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SAFETY

If this instrument is to be energized via an autotransformer
for voltage reduction, make sure the common terminal is
connected to the earthed pole of the power source.

BEFORE SWITCHING ON THIS INSTRUMENT, the
protective earth terminals of this instrument must be
connecied to the protective conductor of the (mains}
power cord. The mains plug shall only be inserted in a
socket outlet provided with a protective earth contact. The
protective action must not be negated by use of an
extension cord {power cable} without a protective con-
ductor {grounding).

Make sure that only fuses with the reguired rated current
and of the specified type {normal blow, time delay, etc.)
are used for replacement. The use of repaired fuses and the
short-circuiting of fuse holders must be avoided.

Whenever it is likely that the protection offered by fuses
has been impaired, the instrument must be made
inoperative and be secured ageinst any unintended
operation.

GROUNDING

Any interruption of the protective (grounding) conductor
{(inside or outside the instrument) or disconnecting the
protective earth terminal can make this instrument
dangerous. Intentional interruption is prohibited.

HitiH VOLTAGE

Any adjustment, maintenance, and repair of the opened
instrumant under voltage should be aveided as much as
possibie and, when inevitable, should be carried out only by
a skilled person who is aware of the hazard involved.

Capacitors inside the instrument may stili be charged even
if the instrument has been disconnected from its source of

supply.

Adjustments and service described herein are performed
with power supplied to the instrument while protective
covers are removed. Emnergy available at many points, if
contacted, result in personal injury.

CAUTION

LINE VOLTAGE

BEFORE SWITCHING ON THIS INSTRUMENT, make
sure instrument recuirements match the voltage of the
power source.

GROUNDING

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that al! devices connected to this instrument are connected
1o the protective (earth} ground.

BEFORL SWITCHING ON THIS INSTRUMENT, ensure
that the line power (mains) plug is connected to a
three-conductor line power outlet that has a protective
{earth} ground. (Grounding one conductor of a two-
conductor outlet is not sufficient.}
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General Information

SECTION I
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating and Service Manual contains
information required to install, operate, test, adjust,
and service the Hewlett-Packard Model 1645A Data
Error Analyzer. The manual part number is listed on
the title page. Also listed on the title page of this
manual is a Microfiche part number. This number can
be used 10 order 4 x 6-inch microfilm transparencies
of the manual. Each microfiche contains up to 96
photo-duplicates of thé manual pages. The microfiche
package also includes the latest Manual Changes
supplement ag well as a pertinent Service Notes.

1-3. Supplied with this manual is an Operating Man-
ual which iz a copy of the first three manual sec-
tions, and should be kept with the instrument for
use by the operator. The part number is listed on
the title page.

1-4. SPECIFICATIONS.

1-5. Instrument specifications are listed in table 1-1.
These specifications are the performance standards
or limits against which the instrument is tested. Table
1-2 lists supplemental characteristics. Supplemental
characteristics are not specifications but are typical
characteristics included as additional information for
the user.

23-6. INSTRUMENTS COVERED BY MAN-
AlL.

1-7. Attached to the instrument is a serial number
piate. The serial number is in the form: C000ADN0G000.
it is in two parts; the first four digits and the letter
are the serial prefix and the last five digits are the
suffix. The prefix is the same for all identical instru-
ments; it changes only when a change is made to the

Table I-1. Specifications

MEASUREMENTS
RATE MEASUREMENTS

minus 9.

selected with an internal switch.
with exponent to minus 9.

minus 6. A block is 1000 bits.
PERCENTAGE MEASUREMENTS

VEersSis Zeros errors,

selected prior to running a test.

BIT RATE
INTERNAL

300, 600, 1200, 1800, 2400, 3600, 4800, 7200, 9600,
Crystal Frequency: 5.75 MHz +0.03%, <0.01% jitter.

transmitier.
EXTERNAL
Transmitter and Recelver: to 5 MHz,

DATA PATTERNS

PRBS Bit Lengths: 1 048 575, 2047, 511, and 63.

Bit Error: provides BER to 1999 with exponent to Zero/One Sequences: 7:1, 3:1, 1:1, and MARK (con-

Carrier Loss: provides rate of data dropouts or number
of carrier losses from 0 to 99 with exponent to
minus 9. Data dropout or carrier loss detection is

TEST LENGTH

Clock Slip: provides rate of clock slips from 0 to 99

Block Error: provides BKER to 998 with exponent to

Skew: provides percentage from {) to 98% of ones

DATA QUTPUTS/INPUTS
FRONT PANEL

Jitter/Total Peak: jitter provides peak period variation inputs: data input requires TTL levels: maximum

as a percentage (0-63%) of an ideal bit period. Total
peak provides the sum effect of jitter and bias dis-
tortion also expressed as a percentage of an ideal
bit period. Measurements apply only to agynchro-
nous gystems. Desired measurement must be

Quiputs: receiver syne, transmit sync, and events at

REAR PANEL
tnputs: backward channel data, external transmitter

Transmitter Bits per Second: selectable 75, 150, 200,
Cuiputs: bits lost at TTL level; internal transmitter

Receiver wih Bit Synchronizer: same as internal Mullipin Conneclors: 25 pin female connector for

tinucus de level). All patterns can be comple-
mented by DATA/DATA switch.

EXPONENT RANGE switch provides test lengths
in bits from 10 to 10% In AUTO, the 1645A counts
the first 98 errors and terminates the test on the
next power of ten bits received. In continuous, the
1645A ecounts errors until the test is manually
terminated.

input 5.5 V.

TTL levels; data output is 2 'V into 50 chms; jitter/
total peak is 1 V p-p for each 10% of p-p distortion
from waveform causing jitter.

and receiver clocks require TTL levels; maximum
input 5.5 V.

clock is >2 V into 50 ohms.

interfacing with standard RS5-232C communica-

tions systems, 36 pin female printer output at
TTL levels in BCI) 8421 code,

11



General Information

instrument. The suffix however, is assigned sequen-
tially and is different for each instrument. The contents
of this manual apply to instruments with the serial
number prefix{es) listed under SERIAL NUMBERS

on the title page,

1-& An instrument manufactured after the printing
of this manual may have a serial number prefix that
is not listed on the title page This unlisted serial
number prefix indicates the instrument is different
from those described in this manual. The manual for
this newer instrument is accompanied by a yellow
Manual Changes supplement. This supplement con-
tains “change information” that explains how to
adapt the manual to the newer instrument.

1.0, In addition o change information, the supple-
ment may contain information for correcting errors in
the manual. To keep this manual as current and ae-
curate as possible, Hewleti-Packard recommends that
vou periodically request the latest Manual Changes

Model 1645A

supplement. The supplement for this manual is identi-
fied with the manual print date and part number, both
of which appear on the manual title page. Compli-
mentary copies of the suppiement are availabie from
Hewlett-Packard,

1-10. For information concerning a serial numbey
prefix that is nol listed on the title page or in the
Marual Changes supplement, contact your nearest
Hewlett-Packard office.

1-11. DESCRIPTION.

1.12. The 1645A Data Error Analyzer is designed
to aid in troubleshooting data communication systems.
Data communication link problems are quickly iso-
tated by the 1645A with simultaneous meagsurements
of the following link parameters: bit-error rate, block-
error vate, clock-slip rate, carrier-loss rate, skew, jitter
and total peak distortion.

Table 1-2. Supplemental Characteristics

INDICATORS

OUT OF LOCK: indicates that receiver synchroniza-
tion has not occurred or has been lost.

BITERROR, CARRIERLOSS, CLOCK SLIP, and BLOCK
ERROR: continucus moniters that light each time
there ig an error.

DATA SET HEADY (DSR): indicates that modem
power is on.

CLEAR TO SEND {CTS): indicaies that modem con-
nection to a data line has been established.

LOSS OF DATA: indicates that the Analyzer is not
receiving data.

TEST ON: indicates that a test is in progress.

RECEIVED DATA INVERTED: indicates if the 1645A
autopolarity circuit has received inverted data.

POWER: 115 or 230 Vagc, 48 to 66 Hz, 150 VA max,

DIMENSIONS; see outline drawings.

WEIGHT: net, 8.2 kg (18 1b); shipping, 10.9 kg (24 1b).

QOPERATING ENVIRONMENT

Temperature: 0°C to +H56°C.

Humidity: to 95% relative humidity at +40°C.

Altitude: to 4600 m (15 000 ft).

Vibration: vibrated in three planes for 15 minutes
each with 0.254 mm (0.010 in.) excursion, 10 to
55 Haz. ’

335 e
{13.2) !

)

NOTES

ENGINEER.

AND {INCHES).

1. DIMENSIONS ARE FOR GENERAL
INFORMATION ONLY. 1F D
MENSIONS ARE REQUIRED FOR
BUHLDING SPECIAL ENCLOSURES,
CONTACT YOUR HP FIELD

2. DIMENSIONS ARE (N MILLIMETRES

i
5
{




Model 1645A

1-13. Containing separate transmitter and receiver
sections, the 1645A provides both loop-around and
end-to-end system testing capability. Test functions
include automatic time base, automatic frame syn-
chronization, automatic polarity selection, and sirmul-
taneous measurement of peak distortion and phase
jitter with realistic signals. The Model 1645A is also
capable of self-test operation.

1-14. The standard Model 1645A is compatible with
both PTL and RS-232C logic levels. Test data is trans-
mitted or received by the 1845A through front- and
rear-panel BNC connectors for TTL levels, or through
a rear panel connector compatible with R8-232C sys-
tems. Replaceable logic-interface modules provide test
compatibility with data systerns having other logic
ievels.

1-15. All test measurements are taken simultane-
ously and stored internally for selectable readout.
Front-panel digital readouts provide the status of the
system under test. Data from the system under test
can be further analyzed with an oscilloscope from
front- and rear-panel output connectors. In addition,
test data is supplied to a rear-panel connector for use
with a printer.

1-16. OPTIONS.

1-17. The following options extend the usefulness of
the Model 1645A:

Option 003 — provides a power supply for operation from
100/200-volt ac power sources. Slide Switch must be set to
read 115 for the 100 Vac range and set o read 230 for the
200 Vac range.

Option 101 — provides a wider phase-locked loop band-
width which permits the 1645A o be operated with
test sets that have up to #3% variation in clock repeti-
tion rates. Circuit changes from the standard instre-
ment are deseribed on schematic 14 in Section VI1II.
In this configuration, the 1645A becomes part of the
16458 gystem.

Dpticn 905 — power cord for use in rack-mount in-
stallations. Conforms to standard CEE 22-VL

Option 908 — rack mounting kit

General Information

1-18. ACCESSORIES SUPPLIED.

1-19. The following accessories are supplied with
the 1645A:

One 10-foot R3-232C interface cable, HP Part
No. (1645-61605.

1-20. ACCESSORIES AVAILABLE.

1-21. The following accessories are available for the
1645HA:

10233A Printer Interface Cable: connects the 1645A
to HP Model 5065A or 5150A printer; 36 pin male con-
nector on one end and 50 pin male connector on the
other.

10238A Interface Cover: provides time interval and
voltage measurements, audic monitoring, data set
control signal monitoring, and the ability to send
control signals to RS-232C data sets,

10387A Type 303 Interface: permits the 1645A to
be connected directly to Western Eleetric Type 303
widehand data station equipment for troubleshooting.

10388A CCITT V35 Interface: permits the 1645A
te be used with modems that conform to the CCITT
V35 Standard, such as the Western Electric Type 3086.

10389A Breakout Box: provides an operator with
the capability to manipuiate and monitor individual
signal lines on an R3-232C data link,

Front Panel Cover (HP Part No. 3060-8767) pro-
tects the 1645A front panel during transit and provides
a convenient carrying handle. This cover is not needed
when a 10235A Interface Cover is ordered.

1-22. RECOMMENDED TEST EQUIPMENT.

1-23. Equipment required to maintain the Model
18454 is listed In Section IV. Other equipment may be
substituted if it meets or exceeds the critical specifi-
cations listed in the table.

1-3/(1-4 blank)
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Installation

SECTION 1

INSTALLATION

2-1. INTRODUCTION.

9.9, This section contains information and instruc-
tions for installing and interfacing the Model 1645A.
Included are initial inspection procedures, power and
grounding requirements, installation instructions, and
procedures for repacking the instrument for shipment.

2-3. INITIAL INSPECTION.

2.4. Inspect the shipping container for damage. If the
‘shipping container or cushioning material is damaged,
it should be kept until the contents of the shipment
have been checked for completeness and the instru-
ment has been checked mechanically and electrically.
Procedares for checking electrical performance are
given in Section IV. If the contents are incomplete,
if there is-mechanical damage or defect, or if the 1645A
does not pass the Performance Tests, notify the near-
est Hewleit-Packard office. If the shipping container
is damaged, or the cushioning material shows signs of
stress, notify the carrier as well as the Hewlett-
Packard office. Keep the shipping materials for
carrier’s inspection. The HP office will arrange for
repair or repiacement at HP option without waiting
for claim settlement.

WARNING §

Read the Safety Summary at the front of
the manual before installing or operating
the instrument.

2-5. PREPARATION FOR USE.

2-6. POWER REQUIREMENTS. The instrument re-
quires a power source of either 115 or 230 volts ac
+10%, single-phase, 48 to 66 Hz that can deliver
150 volt-amperes (maximum). The instrument is norm-
ally shipped from the factory sei to operate from a
115-volt ac power source. To operate the instrument
from a 230-voit ac power source, proceed as follows:

a. Remaove input power cord (if connected).

b. Replace factory installed Hne fuse (0.8 A}
located on rear of instrument with 0.5-ampere fuse.

¢. Move line selector switch to 230 V position.

d. Reconnect input power cord.

2.7. This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instrument
cabinet. The type of power cable plug shipped with
each instrument depends on the country of destina-
tion. Refer to figure 2-1 for the part numbers of the
power cable and plug configurations available.

2.8, INSTRUMENT COOLING. The instrument is
adequately cooled by normal air circulation, No
special cooling is required.

% CAUTION !

When rack mounted, the instrument
should not be operated in an ambient
air temperature that exceeds +50°C,

2-8. RACK-MOUNTING PROCEDURE.

9.10. The instrument is designed for either bench or
rack mounting. A rack-mounting kit (Option 908) is
available from our HP Sales/Service Office for proper
installation of the 1645A. Install mounting hardware
as follows {(see figure 2-2 for parts identification):

a. Detach tilt stand by pressing it away from
front feet. Remove all plastic feet by depressing foot
release button and sliding feet free.

b. Remove aluminum trim strip from each side
of instrument with thin blade tool.

¢. Attach rack mounting flange in space where
trim strip was removed (use screws provided with
kit). Large notch of flange should be positioned at
bottom of instrument.

8120-1369 81206-2104 8120-0698

81201689 812G-1351 8120-1378

16454-086-10-76

Figure 2-1. Power Cord Configurations

2-1



Operation Model 1645A

1 5 316 17 6 1g !ROR, CARRIER LOSS, CLOCK SLIP, and
: ! { ERROR: continucus monitors that
ach time there is an eyror.

TORS
NMPUT. Test data input, TTL level.
TOUTPUT. Transmitted test data at TTL

L VE SYNC OUTPUT. Sync pulse for an
" scope which is provided once per frame.

SYNC OUTPUT. A sync pulse is pro-
smce per transmitted fest frame.

" QUTPUT. A TTL-level pulse coinci-
vith errors in the test selected by the
v switch.
SELECTOR SWITCHES
JT. A waveform representing real-
1. CLOCK: selects 12 internal transmitter clocktter or total peak distortion in the sys-
frequencies or the rear panel input for externder test. Desired ouiput is selected
nal clocks up to 5 MHz. JITTER/TOTAL PEAK switch.

2. PATTERMN: selects transmitter and receiveyr INTERFACE. Replaceable logic inter-
test patterns in four pseudorandom sequencegodule. Standard instrument is compati-
of 1 048 575, 2047, 511, and 63, or threéh RS-232C logic levels.
zeros/ones sequences of 71, 31, L1, or a
continuous de level in MARK. LOS8T. A gated output of the internal

iitter clock coincident with LOSS OF
cor CARR LOSS occurrences.

3. DATA/DATA: sets patitern output format.

DATA is the complement of DATA and proMiT CLOCK. Output of the internal
vides the complement of PATTERN. iitter clock as sei by the front-panel
- K selector.

4 EXPONENT RANGE: selecis length of receivER. Output for supplying data to a
er test interval. In AUTO, the Analyzer counts-
the first 98 errors and terminates the tesi
on the next power of 10 bils received. PosMIT CLOCK. Input for a TTLlevel ex-
itions 2 through 9 select test interval lengthiransmitter clock to 5 MHz.
in powers of ten. In CONT {(continuous) the
veceiver counts errors until the test is man©TV¥ CLOCK. Input for a TTL-level ex-
ually terminated. receiver clock.

NARD CHANNEL DATA. Input for
5. SINGLE/CYCLE {(PRINTER): in SINGLE, eactard (supervisory) channel data.
test is started manually with all six test re
sults stored. In OYCLE, test results are store®UT. Power input from AC line.
for four seconds and another test automati
cally started. With a printer connected, fousr POWER. Power supply connector for
selected test results are printed after each test,10235A Interface Cover.

6. DTR/RTS/BACKWARD CHANNEL: control: 0.8 Amp slow-plow fuse for 115 Vac
handshake signals from the 1645A to théon. 0.5 Amp slowblow fuse for 280
modem. jeration.

itors, and Connectors

3-0
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Operation

SECTION il
OPERATION

3-1. INTRODUCTION.

3-2. This section provides explanations of measure-
ment capahilities and applications, describes operat-
ing controls and indicators and operating consider-
ations, and provides step-by-step operating procedures
for the 1645A. Figure 3-1 shows the 16845A front and
rear panels and provides brief functional descriptions
of panel features. Detailed descriptions of more com-
plex controls and features are provided later in this
section.

3-3. MEASUREMENT CAPABILITIES.

3-4. Depending on the position of the EVENT switch,
the 1645A digital readout indicates event rate (num-
ber of events occurring during a given test), or error
percentage. The 1645A digital readout indicates rate
measurements when the EVENT swiich is set fo BIT
ERROR, CARR LOSS, CLE SLIP, or BLOCK ERROR.
The 1640A indicates percent measurements when the
EVENT switch is set to SKEW, JITTER, or TOTAL
PEAK.
3-5. These statistics can all be measured simultane-
ously during one test sequence, digitally stored, and
read out later at the operator's convenience. They can
“also be seni to a digital printer for long term un-
attended monitoring. They can be measured over a
fixed test time or the test time can be automated
to always give in-range displays with changing error
rates. This is especially valuable for unattended moni-
toring, otherwise high error rates can overflow the dis-
play before the measurement is complete.

3-6, RATE MEASUREMENTS. The }?_)_{_}; indicator

is on for all rate measurements. The number to the
EXP
(=)
ponent) indicating the number of units the test is
EXP
()

indicator is the number of events that occurred during
the test. For example, if 19 evenis occurred during a
1000 (1 x 10%) unit test the event rate would be

19
I x 108
EXP
{=)

right of the indicator is a power to 10 (ex-

based upon. The number to the left of the

or 19 x 10-% The readout wouid be 19

3.

3-7. Bit Error. {Refer to figure 3-2.) A bit error is a
one mistaken for a zero or vice versa. Bit error rate
(BER), the number of fimes a hit error occurs during
a given test, is an indication of data link quality.

number of errors
nuniber of received bits in a given test

BER =

3-8 For example, if 159 errors occurred during a
159
1x 104
159 x 10~ With the EVENT switch placed in the

BIT ERROR position, the readout would be 159 }?E])D@

10 000 (1 x 10% bit test, the BER is or

3-3. The 1645A computes the error rate by correl-
ating the received bit pattern with a local replica of
the transmifted data seguence. The 164BA can gen-
erate an ideal error-free replica sequence by sampling
a few error-free received bits,

3-10. The bit error rate measurement can be ruined
by two common line faults; phase hits (clock ships)
and dropouts. Either fault can cause the indicated
error rate to increase greatly, guickly overflowing the
error counters. When etther condition occurs, the
164hA receiver is prevented from counting, and the
front panel digital readouts are stopped. When the
dropout terminates and data is again supplied to the
receiver, the readout is enabled and event counting is
resumed.

3-11. Although the Model 1645A does not count bit
errors after recognizing a clock slip or data dropout,
up to 32 bit errors may be indicated before the Model
1645A recognizes that one of these events has oc-
curred. These false errors can be minimized by using
the space/mark PATTERN switch positions 1:1, 3:1,
or 7:1. If a high dropout or clock slip rate is sus-
pecied, the 1:1 pattern provides the highest accuracy.

3~12. Block Error. (See figure 3-2.) The 1645A divides
input data into 1000-bit blocks for test analysis. Block
error rate {BKER) is an indication of the number of
received blocks in a given test that contains one or
MOTe errors.

number of blocks with one or more errors
number of received blocks in a given test

BKER =

3-13. For example, if 49 out of 100 (1 x 10%) received
data blocks contained one or more errors, the BKER

3-1
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would be ‘1"-;—1%)—5 or 49 x 10-% With the EVENT

switch inn the BLOCK ERROR position, the readout

would be 49 F(lff) 2.
3-14. Block error rates for blocks between 100 and
10 000 bits in length may be determined using the
formula

b2

BKER; = BKER 1000

where BKER is the displayed block ervor, b, is the
desired block length, and the bit error rate is less than
1x 1075,

3.15. Since data is usually transmitted and processed
in blocks, block error rate (BKER) is a better indicator
of throughput than hit error rate. Throughput is
the amount of good data {data not requiring retrans-
mission and not including coding and signal bits)
received per unit time.

&

— 1000 BITS

BLOCK LENGTH

TEST
DATA

BIT ERRORS

11 TOTAL ERRORS
5 BLOCKS CONTAIN ERRCRS

TOTAL TEST LENGTH =

1000 BITS EACH

Model 1645A

3-16. Carrier Loss. Carrier Loss indicates a loss of
input data to the MODEM under test. With the EVENT
switch in the CARR LOSS position, the readout indi-
cates the number of carrier losses occurring during a
given test. The 1645A counts the carrier loss signals
supplied by the modem.

3-17. The CARR LOSS position can be changed to
count dropouts by means of an internal switch. When
counting dropouts, the 1645A looks at data transitions.
If 16 hits (clock cycles) occur with no transitions, the
event is determined to be a dropout. The one ex-
ception is when the 220—1 PRBS sequence is selected.
Then a dropout is called only after 32 bits have oc-
curred with no transition.

3-18. Clock 8lip. The Clock Slip Rate is an indication
of the number of times during a given test the input
data has moved backwards or forwards in relation to
the data stream clock. The 16845A determines that a
burst of errors is due to a clock slip or phase hit
rather than just random ervors by comparing the error
count from an open-loop feedforward register with the
error count from a feedback register. If only the feed-

10,006 (1X10%)
TOTAL TEST BITS

{tatix1ot)
OTAL TEST BLOCKS

TOTAL ERRORS 11 4
- . = 11X10
BER (BITERROR RATE) S GTALTEST BITS T 1
BLOCKS CONTAINING ERROKS 5 . 1
= - = BX
BKER (8LOCK ERROR RATE) AL TESTBLOCKS R 10

BER s AN INDICATION OF DATA QUALITY.

BKER is AN INDICATION OF ERROR DISTRIBUTION.

1645A-017-03-78

Figure 3-2. Bit Error Rate vs Block Error Rate

3-2



Model 1640A

forward register has errors, the errors are not caused
by invaiid data, but by a phase shift greater than
a bit period.

3-19. PERCENTAGE MEASUREMENTS. The % indi-
cator 18 on for all percent measurements with no
exponent displayed.

3-20. Skew. The SKEW measurement is an indica-
tion of the percentage of errors which were ones
changed to zeros. For example, a display of 75%
indicates that 75% of the errors were ones changed
to zeros, and the remaining 25% of the errors were
zeros changed to ones. Skew provides a sensitive
meagure of the modem threshold setting. If the mod-
em receiver thresheld is biased, one or the other will
predominate.

3-21.  Jitter or Total Peal. {See figure 3-3.) Jitterisan
asynchronous system measurement indicating the
maximum peak-to-peak variation in bit periods of the
received data due to timing variations expressed as a
percent of an ideal bit period. TOTAL PEAK indicates
total peak distortion, the sum of peak jitter and bias.
Bias is the consistent width variation of a mark with
respect to a space. The jitter and total peak measure-
ments are disabled when CLOCK is set to EXT.

3-22. The jitter measuring circuits of the 1645A con-
stantly compute the time in hundreds of a bit period
between the data edge and the next clock edge (see
figure 3-4). Both the maximum and minimum values
are stored. The difference between the two is dis-
played on the readout as a percentage of an ideal bit
period. When JITTER is selected, leading edge vari-
ations  (Mtaqa — Mpn) are counted. When
TOTAL PEAK is selected, both leading- and trail-
edge variations (Miygax — MHprry) and (M--p1ax
~ M—p1pN) are counted.

MARK/SPACE PERIOD

RORAAL ARE EQUA

DATA

I
f
¢
£

HITER BOTH MARK AN SPACE
HAVE PERIOC VARIATIONS

i
i
1
i
i

MARK WiDTH COMNSISTENTLY
DIFFERENT THAN
SPACE WIDTH

BiAS

TOTAL PLAK DISTORTION = SUM OF PEAK JTTER AND 31AS

16454-018-03-76

Figure 3-3. Jitier, Total Peak, and Bias

Operation
DISTORTED e
DATA 1
i

100X CLOCK {11 TERTHITHIHHTHIHEAE

] P fe M
DEAL T
REFERENCE f L L
CLOCK 15454-019-03-76

Figure 5-4. Jitter/ Total Peak Measurement Method

3-23. The instantaneous analog value of jitter or total
peak disfortion is available as a continuous monitor
at the OUTPUT connector. The output level is 1 volt
p-p for each 10% p-p jitter or bias and has a chopped
appearance, because it is derived directly from a
D/A converter (see figure 3-5). When TOTAL PEAK
is selected, the oscilloscope waveform will have
two traces. The upper trace represents instantaneous
leading-edge jitter, the lower trace trailing-edge jitter
and the separation between them 1is bias distortion.
To nuli bias distortion, adjust the modem until the
upper and lower traces overlap.

REAL TiME
HTTER QUT

{10%/VOLTI)

A, Jitter

+EDGE’
3 JTTER

BIAS
J—W § —EDGE
JITTER

B. Total Peak
6454 -020-03-76

Figure 3-5. Jitter/ Total Peak Output Waveforms

3-24, APPLICATIONS.

3-25. The Model 1645A provides a means of testing
a data transmission MODEM (Modualator/Demod-
ulator). Testing can be local, end-to-end over a half
or a full-duplex data link, or loop-around over a full-
duplex data link. Figure 3-8 shows the various test
configurations for the 1645A.

3-26. LOCAL MODEM TESTING. A local test re
guires one Model 1645A connected to the MODEM
data terminal input. The MODEM transmitter output
is connected to its own receiver input.

3-27. END-TO-END TESTING.
3-28. Half-duplex Data Link. Half-duplex, end-o-

end testing requires two instruments, one connected
to the data terminal input of each MODEM. One
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Figure 3-6. Test Configurations
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Model 1645A transmits through the system, and the
other Model 1645A receives and analyzes the data.
To verify results, the direction of transmission can be

reversed.

3-29. Full-duplex Data Link. With a Model 1645A
connected to beth ends of a full-duplex data link,
end-to-end testing is simultaneous in both directions.
Each instrument receives and analyzes test data trans-
mitted on one channel while transmitting test data on

the second channel.

2-30. LOOP AROUND TESTING.

Loop-around test-

ing over a full-duplex data link requires one Model
1645A. The remote MODIEM receives and retransmits
the test data back to the local MODEM for reception

and analysis,

3-31. MEMORY SYSTEM TESTING. An additional
application area is memory system testing. With suit-
able interfacing, the PRBS sequences generated by the
1645A can be recorded from the 1645A transmitter and
plaved back fo the receiver for the same measurement
capability offered for communications applications.

3-32. CONTROLS AND INDICATORS,

3-33. CLOCK. The CLOCK switch setting deter-
mines the bit frequency for the 1645A transmitter and
receiver. For asynchronous systems, the CLOCK
switch is set for the operating frequency of the modem
under test, The 1645A provides clock rates of 75 bps,
150 bps, 200 bps, 300 bps, 800 bps, 1200 bps, 1800
bps, 2400 bps, 3600 bps, 4800 bps, 7200 bps, and
9600 bps. For synchronous systems, CLOCK is set to
EXT, and the 164pA uses the clock from the modem
under test, applied through the rear-panel data inter-
face connector. The 1645A also accepts TTL level
clock signals in EXT through a rear-panel BNC con-

Operation

3-34. PATTERN. The PATTERN switch determines
the pattern of the transmitter data output. Test data
is transmitted in frames. A frame is one complete
test pattern or sequence, The PATTERN switch pro-
vides eight transmit patterns, The first four positions
provide PRBS patferns 2201 2117 29—1, or 26m.]
hits in length, The next three positions provide the
following space/mark patterns; 7:1 (seven zeros fol-
lowed by a one), 3:1, and 1:1. The last PATTERN position
provides a constant MARK output (a de level). In
addition, all output patterns can be inverted by the
DATA/DATA switch.

3-35. The test patterns conform to the CCITT Inter-
national Standards. In addition, the 2°—1 PRBS patt-
ern {63 bits long) allows the 1645A to work with
older Bell Telephone test sets. The 291 PRBS pattern
{over one-million bits long) provides a very long series
of ones for worst case testing of a modem receiver's
bit synchronizer.

3-36. EXPONENTRANGE. The EXPONENTRANGE
switch selects the desired length (bit count) of the test
interval. In AUTO, the 1645A counts the first 98
errors and terminates the test on the next power of 10
bits received. For example, if 98 errors were con-
tained in 1763 (1 x 10° plus) bits, the iest would
run to 1 x 10* (10 00G) bits and then terminate.
Positions 2 through 9 select test interval length in
powers of ten, ie, position 4 sets up a test 1 x 1
{10 000) bits long. With the EXPONENT RANGE
switch in CONT, the bit errors are totaled on the

EXF
{—)

continues until manually terminated by STOP.

readout. The indicator is disabled, and testing

3-37. Table 3-1 lists the bit counts and block counts

nector. for each numbered switch position.
Table 3-1. Bit Lengths/Block Lengths*®
EXPONENT
RANGE

POSITION BIT COUNT BLOCK COUNT
2 100 (1 x 10%) 11 x 107
3 1000 (1 x 10%) {1 x 109
4 10000 (1 x 109 10 (1 x 101
5 100000 (1 x 10%) 100 (1 x 10%)
6 1000 000 {1 % 108 1000 (1 x 109
7 10 000 000 (1 x 107) 10 000 (1 x 109
8 100 000 000 (1 x 10%) 100000 {1 x 109
9 1 000 000 000 (1 x 10%) 1 000 000 (1 x 10%)

*The 1645A is supplied with the block length set to 1000. If other block lengths are desired, the block length
can be changed. Refer to paragraph 3-62.
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3-38. SINGLE/CYCLE (PRINTER). In SINGLE, each
test must be started manually. Test results of all six
measurements are stored indefinitely for selectable
display. In CYCLE, the 1645A displays the selected test
results for four seconds and then autematically starts
another test.

3-39. Printer Operation. When the CYCLE (PRINT-
ER) position is selected and a printer is connected fo
the rear-panel PRINTER connector, test results are
sent to the printer in standard BCD 8421 format at
the end of each test cycie. Test results are printed
in the following sequence; Bit Erroer Rate, Clock Slip
Rate, Block Error Rate, and test function selected by
the EVENT switch. The measurement selected by the
EVENT switch is printed without an exponent for
indexing purposes. An omega symbol {Q) preceding a
reading indicates an overrange condition. An optional
printer interface cable (HP Model 10233A) is avail-
able for interfacing a printer with the 1645A.

NOTE

Regardless of EVENT switch position,
the readout and EVENT OUTPUT con-
nector will give bit error only during a
test if a printer is connected. At the end
of a test cycle, the test results supplied
to the printer are also provided to the
readout and to the EVENT QUTPUT
connector.

3-40. DTR/RTS/BACHKWARD CHANNEL. This switch
controls handshake signals from the 1645A to the
modem under test and enables backward channel
operation. The handshake signals allow the 18454 to
operate through any modem system. DTR (Data Ter-
minal Ready} signals the modem that the 1645A is on
line and ready. RTS (Reguest To Send) indicates that
the 1845A transmitter is ready to begin sending test
data. The BACKWARD CHANNEL position provides
access to the backward channel through the rear-panel
BACKWARD CHANNEL DATA connector. This al-
lows the operator to Insert signals so that the effects
of crosstalk from backward channel data on ervor rates
can be observed.

3-41. EVENT. The EVENT switch selects which
error measurement is displaved on the digital readout
and applied to the EVENT OUTPUT connector. The
EVENT switeh permits selection of the following test
results:

BIT ERROR - Readout indicates bit error rate to
1999 with exponent to minus 9.

CARR 1.0SS - Readout indicates rate of earrier
loss signals from modem or data dropouts to 99
with exponent to minus 9.

CLK SLIP - Readout indicates rate of clock slip-
pages occurring during test to 99 with exponent
to minus 9,

3-8
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BIL.OCK ERROR - Readout indicates block error
rate to 998 with exponent to minus 8.

SKEW - Readout indicates percentage (0-98%)
of ones versus zeros errors per tesi.

JITTER/TOTAL PEAK - JITTER indicates per-
centages (0-63%) of period variation of a mark
or space in asynchronous systems. TOTAL
PEAK indicates percentage sum (0-83%) of total
peak distortion, the sum of jitter and bias (width
variation between a mark and a space). CLOCK
must be set to an internal iransmitter clock
frequency when measuring jitter or total peak.

3-42. COUNT D/O - COUNT C/L BWITCH. When the
EVENT switch is set to CARR LOSS, an internal
switch mounted on the Al board between Al1J10 and
Ald11 (see figure 3-7) determines whether the 1645A
counts carrier loss signals from the modem under test
or data dropouts detected by the 1645A. The 1645A
counts dropouts in the COUNT D/0O position or carrier
losses in the COUNT C/L position.

COUNT D/O

18458A-022-03-76

Figure 3-7. COUNT D/0 - COUNT C/L Switch

3-43. OFF/FILTER. This switch permits a digital
matched filter to be switched in or out ahead of the
error detection circuits, Used with asynchronous sys-
temns, the filter removes noise and prevents data sam-
pling on glitches. This feature allows the 164B5A to
operate in the presence of high noise levels on data.
Also, if switching in the filter reduces the error rate,
it indicates the modem filter is not doing an adequate
job.

3-44. IMNDICATORS. FError monitor lights are pro-
vided for bit error, block error, clock slip, and carrier
loss. The monitor lights flash any fime an error occurs,
whether or not a measurement is in process. This
provides a continuous visual indication of the test sit-
unation to supplement the actual data taken in the
measurements.
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345, In addition to the error monitor lights, several
other indicators provide status information for the
1645A and modem. The OUT OF LOCK light indicates
that receiver synchronization has not sceurred or has
been lost. RCV DATA INV indicates that the 1845A
autopolarity circuit has received inverted data. DSR
(Data Set Read) indicates that modem power is on.
TS (Clear To Send) indicates that modem connection
to a data line has been established. LOSS OF DATA
indicates that the 1645A is not receiving data. The
TEST ON light indicates that a test is in progress.

3-46. OPERATING FEATURES.

3-47. SIMULTANEOUS MEASUREMENTS WITH
STORAGE. All measurements by the 1645A are made
simultaneously on the same data base. Each mea-
surement is then stored inside the unit and can be re-
ferred to by simply moving the EVENT switch to the
measurement position. This allows comparison-type
measurements relating the different kinds of measure-
ments made under the same test conditions.

3-48. AUTOMATIC SYNCHRONIZATION. The 1645A
receiver automatically locks on to the received signal
In a minimum ameunt of time. It relocks to the signal
when synchronization is lest or momentarily inter-
rupted. The 1645A required no manual syncing. The
automatic synchronization feature allows the unit to
be left unattended for long periods of time.

3-49. AUTOMATIC POLARITY DETECTION., Insome
systems the transmitted data may be inverted by the
system. The 1645A automatically detects this phase
Inversion and corrects for it before making error mesa-
surements.

3-50, AUTOMATIC MEASUREMENT MODE. With
the EXPONENT RANGE switch set to AUTO, a test
is automatically terminated at the next integer value
of 10 data bits after detecting at least 98 bit errors.
In this mode, the readout provides a direct, auto-
ranged measurement of error rate with no operator
interaction.

3-51. SELF-TEST MODE. A selfest mode is in-
cluded in the 164bA where errors are automatically
injected into the transmitted data stream which is
internally connected to the receiver. The recetver then
can measure this predetermined error rate. This mode
tests bit errors and block errors. The self-test mode
verifies instrument performance, and reduces test and
calibration time because the verification can be per-
formed in a few seconds on site.

3-52. REPLACEABLE INTERFACES. The entire mod-
em interface is contained on one plug-in board. This
allows the instrument o be easily configured for use
with logic levels other than RS-232C. Refer to Section 1
for other standard interfaces available. Specially-
tailored interfaces can be ordered through HP Sales/
Service (Offices.

Operation

3-53. AUXILIARY OUTPUTS. Real time jitter or tot-
al peak distortion for use with an oscilloscope or RMS
meter is provided through a BNC connector on the
1645A. An output of each error pulse is provided for
further analysis of error characteristies. During drop-
outs or carrier losses, while the error rate is blanked,
the internal clock 1s gated to the BITS LLOST connect-
or, so that lost bits can be counted. The BITS LOST
output enables the operator to keep track of downtime
caused by system failures.

3-54. OPERATING CONSIDERATIONS.

3-55. PROPER INTERFACE. Before conducting a
test, verify that the 1645A interface circuitry (Al5}
matches the MODEM under test (ie., 1if MODEM
operates with an RS-232C convention, the 1645A must
have an R8-232C interface board installed}.

3-56. OUT OF LOCK/TEST ON INDICATORS. Under
some operating conditions, the OUT OF LOCK or
TEST ON indicator may be on prior to starting a
test, Shoiild this oceur, push the START/STOP switch
to STOP and hold until the indicator goes oul. The
STOP position uniocks the autopolarity circuit and al-
lows the instrument to synchronize with the received
data. It also clears an internal flip-flop controlling the
TEST ON indicator.

3-57. FLASHING DIGITAL READQUT., If the event
count overranges, the readout digits will flash on and
off. A pulse is generated at the EVENT OUTPUT
connector for each error whether the readout is flash-
ing or not. In SKEW, a flashing display indicates in-
sufficient data to make a reading.

3-58. FROMNT AND REAR PANEL BNC CONNECTORS.
When conducting tests with the following front- and
rear-panel data input/output BNC connectors, the
DATA INTERFACE connector must be disconnected
to prevent data interference.

DATA INPUT (front panel)
EXT XMIT CLOCK (rear panel)
EXT RCV CLOCK (rear panel)

3-59. MODEMS WITH AUTOMATIC ANSWERING.
Testing systerns having an automatic answering fea-
ture must be done with the MODEM connected to the
data-link telephone lines and set for manual operation.

3-60. TESTING WITH TWO INSTRUMENTS. When
conducting a data-link test with two instruments {end-
to-end testing), the CLOCK and PATTERN switch
positions on both instruments must be identical. For
half-duplex end-to-end testing, the transmit Model
1645A DTR/RTS/BACKWARD CHANNEL switch is
set to RTS, and the receive Model 1645A switch 1s set
to DTR. For full-duplex end-to-end testing, both in-
struments are set to RTS.

3-7
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Figure 3-8. Data Transmission Inhibit Modification

3-61. HANDSHAKE SIGNALS. When the 1645A
DTR/RTS/BACKWARD CHANNEL switch is in the
RFS position, the instrument transmits data continu-
ously, not waiting for CTS (Clear To Send) from the
modem. To inhibit data transmission until CTS is re-
ceived, a jumper or 10-ochm resistor must be inserted
bhetween pin 8 of U4 and pin 5 of U2 on the R8-232C
interface board, A15. Holes are supplied near the
middle of the board, parallel to the square pins, for
this purpose (see figure 3-8).

NOTE

When operating two 1645A°s in full du-
plex testing with the jumper inserted, a
CLLEAR TOQ SEND can be generated by
moving the DTR/RTS/BACKWARD
CHANNEIL from the DTR to the RTS
position. When CLEAR TO SEND is
not present, the receiving 1645A will
indicate QUT OF LOCK, CARRIER LOSS
and LOSS OF DATA,

3-62. BLOCK LEMGTH. The block length for the
block error measurement is set to 1000 at the factory.
To change the block length, modify the A8 board as
follows:

a. Remove Rl and connect a jumper wire from
point BE {(between U3 and U4) to the point specified
in figrare 3-9.

b. Remove ASRZ through ASRLH and connect
jumpers in the corresponding circuit arrangement for
the block length desired (see figure 3-9).

3-83. TEST CONDETION SELECTION. The CLOCK,
PATTERN, and EXPONENT RANGE switches set up
the basic conditions for a test, CLOCK and PATTERN
set up both the transmitter and the receiver for the
desired test conditions, and the EXPONENT RANGE
switch sets up the receiver for the desired test length.

3-8
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3-84. Test Length. Test length is a function of bit
count and clock freguency. The bit count of a test is
determined by the EXPONENT RANGE switch. The
time of a test is the bit count divided by the CLOCK
rate (bits/sec). Table 3-2 lists bit counts and time
lengths available with front-panel settings.

3-85. Frame Vs Blogk. Test data is transmitted in
frames. A frame is a complete test pattern or sequence.
For example, with the PATTERN switch in 511, the
transmitter sends a 2?1 or 511 bit PRBS {(Pseudoran-
dom Binary Sequence). The complete PRBS sequence
constitutes a frame of data.

3-66. Regardless of frame length, the standard 1645A
receiver divides input data inte 1000-bit biocks for
analysis. For example, if the transmitted PRBS se-
quence (frame) is 511 bits long, a 1000-bit input data
block would contain 1.96 frames. If the transmitted
frame is 2047 bits long, an input data block would
contain 0.488 frame. Table 3-3 lists the frame content
and block counts available with front-panel settings.

3-67. OPERATING PROCEDURES.

3-68. SELF TEST. To verify proper operation of the
Model 1848A, proceed as follows:

a. Set the Model 1645A front panel controls as
follows:

LINE ... ON
CLOCK ... 9600
PATTERN... ... ... ... 63
EXPONENT RANGE .................. .. 4
DATA/DATA. ... ... DATA
SINGLE/CYCLE (PRINTER) . .. .. SINGLE
OFF/LOOP ... o LOOP
OFF/XMIT ERRORS ... .. XMIT ERRORS
OFF/FILTER. ... ... ... ... OFF
DTR/RTS/BACKWARD CHANNEL.. DTR
EVENT. ... ... ... BIT ERROR
JITTER/TOTAL PEAK . ..... . ... JITTER
NOTE

Momentarily set the START/STOP switch
to 8STOP and observe that the OUT OF
LOCK indicator 1s oud.

b. Momentarily set the START/STOP switch to
START and observe that the TEST ON indicator is
ON while readout is counting, and OFF when counting
stops.

c. Set the EVENT switch to the indicated posi-
tions and observe the following indications.
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BLOCK LENGTH

BLOCK END
(REMOVE R1)

BLOCK SUBTRACT INPUT TO ABUZ0
{(REMOVE R2, R3, R4 OR RG
AS NEEDED)

10

BE to BE1

O-R5-0 O
O-R2-0 O
O-R4—0

o-R3 o0 ©

102

BE to BE2

103
ISTANDARD)

BE to BE3

104

8E to BE4

105

BE to BEb

106

BE to BES

4 S L

O

10/

BE to BEY

il

E

108

BE to BE8

109

BE to BE9Q

O
O

i

Figure 8-9. A8 Jumper Connections for Different Block Lengths
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Table 3-2. Test Lengths

CLOCK EXPONENT RANGE SETTING {BITS/SEC)
SETTING
{BITS/SEC) | 2 3 4 8 5] 7 8 g
75 1.33 13.33 2.22 22,92 3.70 37.04 370.36 3703.61
sec sec min min hrs hrs hrs hrs
150 667 6.67 66.67 11.11 1.85 18.62 18519 1851.94
see sec sec min hrs hrs hrs hrs
200 50 5.0 50 8.33 1.39 13.89 138.89 1388.89
sec sec sec min hrs hrs hrs hrs
300 333 3.33 33.33 5.55 55,55 9.26 92.59 925.92
sec sec sec mirn min hrs hrs hrs
600 167 1.67 16.67 278 27.78 4.63 46.29 462.96
sec sec sec min min hrs hrs hrs
1260 83 833 8.33 1.39 18.89 2.31 23,15 231.48
sec sec nrin min hrs hrs hrs hrs
18(H) 056 Dok 5.66 553.56 9.26 1.04 25.43 154.32
sec sec sec sec min hrs hrs hrs
2400 .042 417 4.17 4167 6.94 1.16 11.57 115,74
sec sec sec sec min hrs hrs hrs
360606 A28 278 2.78 27778 4.63 46.3() 772 7716
sec sec sec sec min min hrs hrs
480 021 208 2.08 20.83 3.47 34.72 5.79 H7.87
sec sec sec sec min min hrs hrs
T200 014 138 1.39 13.89 2.31 23.14 3.86 38.58
sec sec sec sec min min hrs hrs
9600 010 104 1.04 10.42 1.74 17.36 2.84 28.93
sec sec sec sec min min hrs hrs
EVENT Position indication d. Set the Model 1645A front-panel controls as
follows:
EXP CLOCK . .., 75
BITERROR ............. 158 (£1) ';m) of 4 PATTERN . ... . g3
BXP EXPONENT RANGE .................. .. 2
CARRLOSS . ................. .. G (“ - oof 4 DATA/DATA . . DATA
ILE;) SINGLE/CYCLE (PRINTER) ... ... CYCLE
CLK SLIP . . 0 cof 4 OFF/LOOP . .. . LOOP
b OFF/XMIT ERRORS . ............... OFF
BLOCK ERROR .. ... 10 (+2, —1) EXP oy OFF/FILTER. . ..ooo i OFF
(=) EVENT. ..o JITTER
SKEW ..., 98%
e. Momentarily set the START/STOP switch to

Table 3-4 lists the BIT ERROR and BLOCK ERROR
self-lest indications for other settings of PATTERN

and EXPONENT RANGE.

3-10
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START. After 60 seconds, readout should indicate less
than or equal te 3% (for Option 101, less than or equal to
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Table 3-8, Block Counts/Frame Contents

PATTERN
PRES PATTERNS
EXPONENT (SEQUENCE BIT LENGTH) SPACE/MARK PATTERNS
RANGE
(BLOCKS) u
2204 2311 291 26,
(1048575) (2047) (511) (63) 711 3 1:1
2 l
(1 954x 107" | 049 196 1.59 12,50 o5 SQUARE
WAVE
3
(1) 954 % 10° | 488 1.96 15.87 125 250 SQUARLE
WAVE
4
(10) 954 x 107 | 4.885 1957 158.73 1250 2500 SQUARE
WAVE
5
. . X o . b = o SQUARE
{100) 095 48,85 195.69 1587.30 12 500 25 x 10 WAVE
6 954 488.5 1956.95 15 873.02 125 x 104 25 x 104 SQUARE
(1000) WAVE
7 9.54 4885.2 19569.47 | 158730.16 | 125 x 105 | 25x 10° S%[{/%RE
(10 000} WAVE
8 95.37 48 852 195 694.72 | 1587301.59. | 12.5 x 108 95 x 109 SQUARE
{100 000) WAVE
9 953.67 483 519.8 | 1956 947.16 | 15873015.87| 125 x 107 25 x 107 SQUARR
(1 000 0600) WAVE

3-69. MODEM TEST PROCEDURE,.
a. Connect Model 1645A rear panel DATA IN-

¢. When MODEM is able to accept data, the
DATA SET READY indicator will go on. After DATA

TERFACE connector to the MODEM data terminal
or computer connector using the appropriate cable
(HP P/N 01645-61605 for RS-232C connections).

b. If system is asynchronous, set CLOCK to fre-
quency of MODEM under test. If system is synchron-
ous, set CLOCK to EXT.

c. Set PATTERN to 1:1 and EXPONENT RANGE
to AUTO.

d. Set Model 1645A front panel controls as
follows:

DATA/DATA . ... DATA
SINGLE/CYCLE (PRINTER) .. . .. SINGLE
OFF/LOOP . ... ... .o .. OFF
OFF/XMIT ERRORS ... ... .. OFF
OFF/FILTER. ... o . OFF
DTR/BTS/BACKWARD CHANNEL .. DTR
EVENT. ... ... BIT ERROR

SETREADY 1son, set DTR/RTS/BACKWARD CHAN-
NEL to RTS.

f. When MODEM is ready to transmit, the
CLEAR TO SEND indicator will go on.

g. Momentarily push START/STOP to STOP and
wait until the OUT OF LOCK and TEST ON indi-
cators go out. When these indicators are out, syn-
chronization has occurred and testing cahn continue,

h. Set up required test conditions by selecting the
appropriate positions of the following switches (refer
to tables 3-1, 3-2, and 3-3);

PATTERN

EXPONENT

DATA/DATA
SINGLE/CYCLE (PRINTER)

3-11
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Table 3-4. Self Test Indications

SWITCH SETTINGS READQUT INDICATIONS
EXPONENT
PATTERN RANGE BIT ERROR BLOCK ERROR
EXP EXP
Readout {3 Readout {(—)
63 3 15 (1) 3 1D 0
28 ] 4 158 (£1) 4 10 (1) 1
5 1587 (£1) 5 98 (+1) 2
511 3 1 (x1} 3 (D 0
2% ] 4 19 (£1} 4 10 (1) 1
5 195 (1) 5 100 {£1) 2
6 1956 (£1) 6 998 (x1) 3
2047 4 4 (£1) 4 5 (x1) 1
21—] 5 48 (x1) 5 49 {£1) 2
6 488 (1) ] 489 (t1) 3
220—1 6 1{z1) 6 1(z1) 3
7 9 (1) 7 10 {=1) 4
8 95 (£1) 8 96 (£1) 5
9 953 (£1) 9 954 (£1) 6
Note: Refer to table 3.2 for test lengths

NOTE

Known errors can be injected into the
transmitted data stream by .setting
OFF/XMIT ERRORS to XMIT ERRORS.
When XMIT ERRORS the Model 1645A
injects one error per transmitted PRBS
frame. Refer to table 3-3 for an indication
of the frame and block counts for various
combinations of PATTERN and EX-
PONENT RANGE switch settings.

i. Start a new test by momentarily pushing

START/STOP to START.
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3-70. MODEM TROUBLESHOOTING. The flowchart
given in figure 3-10 summarizes how the 1645A pin-
points troublesome elements of a communications
systems. The algorithm lists the error measurement
and error with its probable source.

3-71. 'The hit error rate test is used to meagure the
overall link quality. Block error rate, when compared
t0 bit error rate on the same data base, provides an
indication of the burst characteristics of the errors.
If errors occur in a distributed fashion (high block
error rate) then review skew, jitter, or total peak dis-
tortion tests. Conversely, high bit error rate coupled
with low block error rate indicates that phase hits
and dropouts should be checked,
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Figure 3-10. Modem Troubleshooting Algorithm

3-72. If switching in the Analyzer's Digital filter re-
duces BER and BKER, then the modem filter is suspect.

3-73. Ideal Skew characteristies of erroneous data is
50%, that is, errovs should be equally distributed be-
tween ones being mistaken for zeros and vice-versa,
If errors arve skewed, then there are two possible
causes: errors are being repeated (patterned) or a de-
cision threshold is set wrong with errors being
weighted in one direction or another. In the latter
case, total peak distortion probably indicates the pre-
sence of bias distortion.

3-74. Excessive jitter indicates phase hits are occury-
ing in the channel because the 1645A transmitting ter-
minal is known to be stable (if in doubt, a self test
will verify stability). An excessive total peak measure-
ment (the sum of peak jtter and peak bias distortion)
indicates that the modems are suspect. If bias is
excessive, there will probably also be skew if the digital
filter is turned off.

3-75. Excessive elock slips indicate that data may be
valid but has shifted relative to the clock. Clock slips
in asynchronous systems generally occur from switch-
ing transients, In synchronous systemns, clock slips
can also be caused by bit synchronizer problems. To
determine if clock slips are caused by channel or
modem problems in a synchronous system, the modem
bit synchronizer can be exercised with repetitive test
patterns having long periods without transitions (pseu-
dorandom sequence of 2201} and patterns with many
transitions (29—1).

396, Dropouts {lack of transitions in the data) or
carrier losses indicate channel problems such as radio
fades or other severe amplitude hits.

3-77. 1If, after a thorough analysis of data, the errone-
ous terminal outpuis can not be determined to be
~aused by the channel or modem, then the terminals
should be checked.
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Table 4-1. Recommended Test Equipment

Model 1645A

Instrument Recommended Required Bequired
Type Model Characteristics For
Multimeter HP 34740A with Measure resistance and Performance Check
HP 347024 voliage and Troubleshooting

Monitor HP 1740A General Purpose Performance Check,

Oscilloscope 50 MHz Adjustments, and

Troubleshooting

Counter HP 5300A/5302A Frequency measurement 0 to Performance Check

Pulse Generator

Recorder

Logic-state
Analyzer

Logie Probe
Logic Pulser
Logic Clip
BNC "T" Conn.

and BNC to
BNC Connector

HP 80138

HP 5055A

HP 1600A

HP 10625T
HP 105267
HP 10528A

HP 1250-0781
HP 1250-0080

10 MHz, with 0.01% accuracy
Adiustable 0-50 MHz,
External trigger input.
Paper Printout capability

Monitor TTL levels

Monitor TTL 1C's
Puise TTL. Circuits

Connect to DIP packages

and Troubleshooting
Performance Check,
Adjustments, and
Troubleshooting

Performance Check

Troubleshooting

Troubleshooting
Troubleshooting
Troubleshooting
Performance Check,

Adjustments,
Troubleshooting

40
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Performance Check

SECTION IV

PERFORMANCE CHECK

4-1. INTRODUCTION.

4-2. This section contains step-by-step procedures for
checking instrument specifications listed in table 1-1.

4-3. TEST EQUIPMENT.,

4-4, Test equipment reguired for procedures in this
section is Hsted in table 4-1. Test equipment equivalent
to that recommended may be substituted, provided
it meets the required characteristics listed in the table.
For best results, use recently calibrated test equip-
ment.

4-5. PERFORMANCE CHECK.

4-6. The performance check can bhe used as part of
an incoming inspection, as a periedic operational test,
or to check calibration after repair or adjustments have
been made. Specific checks can be made separately
if desired. If the instrument does not perform as
specified, refer to adjustment procedures in Section V.

4-7. Performance check record forms are provided at
the end of this section for recording measurements
obtained in the first running of the procedure. This
record may be used to compare measurements taken
at later dates with the original. The first time the per-
formance check is made, enter the results on the
performance check record. Remove the record from
the manual and file it for future reference. Be sure to
inciude the instrument serial number on the record for
identification.

4-8. PHASE LOCK LOOGPE.

a. Remove top cover and connect monitor oscil-
loscope to AL4TPI, LOOP FILTER.

b, Set Model [6845A controls as follows:

CLOCK . ... 9600
PATTERN ..o o oo 11
EXPONENT RANGE .............. ... .. 2
SINGLE/CYCLE (PRINTER) ... ... CYCLE

(PRINTER)
OFF/LOOP . ... oo LOOGP
OFF/XMIT ERRORS .............. ... OFF
OFF/FILTER. ... L. OFF
EVENT........... JITTER/TOTAL PEAK
JITTER/TOTAL PEAK . ...... . ... JITTER

¢.  Adjust controls to view one complete eyele of
waveform and observe that waveform has a 50%
duty cycle.

d. Bet PATTEEN tfo 22%0—1 and CLOCK to 75,

e. Momentarily push START/8TOP to START,
observe JITTER readout for one minute, and verify that
readoutindicationis lessthan orequal to 3%. (If readout
is greater than 3% or if greater than 5% for option 101,
refer to Section V for Phase Lock Loop Adjustment.)

4-3. INT XMIT CLOCK.

a. Connect counter B 10 MHz input to 1645A
rear panel INT XMIT CLOCK connector.

b Set 1645A OFF/LOOP switch to LOOP.

¢. Remove top cover and set COUNT D/O-
COUNT C/1. switch (A181)} to COUNT /0.

d. Set counter to indicate frequency.
e. Set 1645A CLOCK switch to the following

positions (table 4-2) and observe the indicated fre-
quencies on the counter:

Table 4-2. Clock Frequencies

CLOCK
Position Frequency {Hz)
9600 9600 +0.03%
(9597.12 Hz to 9602.88 Hz)
7200 7200 +1%
4800 4800 +1%
3600 3600 +1%
2400 2400 1%
1800 1800 +1%
1200 1200 £1%
600 600 £1%
300 300 1%
200 200 1%
150 150 1%
75 75 1%

f. Set CLOGCK to 9600 and connect rear panel
INT XMIT CLOCK connector to oscilloscope input.
With oseilloscope input terminated in 50 ohm, observe
that waveform amplitude is greater than or equal to
2V (peak),

g. Set PATTERN to 1:1, OFF/LOOP to OFF, and
connect rear panel BITS LOST connector to oscillo-
scope input. With oscilioscope input terminated in
approximately 1 megohm, observe that waveform
amplitude is greater or equal to 1.5 V (peak).

4-1
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MODEL 1645A

Model 1645A

MONITOR OSCILLOSCOPE

amer
s 3 e 2B
Gea

e
i B
I

SYNC FXMIT SYNC

TRIG

1645A-009-03-76

Figure 4-1. Transmit Pattern Test Setup

h. Connect counter to rear panel BITS LOST
connector.

i, Set CLOCK to 75, and observe the following
indications:

counter indication. ... . ... ..
OUT OF LOCK indicator ............... on
LOSSOFDATA ... ... ... on

. Set OFF/LOOP switch to LOOP and observe
that counter indication is 0 Hz (+1).

4-10. TRANSMIT PATTERM.
a. (Connect test equipment as shown in figure 4-1.
b. Set front panel controls as follows:

Model 1645A:

CLOCK ... . 9600
EXPONENT RANGE ............ ... AUTO
SINGLE/CYCLE (PRINTER) ... .. SINGLE
OFF/ALOOP . ... OFF
OFF/XMIT ERRORS ..... XMIT ERRORB
OFF/FILTER. ... .00 OFF
EVENT. ... o0, BIT ERROR

Remove top cover and set COUNT D/O-COUNT
C/L switch (A181) to COUNT D/O.

Monitor Oscilloscope;

Volt/IHv {Channel B) ... ... oot 1V
VErnier .. .o e CAL
AC/GNIVDC/BOR oo 50402
DISPLAY . . B
POLARITY (Channel B} .............. +UJP
AUTO/NORM ... ... ... NORM
VERNIER . ... CAL
INT/EXT . . i EXT
TRIGGERSLOPE .................... POS

42

c. Bet PATTERN and DATA/DATA to positions
indicated in table 4-3. For each setting, momentarily
push START/STOP to START and ohserve that TEST
ON indicator is on while readout is counting, and
then goes off. After TEST ON goes off, ohserve proper
indications on Model 1645A readout and oscilioscope
Channel B (see figure 4-2),

kﬂk—-———————720USEC~“~“mwwmmh4 104
USEC

>2.0vVDC
A
ovDC
104
}qmmwww—m——72@USEC————————n4USEC}m~
2.0VDC
ovDe
B
3041
320 USEC
>2.0VDC qu ‘4USEC
\Vinle
¢ 104 USEC
104
F“’4USEC
> 2.0VDC
D
ovDC

NOTE:
AMPLITUDE MEASUREMENTS ARE
WITH 5082 TERMINATION

1645A-011-03-76

Figure 4-2. Transmit Paitern Test Waveforms
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d. Set PATTERN to MARK, DATA/DATA to
DATA and observe a +2.5 Vde level on oscilloscope
and that QUT OF LOCK and LOSS OF DATA indi-
cators are on.

e. Set DATA/DATA to DATA and observe 0 Vde
level on oscilloscope.

f. Set PATTERN o i:1.

g. Switch oscilloscope to channel A and observe
that waveform amplitude is greater than or equal
to 1.5 V (peak) with approximately 1 megehm input
termination.

4-11, JTTER/TOTAL PEAK.

NOTE
Insert Standard RS-232C interface board
for this check. The following procedure
does not work with certain special inter-

face boards.

a. Connect test equipment as shown in figure 4-8.

Performance Check

b. Set 1645A front panel controls as follows:

CLOCK ... 9600
PATTERN . ... ot i
DATA/DATA ... ... .., DATA
EXPONENTRANGE ................. ... 2
SINGLE/CYCLE (PRINTER) ... .. CYCLE

(PRINTER)
OFF/ALOO0P ..o OF¥
OFF/XMITERRORS ... ... ... OFF
OFF/FILTER... ... oo . OFF
EVENT........... JITTER/TOTAL PEAK
JITTER/TOTAL PEAK . .. .. TOTAL PEAK

c. Remove top cover and set COUNT D/O-
COUNT C/L switch (A151) to COUNT D/O.

d. Set pulse generator for externally triggered (+)
operation, adjust output amplitude for +3 V (peak),
and adjust pulse width for a 40% duty cycle.

e. Observe that Model 1645A digital readout
indicates 18% to 22% and that oscilloscope channel A

waveform is a 2 V p-p square wave,

Table 4-3, Transmit Pattern Check Indications

SWITCH SETTINGS READOQUTINDICATIONS OSCILLOSCOPE
BIiT CARR CLY BlL.OCK CHANNEL A
PATTERN DATA/DATA ERROR LOSS SLIP ERROR SKEW INDICATION
EXP EXP EXP EXP
2047 DATA 48R 1 (—) 6 ] O(=)6 1 0{—) 6 HMBR (1) (— 3 fixed PRBS bit pattern
EXP EXP EXP EXP fixed PRES bit pattern
511 DATA PO (E13 ()5 ] 0 (=B 1 0O(—) 5 {100(z1){(—) 2
EXP EXP EXpP EXP
63 DATA B9 ED(—)4 0 ()4 T0(—Y4 10¢1) ()1 98% {fixed PRBS bit pattern
EXP EXP EXP EXP
63 DATA 19N (— 41 044 0 ()4 10D (—)1 0% fixed bit patiern
inverted from above
Set EXPONENT RANGE to 4
T EXP EXP EXP EXP
71 DATA 0(—)4 0(=1410(—4 O(—)1 FLASHING See fig. 4-2A
EXP EXP EXP EXP
7:1 DATA 0{— 4 0(—4 104 0 (=31 FLASHING See fig. 4-2B
EXP EXP EXP EXP
3:1 DATA 0(—)4 0{(—)4 10(—) 4 01 FLASHING See fig. 4-2C
EXP EXP EXP EXP )
1:1 DATA 0 (—) 4 0(—3410(—14 0(—1 F’LASHING See fig. 4-2D
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f. Bet JITTER/TOTAL PEAK switch to JITTER.
Observe that 1645A digital readout indicates less than
2% (5% - Option 101).

. Set 16845A controls as follows:

CLOCK ... . 75
PATTERN.. ... ... ... 23]
OFF/LOCGP.. .. ..o oL LOGP

h. Momentarily set START/STOP to START.
Observe that digital readout indicates less than 2%,
and test TEST ON indicator flashes on and off (5% -
Option 101).

1. Set 1645A controis as follows:

CLOCK.. ... 8600
PATTERN ... ... ol 11
OFF/LOOP..................... ... OFF
JITTER/TOTAL PEAK. .. .. TOTAL PEAK

j. Adjust pulse generator output amplitude fo
+5 V (peak). Observe that digital readout indicates
18% to 22% and that channel A waveform is a 2 V pp
square wave.

PULSE GEMERATOR

TRIGGER
INPUT QUTPLUIT (+}

Model 1645A

X SetJITTER/TOTALPEAK to JITTER. Observe
that digital readout indicates less than 3% (5% - Option
101},

4-12. EXTERNAL DRIVE.

a. Connect test equipment as shown in figure 4-4,

b. Bet front panel controls as follows:

Model 1645A:

CLOCK ... . EXT
PATTERN..................... .. .. 2201
DATA/DATA . ... ... ... ..... DATA
SINGLE/CYCLE (PRINTER)..... SINGLE
OFF/LOOP. . ........ ... ..., LOOP
OFF/XMIT ERRORS .. ... XMIT ERRORS
OFF/FILTER. ... ... ... ory
EVENT ... ... ... BIT ERROR

Remove top cover and set COUNT D/Q-COUNT
€1 switch (A1S1) to COUNT D/O.

MONITOR OSCILLOSCOPE

MODEL 1645A

ouTPUT

DATA DATA
INPUT CUTPUT

JTTER/BIAS

NOTE:
SCOPE CHANNEL A INPUT
1 MEGOHM, CHANNEL 8 INPUT
5a £}
1645A-01 00376

Figure 4-3. Jitter/ Total Peak Test Setup
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Monitor Oscillogcope:

Volts/Div {Channel Ay ................ 1V
Vernier ... . ... .. .. ... . .. CAL
AC/GND/DC/ABO ... o . bC
DISPLAY A
TRIGGER ... .. .. A
Time/Div. ... . .. . 215
VERNIER ... ... ... .. ..., CAL
INT/EXT . o . INT
TRIGGER ST.OPE ... ... ... ... ... POS
All other pushbuttons ... ... .. ... ourT

c. Set pulse generator output for a 5 =5 MHz
square wave with an amplitude of +4 V {peak).

d. Set EXPONENT RANGE to the positions indi-
cated in table 4-4. For each position, momentarily
push START/STOP to START and observe that TEST
ON indicator is on while the readout is counting,
and then goes off. After TEST ON goes off, observe
the proper indication on the 1645A rveadout. (Note
that EXP indicator is on and BIT ERROR indicator
is flashing.)

e. Set PATTERN switch to 63 and observe that
bit pattern on Channel A of oscilloscope is stable and
repeats with each EVENT output pulse.

f. Set EXPONENT RANGE to CONT. Observe
that EXP indicator is off and that oscilloscope
amplitude is 21.5 V (peak).

Performance Check

4-13. DROP-OUT.

MOTE
Pin numbers listed in step d are for RS-
232C interface only. For other interfaces,
ensure that appropriate signals are
Jjumpered togather,

a. Disconnect all test equipment and set 1645A
front panel controls as follows:

CLOCK.......o. 9600
PATTERN. . ..., 63
EXPONENT RANGE ............ .. CONT
SINGLE/CYCLE (PRINTER) .. ... SINGLE

DTR/RTS/BACKWARD CHANNEL .. DTR

OFF/LOOP. ... OFF
OFF/XMIT ERRORS ... IMIT ERRORS
OFF/FILTER.............. ... ... OFF
EVENT. ... BIT ERRORS
DATA/DATA ... ... .. DATA

b. Remove top cover and set COUNT D/O-
COUNT C/L switch (A1S1) to COUNT C/1..

¢. Set loop ON, then OFF.

d. Verify the following indicator status on the
1645A front panel:

OQUTOFLOCK ... ... on
LOSS OF DATA ... ... .. . ... on
DATA SETREADY ... ... ... ... off
CLEARTOSEND ...................... off
TESTON. ... off

PULSE GENERATOR

o——0 [ |
=9 ® ®©
—— @ @®LL®
QY Q0O I

T T_'
QUTPUT (+)

TO REAR PANEL
EXT RCY CLOCK
CONNECTOR

MODEL 1645A

EVENT
QUTPUT

TO REAR PANEL
EXT XMIT CLOCK
. CONNECTOR

1845A-012-03-76

Figure 4-4. External Drive Test Setup 4-5
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BITERROR ............ ..o on
CARRLOSS ... .. off
BLOCKERROR......................... on
CLOCK SLIP.........oooi, off

e. Set LINE to OFF and jumper the following pins
on rear panel RS-232C DATA INTERFACE connector:

pind4topind (RTS te CTH)
pin 6 to pin 20 (DSR te DTR)
pin 8 to pin 19 (CAR. ON to SECOND RTS)

f. Set LINE to ON and observe the following
indicator status on 1643A front panel:

OQUTOFTLOCK. .o i on
LOSSOFDATA ....................... on
DATASET READY ... ... ..o, on
CLEARTOSEND. ... ... . . off
TEST ON o e e off
BITERROR............. ... o i on
CARRLOSS ... i i, on
CLKSLIP. ... i, off
ROV DATA ... ... on

Table 4-4. External Drive Bit Error Indications

EXPONENT BIT
RANGE ERROR

SETTING READOQUT
- EXP

AUTO 963 (1) (—) 9
EXP

9 953 (1} (=) 9
EXP

8 95 (1) {—) 8
EXP

7 9 (1) {—) 7
EXP

6 0 orl (—) 6
EXP

5 0 ori (—) 5
EXP

4 0 orl (=) 4
EXP

3 0 ori {—} 3
EXP

2 0 orl {omn } 2

4-6
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g£. Set - DTR/RTS/BACKWARID CHANNEL
switch to RTS and observe that CLEAR TO SEND

indicator is on.

h. Set  DTR/RTS/BACKWARD CHANNEL .
switch to BACKWARD CHANNEL and observe that
CARR LOSS indicator 1s off.

1. Bet LINE to OFF and remove jumpers from
rear panel R3-232C DATA INTERFACE connector,

i. Bet DTR/RTS/BACKWARD CHANNEL to
DTR, set LINE to ON, and monitor voltage hetween
pin 4 of rear panel RS-232C DATA INTERFACE
connector and chassis ground. Observe an indication
of —5 Vde to —12 Vde.

k. Set DTR/RTS/BACKWARD CHANNEL
switch to BACKWARD CHANNEL, and monitor
voltage between pin 4 of rear panel RS-232C DATA
INTERFACE connector and chassis ground. Observe
an indication of +5 Vde to +12 Vde.

1. Set pulse generator output as shown in figure
4-bA, and apply to rear panel BACKWARD CHAN-
NEL connector.

m. Using oscilloscope monitor pin 14 of rear panel
DATA INTERFACE connector and observe waveform
shown in figure 4-5B.

4-14. CARRIER LOSS/CLOCK SLIP.

a. Disconnect all test equipment and set 1645A
front panel controls as foliows:

CLOCK ... oo, 9600
PATTERN ... ... ... . ... ... 1:1
EXPONENT RANGE ............ ... CONT
SINGLE/CYCLE (PRINTER) .. ... SINGLE
OFF/L.OOP. ... ..., LOOP
OFF/XMIT ERRORS ... .. XMIT ERRORS
OFF/FILTER. . ... ... .. ... OFF
EVENT...................... CARER LOSS

+AV DO

A
VD

C et
"'f 13.3MSEC
{75 Hz)

+5 TO +12VDLC

B ——dt__fedo

-5 TO —12vDC—#=] 13.3MSEC p—r

1645A-013-03-76

Figure 4-5. Drop-out Test Waveforms A+B
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b, Remove top cover and set COUNT T/O-
COUNT C/IL: switch (A181) to COUNT D/O.

c. Momentarily set START/STOP switch to
START.

d. Switch OFF/LOQP from LOOP to OFF and
back ten times, ending at LOOP position. Readout
should indicate 10.

e. Bet EVENT switeh to CLK SLIP and momen-
tarily set START/STOP to START.

f. Switch DATA/DATA from DATA to DATA
and back ten times, ending at DATA position. Read-
out should indicate 20.

4-15. PRINTER INTERFACE.

a. Connect recorder to 1646A rear panel

PRINTER connector with inter-connecting cable (HP

Model 10233A).

b, Set 1645A front panel controls as follows:

CLOCK ... 9600
PATTERN . ........ ... ... .. ... 63
DATA/DATA ... .. ... . ... DATA
EXPONENT RANGE ... ... .. .. 4
SINGLE/CYCLE (PRINTER) ... .. SINGLE

Performance Check

DTR/RTS/BACKWARD CHANNEL .. RTS

OFF/ALOOP .. ... ... ... .. ... L.GOP
OFEF/XMIT ERRORS .. ... KMIT ERRORS
QOFF/FILTER ... ... o, OFF
EVENT. ... ... ... ... ..... CARR LGSB

¢. Remove top cover and set COUNT D/O-
COUNT C/L switch (A181) to COUNT D/O.

d. Apply power to recorder and set for print
operation.

e. Momentarily set START/STOP to START,
and set SINGLE/CYCLE (PRINTER) to CYCLE
{PRINTER).

f. Verify that recorder prints the following
numbers in the indicated sequence;

1. 159 4
2. 000
3. 010 1
4. 06O

NOTE

The above sequence is repeated after
the 4th reading. 1| is bit error, 2 is clock
slip, 8 is block error, and 4 is the event
selected by the EVENT switch. No expo-
nent is provided for the fourth item.

4-7/(4-8 blank)
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PERFORMANCE CHECK RECORD

MODEL 1645A

Performance Check

Instrument Serial Number Date
Check Specification Measured
PHASELOCKLOCP
Waveform 50% duty cycle e
INT XMIT CLOCK
900 +0.03%
Clock Frequencies (9597.12 Hz to
9600 9602.88 Hz) —
7200 7200 1% [
4800 4800 +1% I
3600 3600 £1% e
2400 2400 £19% _ —
1800 1800 +1% [
1200 1200 £1% e
600 600 1% e
300 300 =1% [
200 200 1% [
150 150 1% R
75 75 £1% [
Bits Lost Amplitude is >1.5 V e
70 - 80 Hz s
0 Hz R
TRANSMITPATTERN
2047 See Table 4-2 e
511 See Table 4-2 e
63 See Table 4-2 —
63 (DATA) See Table 4-2 e
71 {(DATA) See Table 4-2 e
71 See Table 4-2
3:1 See Table 4-2 e
1:1 See Table 4-2 e
JITTER/TOTALPEAK

+3V (peak) input

+5V (peak) input

18% to 22%
less than 3%
less than 3%

18% to 22%
less than 3%
less than 3%

4-8a
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PERFORMANCE CHECK RECORD (Cont'd)
MODEL 1e45a

instrument Serial Number — e Date

Voltage at pin 4

Waveform at pin 4

CARRIERLOSS/CLOCKSLIP

CARR LOSS out

—Hto —12 Vde
+5 to +12 Vde
See figure 4-5B

Check Specification Measured
EXTERNAL DRIVE
EXPONENT RANGE
AUTO 953 (1} (—) 9 .
9 953 (21} (—) 9 — o
& 96 (1) (—) 8 e
7 G (—r T e
6 Dorl(—)6 e
5 forl{(—}5 e
4 Dorl(—)4 e
3 Qorl(—)3 S
2 ODorl(—)2 e
CONT OVER-RANGING
DROP OUT
CLEAR TO
INDICATOR STATUS SEND on i _

Carrier l.oss indication 10 (21} -
Clock Slip indication 20 (x1) S
PRINTERINTERFACE
Recorder indication 159 4
000 4
010 1 e —
000 e

4-8h






