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CERTIFICATION

H..wlert·PackardCompanycertifiesthatthisproductmetitspublishedspecificationsatthetimeof
shipmentfromthefactory.Hewlett·Packardfurthercertifiesthiltitscalibrationmeasurementsare
triICeabletotheUnitedStatesNationalBureauofStandards,totheextentallowedbytheBureau's
calibrationfacility,andtothecafibrationfacilitiesofotherInternationalStandardsOrganization
members.

WARRANTY

ThisHewlett·Packardinstrumentproductiswarrantedagainstdefectsinmaterialandworkmanship
foraperiodofoneyearfromdateofshipment.Duringthewarrantyperiod,Hewlett-PackardCom
panywill,atitsoption,eitherrepairorreplaceproductswhichprovetobedefective.

Forwarrantyserviceorrepair,thisproductmustbereturnedtoaservicefacilitydesignatedbyHP.
BuyershallprepayshippingchargestoHPandHPshallpayshippingchargestoreturntheproductto
Buyer.However,Buyershallpayallshippingcharges,duties,andtaxesforproductsreturnedtoHP
fromanothercountry,

HPwarrantsthatitssoftwareandfirmwaredesignatedbyHPforusewithaninstrumentwillexecute
itsprogramminginstructionswhenproperlyinstalledonthatinstrument.HPdoesnotwarrantthatthe
operationoftheinstrument,orsoftware,orfirmwarewillbeuninterruptedorerrorfree.

LIMITATIONOFWARRANTY

Theforegoingwarrantyshallnotapplytodefectsresultingfromimproperorinadequatemaintenance
byBuyer,Buyer-suppliedsoftwareorinterfacing,unauthorizedmodificationormisuse,operationout
sideoftheenvironmentalspecificationsfortheproduct,orimpropersitepreparationormaintenance.

NOOTHERWARRANTYISEXPRESSEDORIMPLIED.HPSPECIFICALLYDISCLAIMSTHE
IMPLIEDWARRANTIESOFMERCHANTABILITYANDFITNESSFORAPARTICULAR
PURPOSE,

EXCLUSIVEREMEDIES

THEREMEDIESPROVIDEDHEREINAREBUYER'SSOLEANDEXCLUSIVEREMEDIES.HP
SHALLNOTBELIABLEFORANYDIRECT,INDIRECT,SPECIAL,INCIDENTAL,ORCON
SEQUENTIALDAMAGES,WHETHERBASEDONCONTRACT,TORT,ORANYOTHERLEGAL
THEORY.

ASSISTANCE

ProductmaintenanceagreementsandothercustomerassistanceagreementsareavailableforHewlett
Packardproducts.

Foranyassistance,contactyournearestHewlett·PackardSalesandServiceOffice.Addressesare
providedatthebackofthismanual.
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SECTION 1

GENERAL INFORMATION

This section contains general information relating to the
Hewlett-Packard 3780A Pattern Generator/Error Detector.
This information includes instrument identification. opera
ting and storage temperatures, initial inspection. installation,
instrument description, options, accessories. basic measure
ment configurations and specifications. Other sections con·
tain information on front and rear panel controls, connec
tors, and indicators, basic operating procedure, the conn.ec
tion of associated instruments, and backdating information.

An identification plate is fitted to the rear panel of each
instrument. The number on this plate consists of a four digit
serial prefix, a reference lener, and a five digit serial number.
These details should be quoted in any correspondence with
Hevvlen Packard relating to the instrument and are particu
larly important when ordering spare parts or components.

The instruments are designed to operate over an ambient
temperature range of ()O to 550C (320 to 131 OF) and to be
stored at _400 to 750C (-400 to 1670 Fl.

Each instrument is carefully examined both mechanically and
electrically prior to shipment. The instruments should be ex
amined as soon as possible after receipt for external damage
which may have occurred during shipment such as broken
controls or connectors and dents or scratches on the panel
surfaces. If any damage is evident refer to Paragraph 1-6 for
recommended claim procedure and Paragraph 1-7 for repack
aging information.

The Performance Tests in the 3780A service manual provide
a method of confirming the specification and may be used as
incoming inspection checks. In the event of the instrument
not performing within the specifications refer to the claim
procedure, Paragraph 1-6 and repackaging information, Para
graph 1-7.

If the instrument is physically damaged or fails to meet
specifications on receiPt, notify the carrier and the nearest
Hewlett Packard Sales and Service Office (listed at the back
of the service rncinuall. The Sales and Service Office will
arrange for repair or replacement without waiting for
senlement of a claim with the carrier.

To protect electronic equipment during storage or shipment
always use the best packaging methods available. Hevvlen·
Packard field offices can provide packing materials used for

5
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original factory packaging at short notice. Two suitable alter·
native packaging methods are given below:

a. RUBBERISED HAIR. Cover painted surfaces of instrument
with protective wrapping Raper. Pack instrument securely in
strong corrugated container (350Ib!sq in bursting test) with
2-inch rubberised hair pads placed along all surfaces of the
instrument. Insert fillers between pads and container to en
sure a snug fit.

b. EXCELSIOR. Cover painted surfaces of instrument with
protective wrapping paper. Pack instrument in a strong corru
gated container (350lb/SQ in bursting test) with layer of ex
celsior about 6-inches thick padded firmly against all surfaces
of the instrument.

The 3780A Pattern Generator/Error Detector may be opera
ted from a 115 or 230V single phase ae supply. The supply
voltage limitations are 115V + 10% to -22% and 230V +
10% to -18%. The supply frequency limitations are 48 to
66Hz and the maximum power consumption is approximately
110VA

CAUTION

Before connecting the instrument to the supply ensure that
the correct voltage range has been selected and that the
correct fuse is fitted.

The voltage range is selected with a rear panel switch
marked 115V - 230V. Supply voltage ranges are detailed
in POWER REOUIREMENTS, Paragraph 1-8.

The fuse is located on the rear panel between the 115 - 230V
switch and the POWER input socket. WITH THE POWER
CABLE DISCONNECTED unscrew the fuse cover and check
that the correct fuse, as detailed on the rear panel, is
fitted. Insert the correct fuse for the supply range selected
and replace the fuse and cover (see Table 1·1).

Table 1-' Fuses

Nominal Line HP Part
VoI_ Fuse Rating Number

115V 3A Timed 211 (){)381

230V 1.5A Timed 211(){)304



1·10
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SERVICE

CAUTION

The Replacement of blown fuses should only be per
formed by a competent service engineer who has first
consulted the Power Supply troubleshooting procedure in
the Operating and Service Manual. Power Supply Assembly
damage can occur if the correct procedure is not carried out.

A 3-core power cable is supplied with each instrument using
the colour coding given in Table 1-2. It should be ensured that
the correct line voltage has been selected before connecting
the instrument to the supply. If connection is made via a two
pin socket the GREEN/YELLOW CORE OF THE POWER
CABLE SHOULD BE CONNECTED TO GROUND for the
protection of the operator.

Table 1·2 Power Cable Colour Code

Line Neutral Ground
Europe Brown Blue Green/Yellow
USA Black White Green/Yellow

Forced air cooling is used in the 3780A and the following
clearances should be allowed for ventilation.

3 to 4 inches at the rear for air intake.
2 to 3 inches at each side for air exhaust.

The clearances provided by the rubber feet in bench mounting
permit adequate ventilation for the top and bonom surfaces.
The operating temperature should be maintained within the
range QO to 550 C. Storage tempeJature limits are -400C and
+750C.

The instrument has an air intake filter which is fixed to the
rear panel with four screws. This filter should be removed
and cleaned at intervals of approximately one month. de
pending on environment. Wash the filter mesh in clean soapy
water, rinse thoroughly and dry before refining.

WARNING

THE INSTRUMENT SHOULD NOT BE OPERATED WITH
THE AIR FILTER REMOVED AND THE FAN BLADES
EXPOSEO.

A list of Hewlett Packard service offices is given at the rear of
this manual. If it is necessary to return an instrument
for repair a card should be firmly attached to the instrument
giving details of the fault condition or type of service re
quired and the return address. In any correspondence re·
garding the instrument the full serial number and option in
formation should be given. This information witl be found on
the rear panel.

7
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The 3780A Pattern Generator/Error Detector is a complete
error measuring system contained in one portable unit. The
instrument measures Binary and Code errors on digital trans
mission equipment operating at bit rates in the range 1Kb/s 
5OMb/s. Frequency Offset measurements can also be per
formed at the frequencies installed in the generator.

The pattern generator transmits a digital test pattern into the
system to be tested. Simultaneously. the error detector com·
pares the output of the system under test bit-by-bit with an
internally generated panern. Detected errors can be counted
over a chosen gating period and displayed as bit error rate
(SEA) or total error count (COUNT) on an LED display.

The error detector can be used to monitor interface or line
coded information for code errors. These are detected during
the decoding process and are counted and displayed in the
same way as binary errors. The information need not be a
pattern produced by the generator.

The ERROR AOD facility introduces BINARY errors to
the data before coding occurs. This facility does not produce
code errors and will therefore not show a result in code
error measurements.

Note: Differences may occur between measurements of code
error rate and binary error rate due to the error exten
sion factor of the 3780A decoder. These result from
the fact that one code error does not always result in
one binary error. The examples given on page 9
demonstrate how this difference can occur.

The clock frequency in the pattern generator may be offset
and measured in the error detector {receiver }. The offset is dis
played as a fraction of the nominal crystal centre frequency.
The offset of external clock signals applied to the generator
can be measured if the frequency is within 25kHz of an in
stalled crystal frequency.

The generator and receiver may be operated from external
clocks in the range 1kHz to 5OMHz. The generator has three
internal crystal sources in the range 1.5 - 50MHz which
may be selected from a number of options. The receiver dock
can be recovered from incoming patterns at the freQuencies
installed in the generator providing that there are two or
more transitions in every 20 bits. Note: this does not occur
with the 21.0 - 1 PROS in NRZ format. The generator
internal clocks can be offset by up to at least .±sOppm
(except Option 099l.

continued on Page 10



CLOCK

RZ BINARY
PATTERN GENERATED
GENERATOR 0 0 0 0

OUTPUT
HDB3CODED

1 B 0 0 V
1 BIT LOST IN _I I-TRANSMISSION

RECEIVED
HDB3

ERROR 0 V CODE ERROR

DETECTOR CODE
0 V 0 0 V ERROR

DECODED n >oj ...... BINARY ERROR rLSIGNAL

EXAMPLE 1 shows how. single bit lost in transmission can
result in two code errors and one binary error.

CLOCK

PATTERN
GENERATOR

RZ BINARY
GENERATED

o o o o

OUTPUT
HDB3CODED

1
1 BIT LOST IN ---'
TRANSMISSION ----.-,

o
I--

o o V

ERROR
DETECTOR

RECEIVED
HDB3

DECODED
SIGNAL

o 0 0 0 CODE ERROR

t--BINARY---+l ........
ERRORS

EXAMPLE 2 shows how a single bit lost in transmission can
result in one code error and two binary errors
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'·15 continued from Page 8.

Pattern Se*tion Three maximal length pseudo random binary sequences
(PRSS) of length 511,32767 and 1048575 bits and five four·
bit repetitive word patterns are producecl by the generator.
The PRBS generator may also be used to generate random reo
petitive word panerns of length 9,15 or 20 bits.

Option 001 provides a front panel programmable, 16 bit word
in place of the five four-bit and random repetitive word pat·
terns. This can also provide two 8 bit words alternated by an
external signal applied via the reaf panel.

Up to 999 zeros can be added once per sequence to all of the
selectable patterns.

When ttle PABS/WORD switch of the receiving instrument
is set to one of the PA BS positions, or when the internal
SYSTEMATIC ERROR DETECTION switch A37 S2 is set to
OFF, the error detector automatically recognises and repro
duces a synchronous error free version of any PRBS or WORD
pattern produced by the generator. This includes P"R"BS
but excludes any pattern containing added zeros or alter
nating words (Options 001 or 003).

Instruments are supplied with the internal SYSTEMATIC
ERROR DETECTION switch, A37 52, set to the ON
position. In this mode the reference WORD of the receiving
instrument can be preset to one of the fixed 4 bit words, or
with Options 001 or 003 to the 16 bit word. This is
achieved by setting the PRBS/WORD switch of the receiving
instrument to the appropriate 4 bit word, or with Options
001 or 003 by setting the PRBS/WORD switch to 16 and
selecting the appropriate word with the WORD SELECT
switches. Systematic errors on the 4 or 16 bit words will
then result in sync loss at the receiving instrument.

A typical example of the use of systematic error detection
in an end·to~nd measurement is given below:

If the transmitted word 1100 is repeatedly received as 1000
as the result of a systematic fault, then the following
results will be obtained with the receiving instrument.

PRBSlWORD
switch setti ng

(receiving instrument)

9,150r20

1000

1100

RESULT

'"NO ERRORS WORD-.-','
NO ERRORS WORD~~

ERRORS SYNC LOSS~.',
"



Data and Clock
Format

An indication of receive pattern lock is given by LED lamps.
A manual override on the automatic sync is provided which
forces a sync loss; when released the instrument reverts to
automatic synchronisation.

The generator test pattern may be produced in binary RZ or
NRZ, or ternary. HDB3 or HDB2 formats. When operating
in binary format a second binary output is available which is
6 bits advanced on the main data output. The receiver data in
put format selection is independent of the generator controls.

CLOCK or CLOCK may be selected independently on genera
tor output and receiver input.

A choice of trigger threshold is provided on clock and data
inputs allowing continuous or burst mode operation. Indica
tion of signal triggering is given by LED lamps.

Error Counter Control of error counter timebase may be internal over 106,
Control and Display 108 or 1010 clock periods, manual via start/stop push buttons

or external via the printer output connector. Internal error
counts are displayed as a scaled SER reading in the form X.Y
x 10-n. Error counts over a manually or externally controlled
timebase are displayed as a scaled COUNT reading in the form
X.Y x 10+n. Frequency offset is displayed as a fraction of the
nominal centre frequency in the form XV x 10-n where
n'" 6 usually. The display uses seven segment LED characters.

Flags

Self Check

Trigger Outputs

Indications of measurement gating, sync loss and count over
flow are provided by LED lamps. An indication is also givtln
if the last measurement result is based on less than 100 errors.

Note: Sync loss applies to binary measurements only. Sync
loss does not apply to code error and frequency
offset measurements and the sync loss flag is therefore
inhibited in these measurement modes.

A fixed binary error rate of 10-2 may be injected into the
test pattern in order to check the error detector functions.
This facility is mutually exclusive with zero add and also
does not apply to code error and frequency offset measure
ments.

A trigger output, giving one transition per sequence, is avail
able from a front panel socket on the generator. The output
is modified during zero add to allow examination of the zero
block or th~ pattern immediately following it on an oscillo
scope.

The receiver section also provides a trigger output, (for PRBS
only) giving one pulse per sequence, from a rear panel socket.

11
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In addition to receiver trigger and clock outputs, there are
three outputs which can be used to evaluate error distribu
tion. These are an error output giving one pulse per error, a
BCD printer output and a pen recorder output.

Option 001 provides front panel programmable 16 bit or two
8 bit words as described in Section 2-11.

Option 002 provides small Siemens connectors on all exter
nal 75 ohms interfaces in place of BNC connectors.

Option 003 is a coni:lination of options 001 and 002.

Option 099 deletes frequency offset generation.

Options 100-102 provide different crystal frequencies to those
fitted in the standard instrument as follows:-

STANDARD
OPTION 100

OPTION 101

OPTION 102

2048,8448 and 1536kHz

2048,8448 and 34368kHz

1544,6312 and 44736kHz

1544,6312 and 3152kHz

1·17
MEASUREMENT
CONFIGURA·
TIONS

In the case of options 101 and 102, the HDB3/HDB2 codec
is replaced by a B6ZS/B3ZS codec.

There are two basic measurement configurations for the
3780A Pattern Generator/Error Detector, these are "loop
back" and "end to end". With loop back measurements the
same instrument is used for both signal generation and
measurement. With end to end measurements two instru
ments are used one to transmit the test pattern through a
channel under test and another at the remote terminal to
make measurements. The item under test may be a complete
transmission system or individual system components.

Note: When the end to end configuration is used the MEAS
UREMENT switch of the sending inst(ument should
not be set to FREO OFFSET as this could introduce
jitter on the transmitted signal.



TYPICAL

CONFIGURATIONS

3780A LOOP t •
-0- - :q

7 ITEM

~
.. UNDER· -- - TEST

@ @ @ (§l"="@ iii

I DATA I
DATA

3780A

LOOP BACK CONFIGURAnON
(USING RECOVERED CLOCK)

3780A

·0- - ~ € ·0- - ~ €ITEM
0_000 - - 7

l!Sf=":
.. UNDER

~
..

0-- · - . -- - TEST - -.... ...-z-... .. .. .. ...-z-,

I CLOCK I I CLOCK I
DATA DATA

END TO END CONFIGURATION

3780A 3780A

·0- - :q

~~
- - ITEM - 7 __.. UNDER -. ..

0-- · - 0--':=- - TEST

lil 1iilI". li:~•• 88 ••• ..=..••

I DATA I I DATA I
END TO END CONFIGURATION
(USING RECOVERED CLOCKI
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Unbalanced/Balanced converters, Model 155088

The model 155088 is a 7S,Q unbalanced to 11 on balanced
impedance converter having a frequency range 1 - 10MHz.
The following example shows a typical application of the
converter for making loop back measurements on a 110,Q
balanced test item.

LOOP

3780A

~
ITEM

-._000 __
- ___DO ••

UNDER
0--':: TEST... .. .-=-•

DATA DATA

OUTPUT INPUT

~ lS5088 I

7S OHMS
UN8ALANCED r 110 OHMS BALANCED

l 15508B I

MEASUREMENTS ON A 110 OHM BALANCED TEST ITEM



Cable preamplifier Model 15509A.

The model 15509A is a cable preamplifier with 75n input
and 25dB gain, designed to provide an interface between a
monitor output point and the 3780A Pattern Generatorl
Error Detector. The power supply for the preamplifier is
available from front panel sockets on the model 3780A. The
following examples show typical applications of the cable
preamplifier.

2Mb!. INTER FACE

MONITOR
POINT 75n

3780A

U
!e::::::J!-0- -

I~
- -... -- -

@ @ @) @ @--z"'@J

75n UNBALANCED
SOURCE

• ~

- ~B

{'1
750n 15509A {r,

r--....
3780A

MONITOR

~POINT ~ 75n
-- i __

82n -. ..
?' 0-- .:. :

('1 rh @J @J @ @) @--Z...@l

75n UN8ALANCED
SOURCE

MEASUREMENTS AT A MONITOR POINT ON A 2Mb!. INTERFACE

34Mb! INTERFACE

MEASUREMENTS AT A MONITOR POINT ON A 34Mb!. INTERFACE
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'-'9 SPECIFICATIONS
Note: All transition times relate to 10 - 9096 of pulse

height. All pulse Mdths specified at 50% pulse height.

GENERATOR

Internal Clock

Clock Offset

External Clock

CJock Output

Panerns

Frequency:

Accuracy:
Stability:

Format:
Jitter:

Range:

Frequency:
Impedance:
Triggering:

Sensitivity:
Amplitude:
Indicator:

Polarity:
Impedance:
Amplitude:
DC Offset:
Transition Times:
Overshoot:
Protection:

PRSS,

WORD'

Zero Add:

Error Add:

Three crystal clocks 1536, 2048 and
8448kHz.
Better than ± 3ppm at ambient.
Typically better than ± 12ppm aOe
to 550C.
Typically better than ± 5ppm/year
ageing.
Square wave. 50 ± 6% duty cycle.
Less than <0.5% of period + 150 ps)
pk-pk;

Continuously variable up to at least
± 50ppm about installed crystal fre.
Quencies; offset can be displayed in
receiver.

1kHz - 5OMHz.
75 ohms nominal to ground.
Automatic or ground threshold
switch. min. pulse width (30% of
period + 2 ns).
Better than 500mV pk-pk.
5V pk-pk max. limits ± 5V.
LED illuminated if clock transitions
present.

CLOCK or CLOCK switch.
75 ohms nominal to grou
3V ± 0.3V pk-pk.
Space OV, mark 3V.
Less than 4ns.
Less than 10% of pulse amplitude.
Open/short circuit protected, max.
voltage ± 6V short term.

Maximal length 29_1. 2 15 _1. 2X)_1
randomly selectable 9. 15.20 bit se
Quence.
0000. 1000, 1010. 1100. 1111 fixed
words.
1-999 zeros, variable in unit steps.
may be added once per sequence to
any pattern; zero block occurs before
longest run of zeros in maximal
length PRSS.
10-2 binary error rate may be added
to any pattern (, 0 consecutive errors
added every 1000 clock periodsl.



Data Format

Data Output

Binary:

Ternary:

Codes:

Impedance:
Amplitude:

DC Offset:

Transition Times:
Overshoot:
Protection:

NAZ or RZ (50 ± 6% width on in
ternal clock I.
RZ AMI or coded (SO ± 6% width on
internal clock).
HDB3 or HDB2 (rear panel switchl.

75 ohms nominal to ground.
Binary 3V ± 0.3V pk·pk.
Ternary 4_74V ± 0.47V pk.pk.
Binary space OV, mark 3V.
Ternary space OV, mark ± 2.37V.
Ratio 01 +ve to -ve pulse amplitude
1.0 ± 0.05.
Less than 40s.
Less than 10% 01 pulse amplitude.
Open/short circuit protected, max.
voltage ± 6V short term.

Format:
Relative Delay:
OCOfuet'

Delay Data Output Binary only.
6 bits advanced on main data output
Binary space OV ± 0.3V, mark 3V
±0.3V.

Other specifications as for main data output.

ClocklData Phasing

Trtgger Output

RECEIVER

Data Input

NRZ Data:

RZ Data:

Format:

Position:

Width:

Impedance:
Amplitude:
Transition Times:
Overshoot:
Protection:

Rate:
Impedance:
Triggering:

Sensitivity :
Amplitude:
Indicator:

Rising edge of clock nominally in
middle of data.
Clock and data nominally coincide.

Square wave with one transition per
word or seq uenee.
Transitions nominally coinCIdent with
start of word or before first zero of
longest zero block on PRBS.
Equal to word or sequence length, but
output held at zero during zero add
50 ohms nominal to ground.
, V min. pk-pk.
Less than 5ns.
Less than 10% of pulse amplitude.
Open/short circuit protected, max.
voltage ± 5V short term.

1Kb!, - 50Mb!,
75 ohms nominal to ground
Choice of nominal threshold 2OOmV,
BOOmV, or ground; min. pulse width
(30% of period + 20sl.
Better than 500mV pk·pk.
5V pk·pk max. limits ± 5V.
LED illuminated if data transitions
present.

17



Data Format

Clode. Recovery

External Clock

Ckx:k!Data Phasing

Patterns

Synchronisation

Binary:
Ternary:
Codes:

Frequency:

Mode:

Frequency:
Polarity:
Impedance:
Triggering:

Sensitivity:
Amplitude:
Indicator:

Recovered Clock:
External Clock:

PRBS and WORD:

Indicators:

Mode:
Sync Loss:

Manual:

Resync Time:

18

NRZ or RZ
RZ AMI or coded.
HDB3 or HDB2 (rear panel switch
common with generator).

At the three internal rates of gene
rator (selection switch common with
generator).
Operates on any data input provided
there are two or more transitions
every 20 bits (data loss inhibits clock
recovery circuit).

1kHz - 50MHz
CLOCK or CLOCK switch.
75 ohms nominal to ground.
Automatic or ground threshold switch
(common with generator), min. pulse
width (30% of period + 2ns).
Better than 5CXJmV pk-pk.
5V pk-pk max. limits ± 5V.
LED illuminated if clock transitions
present.

Automatic phasing.
Rising edge of clock should be nomi
nally in middle of data pulse (tYpic
ally 30$ internal delay of clock re
lative to data between inputsand sam
pling poind.

All patterns produced by generator
excluding added zeros and alternating
words; receiver also recognises PReS.
LED indication of pattern lock for
PRSS, PRSS, WORO and ALL ONES!
ZEROS (indicators inhibited during
sync loss and code error or frequency
offset measurements).

Automatic with manual override.
Greater than approx. 20,000 errors in
5CXJ,OOO clock periods.
Sync override via push button forcing
a sync loss.
Typically less than 500 bits.

Measurements Modes: Binary errors. cocJe errors, frequency
offset.

BINARY ERRORS: Closed loop bit-by-bit detection on
any pattern produced by generator
excluding added zeros and alternating
words_



Display BER

CODE ERRORS,

.... MI:
HDB3,

HDB2/B3ZS'
BBZS,

FREQUENCY
OFFSET,

Method:

Gating:

Format:
Range:

Accuracy:

Detected on any pattern according to
the following rules where 0 c space
, '" mark V = bipolar violation.
Bipolar violations are code errors.
01V. 10V. llV.OOOOandOl00Vare
cooe errors.
1v. 000 and 010V are code errors.
OVO. 1YO. 1Vl. OOVl and o00ooo are
cocle errors (see options) lOOOOOOVl
and QOOOClOVO produce a single code
error).
Measurement of fractional offset of
generator clock output from installed
crystal rates.

Totalises errors over selected gating
period and automatically scales the
answer.
106 , 108 or 1010 clock. periods. re
petitive.
X. Y x lO-n LED
0.0 x 10-9~ 4.0 x 10-2 (binary
errors).
0.0 x 10-9-+ 9.9 x 10-2 (code err
ors over 1010 clocksl.
0.0 x 10-'-+ 1.0 x 10-0 (code err
ors over 108 clocks).
0.0 x 10-5~ 1.0 x 10-° (code err
ors over 106 clocks).
Indication given if measurement re
sult based on less than 100 errors.

COUNT Method:

Gating:

Format:

Range:

FREQ. Method,
OFFSET

Gating:
Format:
Range:

Accuracy:

Totalises errors over selected gating
period.
Manual start/stop push button swit
ches. External control via printer out
put.
X. Y x lO+n LED with automatic
round·u~.

0.0 x 101-+9.9 X108

Counts deviation frequency over 106

clock periods of internal standard
crystal rate.
Automatic.
XY x 1O-n with automatic round-up
Up to 25kHz deviation from nominal
crystal rate.
± 1 count relative to the internal
standard clocks.

19



STRDB· BER & FREO
ING OFFSET:

COUNT:

20

Display strobed at end of gating in
terval; maximum refreshment rate 2
Hz.

Display continuously upjated with
round-up when measurement ends.

Flags (LED'sl

Printer Output
(rear panel)

Gating:

Sync Loss:

Overflow:

<100 Errors:

Format:

Flags:

Print Modes:

Print Command:

Indicates measurement in progress,
will extinguish for at least 500ms
between measurements.

Indicates local pattern reference has
lost sync, display blanks and measure
ment is terminated (SER) or halted
(COUNT); flag remains lit for at least
500ms (SEAl or held (COUNT)
until measurement is terminated.
iSync loss inhibited during code err
or and frequency offset measure
mentsl.

Indicates internal error or frequency
count ~ 109 . display blanks and
measurement is terminated (SEA) or
hatted (COUNT); flag remains lit for
at least 500ms ISEA) or held
(COUNT) until measurement is ter
minated.

Indicates less than 100 errors counted
during last error measurement (inhibi
ted during frequency offset measure.
ments).

8421 BCD 10 columns
BEA F * X· Y· 10- N
COUNT F*X·Y·l0+N

F· V for < 100 errors
F "" 1 for overflow
F "" 2 for sync loss
F • 3 for clock loss
F "" 4 for data loss

BEA - print command given on ter·
mination of measurement.
COUNT MAN - print command given
on STOP command from front panel
COUNT EXT - print command given
on STOP command from printer

TTL pulse. min. print cycle time
5OOms.



signal no errors
signal plus errors
sync loss
signal loss

<10-8
<10-7

<10-"
<10-'
<10-4

<10-'
<10-2

<10-':;'10-1
sync loss
signal loss

SER

Current source with 5(X)ms minimum
response.
Greater than 50K ohms.
1mA variation over 16 levels into 10K
ohms max.
Eleven level signal
FSD "" level 15

14
13
12
11
10
9
8
7
4
o

Four level signal
FSD "" level 15

7
4
o

Format:

Impedance:
Range:

Record. Output
Crur panel)

Note: when using recovered clock. signal loss = data loss
when using external clock. signal loss = clock loss

Calibration: Two rear panel push buttons giving
FSD and Zero. Internal adjustment of
range 1mA ± 0.2mA and centering
OmA-+0.5mA.

Error Output
(rear panel)

Format:

Impedance:
Amplitude:
Transition Times:
Overshoot:
Protection:

One pulse per error (inhibited during
sync loss).
50 ohms nominal to ground.
1V min. pk-pk.
Less than 5ns.
Less than 10% of pulse amplitude.
Open/short circuit protected. max.
voltage ± 5V short term.

Format:
Position

Width:
Impedance:
Amplitude:
Transition Times:
Overshoot:
Protection:

One pulse per sequence (PASS only)
Near the start of the longest zero
block in PASS).
Nominally one clock period.
50 ohms nominal to ground.
1V min. pk·pk.
Less than 5ns.
Less than 10% of pulse amplitude.
Open/short circuit protected. max.
voltage ± 5V short term.

21



Clock Output
(rear panel)

GENERAL

Format:
Width:

Impedance:
Amplitude:
Transition Times:
Overshoot:
Protection:

22

Detector clock available as a monitor
Nominal5O% duty cycle for recovered
clock.
50 ohms nominal to ground.
1V min pk-pk.
Less than 5ns.
Less than 10% of pulse amplitude.
Open/short circuit protected, max.
voltage ± 5V short term.

Max. input voltage:
Impedance:

Power Supply

Probe Power

Connectors

Dimensions

Weight

Environment

Accessories
Available

OPTIONS

001

002

115V +10% or 230V +10% AC 48 _ 66Hz.max
-22% -18%

consumption approx 110VA

External fused supplies of +5V, 200mA and -5V. 200mA
for HP logic probes.

All signat connectors are BNC (except options 002. 0031.
Printer output via 50 pin Amphenol connector.
Recorder output via two binding posts.

195 x 335 x 475mm (H x W xU.
73/4 x 133/16 x 18 S/8 in

12.5kg 27l\lb

Operating temperature range 0 to +55OC.
Storage temperature range -40 to +7SoC.

75 ohms unbalanced to 110 ohms balanced impedance
passive converters having frElCluency range 1 - 10MHz.

Cable preamplifier for monitor output points on digital

interface.

All words replaced by 16 bit front panel programmable
word. This can also provide two 8 bit words alternated by
an external signal applied via the rear panel. Changeover is
synchronous with end of words. Zero add then operates
on individual 8 bit words. and trigger output is 8 bits wide.
External input sensitivity: 250mV pk-pk SQuarewave DC-

100kHz
0.5V pk·pk sine or triangular
wave 200Hz - 100kHz
15V rms
nominally 1000 ohms

Siemens 1.6mm connectors replace all external 75 ohm
BNC connectors.



003

100

101

102

099

Combination of options 001 and 002.

Internal clock frequencies of 2048, 8448 and 34368kHz.

Internal clock frequencies of 1544, 6312 and 44736kHz
HDB3/HDB2 codec replaced by BSZS!B3ZS codec.

Internal clock frequencies of 1544, 6312 and 3152kHz
HDB3/HD82 codec replaced by B6ZS/B3ZS codec.

Clock frequency offset generation deleted.
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SECTION 2

CONTROLS, CONNECTORS AND INDICATORS

2-1 INTRODUC· The front and rear panel controls connectors and indicators
TION are described in the orner normally used to set up the instru

ment. This order is as follows:

Paragraph

2·2
2·3
2-4

2·5
2-6

2·7
2-6
2·9

2·10

2·11

GENERATOR

FREQUENC~CONTROLS

PATTERN CONTROLS

FORMAT CONTROLS AND OUTPUT

CONNECTORS

RECEIVER

INPUT CONTROLS AND CONNECTORS

SYNCHRONISATION AND SYNCHRONI·

SATION INDICATORS

MEASUREMENT CONTROLS

DISPLAY AND FLAG INDICATORS

OUTPUTS

POWER
CONTROLS AND CONNECTORS

OPTION

CONTROLS AND CONNECTORS

p....

26
28
30

32
34

36
38
40

42

44
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~2 GENERATOR FREQUENCY CONTROLS

3 1 2

23 6 4 5

GENERATOR
FREQUENCY
CONTROLS

Determine generator clock frequency.

(1) The CLOCK SELECTION switch selects the generator
clock source:

In the EXT position the generator is c1ockBc:l with an
external input in the range 0.5 to 5V pk-pk applied to
the CLOCK lIP connector (4). In the NORM position
the generator is clocked with one of the crystal clock
frequencies selected with the frequency switch (21. In
the OFFSET position the generator is clocked with a
frequency offset from that selected with the FRE
QUENCY switch (2) by an amount up to ± 50ppm.
The amount of offset is selected with the OFFSET
1&1 control (3),

(2) The FREQUENCY switch selects one of three inter
nal crystal oscillators as a clock source for the genera
tor section. This switch also selects the appropriate
clock recovery circuit in the receiver when the RE
COVERED position of the receiver CLOCK switch 1231



is selected. The frequencies indicated by f
1

f
2

and

f3 are listed on the rear panel of the instrument. The

frequencies available are as follows:

f
1
kHz f

2
kHz f,jHZ

Standard 2048 8448 1536

OPtion 100 2048 8448 34368

OPtion 101 1544 6312 44736

Option 102 1544 6312 3152

(3) The OFFSET (l:ltl control can be used to vary the
generator clocking frequency from the fixed values f1

f
2

or f
3

, selected with the FREQUENCY switch (2),

by up to ±5Oppm. This control is only operative when
the CLOCK SELECTION switch (11 is in the OFFSET
position.

(41 The CLOCK lIP connector accePts an external clock
input for the generator in the range 1kHz to 50MHz
the input sensitivity is O.5V pk-pk and the maximum
amplitude is 5V pk.pk within the limits ±SV. This input
is enabled by selection of the EXT position of the
CLOCK SELECTION SY'Iitch 01. it is an unbalanced
input with an impedance of 75 ohms.

(51 The CLOCK THRESHOLD switch selects the triggering
threshold for external clock signals applied to both
Generator and Receivet" sections of the instrument via
the CLOCK lIP connectors (41 and (24). In the AUTO
position the triggering is automatic at the mean signal
level. In the GND position the triggering is at the
instrument ground level.

161 The GENERATOR EXTERNAL CLOCK TRIGGER
indicator lamp is 'on' when an external clock input at
CLOCK lIP connector (4) is correctly triggered. The
lamp will be 'off' if clock transistions are absent for
more than 150ms.

OPTION 099 The OFFSET (&) control and the OFFSET position
of the clock selection switch are deleted. All references
to these in {11 and (3) above do not apply.
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2-3 GENERATOR PATTERN CONTROLS

7 8 9

11

GENERATOR
PATTERN
CONTROLS

10

Determine the sequence generated.

(7) The PRBS/WORD switch selects the pattern to be
generated from fixed four bit words:
0000, 1000, 1010, 1100, 1111 or the value of n: 9.
15, 20. The value of n selected may be used to pro
duce an n bit word or a 2" -1 bit PRSS as selected
with the 2" -lIn switch iSl.

The PRBSIWORD switch is also used to preset a refer
ence 4 bit word on a receiving instrument 116 bit word
with options 001 or 003) in order to detect systematic
errors.

(8) When the PATTERN SELECTION switch (7) is in one
of the n-9, 15 or 20 positions the 2"-1/n switch
either selects a 2"-1 bit maximal length PRBS or an
n bit word. The n bit word is selected at random as any
consecutive n bits of the 2"-1 PASS continuously ra·
cycled. The content of the n bit word may be changed
with the RUN switch (9).



(9) The RUN switch selects the content of the n bit word
by allowing the 2n-l bit PRSS to run normally when
the switch is pressed and to return to continuous re
cycling of the current n bits when the switch is re
leased.

(10) The ZERO ADD/NORM/ERROR ADD switch selects
data modification. In the ZERO ADD position the
number of zeros, up to 999, selected with the ZE ROS
switch (9) are added between words or before the long
est run of zeros in the PRSS. In the NORM (normal)
position the generator produces repetitive WORD or
PRSS patterns. The data is not modified and the se
quence is determined by controls (7) (8) ;;>nd (9) only.
In the ERROR ADD position a fixed binary error rate
of 10-2 is introduced into the generator sequence by
producing 10 consecutive errors in every 1000 clock
periods.

(11) The ZE ROS switch selects the number of zeros added
to any pattern when the ZERO ADD position of the
ZERO AOD/NORM/ERROR ADD switch (10) isselec
ted.
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2-4 GENERATOR FORMAT CONTROLS
AND OUTPUT CONNECTORS

30

18 15 12 14 17 16

13



GENERATOR
FORMAT
CONTROLS
ANO OUTPUT
CONNECTORS

Determine generator output format.

(12) The DATA FORMAT switch selects between binary
and ternary data output formats. The binary data for
mats, AZ, return to zero, and NRZ, non return to
zero are available at both DATA alP (14) and DELAY
DATA alP (15) connectors. The ternary data for
mats. AMI, alternate mark inversion,and CODE, HDB3
or HDB2 (options 101 and 102 e6ZS or B3ZSl. selec
ted with the rear panel CODE switch are available at
the DATA DIP connector (14) onlv.

(13) The CODE switch on the rear panel selects HDB3 or
HDB2 code formats (options 101 and 102 e6ZS or
B3ZS) when the CODE position of the DATA FOR·
MAT switch (12) is selected.

(14) The DATA a!p connector provides a 75 ohm unbal
anced data output as selected with the PATTE RN and
FORMAT controls. The output amplitude of the mark
in binary formats is 3V and in ternary formats ±2.37V.
The space in both formats is OV. The connector has
open and short circuit protection and will withstand
an input of up to ± 6V for short periods.

(15) The DELAY DATA O/P connector provides a data out
put of the binary formats RZ and NRZ, delayed by 6
bits less than a complete sequence Le. 6 bits advanced
on the data at DATA alP (14). In all other respects
this output is identical to the normal data output.

(16) The CLOCKICLOCK switch selects normal or inverted
generator clock output at the CLOCK alP connector
1171.

(17) The CLOCK alP connector provides a 75 ohm un
balanced generator clock outpUt. The output can be
normal or inverted as selected with the CLaCKI
CLOCK switch (16) and the output frequency may
be either an internal or external clock source. The out
put mark amplitude is 3V and the space is OV. The
connector has both open and short circuit protection
and will withstand an input of up to ± 6V for short
periods.

(18) The TRIGGER alP connector provides one transition
per word or sequence coincident with the start of the
word and before the longest block of zeros of a PRSS.
The amplitude of the trigger output is 1V and it is a
50 ohm unbalanced signal. The output has both open
and short circuit protection and will withstand an input
of up to ± 5V for short periods.
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2-5 RECEIVER INPUT CONTROLS AND CONNECTORS

2 2120 22

23 24 25 19

The DATA lIP connector is a 75 ohm unbalanced in
put which accepts the data input for the receiver. The
data input frequency range is 1Kb/s to 50Mb/s and the
input sensitivity is O.5V pk-pk. The maximum input
amplitude is 5V pk-pk within the limits ± 5V. The data
triggering threshold can be selected with the DATA
THRESHOLD switch (21).

(191

RECEIVER INPUT Set receiver clock and data input conditions.
CONTROLS ANO
CONNECTORS

1201 The DATA FORMAT SNitch selects the appropriate
binary or ternary receiver operation for incoming data
at the DATA lIP connector (19). In the r:ode position
a choice of HDB3 or HDB2 code (options 101 and 102
B6ZS or B3ZS code) is provided with the rear panel
CODe switch (13) which is common with the genera
tor.

(21) The DATA THRESHOLD switch selects the receiver
data triggering level. Trigger level should be chosen to
fall within 1006 and 9006 of data amplitude. Binary



triggering levels of GND (groundl. 20QmV or 600mV
may be selected. Ternary triggering levels of ± 200mV
or ± 600mV may be selected.

Note: In recovered clock mode the darB threshold
level should be set closest to 50% of maximum
input data amplitude to allow the rising edge of
the clock, after a fixed delay, to coincide with
the centre of the data pulse.

(22) The DATA INPUT TRIGGER indicator lamp is 'on'
when data applied to the DATA lIP connector (19) is
correctly triggered. The lamp will be 'off' if data tran·
sitions are absent for more than 150ms.

(23) The CLOCK switch selects the receiver clock source. In
the EXT and EXT positions the receiver is clocked with
a normal or inverted input applied to the RECEIVER
CLOCK lIP connector (24). In the RECOVERED posi·
tion the receiver is clocked with a signal recovered
from the data at the DATA lIP connector (191. The
appropriate clock recovery frequency is selected with
the FREQUENCY switch (21.

Note: for clock recovery there must be two or more
transitions in every 20 bits. This does not occur
in the 2 20 - 1 PRBS when in NRZ format.

(24) The CLOCK lIP connector is an unbalanced 75 ohm
input for a receiver external clock in the frequency
range 1kHz to 50MHz. The input sensitivity is O.5V
pk-pk and the maximum input amplitude is 5V pk-pk
within the limits ± 5V. The clock triggering threshold
can either be ground or automatic [mean level of
clock input as selected with the CLOCK THRESHOLD
switch (5)] . The CLOCK THRESHOLD switch is com
mon with the generator.

(25) The RECEIVER CLOCK INPUT TRIGGER indicator
lamp is 'on' when a clock signal applied to the CLOCK
lIP connector (24) is correctly triggered. The lamp
will be 'off' if clock transitions are absent for 150ms.
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2-6 RECEIVER SYNCHRONISATION
AND SYNC INDICATORS

7 30292728

26

SYNC AND SYNC Automatic synchronisation with manual override and received
INDICATORS pattern indication.

(26) The RESYNC switch is a manual override on the
automatic synchronisation system. When the RE·
SYNC switch is pressed a search (or synchronism is
initiated. The incoming pattern is examined for par
ity with each of the possible incoming patterns until
less than 4 errors occur in 100 clock periods. Synch
ronisation is then regained, and the type of pattern
indicated by one of the synchronisation indicators (27)
to 1301.

(27) PRBS

(2BI PRBS

The normal 29 _1, 215_1 or 220_1 bit
PRBS produced by the generator.

The inverse of the 29 _1. 215_1 or 22°_1
bit PRBS produced by the generator.



1291 WORD When the PRBS/WORD switch (7), of the
receiving instrument, is set to 9, 15 or 20
the WORD lamp indicates synchronisation
to any word which is repetitive in blocks
of 9,12,15,16 or 20 bits.

When the PRBS/WORD switch 171, of the
receiving instrument, is set to the fixed
4 bit words 1000, 1010, or 1100, or with
options DOlor 003 when the PRSS/WORD
switch is set to 16 and a word selected
the WORD SELECT switches which is not
all l's or all D's; the WORD lamp indicates
synchronisation to that word.

(30) ALL ONES, ALL ZEROS Any word sequence with
less than 4 zeros in 100 clock periods or less
than 4 ones in 100 clock periods.
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2-7 RECEIVER MEASUREMENT CONTROLS

7 31 32

33 34

MEASUREMENT
CONTROLS

Select, measurements to be made, display format, and time
base.

(31) The MEASUREMENT switch selects the measurement
to be performed.

In the FREQUENCY OFFSET 1&11) position the frac
tional difference between the standard and offset fre
quencies of the generator section is measured. With
the CLOCK SELECTION switch (1) set to OFFSET,
the fractional frequency difference measured is the off
set selected with the OFFSET /jJ control (3) divided
by the frequency f selected with the FREQUENCY
switch (21.

In the CODe ERRORS position the receiver moni
tors the input data at DATA lIP (19) for violations of
the coding laws. The coding law is selected with the
receiver DATA FORMAT switch (20) as either AMI or
CODE and in the CODe position the type of code
HDB3. HDB2 (option 101 and 102 B6ZS, B3ZS) is
selected with the rear panel CODE switch (13) which is
common with the generator. The result may either be



displayed as a bit error rate or error count as selected
with the TIME BASE switch (32). The measurement
range is 0.0 x 10-9 to 9.9 x 10-2 in BER 101Q
0.0 x 10-7 to 1.0 x 100 in BER 106 or loS and
0.0 x 101 to 9.9 x loB in COUNT.

In the BINARY ERRORS position the receiver measu
res the binary errors on a binary or a coded input
applied to the DATA lIP connector (19). The binary
errors are measured on a bit by bit basis using a refer
ence pattern generated in the receiver. The result may
either be displayed as a bit error rate or error count as
selected with the TIME BASE switch 1321. The measure
ment range is 0.0 x 10-9 to 4.0 x 10-2 in BER
and 0.0 x 101 to 9.9 x loB in COUNT.

If the test signal being received is one of the fixed 4 bit
words, or with options 001 or 003 a 16 bit word, two
methods of operation are available depending on the
setting of the PRBS/WORD switch (7). With the
PRBS/WORD switch set to 9, 15 or 20, the receiving
instrument will synchronise to the incoming pattern
irrespective of systematic errors. With the PR BS/
WORD switch set to the relevant word, the error
detector will only synchronise to that word.

(321 The TIMEBASE switch selects the counter timebase
interval over which errors are counted. The BER posi
tions give a choice of 106 , 108 or 1010 clock periods
for measurement gating. The measurement result is
automatically scaled and presented in the form X. Y x
10-n with an indication if this result is computed
from less than 100 errors (391. In the COUNT posi
tion errors are counted over a period either selected
manually with the START and STOP switches (33)
and (34) or externally by a command from an exter
nal printer. In this mode a positive going TTL pulse at
pin 47 ofthe PRINTER OUTPUT connector (40) stops
the counter and produces a print command. The coun
ter normally restarts 400ms after the stop command
however it is possible. with the change of an internal
link, to hold the restart until the pulse at PRINTER
OUTPUT pin 47 goes "low".

(33) The START switch controls the start of the manual
measurement gating period when the TlMEBASE
switch (32) is in the COUNT MAN position. The count
is initiated by the switch being depressed. This switch
can also be used to restart a measurement when coun
ting errors over 106, 108 or 1010 dock periods.

(341 The STOP switch stops the measurement when coun
ting over a manually controlled timebase. The count
is stopped by the switch being depressed.
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2-8 RECEIVER DISPLAY AND FLAG INDICATORS

7 35 36 37

38 39

DISPLAY
AND FLAG
INDICATORS

Present the result and indicate state of measurement.

(35) The DISPLAY shows the measurement result. Fre
quency offset measurements are displayed in the form
XV x 10-n. Code error and binary error measurements
are displayed as BER in the form X.Y x 10-0 or as
COUNT in the form X. Y x 10+°.

(36) The GATING flag indicates that a measurement is rn
progress. The indicator will be 'off' for at least 500ms
between measurements.

(37) The SYNC LOSS flag iooicates loss of receiver pattern
synchron;satton. The indicator is inhibited during code
error and frequency offset measurement.

Sync loss will also be indicated when the PRSS/WORD
switch (7) is in one of the fixed 4 bit word positions
which is different to the word being received. With
options 001 and 003 sync loss will be indicated when
the PRBS/WORD switch is set to 16 and the word



selected with the WORD SELECT switches is different
to the word being received.

Note: This d08$ not apply if the PRBS/wORD switch
is set to one of the PRBSpositions; 9, 15 or 20,
or if the internal SYSTEMATIC ERROR DE
TECTION switch A31S2 is set to OFF, as the
error detector will then synchronise to any
repetitive 9, 12, 15, 16 or 20 bit word.

(38) The OVERFLOW flag indicates that the internal error
or frequency count has reached or exceeded 109.

(39) The <HXl ERRORS flag indicates that less than 100
errors were counted during the last error measurement.
The indicator is inhibited during frequency offset
measurements.
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2-9 RECEIVER OUTPUTS

43 44 40

45 41 42

RECEIVER
OUTPUTS

(401 The PAINTER OUTPUT connector provides an 8421
BCD output of the measurement result and current
flag signaL In the SEA and COUNT MAN positions of
the TIME BASE switch (32) the print command is at
the termination of the measurement and in the COUNT
EXT position the print command is initiated by the
printer providing a positive going TTL pulse at pin 47
of this connector. The Counter normally restarts
400ms after the stop command. however it is possible,
with the change of an internal link, to hold the
restart until the pulse at the PRINTER OUTPUT
socket, pin 47. goo$ "low". Further details of the
printer output are given on page 51.

141) The RECORDER OUTPUT connectors provide a high
impedance current source output suitable for comiec
tion to a chart recorder. The output comprises 16
current levels with a total variation of 1mA into an
impedance of 10K ohms max. There is an eleven level



indication of BE R and a four level indication of count
and the response time is 500ms minimum. Funher
details of the recorder output are given on page 52.

(42) The RECORDER CALIBRATION switches provide
1rnA for FULL SCALE and OmA for ZERO calibra
tion of a chart recorder connected to the RECORDER
OUTPUT connectors (41).

(43) The RECEIVER CLOCK output provides an output
of the receiver clock signal for recovered or ext clock.
The output amplitude is 1V min pk-pk. and the pulse
width is nominally the same as the clock with a SO%
duty cycle for recovered clock. The connector has both
open and short circuit protection and will withstand
an input of up to ± 5V for short periods. The output
impedance is 50 ohms.

(44) The ERROR output connector provides one pulse per
error. The output pulse amplitude is 1V min pk-pk
and the pulse width is nominally the same as the
clock mark. The connector has both open and short
circuit protection and will withstand an input of up to
± 5V for short periods. The impedance of this output
is 50 ohms and the output is inhibited during sync loss.

(45) The RECEIVER TRIGGER output provides one pulse
per received PRBS sequence near the start of the long
est zero block. The output pulse amplitude is 1V min
pk·pk and the pulse width is nominally one clock
period. The connector has both open and short circuit
protection and will withstand an input of up to ± 5V
for short periods. The output impedance is 50 ohms.
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2-10 POWER CONTROLS AND CONNECTORS

47

42

49

48 46C 468 46A



(46) The POWER INPUT module comprises a SlJpply vol
tage selection switch 146AI. the supply fuse 146B) and
a socket for the power supply cable (46C1. Details of
setting the supply voltage switch and fuse selection
are given o~ page 6 Paragraph 1-9.

WARNING

BEFORE CONNECTING THE INSTRUMENT TO
THE SUPPLY ENSURE THAT THE VOLTAGE SEL·
ECTOR IS IN THE CORRECT POSITION AND THAT
A FUSE OF THE CORRECT RATING IS FITTED.

(471 The POWER switch controls the ac power input to the
instrument.

1481 The LOGIC PROBE SUPPLY connectors provide power
for a logic probe which may be required for the ser·
vice or repair of the instrument. Both + and -5 volts
are available and both supplies are internally fused at
200mA.

1491 The cable preamplifier power supply provides, -12.6V,
+15V and ground, as a power source for the Model
15509A cable preamplifier accessory. This accessory
provides an interface between monitor output points
and the model 3780A.
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2-11 OPTION CONTROLS AND CONNECTORS

44

54 53 50 52 55

56 51



OPTION 001/003 Option 001 is the 16 bit word option and option 003 is the
16 bit word option with small Siemens connectors.

(501 The PASS/WORD switch selects the panern to be

generated. In the n '" 9. 15 and 20 positions a maximal
length PR8S of 2n - 1 is produced as for the
standard instrument. In the n .. 16 position the generator
produces a repetitive 16 bit word whose content is
selected with the WORD SELECT switches (52). In
the ALT position the generator produces two 8 bit
repetitive words A and 8 alternated by an external
signal applied to the GEN ALT WORD I/P connector
(511 on the rear panel. The word 'A' is selected by a
positive going transition of the input signal and the
word '8' by a negative going transition.

The PASS/WORD switch in conjunction with the
WORD SELECT switches (52) is used to preset a
reference 16 bit word on a receiving instrument in
order to detect systematic errors.

(51) The GEN ALT WORD I/P connector accepts a signal
to switch between words A and 8 as selected with the
WORD SELECT switches (52). The input sensitivity is
250mV pk-pk for a dc to 100kHz square wave or 0.5V
for a 200Hz to 100kHz sine or triangular wave. The
input impedance is nominally 1K ohm and the maxi
mum voltage is 15V rms,

(521 The WORD SELECT $\Nitches select the content of
the 16 bit or two 8 bit words produced by the genera
tor.

1101/1531 The ZERO AOD/NORM/ERROR ADD switch per
forms the same function as in the standard instrument
as described on page 28. Zeros are added once per
sequence to the 16 bit word between words or indivi
dually to the 8 bit words.

(18)/(54) The TRIGGER output socket provides a trigger out
put of one transition per word or sequence as for the
standard instrument described on page 31. With the
16 bit word the transition occurs before each word and
in the alternate mode the transition occurs before each
8 bit word A or B.
All other controls, connectors and indicators are the
same as the standard instrument.

OPTION 002 Option 002 instruments have small Siemens connectors in
place of the 75 ohm BNC connectors.
All other controls, connectors and indicators are the same as
in the standard instrument.
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OPTION 100 (21/(55) The internal crystal frequencies selected with the FRE-
QUENCY switch are as follows:
1, 2.048kHz 12 a,448kHz 13 34.368kHz.

These frequencies are listed on the rear panel of the
instrument.
All other controls, oonneetors and indicators are the
same as in the standard instrument.

OPTION 101 121/(551 The internal crystal frequencies selected with the FRE-
QUENCY switch are as follows:
1, 1,554kHz 1

2
6,312kHz 1

3
44.736kHz

These frequencies are listed on the rear panel of the
instrument.

(131/1561 The rear panel CODE switch selects B3ZS and B6ZS
code formats in the generator and receiver.
All other controls, connectors and indicators are the
same as in the standard instrument.

OPTION 102 (2)/155) The internal crystal frequencies selected with the FA E-
QUENCY switch afe as follows:
1, l,554kHz 12 6.312kHz 1

3
3.152kHz

These frequencies are listed on the rear panel of the
instrument.

(13)/(561 The rear panel CODE switch selects 83ZS and 86ZS
code formats in the generator and receiver.
All other controls, connectors and indicators are the
same as in the standard instrument.

OPTION 099 (1 )/(3) The frequency OFFSET (61') control and the OFFSET
position of the clock selection switch are deleted.
All other controls, connectors and indicators are the
same as in the standard instrument.
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INTRODUCTION

3-2
BINARY OR
CODE ERROR
MEASUREMENTS
Generator

Receiver

SECTION 3
OPERATING PROCEDURE

The 3780A PATTERN GENERATOR/ERROR DETECTOR
measures binary errors, code errors, and frequency offset.
The measurements may be local using a loop back method or
through a channel under test to a remote error detector.

To make Binary Error or Code Error measurements proceed
as follows:

1. 5e1ect the generator FREQUENCYeitherinternallNORMI
f 1 f2 f 3 or extemal (EXT) from the CLOCK lIP.

2. Select the generator pattern 2"_1 PA as. n bit word or
one of the fixed words.

3. select the generator output format, AZ or NRZ for binary
outputs AMI or CODe including rear panel CODE format
for code outputs.

4. Connect the generator DATA OIP to the item under test.

5. If not using recovered clock connect the generator CLOCK
O/P to item under test. .

6. Connect data from item under test to receiver DATA
I/P.

7. If not using reoovered clock oonnect clock from item
under test to CLOCK I/P.

8. Select DATA THRESHOLD 2OOmV, GOOmVor GND.

9. Select receiver CLOCK drive EXT. EXT OR RECOVER
ED.

10.Select INPUT FORMAT BINARY (RZ or NRZI. AMI or
CODE.

Note: The code will be the Code selected with the rear
panel CODE switch of the re~illing instrument.

, 1.Select MEASUREMENT to be made CODE ERRORS or
BINARY ERRORS.

12. If the generator pattern selected in step 2 was one of the
fixed words and systematic error detection is required.
select the same fixed word with the PRSS/WORD switch
of the receiving instrument. If systematic error detection
is not required, select one of the PRBS (9. 15 or 201
positions of the PASS/WORD switch on the receiving in
strument.
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13. For Binary Errors ensure that synchronism has been achie
ved by observation of the RECEIVED PATTERN indica
tors.

14. Select TIMEBASE and DISPLAY MODE, BER over 106
108 or 1010 clock periods or COUNT, MANUAL or EX·
TERNAL.

Note: In BER the measurement starts automatically, in
COUNT MANUAL the measurement ;s initiated
with the START switch, and in COUNT EXTER
NAL the measurement ;s initiated from an external
printer.

15. Ensure that the receiver is operating correctly by observing
the GATING indicator.

Note: Differences may occur between measurements
of binary error rate and code error rate due to
the error extension factor of the decoder. This is
fully described in paragraph '·14.

To set a required generator offset proceed as follows:

1. Select the generator FREOUENCY f, f
2

or f
3

.

2. Select the OFFSET position of the generator CLOCK
SELECTION switch.

3. Set the receiver MEASUREMENT to FREOUENCY OFF·
SET.

4. Ensure correct operation by observing the display and
GATING indicator.

5. Adjust the generator OFFSET control to give a display of
the required offset.

To measure the offset of an external data input proceed as
follows:

1. Connect the external data input to the receiver DATA lIP
connector.

2. Select the RECOVERED position of the receiver CLOCK
format switch.

3. Connect the receiver CLOCK output on the rear panel to
the generator CLOCK lIP.

4. Set the generator CLOCK SELECTION to EXT.

5. Select the comparison frequency with the generator FRE
QUENCYswitchf1 f 2 0rf3·

6. Set the receiver MEASUREMENT to FREQUENCY OFF·
SET.



7. Ensure correct operation by observing the display and
GATING indicator.

To measure the offset of an external clock input connect the
e~ternal clock input to the generator CLOCK lIP and proceed
as in steps 4 to 7 above.
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SECTION 4
CONNECTION OF ASSOCIATED INSTRUMENTS

4-1
INTRODUCTION

The outputs provided for external recording or display of the
measurement results are described in this section. The out
puts covered are for a printer, a chart recorder and a counter.

4-2
PRINTER

The printer output is designed for direct use with a Hewlett
Packard 5055A 50508 or 5150A printer. The information
from flag signals and display is presented for a 10 column
print out in the form:

F·X"Y·'O±N

Where F represent the flag information and the remaining
digits represent a SER or COUNT display in the form
X.Y x 10 ±". The output information is in 8421 BCD form
and print information between the error detector and printer
is carried on two lines. The error detector Printer output sock
et connections are as follows:

26

PIN

o ± N NUjBER

1

Y •x•F

( GP 2 1 HH 2 1 H H 2 1 H H F H F E H D 2 j)
\ G G Ta 4 H H a 4 H H a 4 HH F F E E H E a50

25

PRINTER OUTPUT SOCKET AS VIEWED ON REAR PANEL

KEY

1,2,4, a
D

E

F

G
H

T

P

aCD WEIGHTING

HIGH FOR + LOW FOR -

LOW EXCEPT DURING SYNC LOSS OR
OVERFLOW FLAGS
LOW EXCEPT DURING SYNC LOSS OR
OVERFLOW FLAGS

GROUND
PERMANENT HIGH

INHIBIT 37BOA COUNT CONTROL
FROM PRINTER

PRINT COMMAND FROM 37BOA TO
PRINTER
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The flag signal information is coded as follows:

PRINT OUT

1

2

3
4
V

FLAG

OVERFLOW

SYNC LOSS

CLOCK LOSS

DATA LOSS

LESS THAN 100 ERRORS

4-3
RECORDER

Note: On standard Hewlert·Packard S055A and 50508 prin
ters V is produced for decimal 73 or binary 7101
print commands.

The print command in the BE R mode of operation is given at
the termination of each measurement. The print command in
COUNT MANUAL is given when the STOP switch is pressed
and in COUNT EXTERNAL on receipt of a stop command
from the printer. The print command is a TTL pulse and the
minimum print cycle time is 500ms.

The counter normally restarts 400ms after the stop command
however it is possible. with the change of an internal link, to
hold the restart until the pulse at the PRINTER OUTPUT
socket, pin 47. goes "low" ie the printer then controls both
stop and start of the measurement. /

The recorder output provides a high impedance current
source output suitable for connection to a chart recorder. The
output comprises 16 current levels with a total variation of
1mA into an impedance of 10K ohms max. Two pushbutton
switches give Full scale and Zero outputs for setting up the
recorder and there are internal adjustments for range 1rnA ±
O.2mA and centre 0 to O.5mA. The minimum response time
is 500ms. The output levels are as follows:

Level 15 - FSD

BER operation LEVEL

15
14
13
12
11
10
9
8
7

4
o

BER

<10-8

<10-7

<10-'
<10-5

<10-"
<10-3

<10-'
<10-1

~1O_1

SYNC LOSS

SIGNAL LOSS



COUNT operation LEVEL

15
7

4

o

Information

Signal without errors

Signal with errors

Sync Loss
Signal Loss

4-4
COUNTER

Signal loss indicates clock loss when using an external clock
and data loss wnen using recovered clock.

To make large error counts with greater resolution than is
possible on the 3780A display an external counter may be
connected to the rear panel ERROR output socket.
The output is one pulse per error, the pulse amplitude being
1V pk-pk minimum.
The output is inhibited during sync loss.
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5-1
INTRODUCTION

SECTION 5
MANUAL CHANGES

Changes have been made to the model 3780A Pattern Gen
erator/Error Detector which affect these operating instruc
tions. Note the Serial Number Prefix of the instrument and
make the changes specified in the following tabte:

Serial Prefix or Number

Below 1610U
1610U
1620U
1721U
1739U-Q0436
1810U-00561
1901U
1915U·00946
1915U·00976

makechangl

1.2.3
2.3
3
NONE
4
4.5
4.5.8
4.5.6.7
4.5.6.7 ,8

Paragraphs

5-2.5-3.5-4
5-3.5-4
5-4

5-5
5-5.5-6
5-5,5-6.5-7
5-5,5-6,5·7,5-6
5-5,5-6,5·7,5-8,5·9

5-2
CHANGE 1
Power Input

Module
Replace paragraph 1.Q page 6 with the following:
Before connecting to the supply check that the correct
voltage range has been selected and that the correct fuse is
fitted. The voltage range is selected with a lever in the rear
panel input connector. To select the voltage range, slide
the shutter over the connecting pins and expose the fuse

compartment. Remove the line fuse by pulling the lever
marked FUSE PULL. Set the voltage selector to the
required range as indicated by the arrow on the selection
lever and the ranges marked on the rear panel. Insert
the correct fuse for the supply range selected as indicated
on lhe rear panel. Slide the shutter over the fuse compartment
to expose the connecting pins. The instrument is now
ready for connection to the supply.

Replace the power controls and connectors (rear panel)

diagram, Paragraph 2-10, page 42 and their description (461
page 43 with the following:

(46) The POWER INPUT module comprises a supply
voltage selection switch, the supply fuse and a
socket for the power supply cable. Details of sening
the supply voltage switch and fuse selection are given
on page 6 Paragraph '·9.
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5-3
CHANGE 2
Systematic
Error
Detection

Pattern Selection

56

48

Replace the Pattern Selection part of paragraph 1·15,
page 10 with the following:

Three maximal length pseudo random binary sequences

IPRBSI or length 511, 32767 and 1048575 bits and five
four~it repetitive word patterns are produced by the
generator. The PRBS generator may also be used to generate
random repetitive word patterns of length 9. 15 or 20 bits.

Option 001 provides a front panel programmable. 16 bit
word in place of the five four-bit and random repetitive
word patterns. This can also provide two 8 bit words
alternated by an external signal applied via the rear panel.

Up to 999 zeros can be added once per sequence to all of
the selectable patterns.

The error detector automatically recognises and reproduces
8 synchronous error·free version of any PRBS or WORD
pattern produced by the generator, including P'R'BS but

excluding those patterns containing added zeros or alter·
nating words (option 001). An indication of receive pattern
lock is given by LE D lamps. A manual override on the
automatic sync is provided which forces a Sync Loss; when
released the instrument reverts to automatic synchronisation.



Replace item (7) of the Generator Pattern Controls 2-3,
page 28 with the following:

(7) The PATTERN SELECTION switch selects the pattern
to be generated from fixed four bit words:

OO,1000,1010,1100,1111סס or the value of n: 9,
15, 20. The value of n selected may be used to pro
duce an n bit word or a 2n - 1 bit PR BS as selected
with the 2n - lIn switch (8).

Replace item (291 of the Receiver Synchronisation and
Sync Indicators 2-6, page 35 with the fOllowing:

(29) WOR D Any word which is repetitive in blocks of
9,12,15,16 or 20 bits.

Delete the final paragraph of item (31) Receiver Measure
ment Controls 2-7, page 37.

Replace item (371 Receiver Display and Flag Indicators
2-8, page 38 with the fOllowing:

(37) The SYNC LOSS flag indicates loss of receiver
pattern synchronisation. The indicator is inhibited
during code error and frequency offset measurement.

Replace item (501 Option Controls and Connectors 2-11,
page 45 with the following:

(50) The PRBS/WORD switch selects the pattern to be
generated. In the n "" 9,15 and 20 positions a maximal
length PRBS of 2n - 1 is produced as for the standard
instrument. In the n ... 16 position the generator pro
duces a repetitive 16 bit word whose content is selec
ted with the WORD SELECT switches (521. In the
ALT position the generator produces two 8 bit re
petitive words A and 8 alternated by an external sig
nal applied to the GEN ALT WORD lIP connector
(51) on the rear panel. The word 'A' is selected by a
positive going transition of the input signal and the
word '8' by a negative going transition.

Delete step (12) Binary or Code Error Measurements 3·2,
page 47.
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5-4
CHANGE 3
Power Supply for
Une Amplifier
15509A
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Replace the Power Controls and Connectors (front panel)
diagram, paragraph 2-10, page 42 with the following:

Delete item (491. page 43

6-5
CHANGE 4

Receiver Specifications, Page 19.
Add to the CODE ERRORS specification the following:

HDB3/HD82: Violations of Violations selectable
with an internal switch.

Page 36. RECEIVER MEASUREMENT CONTROLS, Para
graph (31).

Add the following to the paragraph beginning, "I n the CODe
ERRORS position":
As an alternative to violations of the coding laws. it is poss
ible with HDB2/HD83 to measure violations of violations.
where an error is registered for each bipolar violation which
has the same polarity as the previous inserted violation.



!HI
CHANGE 5
Options

An internal switch A34S1 selects between measurements of
the coding law errors (VOCAB = vocabulary) and measure
ments of violations of violations (VIOL'" violation of viol
ationsl.

Page 47. BINARY OR CODE ERROR MEASUREMENTS.
Add the following to Paragraph ('1):
(11a) For HD82/HDB3 code errors, select vocabulary

errors (VOCABl or violation of violations IV10 L)
with intemal switch A34S1.

Page 12. Paragraph '·16 OPTIONS.
Add the following paragraph:·
Option 100 provides an equaliser and attenuatar. operational
at 34.368Mb/s when ternary coded data HDB2 or HDB3 is
selected. The equaliser compensates for characteristic losses
in interstation cable in the data path. JF characteristic
equalisation is introduced in the Receiver to compensate for
up to 12dB cable losses at 17.184Mb/s from a 1V pk source.
The attenuatar is included in the Generator and provides the
1V pk source.

Page 23 OPTIONS and Page 46 OPTION 100.
Add the following to Option 100 specification:

OPTION 100: When the 3780A is used at F3 ".
34.368Mb/s with a ternary cOOed
output and input format. the foll
owing parameters apply_

DATA OUTPUT

DATA INPUT

Impedance;
Amplitude;
Zero Level;
Transition Times;
Overshoot;

Rate;
Impedance;
Equalisation;

Format;

Amplitude;
Indicator;

nominal 7s!1 to ground.
± IV ± Q.1V.
OV ±O.1V.
<4ns.
< 1006 pulse amplitude.

nominal 34.368Mb/s.
nominal 7s!1 to ground.
Automatic JF equalisation
for cable losses up to 12dB
at Fc/2 from a 1V pk source
Ternary coded HDB2 or
HDB3.
3V pk maximum.
LED illuminated jf data
transitions present.
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5-7
CHANGE 8
Sync Loa:

"CHANGE 7

60

Page 32133. Paragraph (21).
Add the following:
If on instruments fitted with Option 100 (F3 equaliser and
attenuated FREQUENCY F3 and CODE are selected. the
DATA THRESHOLD switch should be set to "200mV".

Page 18, Synchronisation specification.
Add the following to the "Sync Loss" paragraph.
Greater than approx. 20.000 errors in 500,000 clock periods
with switch selectable override. Automatic sync loss can be
disabled by internal manual SYNC LOSS switch A37S3.

Page 20.
Add the following to the "Sync Loss" specjfication.
Sync loss mechanism may be overridden by internal manual
SYNC LOSS switch A37S3.

Page 34, Paragraph 26.
Add the following paragraph:
(26a) Synchronisation will be maintained until greater than

20,000 errors are accumulated in 500.000. clock
periods. This criteria can be overridden by internal
manual SYNC LOSS switch A37S3 set to ON, so that
up to 1()()% errors may be accumulated. During instru
ment normal operation A37S3 is set to OFF.

Page 18, Receiver "Patterns" specification:
Change reference to "ALL ONES ZEROS" indicator to
-'AIS'-_

Page 20, Printer Output (rear panel) specification:
Include the following additional value for "Flags":

F'" A for AIS

Page 21, Recorder Output (rear panel) specification:
Delete the specifications for BER and COUNT.
Add the following specifications for BER and COUNT.

BER: Thirteen level signal
FSD • level 15

14
13
12

"10
9

SEA <10-.
<10-7
<10-6

<10-'
<10-4
<10-3
<10-2



COUNT: Five level signal

Levels
FSD' 15

7
4
2
o

8
7
6
4
2
o

<10-\
<10-<>
• lao
SYNC LOSS

AIS
SIGNAL LOSS

Reference

S~gnal no errors l ex t AIS
Signal plus errors r cep
SYNC LOSS
AIS
SIGNAL LOSS

8ER
<10-·
<10-7
<10-'
<10-5
<10-'
<10-3
<10-2
<10-'

Page 34/35 SYNC AND SYNC INDICATORS_
Delete paragraphs (29) and (30),
Add nWi paragraphs (29) and (30) as follows:
(29) WORD Any word which is repetitive in blocks of 9.12,

15. 16. 20 bits including ALL ZEROS (any
word with less than 4 ones in 100 clock.
periods),

1301 AIS ALARM INDICATION SIGNAL.beingal! ones
(any word sequence with less than 4 zeros in
100 clock periods).

Page 52. Printer Flag signal information.
I nelude the additional value for "Flags":

F,., A for AIS

Page 52. Paragraph 4-.3. RECORDER.

Delete the specification for SEA and COUNT operation.
Add new specification for BE R and COUNT operation as
follows:
SER Thirteen level signal.

SEA Operation Levels
FSO 15

14
13
12
11
10

9
8
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7
6
4
2
o
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<10.0
• 100

SYNC LOSS
AIS

SIGNAL LOSS

COUNT

COUNT

Five level signaL

Operation
FSD

Levels
15

7
4
2
o

Reference
Signal no errors
Signal plus errors
SYNC LOSS
AIS
SIGNAL LOSS

} except AIS

5-9
CHANGE 9

OPTION 101

OPT 101

Page 12, Paragraph 1-16.
Add the following paragraph to Option 101 description only.

Option 101 provides an equaliser and line build out network.
operational at 44.736Mb/s when ternary coded data (B6ZS
or B3ZSl is selected. The equaliser compensates for character
istic losses in interstation cable in the data path. JF char
acteristic equalisation is introduced in the Receiver to com
pensate for up to 12dB cable losses at 22.368Mb/s (Fef2)
from a O.909V pk source. The line build out network pro
vides at the Generator DATA OIP a shaped output pulse
wHich conforms to CelTT pulse mask (Rae. G.703.41. The
shape of the data output waveform is equivalent to a O.909V
pk ternary coded data waveform transmitted through 450ft
of 75Q cable.

Page 23. OPTIONSlPage 46. OPTION 101.
Add the following to Option 101 specifications:
If the 3780A FREQUENCY is set to F3 and the Generator
OUTPUT FORMAT and Receiver INPUT FORMAT set to
CODE the following specifications apply.

Data Output
IF3cododl

Receiver Data Input

Amplitude:
Shape:

Impedance:

Equalisation:

580mV ±Hl%
Conforms with CCITI
pulse width for co-axial
pair interface at 44.736
Mbfs. {Roc. G.703.41.
Nominally 75Qunbalanced

Automatic JF equalisation
for cable losses up to 12dB
at Fef2 (FC • 44.736)
from a O.909V pk source.



Rate:
Impedance:

44.736Mb/s nominal.
Nominally 75,Qunbalanced

Pages 32/33, Paragraph (21);
Add the following:
If on an instrument fitted with either Option 100 or 101 the
FREQUENCY is set to F3, and the INPUT/OUTPUT FOR
MAT to CODE the DATA THRESHOLD switch should be
set to "20OmV".
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