
A Data Error Analyzer for Tracking Down 
Problems in Data Communications 
A combined data  generator  and se l f  -synchron iz ing 
receiver ,  th is  new inst rument  makes s ix  d i f ferent  
measurements s imul taneously,  help ing to p inpoint  sources 
of  t rouble  in  data communicat ions systems.  

by Jeffrey R.  Duerr  

WITH THE GROWING USE of voice-communi 
cation channels for the transmission of digital 

data, maintaining transmission reliability becomes 
of increasing concern. 

Reliability can be enhanced by repeating messages 
or by transmitting at slower rates, which means less 
efficient use of facilities, or it can be enhanced by the 
use of error-correcting codes, which implies more 
complex equipment. On the other hand, increased re 
liability results from consistently maintaining opti 
mum system performance. 

Making sure that optimum performance is main 
tained at all times has not been as simple and straight 
forward as one might surmise. The transmission of di 
gital data over any distance often involves sophisti 
cated equipment designed and manufactured by 
several different firms. The data may originate in a 
keyboard/display terminal or a computer made by 
one firm, be coupled to someone else's telephone sys 
tem by a modem made by still another firm, be trans 
mitted over the telephone system to another modem, 
and finally reach the receiving terminal or computer. 
The system is usually a combination of the efforts of a 
terminal manufacturer, a separate modem manufac 

turer, a representative of the telephone company, 
and an in-house technician, none of whom are liable 
to be involved in a comprehensive view of the whole 
system. 

Diagnostic programs that can show whether or not 
a system is operating satisfactorily have been writ 
ten, but interpreting results when the system does 
not operate properly is often hard to do, especially 
since those who understand the diagnostics may not 
have a good understanding of the various parts of the 
system. 

For these reasons a new instrument was con 
ceived, an instrument sufficiently complex to fully 
exercise a sophisticated data link yet simple enough 
to be operated without detailed knowledge of the var 
ious parts of the system under test. Information pre 
sented by the instrument is unambiguous and easily 
interpreted to help track down the system compon 
ent at fault. 

This instrument, Model 1645A Data Error Ana 
lyzer [Fig. 1) , is designed primarily to survey data 
communications systems that use voice-grade phone 
lines. It derives the information necessary to ap 
proach solutions to network problems by generating 

F i g .  1 .  M o d e l  1 6 4 5 A  D a t a  E r r o r  
A n a l y z e r  g e n e r a t e s  d i g i t a l  t e s t  
pat terns in i ts  t ransmit ter  sect ion,  
t r ansmi t s  t he  pa t te rns  th rough  a  
c o m m u n i c a t i o n s  c h a n n e l ,  a n d  
analyzes the rece ived pat terns in  
i ts  rece iver  sect ion by  compar ing 
t h e m  t o  l o c a l l y - g e n e r a t e d  p a t  
te rns  I t  ana lyzes  the  pat te rns  s ix  
ways s imul taneously.  

11 

© Copr. 1949-1998 Hewlett-Packard Co.



and interpreting digital patterns. It operates at 12 
standard bit rates from 75 to 9600 bits/s but it can ana 
lyze synchronous systems at any bit rate up to 
5 Mbits/s. 

Mult ip le  Tests  
The Analyzer generates pseudorandom bit se 

quences for the data input. At the receiving end, it 
compares the received sequence to a locally gener 
ated sequence identical to the transmitted sequence. 
For end-to-end measurements, two instruments are 
used, but because the instrument contains both trans 
mitting and receiving circuits, only one is needed for 
loop-around tests. 

The instrument makes several tests as it compares 
the received and locally generated sequences. Be 
sides measuring bit-error rate, which gives a mea 
sure of how well a digital transmission system is per 
forming, it measures several other parameters to help 
localize problems. The tests it performs are: 
â€¢ Bit error rate (BER), the ratio of number of in 
correct bits to number of bits received. It is fast be 
coming the preferred indicator of digital transmis 
sion quality. 
â€¢ Block error rate (BKER), the ratio of the number of 
data blocks that have errors to the number of blocks 
received. In the 1645A, each block has 1000 bits. 
When compared to bit-error rate, this indicates the 
distribution of error, that is, whether they are evenly 
distributed or whether they occur in bursts. 
â€¢ Skew, a comparison of the number of times that 
a "1" data bit is in error to the number of times that 
a "0" is in error. As measured by the new Data Error 
Analyzer, skew is the percentage of time that " 1 "s " are 
in error with respect to total errors. If the reading is 
not consistently near 50%, it indicates that the er 
rors may be pattern sensitive or that a decision thresh 
old somewhere in the system is improperly set. 
â€¢ Jitter, which is peak-to-peak timing variations in 
the received bits expressed as percent of nominal bit 
period. This can be the result of power line pickup or 
other interference with the timing of the system. 
â€¢ Total peak distortion, which is jitter plus bias, 
bias being a condition where marks, or "1". data bits, 
are consistently of a different length from the spaces, 
or "0" data bits, expressed as a percent of nominal bit 
period. It usually results from an improperly set 
threshold level and often results in skew. 
â€¢ Clock slip, the number of times that data jumped 
one bit period or more during the selected measure 
ment interval. It usually results from phase hits 
caused by path switching in the transmission link or 
it could be caused by slippage of the bit synchronizer 
in a synchronous modem. 
â€¢  A  synch ronous  sys tem Â¡s  de f i ned  as  one  where  sys tem t im ing  i s  synch ron i zed  to  a  mas te r  c l ock  i n  
t he  t r ansm i t t i ng  modem.  A  c l ock - recove ry  c i r cu i t  i n  t he  r ece i v i ng  modem recons t i t u t es  t he  mas te r  c l ock  
fo r  the  te rmina l  .  In  an  asynchronous sys tem,  t im ing  is  cont ro l  led  by  the  te rmina l  .  eg  .  a  te le typewr i te r  

â€¢ Carrier loss, expressed as the number of times that 
input data faded during the measurement period. An 
output is provided so the number of bits lost can be 
totaled by an external counter to derive a measure of 
total lost time. 

Organiz ing Test  Resul ts  
Errors are accumulated for a time interval equiva 

lent to the number of bits selected by a front-panel 
switch, which gives a choice of 102 to 109 bits in de 
cade steps. Tests may also be conducted in an AUTO 
mode that terminates a test on the next decade 
number of bits received after 98 errors have been 
counted. This assures valid (non-overranged) read 
ings when the instrument must be left unattended. 
Tests may also be started and stopped manually. 

Single tests can be made, each in response to a 
front-panel switch, or tests may be repeated automati 
cally. 

Regardless of the test selected for display during 
the measurement interval, front-panel indicators 
flash to show occurrence of each of four types of er 
rors (BER, BKER, clock slip, carrier loss). During the 
test, the display presents a continuously updated in 
dication of number of errors. Results of all tests are 
stored internally and at the conclusion of the meas 
urement interval, are made available for readout 
individually, as selected by a front-panel switch. 
This permits comparison of all values obtained on 
the same data, an aid in diagnosing problems. The re 
sults of any four tests are also printed sequentially if 
an external printer is used, permitting long-term, 
repetitive tests to be conducted unattended. 

The instrument outputs a pulse once per received 
digital sequence, enabling oscilloscope viewing of 
the received sequence. It also outputs a pulse when 
ever an error is detected. One of the uses for this out 
put is to trigger an oscilloscope or logic analyzer 
when an error occurs, so the 16 bits that precede the 
error can be displayed. A 16-bit delay makes the last 
16 bits available at a front-panel connector. This is 
useful in determining whether certain bit patterns 
cause the errors. 

The time lapse between a data edge and an internal 
clock reference is available at a front-panel connec 
tor as an analog signal. This allows oscilloscope 
study of the cyclic nature of any jitter, often helping 
by providing clues as to the cause of the jitter, e.g., 
powerline pickup. 

Where I t  Goes 
In evaluating a system, the Data Error Analyzer 

usually connects to the modem in place of the termin 
al. Accordingly, it generates and responds to the 
"handshake" signals used by modems. The display 
includes the necessary indicators (DATA SET READY, 
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CLEAR TO SEND) and a front-panel switch selects the 
control Status (DATA TERMINAL READY, REQUEST TO 
SEND). The switch also has a BACKWARD CHANNEL posi 
tion to allow tests involving the modem's supervi 
sory channel. 

Interface is by way of a plug-in circuit card and 
connector (Fig. 2) that can be changed to meet the 
requirements of different interface standards. Nor 
mally, the instrument is supplied with a card that 
meets the logic-level and pin numbering require 
ments of EIA specification RS232C (CCITT V 24). 

TTL-compatible inputs and outputs through BNC 
connectors on the front and rear panels facilitate use 
of the instrument in the lab and in other special situa 
tions. 

Test  Patterns 
A front-panel switch selects one of seven digital se 

quences in NRZ (non-return to zero) format for trans 
mission and at the same time it sets the receiver cir 
cuits to the identical pattern. Four pseudorandom bit 
sequences (PRBS) are available (63, 511, 1047, and 
1 048 575 bits) and there are three mark:space pat- 

Fig.  2 .  P lug- in  modules in ter face the Data Error  Analyzer  to  
the system to  be tes ted.  The c i rcu i t  card conver ts  the ins t ru  
ment 's logic levels to those required by the system. An appro 
pr ia te  connector  is  inc luded.  

terns, a single mark (or "1") preceded by 1, 3, or 7 
spaces ("0"), a greater range of test sequences than 
CCITT requirements. A DATA/DATA switch allows the 
complement of the selected pattern to be used, e.g. , a 
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single space preceded by seven marks. 
The pattern selector switch also has a MARK posi 

tion that simply places a dc level on the output. 
In end-to-end measurements, as long as the receiv 

ing instrument is set to the same pattern and bit rate 
as the transmitting instrument, the receiver circuits 
automatically synchronize to the transmitted bit rate 
and automatically align the locally-generated bit se 
quence to that transmitted. The receiving circuits al 
so sense whether or not the polarity of the transmit 
ted bit sequence may have been inverted during 
transmission and perform a re-inversion if neces 
sary. Furthermore, the display circuits are autorang- 
ing. Thus, in routine tests the operator need concern 
himself only with setting the pattern and bit-rate 
switches and selecting the time duration of the test. 

The instrument also has a LOOP mode that internal 
ly couples the transmitting circuits directly to the re 
ceiving circuits to verify that the instrument is operat 
ing correctly. One bit in each PRBS sequence can be 
made a deliberate error so the operation of the error- 
detecting circuits can be confirmed. 

Some of the ways that the Data Error Analyzer may 
be connected to a system for tests is shown in Fig. 3. 
The manner in which it used to track down a prob 
lem is shown by the troubleshooting diagram of 
Fig. 4. 
Instrument  Operat ion 

A block diagram of the Data Error Analyzer is 
shown in Fig. 5. The pseudorandom digital se 
quences are generated in a shift register that has feed 
back through exclusive-OR gates to its input from se 
lected stages within the register. The mark:space se 
quences are generated by a counter that resets after a 
selected number of counts. 

The clock frequency is divided down from a 5.76 
MHz crystal oscillator to one of the standard modem 
clock frequencies, or it can be supplied by an exter 
nal source. 

The selected sequence is supplied to the front 
panel through a TTL-level buffer and to the interface 
module that converts the sequence to levels suitable 
for the system to be tested. These are the only cir 
cuits concerned with the transmit function. All the 
others belong to the receiver. 

The test sequence, after transmission through the 
unit or system under test, is brought into the instru 
ment either through a front-panel connector (not 
shown) or through the interface module. It is then dis 
tributed to the various circuits. 

Receiver timing is controlled by the bit synchron 
izer. This has a stable 5.76 MHz oscillator that is 
phase-locked to the incoming data stream. The out 
put of the oscillator is divided down to derive the se 
lected clock frequency. It is not used, however, if an 
external clock is supplied. 

Checking for  Errors 
The incoming data is compared bit by bit to the out 

put of a closed-loop shift register that is configured 
the same as the transmitting shift register. Whenever 
the two bit sequences differ, an error is counted. 
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F i g .  4 .  T r o u b l e s h o o t i n g  d i a g r a m  s h o w s  h o w  v a r i o u s  t e s t  
resul ts are used to track down problems in a data communica 
t ions system. 
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From this, measurements of bit-error rate are de 
rived. 

The incoming data is also compared to the output 
of an open-loop shift register that uses the same ex- 
clusive-OR gate configuration as the transmit register 
but which has no feedback connection. This regis 
ter is used for synchronizing the closed-loop shift 
register, for detecting clock slip, and for detecting 
the need for inverting the polarity of the incoming 
data stream, as will be described subsequently. 

Block-error rate is measured by incrementing a 
counter every 1000 bits only if one or more errors had 
occurred during the 1000-bit block. Skew is mea 
sured by totaling all errors in one counter and only 
the 1's errors in a second counter. When the all-error 
counter overflows on a count of 100 (actually 98 be 
cause of internal logic), the contents of the 1's-only 
counter is latched out as the measure of skew. 

F i g .  5 .  B l o c k  d i a g r a m  o f  M o d e l  
1645A Data Error  Analyzer .  

The jitter/bias circuit compares the timing of the da 
ta edges to clock pulses derived from the phase- 
locked oscillator. From this comparison, values for 
jitter and total peak distortion are derived. 

Carrier loss is detected by a counter that totals 
clock pulses between data transitions in the incom 
ing data stream. If more than 16 clock periods elapse 
without a data transition, it is assumed that a dropout 
occurred. For the long pseudorandom sequence, 
which has up to 20 bits without a transition, the deci 
sion threshold is set to 32. The error measuring cir 
cuits are inhibited when carrier loss is detected so as 
not to count false errors beyond those counted dur 
ing the detection period. The error count resumes, 
however, after the carrier returns so measurements 
are not aborted by a carrier loss. 

The incoming data is also applied to a 16-bit shift 
register that serves for temporary storage. This 
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errors F i g .  6 .  S i m p l i f i e d  d i a g r a m  i l l u s  
t r a t e s  c o n c e p t  b e h i n d  c l o s e d -  
l o o p  ( f e e d b a c k )  a n d  o p e n - l o o p  
( f eed fo rwa rd )  r eg i s te r s  and  how  
t h e  t w o  c o n f i g u r a t i o n s  a r e  u s e d  
in the Data Error  Analyzer.  

makes the 16 bits that precede an error available for 
examination. 

Automat ic  Sync 
For the error detection circuits to work, the closed- 

loop shift register in the receiver must operate in 
synchronism with the shift register in the transmit 
ter. Frame sync, as it is called, is accomplished with 
the help of the open-loop shift register. 

By way of explanation, the two shift register con 
figurations are shown in Fig. 6. The output of the 
closed-loop or feedback register is passed through an 
exclusive-OR gate and fed back into the input. There 
is an output from the exclusive-OR gate only when 
its inputs differ, so the output of the feedback register 
may or may not be fed back unaltered depending on 
the state of the other input to the gate. With proper 
choice of feedback taps (and precautions to assure 
that the shift register is never in the all-zero state), 
the shift register generates all possible combinations 
of N ones and zeros, except all zeros, where N is the 
number of states in the register. 

If the same PRBS sequence generated by the feed 
back register were fed into the open-loop or feedfor 
ward register, the output of the feedforward register 
would be identical to its input, just as though it were 
supplying its own input. If, however, an error were 
injected into the input stream, it would cause two er 
rors at the output (once in each stage connected to 
the exclusive-OR gate). Open-loop shift registers 
therefore are not accurate indicators of bit-error rate, 
not only adding errors but also cancelling errors 
when there is more than one error in the register. 
However, frame sync with the data stream is auto 
matically achieved as soon as the data loads N bits 
into the register. 

These properties are used to advantage in the new 
Data Error Analyzer. As shown in Fig. 6, the incom 

ing bit stream is fed only to the feedforward register 
but it is compared to the outputs of both registers. 
The instrument, however, counts only the errors 
from the feedback register when measuring bit-error 
rate. 

The comparison of the errors detected by the two 
registers determines the course of action within the 
instrument. At startup or following a clock slip, both 
registers will be out of frame sync, but within N bits 
the feedforward register will be loaded by the incom 
ing data and will stop generating errors. The feed 
back register, on the other hand, continues to gener 
ate errors. 

Errors from the feedback register are totaled in a 
counter that is reset by errors from the feedforward re 
gister. If the counter overflows, indicating a great ex 
cess of feedback errors over feedforward errors, the 
overflow turns on a front-panel OUT OF LOCK indica 
tor and it initiates the transfer of the contents of the 
feedforward register, which now has valid data, into 
the feedback register. This is how the instrument 
achieves frame sync automatically. 

Following start up, frame sync is required only 
when there has been a clock slip or when there has 
been a carrier loss. Each time frame sync is triggered, 
the clock slip totalizer is incremented one count. 

This system is also used to detect the polarity of 
the data stream. If the data stream is inverted by the 
system under test, the output of the feedforward re 
gister will nevertheless have the proper polarity be 
cause both inputs to the exclusive-OR gate are in 
verted. The feedforward error detector would thus de 
tect errors 100% of the time. If errors are counted 
100% of the time, the control circuits switch an in 
verter into the data path. 

The autopolarity system is locked up during a test 
interval to prevent bursts of errors from triggering 
polarity inversion. 
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F i g .  7 .  B l o c k  d i a g r a m  o f  j i t t e r  
measurement  c i rcu i t .  

Ji t ter /Tota l  Peak Measurement  
Jitter is measured by counting 100 x clock pulses 

(100 x faster than the clock rate) from a data edge to 
the clock edge, which normally occurs half way 
through the data bit period. The difference between 
the lowest and highest values counted during the 
test interval is a measure of jitter. 

This is carried out by the system diagrammed in 
Fig. 7. Upon sensing a positive-going data edge, the 
edge detector generates a start pulse for the con 
troller which in turn enables the interval counter to 
start totalizing 100 x clock pulses. The next clock 
edge stops the count, the exact count depending 
upon the position of the data edge with respect to the 
clock edge. 

The count thus obtained is compared to the count 
in the low store register. If the count in the interval 
counter is the lesser of the two, it is loaded into the 
low store register in place of the count already there 
(the register was loaded with the first interval count 
at the beginning of a test). 

The count in the interval counter is also compared 
to the sum of the counts in the low store and differ 
ence store registers. If the new count is greater than 
this sum, which represents the maximum count that 
has been received, the number in the low store reg 
ister is subtracted from the new count and the result 
is loaded into the difference store register. 

The difference register now contains a number 
that corresponds to jitter directly in terms of percent 

of clock period (100 counts equals 100%). The con 
tents of this register are displayed to give readings of 
jitter. 

Total peak distortion (jitter plus bias) is measured 
by switching the edge detector to respond to both 
posit ive- and negative-going data edges.  The 
number in the difference store thus reflects both the 
edge variations (jitter) and the relative positional dif 
ference between positive and negative edges (bias). 

Fig.  8 .  Osci l logram of  analog waveform avai lab le at  J ITTER/ 
TOTAL PEAK output .  The nature of  the waveform helps deter  
mine the cause of  the j i t ter  ( the waveform appears quant ized 
because i t  i s  made up o f  d iscre te  samples) .  
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An additional feature of the system is that the inter 
val counter contains continuously up-dated informa 
tion about the position of data edges with respect to 
the clock. When the data-edge-to-clock count is com 
plete, this information is converted to an analog vol 
tage and presented at a front-panel connector, gener 
ating a waveform that corresponds to the movement 
of data edges with respect to the clock. The resulting 
waveform can be viewed on an oscilloscope, as 
shown in Fig. 8, as an aid in determining the source 
of the jitter. This output (JITTER/TOTAL PEAK) is cali 
brated so 1 volt out represents 10% distortion. 

When the Analyzer is measuring total peak distor 
tion, the oscilloscope's vertical deflection switches 
back and forth from the voltage corresponding to the 
positive-edge-to-clock interval to the voltage corre 
sponding to the negative-edge-to-clock interval, trac 
ing out two waveforms. The separation between 
waveforms is proportional to bias. 

When the Analyzer is used with an external clock, 
the jitter measurement circuits are disabled since no 
100X clock would then be available. Jitter in synch 
ronous systems, where an external clock most likely 
would be used, is usually less than 1% and is not a 
problem at the modem output. Jitter is primarily of 
concern with asynchronous systems where it may be 
as much as 20%. 

Received Clock Compare  Data Out 

50 

Data In 

Single 
Sample  

_ J  I    

Reconstructed 
Data 

Analog 
Filtered 
Data Threshold 

Fig.  9.  Stat is t ica l  f i l ter  reduces ef fects  of  noise.  

Statistical Filter 
A switchable filter is included in the incoming 

data path. Usually, the filter in the modem cleans up 
a noisy signal. Whether or not it is performing satis 
factorily can be determined by comparing bit-error- 
rate  measurements  with the Analyzer 's  f i l ter  
switched out to those made with the filter in. 

The filter has to accommodate asynchronous bit 
frequencies from 75 to 9600 bps. As shown by the 
waveform in Fig. 9, analog filtering does not obtain 
reliable results so the filter used is a digital type that 
uses majority logic to decide whether a particular bit 
is a one or a zero. Each bit is sampled 100 times. Each 
time the sample is above the median threshold, it in 
crements a counter. At the end of the bit, the compara 
tor checks to see if 50 or more counts have accumu 
lated. If so, that data bit is classed as a one. Otherwise 
it is a zero. 

When the filter is disabled, the incoming data is 
sampled once in the center of each bit to determine 
whether it is a one or a zero. 
Stable Clock 

As mentioned previously, stable clock pulses are 
derived in the bit synchronizer. The heart of the bit 
synchronizer is a voltage-controlled 5.76 MHz LC 
oscillator that can be electrically tuned over a Â±0.5% 
range. As in the case of the transmitter, dividers de 
rive the various clock rates. 

As shown in Fig. 10, the oscillator frequency is con 
trolled by a phase detector, an RS flip-flop that is trig 
gered on by a data edge and off by the next clock 
edge. This not only ensures that the instrument locks 
to the incoming bit rate, but it also places the clock 
edge midway in a bit period. 

The output of the phase detector is averaged by a 
low-pass filter that is a compromise between stabi 
lity (long time constant) and acquisition speed. Loop 
bandwidth is 3 Hz, which is well below the rate of 
change of jitter and other parameters to be measured 
with reference to the clock, but which permits fast ac 
quisition from the operator's point of view. 

The filter's time constant, however, would allow 
the oscillator to drift off frequency during the long 
pseudorandom sequence, which has long strings of 
bits in a row where no data edges occur. These would 
cause the phase detector to remain in either one of its 
two stable states, pulling the oscillator off frequency. 
Lengthening the filter's time constant to prevent 
drift from this source would seriously hamper acqui 
sition speed. 

This problem was solved by using a switch that 
disconnects the phase detector output, allowing the 
filter capacitor to retain its present voltage until the 
switch closes again. The switch is controlled by a 
comparator circuit that monitors the internal states 
of the input feedback shift register and turns off the 
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F ig .  10 .  VCO con t ro l  l oop .  

switch whenever it detects that the register is about 
to output a long string of ones or zeros. 

This arrangement reduces jitter during the long 
pseudorandom sequence from 15% or so to less than 

1%. Another indication of the effectiveness of this cir 
cuit is that if the data input is removed, the oscillator 
remains in the correct phase for more than 5 seconds, 
equivalent to more than 375 bits at the slowest rate. 

Autorange Control  
The traditional way of displaying bit-error rate is 

as a number times 10 raised to some negative power 
(Axio~x). This method is used in the Data Error 
Analyzer. It was also desired to display the count in 
progress which would indicate how much of the test 
interval had elapsed. This is accomplished by using 
the exponent in the display to indicate the number of 
data bits received in decade steps. At the conclusion 
of the test, the display then shows the overall bit-er 
ror rate properly ranged. 

The autoranging system is shown in Fig. 11. Clock 
pulses are totalized in nine decade counters con 
nected in tandem. The output of each of these 
counters goes to a selector. Initially, the output of the 
first decade is selected. As the clock count goes 
through 10, the first decade's output passes through 
the selector to increment the exponent counter. The 
exponent counter then shifts the selector to the next 
decade. This procedure repeats for each decade. 

The count in the exponent counter is displayed 
continuously as the exponent. It is also compared to 
the number selected by the front-panel EXPONENT 
RANGE switch and when they become equal, the com 
parator stops the measurement. 

In the automatic mode, the exponent counter re 
ceives a signal from the bit-error counter when 98 er 
rors have been counted. It then stops the measure 
ment when it receives the increment signal from the 
clock counter at the next decade change. 

C l o c k  
P u l s e s  

C o u n t e r s  

1 0 1  1 0 2  1 0 3  1 0 "  1 0 5  1 0 6  1 0 7  1 0 "  1 0 '  

Multiplex/Selector 

Output 

Exponent 
Display 

98 
Bit  Errors 

Exponent 
Select 

Fig.  11.  Autorange c i rcu i t  se lec ts  
appropr iate exponent to terminate 
test interval  automatical ly.  
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The exponent counter's output passes through the 
block subtract circuit before display. This circuit sub 
tracts 3 from the exponent count when the instru 
ment is displaying block error rate, giving block er- 

S P E C I F I C A T I O N S  
HP Mode l  1645A Data  Er ror  Ana lyzer  

Bit  Rate 
I N T E R N A L  T R A N S M I T T E R  

BITS PER SECOND: selectable 75. 150. 200. 300. 600, 1200, 1800. 2400. 3600. 
4800,  7200.  9600.  

CRYSTAL FREQUENCY: 5 .76 MHz Â±0.03%; <0.01% j i t ter .  
INTERNAL RECEIVER (wi th  b i t  synchron izer )  

RATE:  dc  to  9 .6  kbps .  
TIME TO LOOP LOCK: 2  s  max at  <0.01 error  rate .  

E X T E R N A L  T R A N S M I T T E R  a n d  R E C E I V E R  F R E Q U E N C Y :  d c  t o  5  M H z  

Data Outputs/ Inputs 
R E A R  P A N E L  

INPUTS:  backward  channe l  da ta ,  ex te rna l  t r ansmi t t e r  c l ock ,  and  ex te rna l  re  
ce iver  c lock  requ i re  TTL leve l :  max imum input  5 .5V.  

OUTPUTS: bi ts lost  and transmit ter  sync provide TTL levels;  internal  t ransmit ter  
c lock  p rov ides  >2V in to  50  ohms.  

MULT IP IN  CONNECTORS:  RS  232C connec to r  and  i n te r f ace  l eve l s  f o r  i n t e r  
fac ing  TTL  s tandard  commun ica t ions  sys tems.  P r in te r  ou tpu t  p rov ides  TTL  
leve l  outputs  in  BCD 8421 code.  

F R O N T  P A N E L  
INPUT:  data  Input  requ i res  TTL leve ls ;  max imum Input ,  5 .5V.  
OUTPUTS : receiver sync. 1 6 bits before error, and event provide TTL levels; data 

output provides >2V Into 50 ohms. J i t ter / total  peak analog output provides 1V 
p-p for  10% of  p-p d is tor t ion f rom waveform caus ing j i t ter .  

General  
DIMENSIONS:  5 .25  i n  H .  16 .75  I n  W.  11 .25  i n  D  (133  x  416  x  286  mm) .  
WEIGHT:  22  Ib  (10  kg) .  
POWER:  115  or  230  Vac ,  48  to  440  Hz ,  150  VA max.  
O P E R A T I N G  E N V I R O N M E N T  

TEMPERATURE: 0Â°C to *55Â°C. 
HUMIDITY: to 95% relative humidity at 40Â°C. 
ALTITUDE: to 15,000 ft .  (4600 m).  
V I B R A T I O N :  v i b r a t e d  i n  t h r e e  p l a n e s  f o r  1 5  m i n u t e s  e a c h  w i t h  0 . 0 1 0  I n  

(0.25 mm) excursion, 10 to 55 Hz. 
PRICE IN U.S.A. :  1645A.  $2150.  
M A N U F A C T U R I N G  D I V I S I O N :  C O L O R A D O  S P R I N G S  D I V I S I O N  

1900 Garden of the Gods Road 
Colorado Springs. Colorado 80907 

ror rate directly. 
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