are shown in Tables
9-3 and 9-4, respectively.

Section 9

¢
Table 9-3 w
G.703 Wideband Jitter Measurement Specifications )
4
/
40 db/decade 60 db/decade Measurement
High Pass Filter Low Pass Filter : Passband -
interface Band -3dB Point Passband -3 dB Point Range Resolution Accuracy,
nge ! uracy.
2048 khis Band ] 2Hz 20H»—27kHz 54kHx 12.06UTp-p 0.0i Ulp-p ; +53% & 040 Ulp-p
Band 2 2Hz 20 Hz- 100 kHe 200kHz L200UIpp | 0.003UIpp | x5% = 035Ulpp
64 kbrs Band 2Hz HHz5 kHz O kHz 1500 Ukp-p (L0053 Uipp + 5% = 010 Ulp-p
Band 2 2Hz 26 Hz—10kHz 20kHz 0.300 Ul p-p 0005 Ukpp |, *£5% + .009Ulpp
Interface Data Rate Tolerance
2048 kby's =50 ppm
64 kbrs + 5 ppm
Table 9-4
G.703 Jitter Hits Measurement Specifications
Interface Band Range Siep Size Accuracy
2048 kb/s Band | 0.1—6.0 Ulp 010U * 7% + .02 Ulp
Band 2 0.05—0.60 Ulp .05 U1 =7% = 0.2 Ulp
64 kb/s Band 1 8.05—0.75 . Ulp 0.05U1 +7% = 4.005 Ulp
Band 2 (.50 13 Ulp 0.035 Uj *+ 7% = 0.005Ulp

Rev, D
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9.2.2 Masks

The FIREBERD 6000 has a preprogrammed function
which can allow the jitter generator’s amplitude to be set
as a function of the jitter frequency and the selected mask.
{See Section 9.2.3 for jitter generation operation.) The
masks found in CCITT Recommendations O.171 and G.823
specify jitter characteristics for G.703 equipment and sys-
tems. The masks are shown in Figures 9-5 and 9-6.

The mask values are used by the (5,703 Jitter Spectral
Analysis option (Section 9.2.4) to calculate the BMASK
in each of the frequency bands. This measurement can be
used to easily determine if the jitter on the digital signal
exceeds the amount of jitter allowed by the applicable mask,

The desired mask can be selected by pressing the
MENU pushbutton switch to select the JITTER function;
pressing the MORE key causes the MASK, GRAPH, and
LIST soft-key labeis to appear in the display. When the
MASK soft key is pressed, the previously selected mask is
displayed. To change masks, simply press the soft key under
the desired mask.

9.2.3 (3.703 Jitter Generation

The G.703 Jitter Generation and Wideband Measure-
ment option can phase-modulate the FIREBERD 6000 trans-
mit clock with an internally generated waveform, an external
waveform, or a combination of both to transmit jittered data
- from the (5.703 64 kb/s Data Interface and the G.704 2048
kb/s Framing Interface. Jitter can be added to an internal
clock, external elock, recovered clock, and looped-thru data.
The foliowing list summarizes the features of the G.703
Jitter Generation option.

Frequency:

& User-selectable frequency, 3-digit resolution
@ Automatic sweep

Amplitude:

® User-selectable amplitude

# (an antomatically set amplitude to selected mask level

® (an automatically set amplitude to 50% of the selected
mask level

Modulation:

® Sine
Square
Triangle
Ramp
External

& & & &

9-14

Clock Sources:

® Internal
® FExternal
@ - Recovered

9.2.3.1 Functional Description -

The G.703 Jitter Generation and Wideband Measure-
ment option can apply jitter to a digital signal by phase-mod-
ulating the digital signal with another waveform. This
waveform can be externally supplied or internally generated
by the G.703 Jitter Generation and Wideband Measurement
option.

There are three clock sources which may be used with
the jitter generator. When internal timing is selected, jitter
is applied to an internal reference. (The frequency synthe-
sizer is used to set the frequency of the modulating
waveform_) An external clock source can be supplied to the
FIREBERD’s GEN CLK IN rear panet BNC connector. The

" third clock source is the recovered clock from the receiver

of the interface in use; this clock source is generally used
when jitterizing looped data.

There are three parameters o be selected with the
(G703 Jitter Generation option: modulation type, frequency,
and amplitude, The waveform syathesizer on the G.703
Jitter Generation option can generate a sine, triangle, square,
or ramp wave. When any one of these waveforms is selected,
it is added to the external waveform, allowing the jitter
signal to be extremely versatile. The external signal can
also be selected to be the only modulation signal used. If
the modulation is turned off, the jitterable clock is no longer
the FIREBERD 6000’3 timing source.

The FIREBERD 6600’ frequency synthesizer is used
to generate the jitter modulation frequency. The modulation
frequency can be selected with 3-digit resolution from 2.00
Hz to 100 kHz at 2048 kbrs, and from 2.00 Hz to 32.0 kHz
at 64 kb/s. As an alternative to fixed-frequency jitter mod-
ulation, a jitter generation sweep can be used, sweeping
through the 58 (37 at 64 kb/s) points listed in Table 9-3,
Jitter is generated at cach frequency for approximately 1
second, unless the G.703 Spectral Analysis option is instal-
led and used in Sweep mode.

The jitter amplitude, either with or without the jitter
generator sweep enabled, can be selected manualiy or can
be automatically referenced to the selected jitter mask. The
amplitude can be sct to MASK., which will set the amplitude
of the generated Jitter to the level specified by the selected
mask for the current jiter frequency. This may be used in
conjunction with the fitter sweep to perform jitter tolerance

Rev. D
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tests. The jiiter generator amplitude can also be set to XFER,
which will set the amplitude of the generated jitter to half
of the jitter specified by the mask for the current jitter fre-
quency. This may be used in conjunction with the jitter
sweep to perform jitter transfer characteristic tests.

9.2.3.2 Operation

The FIREBERD 60600°s front panel GEN CLK switch
selects the clock source that is phase-modulated by the G.703
Jitter Generation and Wideband Measurement option. When
the GEN CLK switch is set 1o the SYNTH position, an
internal reference is selected for jitter modulation. Note that
the frequency synthesizer is not selected as the clock source:
it is instead used (o generate the jitter modulation frequency
Therefore, the message GEN CLK DEFAULTS TO 2048
(64) kHz WITH J{T GEN is displayed when the SYNTH
menu i3 selected.

When the GEN CLK switch is in the BNC position.
the GEN CLK IN rear panel BNC connector is selected as
the clock source.

MOTE; The jitter generator expects a 2.048 MHz clock
regardless of the interface in use. When selecting the
BNC input as the source of gencrator timing for the
. 703 64 kb/s Data Interface, the external source must
be set to 2048 kHz when jitter generation is on and
to 64 kHz when jitter generation is off.

When the GEN CLK switch is sct to the INTE position,
the degitterized , recovered G703 or G704 clock is selected.

The rest of the jitter generation fuactions are accessed
through the ITTER menu tree (see Figure 9-4). Pressing
the GEN soft key accesses the top level of the jitter gener-
ation menu; at this level, the frequency and amplitude dis-
played reflect the actual amount of jitter being generated,
When a contention occurs, these actual amounts may differ
from the values which the user has selected. A contention
occurs when the amplitude sefected is greater than the
amplitude that can be generated at the selected frequency:
the displayed values for frequency and amplitude will flash
1o indicate the contention.

NOTE: At jower levels in the menu, the display will
always show the frequency and amplitude values
selected by the user, rather than the frequency and
amplitude of the jitter actually being  generated.
Likewise, when a contention occurs at these lower
menu levels, the user-selected values will flash to in-
dicate the contention, To view the actual amounl of
Jitter being generated, the user must return to the top
level (GEN soft key) of the menu,

Rav. D
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The moduiation type may be selected by pressing the
MOD soft key. If the modulation is set to QFF, the selected
generator clock is not modulated and the jitter gencrator is
removed from the FIREBERD 6000°s timing path, If the
modulation 1s set to EXTI] or EXT2, the external BNC
connector labeled JITTER MOD IN is used as the modula-
tion source. (EXT1 selects BAND I; EXT2 selects BAND
2.) Figures 9-7 and 9-8 show the modulation limits for each
band. The SIN, SQU, TRI, and RAMP soft keys represent
the available intemnally generated waveforms, and the
waveform that is selected is added to the external input and
used as the modulation waveform.

Pressing the FREQ soft key accesses the soft keys
SWEEP and Hz, which are used to selected the desired
frequency. If the SWEEP soft key was previously selected,
the message SWEEP iy displayed instead of the current
frequency. Pressing the Hz soft key will turn the sweep off
and allow the desired frequency io be entered; the last fre-
quency entered is displayed, as are the soft keys UP, DOWN,
and HELP,

The UP and DOWN soft keys step through the frequen-
cies corresponding to the spectrum analyzer's bands, and
the HELP soft key gives instructions for entering a new
frequency from the keypad, 1t the Hz soft key was previously
selected, the current jitter generator frequency is displayed
and a new frequency can be entered by using the keypad
and then pressing the ENTER key.

NOTE: If the jitter gencrator sweep has been turned
off and the Hz soft key has been selected, the frequency
can then be entered directly from the top level (GEN
soft key) of the menu.

The AMPL soft key accesses the soft keys MASK,
Ul p-p. and XFER. which zllow the desired amplitude to
be selected. If either the MASK or XFER soft keys was
previously selected, then MASK or XFER is displayed in-
stead of the cwrent amplitude. Pressing the UT p-p soft key
turns off the MASK or XFER function; the last amplitude
entered s displayed, and soft keys labeled UP, DOWN,
and HELP are displayed. The UP and DOWN soft keys
increment or decrement the jitter amplitude by the minimum
increment allowed at the bit rate i use. and the HELP soft
key gives instructions for entering a new amplitade from
the keypad. 1f the UT soft key was previously selecied, the
current jitter geneeator amplitude is displayed and a new
amplitude can be entered by using the keypad and the pres-
sing the ENTER key.

NOTE: If the UI soft key has been sclected, the
arplitude can be entered dircetly from the top fevel
{GEN soft kev) of the menu.
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Section 9
8.2.3.3 Specifications

Jitter Generator Amplitude & See Table 9-5.

Jitter Generator
Internal Generator Frequency ® See Table 9-6.

External. Modulation: ® BNC labeled HTTER MOD IN.
@ Impedance: 10 k-ohms, £ 5%; DC coupled.
Maximum: Input: ® 25 volis.

Reference Clock Sources: : ® Internal: =35 ppm, 4.096 MHz crystal oscillator.
& Recovered: Dejittered elock.

# External BNC laput: GEN CLK IN; 50 ohm (resistive termination};
1.5V p-p or greater unipolar or bipolar signal.

Jittered Clock Output (BNC): ® GEN CLK OUT, 50 ohm load minimum; TTL level; 50 + 5% duty
cycle square wave.

2048 kb/s Generator Sweep: # The sinewave gencrator may be set up to automatically sweep through
a number of frequencies with jitter amplitudes defined by one of the
following jitter masks: 0.171, G.823, or G.823N (see Figure 9-3).

64 kb/s Generator Sweep: ® The sinewave generator may be set up to automatically sweep through
a number of frequencies with jitter amplitudes defined by one of the
following jitter masks: O.171, G.823, or Dutch PTT (see Figure 9-6).

Mask Sweep: # Fitter amplitude equals that defined by mask.
Transfer Characteristic Sweep: & Jitter amplitude equals one-half that defined by mask.
Tabie 9-5
(i.703 Jitter Generation Amplitude Specifications
. Sinusoidal Modulation Non-Sinusoidai Modulation
interface 1.0Ul = Maximum Resolution Accuracy Maximum Resolution Accuracy
2048 kb/s 4887s, 12.00 Ul p-p 0.02 Ulpp +5% = 0.05U1pp | 10.66Uipp .02 Ulp-p +7% x 0.05Ulp-p
64kbis | 15.63 microsecs. 1,500 U p-p 0.005 Ul p-p 5% + 0.013UIp-p { 1250V p-p 0.063 Ul p-p 7% % 0.013ULp-p
Table 9-6
G.703 Jitter Generator Internal Generator
Freguency Specifications
Sinusoidal Non-Sinusoidal
Moduiation Modulation
Interface Range Range Resciution Accuracy
2048 kb/s 2.0Hz—I100kHz 50.0Hz—5.00kHz 3 significant digits +0.1% of setting
64 kb/s 2.0Hz—32.0kHz 50.0Hz—1.00kHz 3 significant digits +{.1% of setting

9-20
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9.2.4 G.703 Jitter Spectral Analysis Option

The G.703 Jitter Spectral Analysis option (Option
6008) consists of a board that plugs into the G.703 Jitter
Generation and Wideband Measurement option. At 2048
kb/s, the spectrum analyzer measures the maximumn peak-to-
peak jitter in 58 frequency bands from 10 Hz to 100 kHz
and displays the resuit in unit intervais (UI). At 64 kb/s,
the spectrum analyzer measures the maximum peak-to-pesk
jitter in 37 frequency bands from 10 Hz to 30 kHz and
displays the result in UL

The G703 Jiter Spectral Analysis option enables the
following measurenents.

# Jitter amplitude measured in Ul peak-to-peak with a
continuous sweep of 58 (37 at 64 kb/s) frequency
bands.

® Continuous jitter amplitude measurement in UI peak-
to-peak at one frequency.

® Percent of mask for each band.

The G.703 litter Spectral Analysis option can only be
ased with the G.703 Jitter Generation and Wideband Mea-
surement option.

8.24.1 Functional Description

The (5.703 Jitter Spectral Analysis option is offered
with the FIREBERD 6000 to allow the user to determine
the frequency content of timing jitter in a digital system.
This ts accomplished by filtering the wideband jitter signal
obtatned from the G.703 Jitter Generation and Wideband
Measurement option into 58 (37 a1 64 kb/s) discrete fre-
quency bands. The output of each filter in turn goes to a
peak-to-peak measurement circuit. The G.703 Jitter Spectral

Analysis option can either (1) continuously monitor one of

the frequency bands and measure the jitter amplitude for
that band. .or (2) commually sweep through the frequency
bands. When the sweep is enabled, the amplitude stored
and displayed for each frequency band 15 compared to the
current measurement at the corresponding frequency. and
the maximum value is saved until a test restart ocours,

The sweep fanction of the G703 Jitter Spectral
Arialysis option operates synchronously with the generator
sweep fanction of the (G.703 Jitter Generation and Widehand
Measurement option. The (G.703 jitter generator will gener-
ate ptter at a specific frequency, the spectram analyzer will
measure that frequency band, and both options will incre-
ment 0 the next frequency band. This capability can be

Hev. D
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used to test equipment for bit errors or jitter attenuation
characteristics. {See the Functional Description in Section
§.2.3.1 for more information.)

The time required to complete one sweep of the spec-
trum analyzer is approximately 45 to 50 seconds with jitter
generation disabled, and approximately 2 to 2 1/2 minutes
with fitter generation enabled.

Care should be exercised in comparing the spectral
analysis results with the wideband jitter result discussed in
Section 9.2.1. The Wideband litter option makes continuous
measurements over the entire frequency range for 64 kbys
and 2048 kb/s. The result obtained with that option is a true
indicatton of the overall maximum jitter in that band. This
is in contrast to the spectrum analyzer which looks at
much narrower bandwidth for each measurcment. Real-
world jitter is fikely to be non-sinuseidal, containing fre-
quency components that do not add directly. As a result, it
is important that the wideband measurement be used in
conjunction with the spectrum analyzer measurements in
determining system performance.

Since the Spectral Analysis Option (6008) uses the
signal from the G.703 Jitter Generation and Wideband Mea-
surement Option (6007). the RANGE sclection affects the
amount of jitter that can be measured by Option 6008, In
both BAND1 and BAND?2, however, the Spectrum Analysis
functions cover the full frequency range for the interface in
use,

9.2.4.2 Operation

The G.703 lJitter Spectral Analysis measurement
modes are accessed in the JITTER menu tree (see Figure
9-4) by pressing the 5/A soft key. At this level in the menu,
the current frequency and the measured amplitude at that
frequency are displayed. H the sweep is disabled, the fre-
guency that is displayed 15 the only one for which measure-
ments are taken. The display s updated each time the
amplitude measurement is completed. I the sweep is ena-
bled, the frequency displayed sweeps along with the mea-
surement, which allows the user to know the status of the
sweep at any point in time. In additior, the amplitude dis-
played for each frequency is the maximum amplitude mea-
sured in that band since the last test restart.

Pressing the SWEEP soft key causes the selections
ON and OFF (0 be displayed: selecting either the ON or
OFF soft key places the sweep function in the corresponding
state. Pressing the FREQ soft key accesses the soft keys
UP and DOWN. which can be used to scroll through the
frequency bands. When the sweep is enabled, the amplitude

821
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displayed is the maximum value stored for that band. When
the sweep is disabled, either of the UP or DOWN soft keys
changes the frequency band currently being measured to the
band selected by the soft key.

The following results are available under the
- ANALYSIS RESULTS function of the SIGNAL category
for G.703 Jitter Spectral Analysis:

I. Maximum % of Mask {(%MASK)

Each time the jitter spectrum analyzer fakes a reading,
the ratio of the measured jitter amplitude to the reference
jitter mask’s value at this point is calculated. If the spec-
trum analyzer is swecping, then the maximum value of
that ratio since the beginning of the test is displayed as
a percentage, and a value less than 100% indicates that

during the test no spectrum analyzer reading exceeded .

the reference mask. If the spectrum analyzer is not sweep-
ing, then the ratio of the last spectrum analyzer reading
to the reference mask at that frequency is displayed as a
percentage.

8.2.4.3 Specifications

Frequency Points/
Measurement Bandwidths:

@ See Table 9-7.

2. B/IAX XXk

The amplitude of the jitter at the frequency currently
measured by the spectrum analyzer. If the spectrum
analyzer sweep is enabled, this result sweeps also; if the
sweep is disabled, the frequency being measured can be
scrolled up or down using either the SHIFT key followed
by the key, or the SHIFT key followed by the key,
respectively.

Pressing the LIST soft key in the HTTER menu sends
a list of the jitter spectrum analyzer frequency band measure-
ments and their corresponding %MASK values to the printer
port. If the jitter spectrum analyzer sweep is turned off,
only one frequency in the list is printed and the others remain
blank.

Pressing the GRAPH soft key in the HTTER menu
generates a graph of the G.703 Jitter Spectral Analysis re-
sulis. The graphics are Epson-compatible and can be used
with TTC’s PR-85 Printer. The results are graphed only
when the jitter spectrum analyzer sweep is on.

Filter Bandwidths: & Sce Figure 9-2 and Table 9:2.
Range:
2048 kb/s ® BAND I—Up to 12.00 UI p-p.
® BAND 2—Up to 1.200 Ui p-p.
64 kb/s ® BAND 1—Up to 1.500 Ul p-p.
® BAND 2—Up to 0.300 Ul p-p.
Resolution:
2048 kb/s @ BAND 1—0.00 to 2.00 Ul p-p in 0.01 Ul p-p steps; 2.00 to 12,00
UI p-p in 8.05 UI p-p steps.
® BAND 2--0.000 to 0.5060 Ul p-p in 0.005 UI p-p steps; 0.300 to
1.200 Ul p-p in 0.025 UI p-p steps.
64 kb/s ® BAND i—0.000 to 0.250 Ui p-p in 0.005 Ul p-p steps; 0.250 to
1.500 UI p-p in 0.023 Ul p-p steps.
@ BAND 2—0.000 to 0.050 Ul p-p in 0.005 Ul p-p steps; 0.030 to
0.300 Ul p-p in 0.025 Ul p-p steps.
Accuracy:
2048 kbis ® BAND 1z 10% =008 Ul p-p.
® BAND 2-—+10% +0.05 Ul p-p.
64 khys # BAND 1—x10% =0.02 Ul pp.

® BAND 2— = 10% +0.013 Ul p-p.

9-22
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Table 9-7
Erequency Points and Measurement Bandwidths

Section 8

1CHzBW

33HzBW

100 Hz BW

1kHz BW

3.3kHzBW

10Hz
20Hz
30 Hz
40Hz
50 Hz
63 Hz
THz
BOHz

00 Hz
133 Hz
166 Hz
200 Hz
233 Hz

300Hz
400Hz
300 Hz
600 Hz
700 Hz
800 Hz

1.00kHz
1.33kHz
1.66kHz
2.00kHz
2.33kHz

3.00kHz
4,00kHz
5.00kHz
6.00kHz
7.00kHz
8.00kHz

10.0kHz
[3.3kHz
16.6kHz
20.0kHz
23.3kHz
26.6kHz
30.0kHez®
33.3kHz
36.6kHz
40.0kHz
43.3 kHz
46.6kHz
50.0kHz
33.3kHz
56.6 kHz
60.0 kHz
63.3kHz
66.6kHz
70.0kHz
73.3kHz
T6.6kHy
80.0kHz
83.3kHz
86.6kHz
50.0kHz
93 3kHz
96.6 kHz
10G.0kHz

*Stop here at 64 kb/s.

Rev. D
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SECTION 10
SPECIFICATIONS

10.1 MODES OF OPERATION

Emulation: ® Emulate DTE mode (for connection to DCE).
® Emulate DCE mode (for connection to DTE).

System Configuration: ® Full Duplex mode.
® Single Transmit mode.
#® Seclf-Loop mode.

Timing Modes: - @ Synchronous Timing,
® Asynchronous Timing.
® Recovered Timing (optional).

10.2 GENERATOR

10.2.1 Generator Timing Systems

Timing Modes: & Synchronous {1x bit rate clock generated for bit rates from 30 to
15,000,000 b/s).
& Asynchronous (16x bit rate clock used by USART for bit rates from
50 to 20,000 b/s).
#® Recovered (1x bit rate clock generated for bit rates from 50 to 520,000
bis).

Timing Sources: ® Internal frequency synthesizer.
® GEN CLK IN rear panel BNC connector.
#® Data interface.

Indicator: & LED within the GEN CLK switch is illuminated when no generator
clock signal is present.

10.2.1.1 Frequency Synthesizer

Frequency Range: ® 50.00 Hz to 15.000 MHz (16x bit rate clock generated in the 16x
Asynchronous timing mode for bit rates from 50 to 20,000 b/s).

Resolution: # 5 significant digits (for frequencies that begin with 10 through 13).
# 4 sigaificant digits (all other frequencies).

Accuracy and Stability: ® 5 ppm {* | ppm optional).
® =5 ppmvyear ( * 1 ppm/year optional).

Rev. D 10-1
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10.2.1.2 GEN CLK IN Rear Panel BNC Connector

Input Configuration:

Input DC Impedance:

Input AC Impedance:

Input Signal Range:

@

®

Outer conductor—ground.
Inner conductor—signal.
1000 ohms.

50 ohms.

1.5 velts p-p to 25 voits p-p.

10.2.1.3 GEN CLK CUT Rear Panel BNC Connector

10.2.2

10-2

Output Configuration:

Output Load:

Output Signal Levels:

Data Generator

Fixed Patterns:

Pseudorandom Patterns:

Messages:

Character Forrat
{Asynchronous Timing
mode):

® PGPS

QOuter Conductor—ground.
Inner Conductor—signal.

50 ohms minimum,.

TTL Levels - 2.0 volts minimum high level, 0.4 volis maximum low
fevel (50-ohm load).

Mark.
111 (Mark and Space alternate),
User-programmable, 3- to 24-bit repeating pattern.

63 (21).
511 (2-1).
2047 (241-1).
2.1,

271,

201,
QRSS.

FOX Message (in Baudot, BCDIC, ASCII or EBCDIC depending on
code level selected).
Three user-programmable messages each up to 255 characters in length.

Code Level—S5, 6, 7, 8 bits.
Parity—odd, ‘even, none.
Stop Bits—1, 1.5, 2 bits,
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Pata Inversion:

Error Insertion:

Full-Duplex Bit Rates:

10.3 RECEIVER

10.3.1 Receiver Timing Systems

Timing Modes:

Timing Sources:

Indicators:

10.3.2 Data Error Analysis

Analysis Modes:

Indicators:

Sync Acquisition Criteria
{Synchronous, Recovered
timing modes):

Rev. D
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Available by Auxiliary Function for transmitted dara,

Single error or fixed 10 bit error rate in generated data only.

Messages and/or Asychronous timing mode—350 to 20,000 b/s,
Synchronous timing mode—30 to 135,000,000 b/s.

Synchronous (1x bit rate clock received through data interface for bit
rates from 50 to 15,000,00 b/s).

Asynchronous (10x bit rate clock internally provided for USART for
bit rates from 50 to 20,000 b/s).

Recovered (1x bit rate clock recovered from data transitions for bit
rates from 50 to 520,000 b/s).

Data interface.
Clock Recovery option.

NO CLK backlit label is illuminated when receiver clock is not present.
CLK INV backlit label is illuminated when the clock-data phasing at
the input of data interface is the opposite of that required by the applic-
able interface standard.

Single.
Continuous.

Recciver Inputs:

—MEK indicator is illaminated when a Mark is received hy the FIRE-
BERD.

SP mdicator is illuminated when a Space is received by the FIRE-
BERD.

—SYNC indicator is illuminated when pattern sync is achieved.,

DATA INV backlit indicator is ifluminated when the data received by

the FIREBERD is inverted from what is expected.

SYNC LOST LED (latching with pushbuiton reset} is illuminated when

a sync loss occurs.

Fixed pattern data—30 consecutive bits with no errors.
Pseudorandom pattern data—30 + n consecutive bits with no errors
for a 21 pattern.
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Sync Acquisition Criteria

(Asynchronous timing mode):

Sync Loss Criteria
{Synchronous, Recovered
timing modes):

Sync Loss Criteria
(Asynchronous timing
mode):

10.3.2.1 Error Analysis
Test Results Available:

{with appropriate
data interface)

10.3.2.2 Time-Related Results

Test Results Available:
{with appropriate
data interface)

10.3.2.3 Performance Analysis

Test Results Available:
{with appropriate
data interface)

10-4
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Fixed pattern data—10 consecutive characters with no errors.
Pseudorandum pattern data—10 consecutive characters with no errors.
Messages—1( consecutive characters with no errors.

Medium Sync Loss Threshold 250 bit errors in less than 1000 bits of data.
Low Sync Loss Threshold 100 bit etrors in less than 1000 bits of data.
High Sync Loss Threshold 20,000 bit errors in less than 100,000 bits
of data. '

Low and Medium Sync Loss Thresholds-30 character errors in less
than 60 received characters.

High Sync Loss Threshold—20,000 bit errors in less than 100,000 received
bits.

Bit Hrrors,

Bit Frror Rate {BER).
Average Bit Error Rate.
Character Errors,

Blocks.

Block Errors.

Average Block Error Rate.
Clock Slips.

Error Analysis Seconds.

Errored Error Analysis Seconds.
Error-Free Error Analysis Seconds.
Elapsed Seconds.

Time.

Date.

% Active Seconds

Y% Available Seconds

% Degraded Minutes

Y% Frror-Free Seconds

% Severely Errored Seconds
9% Severely Violated Seconds
%% Sync Seconds

% Violation-Free Seconds
Awvailable Seconds

Degraded Minuates
Error-Free Seconds

Errored Seconds

Severely Errored Seconds
Signal Loss Seconds
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10.3.2.4 BER Test Intervals

10.3.2.5 BlockLengths

10.3.3 Signal Analysis

10.3.3.1 Freguency Measurements

Frequency Range:

Resolution:

Accuracy:

10.3.3.2 Delay Measurements

Start of Measurement
Signal Sources:

End of Measurement
Signal Sources:

Edge Selection:

Rey. D
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Severely Violated Seconds
Sync Loss Seconds
Unavailable Seconds
Violation-Free Seconds

1O, 107, 10°, 107, 10%, K, or 10" bits.
Timed Tests Intervals—1 second to 24 hours, | second resolution.

107 to 1(° bits, |-bit resolution.

50 Hz 1o 16 MHz.

less than 1,000 Hz - 0.001 Hz.

1.000 Hz to 9,999.99 Hz - 0.01 Hz.
10,000.0 Hz to 99,999.0 Hz - 0.1 Hz.
greater than 100,000 Hz - I Hz.

+ 35 ppm (=1 ppm optional).

DTR.

DSR.

RTS.

RL.SI}.

CTS (emulate DCE only).
Generator Data.

Generator Pattern Sync test point.
Delay Start test point.

DTR.

DSR.

RTS.

CTS (emulate DTE only),
RLSD.

Receiver Data.

Receiver Paitern Sync test point,
Delay Stop fest point.

Rising {off to on) or falling (on w ofl) zdge selectable for both start
and end of measurement signals {except pattern sync test points),
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Measurement Range: @ (1o 9,999.9 milliseconds.

Resolution and Accuracy: +0.1 mullisecond.

10.3.4 T-Carrier Analysis

Test Results Available:
(with appropriate
data interface)

Bipolar Violations

Average Violation Rate
Violation Rate

Violation Free Seconds

% Violation Free Seconds
Received Code -BBZS, AMI.
Frame Errors

Average Frame Error Rate
Frame Error Rate

Frame Sync Losses

CRC Errors

CRC Error Rate

Average CRC Errors

Frame Word Errors

Average Frame Word Error Rate
Frame Word Error Rate
1SEC CRC

® @ & & & & O P G & @ DS DG S

10.3.5 Alarm

Test Results Available:
{with appropriate
data interface)

Sync Losses

Data Losses

Clock Losses

Signal Losses

Yellow Alarm Seconds

Excess Zero Seconds

Received Clock-Data Phase Changes
Power Losses

AIS SEC

® B ® & & @ @ ® @

10.4 CLOCK RECOVERY SYSTEM
(With the Clock Recovery Option installed)

BitRates: & 50 b/s to 520 kb/s.

Clock Recovery Acquisition/
Tracking Range: ® + 1% of selected bit rate typical.

10.5 PROGRAMMABILITY

10.5.1 User-Defined Messages

Nurber of Programmable
Messages: ® Three {(USER1L, USER2, USER3).

10-86
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Message Length:

Entry Format:

Output Format;

10.5.2 Front Panel Programs

Number of Front Panel
Programs:

Functions Under User
Program Control:

Access:

10.6 NON-VOLATILE MEMORY

Information Stored:

Memory Back-up Battery
Life:

L7

@ e @ 0 @
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I to 255 characters.

One hexadecimal character pair per transmitted character.

5, 6,7, or 8 level code.

10.

Front panel switch settings, keypad entries, auxiliary functions, etc.

Program entry and program recall via the RECALL/STORE function
of the MENU switch.

Current tfront panel switch settings, keypad entries, auxiliary fuactions.
Three user-defined messages.

10 front panel programs.

Time and date of last power-down.

Results from before power-down,

Typically greater than 7 years.

10.7 REMOTE CONTROL CAPABILITY

Remote Control Access:

Controllable Functions:

Rev. D
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RS5-232 Printer/Remote Control Interface.
Optional IEEE-488 Interface.

Front panel switch settings.
Keypad entries.

Auxiliary functions.
User-defined messages.
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10.8 DATA INTERFACES

10.8.1

Built-in RS-232 Data Interface

Connectors:

Signal Format:

Data Bit Rates:

10.8.2 External Data Interface

External Data
Interface Slot:

10.8 REAR PANEL TEST POINTS

10-8

Output Test Points:

Logic Low Output:

Logic High Output:

Input Test Points:

Logic Low Input.

Logic High Input:

Input impedance:

® Two 25-pin D subminiature female connectors.

® One connector for DTE emulation labeled TO DCE.
® One connector for DCE emulation labeled TO DTE.

@ Bipolar, unbalanced.,

® 50 to 20,600 b/s per EIA RS-232 and CCITT V.28,

@ Accepts any FIREBERD data interface.

& Generator Clock.

#® Generator Data.

& Generator Pattern Sync.
& Receiver Clock.

@ Receiver Data.

#® Receiver Pattern Sync.
Error.

Sync.

Test Point Z.

Signal Ground.

& & & @

L4

0.4 volts maxumum at 12 mA or less.

2.4 volts minimum at 3 mA or less.

]

External Delay Start.
External Delay Stop.

@

(0.8 volts maximum.

]

B

2.0 volts minimum.

@

2000 ohms minimum.
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10.10 REAL TIME CLOCK

Display Clock Functions: ® Hours {24-hour format).
® Minutes.
#® Seconds.
@ Month.
& Day.
& Year,
Printed Clock Functions: #® Hours.
® Minutes.
@ Seconds.
& Month.
& Day.
® Year.
Accuracy: ® Typically better than 1 second per day.
10.11 DISPLAY
Display Type: & Vacuum Fluorescent Display.
Display Size: ® B0 characters—40 characters x 2 lines.
Character Font: ® 3 x 7 dot matrix and cursor.
10.12 AUDIO OUTPUT
Audio Indicator: ® Speaker.
Audio Level Control: ® Volume control—off, minimum to maximum.
10.13 POWER REQUIREMENTS
Voliage: @ Two user selectable ranges: 90-133 volts ac, 195-250 volts ac.
Freguency: @ 48 to 66 Hz.
Power: & 110 voit-amperes maximum.
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10.14 ENVIRONMENTAL SPECIFICATIONS

Operating Temperature
Range: @& 0°C (+32°F) to + 50°C (+ 124°F).

Storage Temperature
Range: @ 30°C (-22°F) to +75°C (+ 167°F).

10.15 DIMENSIONS AND WEIGHT

FIREBERI 6000

Size: ® 6" Hx 12" Wx 127 D.

Weight: @ 15.8 Ibs with all options, a data interface, and the IEEE-488 Remote
Control Interface installed.

FIREBERD MCo000

Size: @ 65" Hx 145 Wx 14" D.

Weight: ® 19.3 ths with all options, a data interface, and the IEEE-488 Remote
Control Interface installed.

FIREBERD 6000R

Size: ® 6" Hx 12" W x 127 D.

Weight: @ 12.0 lbs with all options, a data interface, and the IEEE-488 Remote
Control Interface installed.
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SECTION 11
OPTIONS AND ACCESSORIES

11.1 INTRODUCTION

This section describes some of the options and acces-
sories available for use with the FIREBERD 6000. Specifi-
cally described are the Metal Case and Remote Control
options and such accessorics as the printers, rack mounts,
and carrying cases. This section also includes, for ordering
purposes, a list of all accessories available (including cables
and data interfaces) with their corresponding model num-
bers. Detailed information is not provided on the data inter-
faces since they are covered in Section 8 of this manual.

11.2 OPTIONS

Various hardware and software options are available
for the FIREBERD 6000. Two of these, the Metal Case
option and the Remote Control option, are described below.
The other available options are discussed in detail elsewhere
in this manual. Section 11.2.3 lists these options and their
model numbers.

11.2.1 FIREBERD MC6000 (Metal Case Option)

The FIREBERD MC6O00 is the ruggedized version
of the standard FIREBERD 6000, Performance characteris-
tics, front and rear panel formats, and internal electronic
sub-assemblies are identical.

The FIREBERD MC6000 housing is of metal con-
struction and quite rugged. The unit comes with a front
shap-on cover. With the cover in place. the instrumens is
completely protected and can be carried and handled like a
picce of luggage. The manual or two extra interface modules
can be stored in the snap-on back pouch,

The FIREBERD MCa000 is 6 147 high (including the
feet). 14 347 wide and 147 deep (including the cover). The
unit weighs approximately 19 pounds, 3 ounces with inter-
fuce, all options, front cover, and power cord,

Rev. D

11.2.2 FIREBERD £000R
(Remote Control Communications Analyzer)

‘The FIREBERIDY 6000R has all of the capability of
the FIREBERD 6000, but it will operate only under remote
control. It is packaged in the FIREBERI 6000 plastic case
but has a blank front panel with only a power switch and
an indicater that lights while the FIREBERD is being re-
motely controlled. It weighs 12 pounds with all options, a
data interface, and the IEEE-488 Remote Control Interface
installed.

11.2.3 Options List

The following is a list of other available options and
their part numbers. Listed in parentheses next to each option
is the location in this manual of a description of the option.

OPTION
NUMBERS DESCRIPTIONS

6001 DS Wideband Jitter Measurement
{Section 9)

0002 D51 Jitter Spectral Analysis (Section 9)

6003 DS1 Jitter Generation

6004 Clock Recovery (Section 5.6)

6003 {EEE-488 Remote Control/Printer
Interface (Section 7.6)

6006 Precision Time Base (1 ppm)

(Section5.3.3)

11.3 ACCESSORIES

Various accessories for use with the FIREBERD 6000
are described below. Also included are instructions for those
accessories requiring installation.

11.3.1 PH»BSmPrinte“[

The PR-35 is an impact, dot matrix, graphic printer.
it will provide 80-column printouts as well as bit-mapped
histograms and jitter graphics. The printer connects to the
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RS8-232 Printer/Controlier Interface through a male-to-male
printer cable. It can produce draft or near-letter-quality
{NLQ) characters by pressing one of three switches on the
PR-85 control panel.

For more mformation on the PR-85 printer, see the
PR-85 Operating Manual.

11.3.2 PR-2000 Thermal Printer

The PR-2000 is a quiet, non-impact, alphanumeric
thermal printer. It is capable of printing the full printable
ASCII character set with up to 20 characters per line. The
characters are input in a serial asynchronous format with
start, stop, and parity bits. This small portable unit may be
operated on a bench top or may be rack mounted along with
the FIREBERD in the optional RM-15004 or RM-MC Rack
Mount units. A cable is included with each printer allowing
it 1o directly interface with the FIREBERD RS8-232 Printer/
Controller Interface at 2400 baud. For more information on
the PR-2000 Thermal Printer, see the PR-2000 Operating
Manual.

11.3.3 I8U-2000 Interface Swilching Unit

The Interface Switching Unit (ISU) allows the user to
change the FIREBERI) data interface without physically
removing and inserting the interface. The ISU is a rack-
mountable device capable of accommodating up to four data
interfaces and electronically selecting one data interface for
use with the FIREBERD.

Intended o be rack mounted either directly above or
directly below the FIREBERD, the Interface Switching Unit
is connected to the FIREBERD by a ribbon cable attached
to a special data interface (included). Switching between
data interfaces can be accomplished by using pushbutton
switches mounted on the 13U or remotely via contact clo-
sures. Indicators are provided on the ISU indicating which
data interface is on Hoe and whether the unit is under local
of remote control.

The Interface Switching Unit will accommodate any
of the FIREBERD 1500Aznd 2000-compatible interfaces
that are also wsed with the FIREBERD 6000. The ISU can
be mounted with the interface facing the front of the rack
(front access) or the rear of the rack (rear access). A BNC
connector 15 mounted facing the front of the rack for the
application of an external clock signal to the FIREBERD.
The ISU can operate at 100/ 120/220/240 volts ac (50/60
Hz) and occupies 5 V4" of rack height. For addittonal infor-
mation on the ISU, refer to the ISU-2000 Operating Manual.

11-2

11.3.4 ISU Flush Door Accessory (Model 10518)

The Interface Switching Unit can be equipped with
an optional Flush Door Accessory. The accessory recesses
the ISU panel approximately 4 12" behind the rack mount
surface and provides a smoke gray plexiglass door. The unit
conceals the interface modules and cables while still allow-
ing access to the interface module front panels.

11.3.5 Interface Extender (Model 10770)

The Interface Extender is an accessory to all FIRE-
BERD mainframes housed in a metal case. The Interface
Extender, which allows front panel access to the data
interface module and its controls, connects to the FIRE-
BERD via a shielded ribbon cable attached to a special data
interface {inciuded). The Model 10770 Interface Extender
mounts under the FIREBERD mainframe. A Rack Mount
Adaptor(Model 10773} is available for mounting the Inter-
face Extender in a standard 197 rack.

11.3.6 FIREBERD 8000/6000R
Rack Mount (Model RM-15004)

The RM-1500A allows the standard FIREBERD 6000
{plastic case) or the FIREBERD 6000R and the PR-2000
Thermal Printer {o be mounted in a standard 197 equipment
rack. The assembly requires 77 of vertical rack space. The
Rack Mount provides a power switch for the Thermal Printer
and an AC receptacle to provide ac power to both the FIRE-
BERD and the PR-2000 Thermal Printer.

WARNING

To minimize shock hazard, the Rack Mount
chassis must be connected to an electrical
ground. The Rack Mount is equipped with a
three-conductor AC power cable. The power
cable must either be plugged into an approved
three-contact elecirical outlet or used with a
throe-contact  to  two-contact  adapior  with
srounding wire {green) firmly connected {o an
electrical ground (safety ground) at the power
outlet.

The following sections provide mstructions for mount-
ing the FIREBERD and the PR-2000 Printer in the RM-
1500A Rack Mount. if the FIREBERD has a swing-around
handle, this handle must be removed before ounting into
the Rack Mowunt; the user may cither return the FIREBERD
to TTC for handle removal or use the following handle
removal nstructions. If the FIREBERD does not have a

handle, proceed directly w the assembly structions.
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FIREBERD HMandle Removal
(All Metal, Black Side Arms and Cross Bar)

{1y Disconnect the AC power cord from the FIREBERD.

(2} Remove the left and right pushbutton and spring
on each side (insert small screwdriver and pry
gently). Remove the screw and washer from both
sides. This will allow complete removal of handle
and ratchet mechanism. The FIREBERD is now
ready for rack mount assembly,

Assembly Instructions

() Install the printer as follows:*

(a) Insert the PR-2000 through the Rack Mount
Panel from the front.

{b) Unlatch and slide the printer mechanism for-
ward, exposing the printer mounting ears. In-
stall four #4 x 3/16” lg. pan head screws into
the holes of the mounting ears then return the
printer mechanism to its operating position
{closed).

(c) Install the printer support bracket at the rear of
the printer by removing the two #3 screws at
the top tear of the PR-2000. Attach the support
bracket to the printer and chassis using four
#4-40 x 3/167 lg. screws and lock washers.

* If a printer is not to be mstalled into the Rack Mount
unit, a blank-off plate is available to cover the Printer Mount-
ing hole.

(2} Install FIREBERD as follows:

ta) Make sure the FIREBERD does not have the
handle or side handle raichet installed. The
sides of the FIREBERD must be free of all
handle components so that it will fit into the
rack adaptor,

<

{b}y Place the FIREBERD on the shelf, front panel
facing forward, and carefully manipulate the
front of the case through the opening. 1t should

protrude through the front panel about V4 inch,

(¢y Lift the rear of the FIREBERD and insert the
two Y47 hex « 3167 Ig. standofts in the rear

Rey. D
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feet and align with two holes in the shelf. Install
two #6 x 3/16” 1g. screws and two lock washers
through the bottom of the shelf into the stan-
dofis.

(d) Install the two “Z” hold-down brackets at the
rear of the instrument using the #4 hardware
provided with the rack adaptor,

(¢) Plug the FIREBERD and the printer into the
15 VAC receptacle. The printer should be
plugged into the receptacle that is controlled
by the froat panel switch.

{f) Fold and store excess FIREBERD and printer
line cord under the printer. The bracket is de-
signed to allow cable storage.

(3) Connect the cable supplied with the printer from
the 25-pin “D” type connector on the rear of the
printer to the RS$-232 printer connector on the
FIREBERD.

(4) The RM-1500A unit should now be ready for rack
installation. The unit will mount in a rack by its
front panel without further angle brackets or sup-
ports.

11.3.7 FIREBERD MCG000
Rack Mount (Mode! RM-MC)

The RM-MC allows the FIREBERD MC6000 and the
PR-200( Thermal Printer to be mounted in a standard 19
equipment rack, This assembly requires 77 of vertical rack
space. The Rack Mount provides a power switch for the
Thermal Printer and an AC receptacle to provide ac power
to both the FIREBERD and the PR-2000 Thermal Printer.

WARNING

To mintmize shock hazard, the Rack Mount
chassis must be connected to an electrical
ground. The Rack Mount is equipped with a
three-conductor AC power cable. The power
cable must either be plugged into an approved
three-contact electrical outlet or used with a
three contact or two contact adaptor with
grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power
outlet.
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The following sections provide instructions for mount-
ing the FIREBERD and the PR-2000 Printer in the RM-MC
Rack Mount. If the FIREBERD has a swing-around handle,
this handle must be removed before mounting into the Rack
Mount; the user may either return the FIREBERD to TTC
for handle removal or use the following handle removal
instructions. If the FIREBERD does not have a handle,
proceed directly to the assembly instructions.

FIREBERD Handle Removal (Metal Case Units)

{1) Disconnect the AC power cord from the FIRE-
BERD.

(2) Remove the left and right push button and spring
on each side (insert small screw driver and pry
gently). Remove the screw and washer from both
sides. This wiil allow complete removal of handle
and ratchet mechanism. The FIREBERD is now
ready for rack mount assembly.

Assembly Instructions

(1) Install the printer as follows:*

(é) Insert the PR-2000 through the Rack Mount
Panel from the front.

(b) Unlatch and slide the printer mechanism for-
ward, exposing the printer mounting ears. In-
stalf four #4 x 3/16” lg. pan head screws into
the holes of the mounting ears then return the
printer mechanism to its operating position
(closed).

* If a printer is not to be installed into the Rack Mount
unit, a blank-off plate is available to cover the Printer Mount-
ing hole.

(2) Install FIREBERD as follows:

{a) Make sure that the FIREBERI does not have
the handle instafled. The sides of the FIRE-
BERD must be free of all handle components
in order o it into the rack adaptor.

(b} Place the FIREBERD on the shelf, front panel
facing forward, and carefully manipulate the
front of the case through the opening. It should

protude through the front panel until the lip of

the bezel $its solidly.

(c) Inmstall the two 727 hold-down brackets at the

rear of the instrument using the #4 hardware
provided with the rack adaptor.

(d) Plug the FIREBERD and the printer into the
AC receptacle. The printer should be plugged
into the receptacle that is controlled by the
front panel switch.

(e) Fold and store excess FIREBERD and printer
line cord under the printer.

(3) Connect the cable supplied with the printer from
the 25-pin D connector on the rear of the printer
to the RS$-232 printer connector on the FIRE-
BERD.

(4) The RM-MC unit should now be ready for rack
installation. The unit will mount in a rack by its
front panel without further angle brackets or sup-
ports.

11.3.8 Shipping Case-—For
FIREBERD 6000 and 60008 (Model 10176)

The shipping case holds a standard FIREBERD (plas-
tic case), a PR-2000 Thermal Printer, five interface modules,
accessory cables, and this mamial. The rigid ABS molded
case has a foam-padded interior with cavities to hold the
FIREBERD and its accessories. The case is rugged and
water resistant, and has stainless steel draw latches and a
molded handle. Case dimensions are 26 V27 x 19"x 11 14",

11.2.9 SBhipping Case—For
FIREBERD MC8D00 {Model 40527)

This shipping case holds the FIREBERD MC6000
{metal version), a PR-2000 Thermal Printer, five interface
modules, acoessory cables, and this manual. The rigid ABS
molded case has a foam-padded interior with cavities to
hold the FIREBERD MCG000 and its accessories. The case
is rugged and water-resistant, and has stainless steel draw
latches and 2 molded handle,

11.3.10 Soft Carrying Case (Model 10170)

The FIREBERD Soft Carrying Case is constructed of
canvas with dense foam inserts swrrounding all sides, top,
and bottom. The dimensions are 19 127 wide x 9 147 deep
% 16 Y47 high. The case is navy blue and has an LD, pocket
on the top cover. The top cover is hinged and secured with
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Velero fasteners. The case is carried by a handle that supports
across the botton and up both sides. Additionally, there is
a padded, adjustable, snap-on shoulder strap.

The carrying case holds one standard FIREBERD
{(plastic case), a PR-2000 Thermal Printer, one manual, and
three interface modules in addition to the associated cables
and line cords. The carrying case will also hold one FIRE-
BERD MC6000 (metal case), one manual, two interface
modules, and several cables. Empty, the case weighs 6 V4
Ibs.

11.3.11 PR-85 Soft Carrying Case

The PR-85 Soft Carrying Case is constructed of canvas
with dense foam inserts surrounding all sides, top, and bot-
tom. The dimensions of the case are 20”7 wide x 8 127 deep
x 17 /4" high. The top cover is hinged and secured with
Veicro fasteners. The case is carried by a handle that supports
the bottom and both sides of the case. The carrying case
includes a backpouch used to hold the operating manual,
printer paper, and printer cable. Empty. the case weighs 3
4 pounds.

11.3.12  iSU-6000 interface Swilching Unil

The ISU-6000 Interface Switching Unit (ISU) is a
rack-mountable product capable of accommodating multiple
data interface modules and electronically setting one inter-
face for use with the FIREBERD 6000. Using this device,
the user can operate a FIREBERD 6000 without handling

RACK MOUNTS
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interfaces or moving cables. Switching between the installed
interfaces is controlled by the FIREBERD 600('s Interface
Setup menu.

Single-Unit Configuration (Four Interfaces)

The ISU-6000 may be configured to accommodate
four or eight interfaces. The components for each configu-
ration are listed below:

@ One Interface Shelf (Mode! 10805)

® One Single Cable Interface Adaptor (Model
40678)

# One Flush Door (Model 10518) (optionalh)

Dual-Unit Configuration (Eight Interfaces)

® Two Interface Shelves (Model 10805
® One Dual Cable Interface Adaptor (Model 40681)
® Two Flush Doors (Model 10518) (optional)

11.4 ORDERING INFORMATION

The following 1s a list of accessories available from
TTC at the time this manual was printed; model numbers
are listed for ordering purposes. Contact TTC for an up-to-
date list,

Rack Mount for FIREBERD 6000 (Plastic Case) and Printer RM-1500A
Rack Mount for FIREBERD MC6000 and Printer RM-MC
Rack Mount for FIREBERD 6000R RM-1500A
INTERFACE SWITCHING UNIT (ISU) ISU-2000
' Interface Switching Unit Flush Door 10518
INTERFACE EXTENDER (for FIREBERD metal case) 10770
Rack Mount Adaptor 10773
PRINTERS
PR-2000 ASCII Thermal Printer (20-column) with cable PR-2000
PR-2000 Printer Paper {12 rolls) HR217
PR-85 ASCI! and Graphics Printer {(80-column) with cable PR-85
PR-85 Soft Carrying Case 40522
PR-85 Printer Paper (2400 sheets) 10651
PR-835 Printer Repacement Ribbon 106353
PR-85 Printer Replacement Print Head 10671
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Description

MISCELLANEOUS

Extra Manual

Soft Carrying Case (for both FIREBERD plastic and metal case)
Hard Shipping Case (for FIREBERD plastic case) :
Hard Shipping Case (for FIREBERD metal case)

Remote Adaptor (For RS-232 and IEEE-488 Remote Control)
Transmit Line Build Out

DATA INTERFACE MODULES

RS-232 Sync DTE/DCE Interface

RS-232 Sync/lsoch DTE Interface

RS-232/V .24/MIL-188C DTE/DCE Character Interface
V.35/306 DTE/DCE Interface

RS5-449 (422/423)y DTE/DCE Interface

WECO 303 Interface (cable included)

DSVUTI (D4 Framed/Unframed) Interface

DS/T1 (Unframed only) Interface with APS

CCITT (G.703 64 kb/s (co-directional) Interface
CCITT G.703 2.048 Mb/s Interface
MIL-188C/MIL-188-114 Unbalanced Interface
MIL-188-114 Balanced Interface

Lab Interface Bal/Unbal, Polar/Bipolar (TTL Compatible)
DS1C/DS2 nterface

DS0O/DSOA Interface

D51/D4/Fe Interface

64 kb/s G.703 Data Interface

2048 kb/s G.704 Framing Interface

CABLES

RS-232/V .24 male-to-male cable (67)

RS-232/V.24 male-to-male cable (10}

V. 35/306 male-to-male cable (6)

Y .35/306 male-to-male cable (107}

RS5-449/Military male-to-male cable (6™)

RS-449/Military male-to-male cable (107

WECO 310 phug to WECO 310 plug cable (107)

WECO 310 plug to aligator clips cable (107)

WECO 310 plug to 15-pin adaptor cable (107)

WECO 310 plug to bantam plug cable (47)

WECO 310 plug to bantam plug cable (107)

Bantam plug to alligator clips cable (4°)

Dual bantam plug to 15-pin adaptor cable (107

Milttary male 37-pin D to male 25-pin D adaptor cable (67)
Military male 37-pin D to female 25-pin D adaptor cable (67)
R5-449DTE 10 X. 21 DTE Adaptor Cable

1 adaptor cable, 9-pin, male-to-male

Bantam plug to bantamn plug cable

Replacement printer cable (for PR-2000)

Replacement printer cable (for PR-35)

BREAKOUT BOXES

Breakout Box for R8-232C, V.24/V .28, MIL-188C
Breakoot Box for V.35, Bell 306
Breakout Box for RS-449,V . 10/V. 11, MIL-188-114

Model Number

ML10667
10170
10176
40572
30379
10557

40236
40232
40392
40202
40200
40182
40405
40365
40323
40380
40226
40298
40204
30447
304381
40460

30608
30609

10213
10418
10214
10419
16213
10417
10420
10358
30375
10399
10359
10648
30503
10496
10538
16562
241309
10615
30265
30511

Model 25
Mode! 34
Model 37
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SECTION 12
MAINTENANCE AND SERVICE

12,1 INTRODUCTION

This section contains information on maintenance and
service for the FIREBERD 6000. Specifically, it includes
steps to take shouid the user experience difficulty operating
the FIREBERD, maintenance procedures for the fan screen,
and a description of TTC’s warranty and repair procedures.

12.2 MAINTENANCE

12.2.1 in Case of Difficulty

If the unit fails to operate and no front or rear panel
indicators illuminate, check the following:

AC power cord and AC supply
AC fuse and fuse size

If some indicators light but the unit fails to operate
-with the built-in R8-232 interface, there are three checks
that can be made: (1) determine whether the interface in use
is the correct one for the desired application; (2) verify that
the interface is properly inserted in the interface slot; or (3)
insert another interface (suitable for the application) in the
event that the original interface itself is not operating prop-
erly. Power to the FIREBERD should always be off before
removing or inserting interface modules. The interface cable
and connections to the FIREBERD should also be checked.,

Follow the Self-Test Procedure in Section 3 as an aid
to localizing the problem. If the unit cannot be made to
operate properly, call the TTC Customer Service Department
for applications assistance.

12.2.2 Fan Screen

A fan mounted on the rear panel of the FIREBERD
allows proper cooling and ventilation of the internal compo-
nents. The fan is always in operation while the FIRERFERD
itself &s on: the fan cannot be operated independently . The

fan 1s protected by a screen which is attached to the outside
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of the rear panel for easy maintenance. The screen should
be checked and cleaned periodically to ensure proper coolin g
operation. Before removing the screen for cleaning, remove
power to the FIREBERD and allow fan to stop. Remove
the four screws which attach the screen to the rear panel.
The screen may be cleaned with compressed air or, if neces-
sary. with a cleaning solvent. Reattach the screen by replac-
ing the four screws which hold it in place.

12.3 SERVICE

12.3.1 Warranty Policy

All equipment manufactured by Telecommunications
Techniques Corporation (TTC) is warranted against defects
in material and workmanship. This warranty applies only
to the original purchaser and is non-transferable unless ex-
press written authorization of the warranty transfer is granted
by TTC.

FIREBERD mainframes (Models 6000, MC6000,
6000R) will be repaired or replaced (at our option) at no
charge for a period of three (3) years afler original receipt
by the customer. Data interfaces. cables. breakout boxes,
accessories, and all equipment other than FIREBERD main-
frames will be repaired or replaced (at our option) at no
charge for a period of one (1) year after original receipt by
the customer.

Liability under this warranty extends only to the re-
placement value of the equipment. This warranty is void
under the following conditions:

1) Equipment has been altered or repaired without
specific authorization by TTC.

2) Equipment is installed or operated other than in
accordance with instructions contained in TTC fit-
erature and operating manuals.

No other warranty is expressed or implied. TTC is not liable
for consequential damages.
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12.3.2  in-Warraniy Service

Eguipment in warranty must be returned to the factory
with shipping prepaid. The equipment should be packed and
shipped in accordance with the instructions contained in
Section 12.3.4 of this manual. Defective units will be re-
paired or replaced (at our option} depending on severity of
defect. Before returning any eguipment, the customer must
obtain a Return Authorization (RA) number by contacting
the TTC Customer Service Department. The RA number
should then appear on all paperwork and be clearly marked
on the outside of the equipment container.

After the equipment is repaired by TTC, it will be
tested to applicable specifications, burned-in for at least 24
hours, retested, and returned to the customer with shipping
prepaid. A brief description of the work performed and the
materials used will be provided on the Equipment Repair
Report furnished with the returned equipment.

12.3.3 Qut-of-Warranty Service

The procedure for repairing out-of-warranty equip-
ment is the same as that used for equipment still in warranty.
However, there is a minimum charge of $100.00 applied to
each request for out-of-warranty service. The $100.00
minimum charge guarantees the customer an estimate of the
repair costs and is used as credit against actual materials
and labor costs should the equipment be repaired. The cus-
tomer will be billed for parts plus standard labor rates in
effect at the time of repair. The customer will also be required
to furnish a purchase order number before repair work can
be started. A description of the labor and inaterials used
will be provided in the Equipment Repair Report,

12.3.4 Equipment? Return Instructions

To all equipment returned for repair, the customer
should attach a tag that includes the following information.

B Owner’s name and address.

2} A list of the equipment being returned and the
applicable serial number(s).

3) A detaited description of the problem or setvice
requested.

4) The name and telephone number of the person to
contact regarding questions about the repair.

5) The Return Authorization (RA) number,

12-2

- If a FIREBERD mainframe is being returned, it is
recommended that all switches be left in the positions they
were in when the problem occurred. The interface module
in use at the time of the failure should also be returned.

if possible, the customer should return the equipment
using the original shipping container and material. If the
original container is not available, the unit should be care-
fully packed so that it will not be damaged in transit. TTC
is not liable for any damage that may occur during shipping.
The customer should clearly mark the TTC-issued RA
mumber on the outside of the package and ship 1t prepaid
and insured to TTC.
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FIREBERD 6000 ON-LINE HELP DIRECTORY

APPENDIX A

All commands to the FIREBERD consist of an ASCII command name followed by optional ASCII parameter selections

and a statement terminator, A valid statement terminator is a carriage return, linefeed, or any combination thereof.

HELP!

HELP (command name)

HELP AUX

PAGEl orHELPor?

PAGE2 Print additional HELP for command entry,

PAGE3 Print HELP for front panel switch commands.

PAGE 4 Print HELP for special front panel commands.

PAGES Print HELP for remote-controi-only commands.

PAGE®6 Print HELP for BERD-BASIC programming.

PAGE7 Print HELP for built-in BERD-BASIC programs.

{command name) (parameter) Set the new state of a command.
{(command) Print the current state of a command.

Rev, D

Print a list of all valid command names.

Printthe PARAMETER SYNTAX foracommand.

Print a list of all available AUX functions.

Print this page.
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FIREBERD 6000 ON-LINE HELF DIRECTORY

The following characters have special meaning to the FIREBERD:

<BREAK>

control h

contyol x

control ¢

control s

controlq

wisgers

u&nn

s

w Tl

“#ﬂnf”

“f “}”

€@ 1

[T

{Three times slowly) Enter Auto-Baud mode. Type spaces {7} repeatedly (~5 Hz)
unitil auto-baud achieved, the <ESCAPE>.

BACK SPACE delete the previously entered character.
CANCEL cancel the current input line.

Clear the input line, clear the print FIFO, abort any loop codes, and break the
program execution.

X-OFF suspend ali printer outputs until X-ON,

X-ON resume ali printer outputs from X-OFF.

Recall the help/status macro.

Recall user macro #n{wheren = 0to9).

Separate multiple comands on the same line.

Separate multiple pararneter selections of a command.

Select command/parameter #nn as listed by the NUMBER command.
(/" is optional if the character that follows is not numeric.)

Surrounds comments (o be ignored by the FIREBERD.
Repeat the previous command.

Follows an abbreviated command or parameter name.
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FIREBERD 86000 ON-LINE HELP DIRECTORY

Front panel switch manipulation commands include:

ANAMOD —select analysis mode.

ANARES land2 —select left and right display results, respectively,
AUX nn —select auxiliary function nn.
CHAFOR —Select async character format.

DAT —select generator data pattern.

ERRINS -—sglect error insertion rate.

GENCLK —select generator clock source.

INT SET —select data interface set-up.

HT —select jitter set-up.

PRIEVE —select print event.

PRI select printer power or results/controls,

REC/STO —recall/store front panel program.

RES —festart test.

RTS/DTR —select interface signals (also RLS/DSR or LOOUP/LOODN).
SELLOO —select self-loop mode.

SYNFRE —select synthesizer frequency.

TESINT - select the test interval length.

TIMMGD — select the timing mode.
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simplified command entry format. They include:

FIREBERD 6000 ON-LINE HELP DIRECTORY

Special front panel switch commands perform the same function as the normal front panel switch commands but with a

CLEARFIFO

CONTROLS

CUSTOM

ERROR

FAST/SLOW

—clear the printer FIFO.

—generate a controls print,

—select the custom printout status.
—insert a single error in the TX data.

—select fast/slow RS-232 printer mode.

FORMAT/UNFORMAT —select formatted/unformatted printer mode.

HELLO

LONG

OCTTIM

RESULTS

STANDARD

STATUS

TERM 232

TERM 488

TIME/DATE

WIDTH

—-print the software revision level.

—select long results print mode.

—select octet timing mode for 64 kb/s G, 703 Data Interface
—generate a resp]t-s print,

——select the standard results pn'm.

- —select the customized status messages.

—select the RS-232 printer line terminator,

~—select the IBEE-488 printer line terminator.

—-set or display the time/date.

—select the printer width,
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HREBERD 6000 ON-LINE HELP DIRECTORY

The “remote-control-only” commands provide access to functions not available via the front panel. They include:

AUDIO —select the audio level override.

BEEP ~—sound the beeper once.

CLS ~—clear the terminai screen.

DEVICE CLEAR —initialize the FIREBERD to its power-up state (also BYE).
DISPLAY —select the front panel display switch mode.
ECHO/PROMPT —-select the echo/prompt function status.
ENTER/END —disable/re-enable contention error messages.
HOLL/REL —hold/release all printer outputs.

ISU ——control the Interface Switching Unit.

LEDS —--print state of front panel LEDs.

LOCALor/ —return the FIREBERD to local mode.

LPRINT —-print a literal string.

MACRO —define or display macros.

PLAIN ENGLISH —-select plain english or hex user message prints.
PRINT or? —print the result or variable value.

SELF TEST -—print the resalts of the automatic self-test,
TERMINAL or“.” setthe FIREBERD up to talk to a dumb terminal.

TPZ, —conirod rear-panel test point 27,

USER —enter a user message in ASCIL



FIREBERD 6000 ON-LINE HELP DIRECTORY

The FIREBERD accepts the following BERD-BASIC commands:

nnnn (command)

nnnh

BREAK

CHAIN

COMMON

DIR

GOSUB/RETURN

GOTO

{F{....THEN)

INPUT

KILL

LET

LIST

LOAD/SAVE

NEW

RUN/CONT

STOP/END

WAIT

—l0ad remote control command as line number nnnn,
—delete program line number nnnn.

—select programi action on error.

—chain execution to a program in permanent storage.

—preserve all variables through the next CHAIN.

—-print the names of all files in permanent storage.
—goto and return from subroutine, respectively.
—transfer program execution to the specified. line,
—goto specified line if condition is true,

—enter line from terminal into user macro.
—delete a program from permanent storage.
—(0optional) assign a new value to a variable.
—iist the currently loaded program.

—load/save a program from/to permanent storage.

—clear the current program in preparation for a new one.

—run/continue the current program.

~stop the program exeeution at the specified line.

—wait for sync or for the specificd number of seconds.
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FIREBERD 6000 ON-LINE MELP DIRECTORY

The built-in BERD-BASIC programs provide additional capabilities not otherwise available through simple remote
control commands, Note that these programs may modify the user macros, They include:

PROGor " —run the main interactive menu.

PROG AUX —configure AUX functions.

PROG FRONT PANEL  —configure the front panel functions

PROGINTERFACE  ——configure the interface set-up
PROG HTTER —configure the jitter set-up.
PROG PRINTER —configure the printer functions.
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APPENDIX B
SAMPLE IEEE-488 PROGRAM

This appendix provides a computer program written for use on a Hewlett Packard 85 computer.

SAMPLE PROGRAM #1: |EEE-488/GPIB-PC Controller Program:

This program is for use with the National Instruments GPIB-PCII and BASIC fanguage interface for the IBM PC.
Lines 1-99 must come from the DECL.BAS file included in the National Instruments package.

100 REM %5k GPIB-PC / BASIC PROGRAM TO CONTROL FBO000 =% #5 ks

110 REM

120 REM LINES 1[99 MUST COME FROM DECL.BAS SUPPLIED WITH YOUR
130 REM GPIB-PC SOFTWARE PACKAGE

140 REM

150 REM READ GPIB-PC DOCUMENTATION FOR FURTHER INFORMATION

160 REM

170 REM THIS PROGRAM ASSUMES FR6000 IS ADDRESS 1 ON [HEE-488 BUS
180 REM

200 DIM C$[255]

210 CLS:KEY OFF:LOCATE 25,1

220 PRINT ** PRESS ANY KEY TO ENTER COMMAND MODE —--Q COMMAND QUITS"
230 LOCATE 1,1

240 DEVS = “DEV1” "ASSUMES DEVICE ADDRESS |

250 CALL IBFIND(DEVS, DEV%)

260 IF DEV% () THEN PRINT DEVS$:” not found in GPIB-PC configuration;GOTO 460
270 GOTO 380 ‘

280 REM

290 REM ##x#xx% ENTER USER COMMAND ###duioksion

300 PRINT DEVS;™ ":MSG$;

3HY LINE INPUT MSG2$

320 MSGS = MSGS + MSG2%

330 1K MSGS = “g” OR MSGS = “(J” THEN 460

340 MSGE = MSGS + CHRS(13) + CHR$(10) "APPEND CR LF TO TERMINATE CMD
350 CALL IBWRT (DEV%,MSGS$) "WRITE ASCI STRING TO FB6(OO

360 RETURN

370 REM

380 REM ##¥xs% POLL CONTINUQUSLY ##%dkksk

390 MSGS = INKEYS “IF LEN(MSGS) 0 then GOSURB 290 "CHECK KEYBOARD
400 CALL IBRSP(DEVS, STA%) 'SERIAL POLL THE FIREBERD

310 [F (IBSTA% AND &H4000) THEN 450

420 IF (STA% AND 1 O THEN PRINT “SYNTAX ERROR”

430 IF STA% 0 THEN C§ = SPACES$(255):CALL IBRD(DEVY%,C3):PRINT LEFTS(C$,IBCNT%);
440 GOTO 380

450 PRINT DEVS,” TIMEOUT—ERR = “IBERR%;

460 KEY ON:END
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SAMPLE PROGRAMS 2-3: 1EE-488/HP-85 Controiler P?ograms

These programs are for use with the Hewlett-Packard HP-85 computer equipped with an HP-IB interface and 10-ROM.

10 1 PROGRAM NAME “S5RQ488”
20t DOES INTERRUPT DRIVEN IO
30 1 ON IEEE-488 BUS

40!

50 DIM AS$[991,B$[99]

60 ON TIMEOUT 7 GOTO 450

70 SET TIMEOUT 7;1200

80 CLEAR

90 DISP “SRQ DRIVEN IEEE-488 CONTROLLER

100 DISP ©“ PROGRAM”
110 DISP

120 DISP “BE SURE THAT AUX 39, SRQ MODE”

130 DISP “IS SET TO DAT”
140 DISP

150 DISP “PRESS ki TO IS5UE A COMMAND
160 DESP “PRESS k2 to CHANGE ADDRESS”

170 DISP

180 GOSUB 510

190 1 GET ANY CHR FROM BEFORE
200! SRQ ENABLED

210 ENTER 700+1 USING “#%,%K"; A$
220 DISP A$

230 ! ENABLE INTERRUPTS

240 ON INTR 7 GOSUB 390

250 ENABLE INTR 7:8

260 ON KEY# 1 GOSURB 300

270 ON KEY# 2 GOSUB 510

280 GOTO 280

290 !

300 1= OUTPUT COMMAND ##

310 DISP

320 DISP “"COMMAND"

330 INPUT BS

340 OUTPUT 700+1 ;B$

350 OUTPUT T00+1 ;4

360 RETURN

3700

380 P INTERRUPT SERVICE ROUTINE
390 S#SPOLL(TO0+ D)

400 ENTER 700 +1 USING “#%,%K”; A%
410 DISP A$

420 ' CLEAR HP-85 INTERRUPTI
430 STATUS 7.1 58

440 ENABLE INTR 7;8 " RETURN
450 1 *=* HANDLE BUS TIMEQUT #**
460 ABORTIO 7

470 DISP “BUS TIMEOUT—RESET”
480 BEEP

490 WAIT 1500

500 GOTO 230

510 1 GET NEW DEVICE ADDRESS
520 DISP “ENTER ADDRESS OF DEVICE”
530 INPUT 1

540 RETURN

10 1 PROGRAM NAME “EZ488”

206 | DESIGNED TO PERFORM 1O
30 ! VIA IEEE-488 BUS

40 !

50!

60 ! ** INITIALIZATION

70 CLEAR

80 DIM I8{99],0%{99]

50 DISP “MENU”

100 DISP #eoooooo7

110 DISP “1) DEPRESS k1~

120 DISP © TGO SEND A COMMAND”
130 DISP “2) DEPRESS k27

140 DISP © TO SELECT ADDRESS”
160 ON KEY# 2 GOTO 70

170 blsp ¥ —4——-7

19¢G DISP “OF YOUR INSTRUMENT”
200 INPUT A

210 IF A32 THEN 260

220 GOTO 70

2301

2401

250 1 *

260 CL
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10 t PROGRAM NAME “EZ488”
20 ! DESIGNED TO PERFORM 1/O
30 ! VIA IEEE-488 BUS

40 1

501

60 | ** INITIALIZATION

70 CLEAR

80 DIM 1$[99],08{99]

90 DISP “MENU”

100 DISP

110 DISP “1) DEPRESS k!”

120 DISP * TO SEND A COMMAND”

130 DISP “2) DEPRESS k27

140 DISP © TO SELECT ADDRESS”
160 ON KEY# 2 GOTO 70

170 DISP

196 DISP “OF YOUR INSTRUMENT”

200 INPUT A
210 1F A32 THEN 260

220 GOTO 70

230 ¢

240 !

250 1% WAIT FOR STATUS 0
260 CLEAR

270 GOSUB 590

280 ON TIMEQUT 7 GOSUB 620
290 SET TIMEOUT 7,500

300 !

30 !

330 ' ITS STATUS

340 § = SPOLL (700 + A)

350 !

360 1 1S DATA AVAILABLE (dav)

370 IF BINAND(5,128) O THEN GOSUB 310

380 GOTO 280

3901

440 !

410 1 *#= SUTBROUTINES #%#
420!

430 ! =* SEND COMMANDS TO BUS

440 DISP “ENTER COMMAND”
450 INPUT 0%

460 OUTPUT 700+ A ;08

470 GOSUB 390

480 RETURN

490 |

500 !

510 ' READ DATA UNTIL EOI

520 ENTER 700+ A USING “#%,%K”; 1$

330 DISP 13

540 RETURN

3501

a60 !

570 DISP “TIME OUT ON BUS*

580 DISP “4 4 + 4 b+ 4+ bbb b bbb b 7

590 DISP “WAITING FOR A PRINT“

Rev. D

600 DISP “FROM ADDRESS™A
610 DISP

620 ABORTIO 7

630 RETURN
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APPENDIX C.

HEX CONVERSION TABLE
BAUDOT BODIC
HEX LTRS FIGS UPPER | LOWER ASCH EBCDIC
oG Blank Blank Space Space NUL {Blank) NUL (Nuily
4] E 3 = H SOH (8tart of Header) 503 (Start of Header)
02 LF LF < 2 STX (Start of Text) STX {Start of Text)
03 A - . 3 EXT (End of Texy EXT (End of Text)
04 Space Space : 4 EOT (End of Transmission) PF (Punch O1)
03 S "or BELL ¥ 5 ENQ (Enquiry) HT (Horizontal Tab}
06 1 8 ! & ACK { Acknowledge} 1.C (Lower Case)
07 U 7 > 7 BEL {Beil) DEL (Delete)
08 CR CR. # 8 BS {Backspace)
sl > WRU or$ ( g HT {Horizontal Tabulation) RLF
A R 4 ) G LF (Line Feed) SMM { Start Manual Message)
0B J BELL or’ " # VT {Vertical Tabulation) VT {Vertical Tab}
GC N s B2 P2 FF (Form Feed) FF {¥Form Feed)
0D F ! RS RS CR {Carriage Return) CR (Carriage Return}
OE C : UPPER { UPPER | SO (Shift Out SO {Shift Out)
oF K { EOGT LEOT $1 {Shit In) 51 (Shift In}
1) T 5 CAN ae Di.E {IData Link Escape) DLE (Data Link Escape)
i z +or” ? f DC1 (Device Control 1) DCT (Deviee Control 1)
i2 L } 5 E D2 (Device Control 2) DCZ (Deviee Control 2)
i3 W 2 T 1 DC3 (Device Control 3) D3 (Device Control 3)
14 H # u u D4 {Device Control 4) RES (Restore)
13 Y 6 ¥ v NAK (Negative Acknowledge) NL (New Line)
14 P 0 w W SYN (Synchronization} BS (Backspace)
b7 Q 1 X % ETB (End of Text Block} . {1dle)
18 8] 9 Y y CAN {Cancel} CAN{Cancel)
I8 B ? Z z EM (End of Medium) EM (End of Medium}
1A G & SUB { Substitute} CC {Carsor Control}
IB FIGS FIGS . ESC {Escape) CU (Customer Use 1)
1C M BEL BEL F$ {Fite Separator) 1FS (Interchange File Sep.)
48] X / LF LF {35 {Ciroup Separator) 1G5 {Interchange Group Sep.}
1B v =01 ETB ETB RS {Record Separator} IRS (Interchange Record Sep.)
1¥ ETRS LTRS D3 D3 US (Unit Separator) 1US (Interchange Unit Sep.}
BAUDOT BCDIC
MEX LTRS FIGS UPPER | LOWER ASCHE EBCDIC
20 Biank Blank . - S IDS (DHgit Select)
2} E 3 H i ! SO {Start of Significance)
22 LF LF K k F§ (Field Separator}
23 A - L I #
24 Space Space M m 8 BYP (Bypass)
23 3 " or BELL N n Yo LF (Line Feed)
26 i g 43 [+ & ETB {End Fraasmission Block)
27 u 7 P P " {Single Closing Quote) ESC ¢ Escape}
28 CR CR Q q {
29 [ WRU or § R r )
2A R 4 * SM (Set Mode}
28 H BELL or’ ! £ + CU2 (Customer Use 2)
2C N . DcC4 D4 . (Comma}
2D ¥ t CR CR - (Hyphen} ENQ (Enquiry)
28 ¢ : BS BS . (Period) ACK {Acknowledge)
7 K. { DLE DLE |/ BEL (Beily
EH T 5 + & o
31 Z -+ or’ A a I
32 i } B b 2 SYN (Synchroncus 1die)
33 W 2 < ¢ 3
34 H = D d 4 PN {Punch On)
33 Y 6 E & 5 RS (Reader Stop}
36 Hd 0 F f 3] UC (Upper Case)
37 Q 1 G B 7 EOT (End of Transmission)
38 o] 9 H h 8
19 B ? 1 H 9
3A w3 & :
3B FIGS F1GS . . : CU3 (Customer Use 3)
ic M DCL 13 < {Less Than} DA (Drevice Control 43
D X ! HT HT = MNAK (Negative Acknowledge)
k35 v = o LOWER | LOWER]! > {Greater Than}
¥ LTRS LTRS DEL DEL SUR (Substitute)
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APPENDIX C. MEX CONVERSION TABLE

BAUDOT BCDIC
HEX LTRS Figs UPPER | LOWER ASCIl EBCDIC
4G Blank Blank Space Space @ SP (Space)
41 E 3 = H A
42 LF LF < 2 B
43 A - 3 C
44 Space Space 4 D
45 s ‘or BELL % 3 E
46 1 8 ! & F
47 u 1 > 7 G
48 CR CR * 8 H
49 D WRU or ( 9 i
4A R 4 H 0 1 L3
4B 3 BELL or' " # ' . (Period)
4C N . Dne2 DC2 L < {Less Than)
40D F ! RS RS M {
4E C : UPPER UPPER | N +
AF ¥ { EOT ROt | O | (Logicat OR}
50 T 5 CAN @ P &
51 Z +or” ¥ ! Q
52 E ) S H R
53 w 2 T t S
54 H # u u T
35 Y 6 v ¥ U
36 P G W W v
37 Q 1 X X w
58 0 9 Y ¥ X
59 B ? A z Y
SA [+ & z '
5B FIGS FIGS R . | ((pening Bracket) b
5C M BEL BEIL. “{Reverse Siang) *
5D X / LF LF | (Closing Bracket) }
SE v = 0F CETR ETB M (Cirgumflex} .
3F LTRS LTRS pCs B {Underline) wy { Logical NOT)
BAUDOT BCDIC
HEX LTRS FIGS UPPER | LOWER ASClH EBCBIC
a0 Blank Blank * {Opening Single Quote) —(Hyphen}
61 E 3 J j a /
62 #3 LF X k b
&3 A - L 1 c
64 Space Space M m d
&5 8 ‘er BELL N n e
66 1 8 o} o f
67 U 1 ? p 2
68 CR CR Q g k
69 D WRU or$ R ¥ i
BA R 4 . i | {Vestical Line)
6B 1 BELE. or’ i $ k , {Comma}
6C N , DC4 DC4 |
6D ¥ ! CR CR m — {Underline)
6F C : BS BS 0 > {Greater Than}
6F K { DLE DLE Q ?
T T 5 + & p
! z +or" A a q
T2 L ) B b £
73 W 2 C [ S
74 H # D d H
75 Y & E e b
76 P O ¥ H v
77 Q i G g w
T8 O 9 H h X
79 B ? 1 i y ‘ (Opening Quote)
TA G & 4 :
T8 FIGS FIGS . { {Opening Brace) #
ic M . Dl pCl || (Vertical Line) @
™ X / HT HT HClosing Brace) :
TE A = o1 LOWER | LOWER | ~ {Overline Tilde} =
¥ LTRS LTRS DEL DEL PEL (Delete/Rubout) "
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APPENDIX C.

HEX CONVERSION TABLE

BAUDOT BCDIC
HEX LTRS FIGS UPPER | LOWER ASCH EBCDIC
80 Blank Blank Space Space NUL {Blank)
81 E 3 = i SOH {Start of Header) a
82 iF LF < 2 STX (Start of Text) b
83 A - . 3 EXT (Ead of Text) ¢
84 Space Space . 4 EOT (End of Transmission) d
85 s ;or BELL % 5 ENQ (Enquiry} e
86 i 8 ’ 6 ACK { Acknowledge} f
87 U T > T BEL {Belh) g
&8 CR CR * 8 BS (Backspace) b
&% D WRUor$ { Q HT (Horizontal Tabulation) i
8A R 4 i} 0 LF( ne Feed)
8B ] BELL or’ " # VT ( » ertical Tabulation)
8C N . bC2 BC2 I'F {Form Feed}
3] F H RS RS CR (Carriage Return)
8E C : UPPER UPPER | SO {Shift Qut)
8F K { EGT EOT | Si (ShiftIn)
20 T 5 CAN @ DLE (Data Link Escape}
91 zZ +or” * ! D1 (Devige Controf 1) i
9z 1. b S 5 12C2 (Device Control 2} k
93 w 2 T 1 PC3 (Device Control 33 1
94 H # u u DC4 (Device Control 43 m
93 Y 6 A4 v NAK (Negative Acknowledge) [
96 P G w w SYN (Synchronization) o]
17 Q 1 X % ETB (End of Text Block) p
48 o] 9 Y ¥ CAN{Cancel) g
99 B ? zZ z EM {End of Medium) r
9A G & SUB (Substitute)
9B FIGS FIGS . . ESC (Escape)
9 M . BEL BEL. FS (File Separator)
9 X / LF LF G S (Group Separator)
9B v = g5 ETB ETB RS {Record Separator)
GF 1L.TRS LIRS DC3 Dol US { tinit Separator}
BAUDOT BCDIC
HEX LTRS FiGS UPPER | LOWER ASCII EBCDIC
AQ Blank Blank - — SP (Space)
Al E 3 j j ! ~
A2 LF LKF K k " §
Al A . L 1 #* t
Ad Space Space M m $ u
AS 5 ‘or BELL N n Y% v
Ab 1 g O o & w
AT U 7 P p " (Single Closing Quote) x
Al R CR Q g { y
AY D WRU or $ R r ) z
AA R 4 - ¥
AB 3 BELL or’ { 4 +
AC N . D4 P4 AComma)
ALY F f CR CR - {Hyphen)
AL C : BS BS . {Period)
AF K ( DLE DLE /
BO T 3 + & o
B! FA +or” A & 1
B2 L } B Iy 2
B3 w 2 ¢ = 3
B4 H # D d 4
B3 Y 6 E ¢ 3
Ba P G F f 6
B7 Q 1 G ® 7
BB 8] 9 H h 8
BY B K 1 i 9
BA G & :
BR F1GS§ FIGS . . :
BC M . D DCI < (Less Than)
BD X / HT HT =
BE v =or; LOWER | LOWER | > (Greater Thun}
BE 1. TRS LTRS DEL DEL !

Rev. D

c-3



APPENDIX C. HEX CONVERSION TABLE
BAUDOT 8CDIC
HEX LTRS FIGS UPPER | LOWER ASCH EBCDIC
<o Blank Biank Space Space @& {
Ci E 3 = 1 A A
C2 LF LF < 2 |B B
C3 A - H 3 C C
C4 Space Space : 4 D D
C3 8 "or BELL % 5 E E
C6 i 3 ' 6 F F
C7 U 7 > 7 G G
C8 CR CR * 8 H H
Ccs D WRU or§ ( 9 1 1
CA R 4 } 0 J
B 1 BELLor’ ’ # K
e N s BC2 Dc2 L
cD ¥ t RS RS M
CE < : UPPER UPPER | N
CF K { EOT EOT [8)
b T 5 CAN @ P |
DI z +or” ? P B ]
D2 i } <1 H R K
D3 w 2 T t S L
D4 H #* U u T M
D3 Y 6 \4 v u N
Do P 4] w w v Q
D7 Q 1 X % w P
D8 o 9 Y y X Q
DY B 7 zZ 1 Y R
DA G & Z .
DB FEGS FIGS B , | {Opening Bracket)
D M . BEL BEL  {Reverse Slant)
DD X / LF LF | {Closing Bracket)
DE v =0T ETB ETB A {Circumflex)
0DF LTRS LTRS DC3 DC3 — (Underline)
BAUDOT BCDIC
HEX LTRS FIG8 UPPER [ LOWER | ASCIl EBCDiIC
EQ Blank Blank - — * {Opening Single Quote) / (Reverse Slash)
El E K I i a
E2 LF LF K X b s
E3 A - L i [ T
E4 Space Space M m d U
ES 5 ;or BELL N n ¢ v
Es 1 & o] [ f w
BT U 1 |3 P S X
ES CR CR Q g h Y
E9 D WRU or § R H i Z
EA R 4 ’ j
EB ¥ BELL or’ ! % k
EC N . BC4 DC4 1
ED F ! CR CR m e { Underline}
EE C : BS BS n
oF K ¢ DLE DEE |o
Fo T 3 + & P 4]
¥i Z +or'f A a q 1
F2 L )] B b T 2
F3 w 2 C ¢ s 3
Fi3 H # D d t 4
Fs5 Y 6 E e [ 3
bkl P ¢ F f i 4
¥7 Q 1 G g 1w T
Fg O 4 H b % 8
F9 B * i y 9
FA G & z
FB FIGS FIGS ) . { {Opening Brace)
FC M ) pC DC1 ]} (Vertical Ling)
FD» X / HT HT H{(Closing Brace}
FE ¥ = or; LOWER | LOWER | ~ (Qverline Tilde)
£F LTRS LTRS DEL GEL DEL (Delete/Rubout)
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APPENDIX D
DISCUSSION OF G.821

This appendix discusses the concept of available time
versus unavailable time as specified in CCII'T Recommen-
dation (3.821. This discussion is provided to familiarize
users with the results that are provided in the Performance
category.

CCITT Recommendation G.821 defines available and
unavailable time as follows:

“A pertod of unavailable time begins when the bit error
rate (BER) in each second is worse than 107 for a period
of 10 consecutive seconds. These 10 seconds are consid-
ered fo be unavailable time. The period of unavailable
time terminates when the BER in each second is better
than 10~ for a period of 10 consecutive seconds. These
10 seconds are considered to be available time.”

Available and unavailable time are measured in sec-
ends-—available seconds and unavailable seconds, respec-
tively. All seconds after initial pattern synchronization must
fall into one of the two categories (total available seconds
+ total unavailable seconds = total seconds after initial
pattern synchronization.)

After initial pattern synchronization, seconds are consid-
ered to be availabie time; the available seconds begin count-
ing (seconds before initial pattern synchronization are not
included in performance analysis). These seconds continue
to be counted until 10 consecutive seconds, each with a
BER worse than 107, occur. A sliding window, 10 seconds
in length, is used to detect this transition from available
time and vice versa,

Asg an example, assume a test begins and continues to
run for 25 seconds and each of those 235 seconds has a BER
better than or equal to 10, After initial pattern synchroni-
zation, seconds are considered to be available time, so the
available seconds count at this point is 25. In the 26th

sec | sec

21 | 22
BER BER
< ==

sec
20
BER
= <=

sec : sec
23 | 24
BER|BER

= =

BER

sec
25

sec
26 | 27
BER BER
<= > >

sec | sec
28

BER

sec
29
BER

Sliding Window After 29th Test Second
St In Available Time

second, the BER becomes worse than 107 The same for
the 27th and 28th seconds. In the 29th second. the BER
drops back to better than or equal to 10", All 29 seconds
arc a part of available time and are, theretore, counted as
available seconds.

Even though there were 3 consecutive seconds (the 26th,
27th, and 28th) which each had a BER worse than 10, 10
such consecutive seconds are required to make the transition
to unavailable time. Those 3 individual seconds are still in
avatlable time and they are counted as available seconds.

The 3 seconds with a BER worse than 107 are also in-
cluded in the count of severely errored seconds, which are
those seconds with a BER worse than 107 that occur in
available time. A signal loss second or a second in which

Rev. D

pattern synchronization is lost is also considered to be a
second with a BER worse than 10, Therefore, the current
test result values for available seconds count = 29 the
severely errored seconds (SES) count = 3, and the unavail-
able seconds count = 0.

The same test continues to run and remains in available
time. In the 80th second, the BER for that second is worse
than 10, The BER for the 81st, 82nd, 83rd, B4th, and 85th
seconds is also worse than 107, In the 86th second, pattern
synchronization is Jost. This also continues for the §7th and
88th seconds. We now have 9 consecutive seconds each of
which has 2 BER worse than 107, As each of these seconds
cocurs, we are still i available time. so they are counted
as avaiable seconds and severely errored seconds. The trans-
1iion has not been made from available time to unavailable
f1me.
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Sec | sec | sec | sec | sec
79 | 80 | 81 | 82 | 83
BER BER | BER|BER BER

seCc  sec | sec  sec | sec
84 85 | 86 | 87 | 88
BER BER BER BER BER

= > = = >

Sliding Window Afier 88th Test Second

Still in Available Time

The 89th second also has a BER worse than 107, At this
point, the available seconds count = 89, the SES count =
13, and the unavailable seconds count = (. However, the

sliding window now contains 10 consecutive seconds each
of which has a BER worse than 107, A transition is made
to unavailable time.

> = > > >

Sec | SeC | seCc | sec | sec | Sec | seC  sec sec | seC
80 | 81 82 83 84 | 8 |8 | 87 88 | 89
BER BER BER BER|BER |BER | BER BER BER | BER

> = - = >

Sliding Window After 89th Test Second
Transition to Unavailable Time

Those 10 seconds which had been counted as available
seconds are deducted from the available seconds count and
are added to the unavailable seconds count; the available
seconds count becomes 79, and the unavailable seconds
count become 10. Those same 10 seconds were also in-
cluded in the SES count. However, SES is limited to only
those seconds in available time which have a BER worse
than 10°; therefore, those last consecutive 10 seconds must
also be deducted from the SES count (the SES count i
updated to 3).

Once the transition occurs from available time to unav-
ailable time, all seconds are counted as unavailable seconds
uniil 10 consecutive seconds occur each with a BER better
than 10°. As the sample test continues, the 90th through

150th seconds each have a BER worse than or equal to 107
We are still in unavailable time, so these seconds are
counted as unavailable seconds; now the total available sec-
onds count = 79 and the total unavailable seconds count
= TI. :

Beginning with the 151st second, the BER for that sec-
ond falls below 107, It is still counted as an unavailable
second since we are still in unavailable time and the trans-
ition has not been made to available time. A BER better
than 107 also occurs for the 152nd, 153rd, 154th, 155th,
156th, 157th, §158th, 159th, and 160th seconds. Since there
are now 10 consecutive seconds with a BER better than
107, the transition is made from unavailable time to availa-
ble time.

sSec | sec | sec  sec | sec
151 | 152 | 153 | 154 | 155
BER |BER BER BER BER

< < << << <

Sec  sec | sec | sec | sec
156 157 | 158 | 159 | 160
BER |BER|BER |BER BER

< < < < <

Sliding Window Afler 160th Test Second
Transition to Avallable Time
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As each of these 10 seconds occurred, it was added to
the unavailable seconds count (unavailable seconds = 81,
available secconds = 79, and SES = 3). Now that those
consecutive seconds have triggered the transition to availa-
ble time, they are deducted from the unavailable seconds
count and added to the available seconds count. Now the
upavailable seconds count = 71 and the available seconds
count = &9.

The monitoring of available and upavailable time con-
tinues for the duration of the test.

Degraded minutes is an error analysis result that is af-
fected by available and unavailable time. Degraded minutes
is a count of the number of mimites during which an average
BER worse than 10° occurs, The l-minute intervals are
derived by removing unavailable seconds and severely er-
rored seconds (SES) from the total test time and then con-
secutively grouping the remaining seconds into blocks of
60. The average BER is calculated for the block of 60
seconds and, if it is worse than 10°, the block is counted
as a degraded minute.

In the transition from available time to unavailable time,
the degraded minutes result is unaffected. This is because
a switch to unavailable time requires 10 consecutive sec-
onds each with a BER worse than 10*. Any second in
available time with a BER worse than 107 is considered to
be a severely errored second and, therefore, not included
in the accumulation of seconds used to calculate degraded
minutes.

Moving from unavailable time to available time may
affect the degraded minutes count. While in unavailable
time, 10 consecutive seconds each with a BER better than
10 are required for the transition to available ime. When
this happens, those 10 seconds are subtracted from the un-
available seconds count and are added to the available sec-
onds count. Since these seconds are now considered to be
a part of available time and they are not severely errored
seconds, they are included in the caleulation of degraded
minutes.
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