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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureau of Standards to
the extent allowed by the Bureaw’s calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty apnlies for one year
from the date of delivery, or, in the case of certain major compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages. !

Service contracts or customer assistance agreements are, availr ble
for Hewlett-Packard products that require maintenance and re-
pair on-site. '

For any assistance, contact your nearest Hewlett-?ackard Sales and
Service Office. Addresses are provided at the back of this manual.
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FOREWORD

Wt

The hp 3760A/61A Error Rate Measuring System comprises the 3760A
Data Generator and 3761A Error Detector. A complete set of manuals for
this system is listed below: —_—

3760A/61A System Operating“Manual

i -

3760A Data Generator Service Manual
© 3761 A Error Detector Service Manual

This manual contains the following sections:
———

Section [ General Information and Preparation for Use
Information which applies to both the Data Generator and
Error Detector. It covers initial inspection, packaging and
supply connection.

-

Section II Operating the 3760A Data Generator
3760A Specifications, details of front panel controls conn-
o ectors and indicators and operational notes.

Section III A replica of Section 1I with 3761 A details and additional
infortaiion on setting up procedures and rear panel conn-
ectors.

Section IV Fault [solation
Isolating a-fault"to one instrument,
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SECTION I
GENERAL INFORMATION
and PREPARATION FOR USE

This section contains the general information relating to both the 3760A
Data Generator and 3761A Frror Detector, General information on
individual instruments, eg, options available. accessories supplied and fuse
ratings are given at the beginning of Section Il for the Data Generator and
the beginning of Section HI for the Error Detector.

)
An identification plate is fitted to the rear panel of cach instrument. The
"number on this plate consists of a four digit serial prefix, a reference letter.
and a five digit serial number. These details should be quoted in any corres-
pondence with Hewlett-Packard relating to the instrument and are particu-
Jarly important when ordering spare parts or components,

The instruments are designed to operate over an ambient temperature range
of 0° to 50°C (329 to 1229F) and to be stored at -40° to 65°C (-40°
to 1499F).

A technique for fault isolation between the Data Generator and Error
Detector will be found in Section IV of this manual, separate manuals
being provided for the service of the individual mstruments. If it is nece-
ssary to return an instrument to one of the /ip Service Offices. listed at the -
back of this manual, a card should be firmly attached to the instrument
giving details of tl)e fault condition or type of service required and the return
address. -

Each instrument is carefully examined both mechanically and clectrically
prior to shipment. The instruments should be examined as soon as possible
after receipt for external damage which may have occurred during shipment
such 2s broken controls or connectors and dents or scratches on the panel
surfaces. If any damage is evident refer to Paragraph 1-8 for recommended
claim procedure and Paragraph 1-9 for repackaging information.

The Performance Tesis in the individual instrument service manuals provide
a method of confirming the specification and may be useful as incoming
inspection checks. In the event of the instrument not performing within
the specifications refer to the claim procedure Parsgraph 1-8 and repackaging
information Paragraph 1-9.
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1-8 CLAIMS FOR,
SHIPPING DAMAGE

1-9 REPACKAGING
FOR SHIPMENT

i

1-10 PREPARATION
FOR USE

1-11 POWER
REQUIREMENTS

| 1-12 SELECTING
115 or 230V
OPERATION

If the instrument is piysically didmaged or fails to meet specifications on
receipt, wotify the carrier and the nearest Hewlett-Packard Sales and
Service Office (Jisted at the back of this manual). The Sales and Service
Office will arrange for repair or replacement without waiting tor settle-
ment of a claim with the carrier.

To protect electronic equipment during storage or shipment always use
the best packaging methods available, Hewlett-Packard field offices can
provide packing materials used for original factory packaging at short
notice. Two suitable alternative packaging methods are given below:

2. RUBBERISED HAIR. Cover painted surfaces of instrument with
protective wrapping paper. Pack instrument securely in strong corrugated
container (350lb/sq. in bursting test) with 2-inch rubberised hair pads placed
along all surfaces of the instrument, Insert filers between pads and con-
tainer to ensure a snug fit.

b. EXCELSIOR. Cover painted surfaces of instrument with protective
wrapping paper. Pack instrument in a strong corrugated container (3501b/sq.
in bursting lest) with a layer of excelsior about 6-inclies thick packed
firmly against all surfaces of the instrument.

i

Both the Data Generator and Error Detector may be operated from @
90 to 125V ac (nominal 115V) or a 200 to 255V ac (rominal 230V)
supply of 40 to 400Hz single phase.

Slide the shutter, on the rear panecl power input connector. over the
connection pins and expose the fuse compartment. Remove the lince fuse
and set the line voltage sclection switch to the required range. Select the
correct fuse using Table 1-1 and insert in the fuse holder. Slide the shutter
over the fuse compartnfent to expose tlie connection pins.

Table 1-1 Line fuse ratings

3760A 3761A
DATA GENERATOR ERROR DETECTOR
115V line fuse 3A slow-blow 2A slow-blow
hp 2110-038) hp 21100303
230V line tuse 1.5A stow-blow 1A slow-blow
hp 2110-0304 hp 2110-0007
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Section 1

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 conn-
ection 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 3760A and 3761A and the following clear-
ances should be allowed for ventilation.

3 to 4 inches at the rear for air intake.

2 to 3 inchies at each side for air exhuausr,

The clearances provided by the plastic feet in bench mounting and by the
filler strip in rack mounting permit adequate ventilation for the top and
bottom surfaces. The operating teipperature should be maintained within
the range 0° to 50°C. Storage temperature limits are -40°C and +759C.

!

Each 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, A compressed air line is recommended for clean-
ing the air filter.

Both instruments have plastic feet and foldaway tilt stands for convenience
of use in bench operation. The feet provide both air circulaticn clearance
and a self aligning facility when stacked with other Aip full rack width
instruments.

The rack mounting kit contains alt of the hardware required for mounting
the instruments in standard 19-inch racks. [nstallation instructions are given
u: the kit.
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3760A Data Generator Specifications

MODES OF OPERATION

PRBS NORMAL. Gunuraley a pepeiiive N 1 bir, masnngl fengtin, Pseado Random Binary
Sequence where N 2 3t 10 und 15,

PKBS ADD ZEROS Addition of 3 block of [ tn 9% zeros mto PRES NORMAL. avcurning stier the
syne pube,

PRBS ADD ERROR Introduction of two errors per 3000 sequences by changntg tweo venseculive ity )
te their logic complements.

HAEY Generales a preset repetitive word, wontent 1010,
WORILY NORMAL Guenerates a cutinuous 3 to 10-bit wand with selectable content. '

WORD ADD ZEROS Addition of a bluck of 1 to 99 reros into WORLD NORMAL, occurring bhetw ven

words
CLGCK INPUT DATA OUTPUT
! Rate 1.5 *o 150MHz. : Qutputs DATA or DATA.
Jmpedance 5082 25% de coupled (7552 optional). Format NRZ.
RZ tup to L30Mb/s) .
Triger:
Manus! Level range: -3 to +3V. Slone +ye Impedane  Source impedance 500 5% (7512
oF -ve. ’ Optional).
1y !
Auto Input mark:space ratio range 10:1 Amplitude  Continuously variable 1n 5 ranges
o 1:10. from Q.f to 3.1V into 5082 sym-

metrical about uffset tevel.
. Semsitivity  Better than 5CCn. v pkeph.

Rise/Fall time <I.dns inta 5012,

Amplitude 5V pk-pk .a2vmum. Limits 25V, <] .6nsinto 7582 {7562 impedance
option).
Pulse Width  3ns minimum at SO% pulse ampli-
tude, Overshoot <107% of pulse amplitud e,
CLOCK QUTRT L' DCQffset Zerg: <% of pulse amplitude.

Variable: Continuous O to £3V.

Outputs CLOCK or ;TLO( E, from external .
or optional internal clock, DELAY Data{and syncydetayed with respect

! : to clock continuously in 1Q ranees
Impedance  Source impedance SOSt 25% (750 from 0 to 100ns.

oplional), '
t r
Amplitele  Centinuously variable in 5 rampes SYNCOUTELUT
. )
gg.::’lcl‘:? 3...Vsynlmemcai obout Rate Once per PRBS or WORD cy«le.
_ Risc/!all time <I.4ns into 0L, D
: <l.nsinto 7571 (759 impedance | woaon
r option). Nommal 1 CLOCK period.

! - » g -
e Offset Zeto: <2% of pulse amplitude . Add Zeros Lquth of #ero bluck plus one clack

, o Yartabie: Continuous 0 £3V, period
OQPTIONS Position:
PRBS .
Option 00} 752 CLOCK and DATA input/ Normal Front panel selectable.

WORD

Normal Precefes wond .

Add Zeros  Precedes zero block by one cock
puriod.

1 output impedances.

Option 002 Intermal, variadle frequency clock.
\ Rate: 1.5 1o 150MH.2.

litter: <05% of penod +0.03ns Impedance  Source impedaney SO5 2577,

pk-pk.
1 ! : P
Qption 003 Ontions 001 and 002 combined. Amplitude +1¥ nominal a
I
L] ' .
P )] GENERAL
Power 90 to [25 or 200 1o 250V. Weight Dimensions 16%in wide. S¥in high, 18 hin deep

40 to 40QHz, consumptich 90W. | JOibs (13.6kg) (425mm a J40mm x 46T7mm).
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2-1 INTRODUCTION

2-2 OPTIONS

2-3  ACCESSORIES

. Section 2

SECTIONIT

OPERATING THE 3760A DATA GENERATOR

The Hewlett-Packard Model 3760A Data Generator produces both dipital
words and Pseudo Random Binary Sequences. PRBS. at rates from [.5Mb/s
up to 150Mb/s.

The clock frequency, in the range 1.5 to 150MHz can be derived from an in-
ternal clock generator (optional) or the unit can be manually or automati-
cally triggered from an external clock. A clock output, variable in amplitude
from0.] to 3.2V pk-pk with a rise time of better than L.4ns, is also provided.

The pseudo-random binary sequence, PRBS, is variable in length from 2% - 1
to 2'® .. | bits, with an additional long sequence of 2'* — | bils. A syne
pulse oconrs once per sequence and can be used to initiate a Llock of
| to 99 ceros. This block is inserted into the data stream to fecilitate the
clock extraction tests used in some PCM systems. As the 3760A Dats
Generator is often used in conjuaction with the 3761A Error Detector,
deliberate errors can be inserted to check the accuracy of the 3760A/61A
system.

The length of the binary word is variable from 3 to 10 bits and its content
is selected on the front panel. A sync pulse occurs once per sequence and
again it can be used to initiate a block of zeros which is inserted between
words. Alternatively, the pre-programmed maximum change sequence, 1010
can be selected.

The data output which can be PRBS, WORD or the fixed maximuni change
sequence, 1010, is available in normal or complemented form. As with
the clock, this output is calibrated from 0.1 to 3.2V pk-pk in amplitude
and 0 to +3V dc in offset with rise times of better than 1.dns, Either
RZ or NRZ formats may be selected and the data output can be delayed by
up-to 100ns with respect to the clock. :

In the standard instrument all input and output impedances are 5082 and
the clock drive is from external input only. OPTION 001 has input and
output impedances of 75§ with the exception of tie syrc output which
remains at 5092. With OPTION 052 the Data Generator has an internal clock
generator with frequency varisble from 1.5 to 15OMHz and retains the
external input facility. Hoth of the above options are available on the same
instrument as OPTION 03 it required.

!
The instrument isbrovided with 3 3-core power cable, an extender board
located in a spare position in the clock module. a 3 amp fuse: stock
number 2110-0381 for 115V operation, a spare indicator lump. stock
number 21400374 clipped to the rear of the front panel lamp assembly.,
and a rack mounting kit. ,

1
i

2-1

-
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2.4 FUSE RATINGS
AND LOCATION

Table 2

1 provides a list of all fuses in the mstrument and Figure -1 shows
their tocation. All fuses are protected by ovenoltage and overcurrent

hmiting in the power sunply.

Table 2-1 Fuse Ratings

Fuse Rating ip Stock Numiber
E1 Main Supply 250V 1.5\ slow-blow 210-0304
Main Supply 115V JA slow-blow 2010:038!1
F? +13V 4 stow-blow 21100305
3 - 5V 10A slow-blow 210-0051
-2V
Fd4 IS5V 4A slow-blow 2110-0365
| L

oW w

LI5/230V 107 48-440 ru
120VA MAX

tFI
’ @USE: 115V 3A 230V 1 3A :_E

"II "

1
{5

Figure 2-1 Fuse location on Rear Panel
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Section 2

The front panel iy be divided into fanctional areas as showi in Figure 2.2,

The description of the controls connectors and indicators. given on Pages 2-4
to 2-7. is divided into the same functionash areas.

CLOCK DATA
635 Eatn® 0% 5% =0
— e - = — - - -— -
Ca"eie"e a e nine 0
CLOCK INPUT, TRIGGERING
AND INTERNAL DATA
GLNERATOR QPTION CONTENT
°iEE Ed=-0 $i5% =9
@'-_-;i_'_'_.:.'-r'—!v- '—!-!-_"r'_—!-
« S0 & @ e B 19 e @
DATA
CLOCK AND SYNC
OUTPUT QUTPUT
0% 3" Erm® 03 8% =amx- 9
e~ .= TF = r .—i._-.-r__;'-
e A8 ¢ 6 @« B0 & 9
DATA
DELAY POWER
["EF'-‘ o @ 0% 5 o ®
-, - - - — - v - -
[.n"o;n"co ®a"0is e 0
) Figui e 2-2 Front Panel Functional Areas
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:fgj
4
; 2-6 Controls Connectors and Indicators
3
2 2.7 CLOCK SECTION
d
= | 2 1 4 5 6 1314
] _
! = '"m'}'m;mm PV0 T MR AN S IR =
ey e o -
= Wiy b ! Wi
A B
- — Y
= . . )
: L1 Yy nt
- MrcG *
oot
! nowm F2Y I Ay vl
i " ’ T :Q.;‘
1 1 | o
. 12 119 8
- CLOCK INPUT, TRIGGERING
- AND INTERNAL
- GENERATOR OPTION
- .. CLOCK INPUT. 50§ External input frequency controls data
0% 8P o ® rate, Input levels: minimum 500mV pk-pk, maximum % §V.
e .- ~ =~ - .
- 'R K 2. TRIGGER INDICATOR LAMP. Data Geneiator is triggered
. when lamp is ON,
: 3. TRIGGER MODE SWITCH. Selects MANUAL +ve or -ve slope
- triggering or AUTO triggering.

T'WGGER LEVEL VERNIER. Seis MANUAL trigger level
between +3 and -3V,

|
&

5 CLOCK RATE SWITC i, OPTION 002 ONLY.Sclects external
source or internal generator ranges 1.5 to 15, 15 to §50MMz2.

: 6. CLOCK FREQUENCY VERNIER, OPTION 002 ONLY.Sets .
- frequency over range selected with 5.

wleis .LI“. ‘I..m.-

Figure 2-3 Clack Controls
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CLOCK

OUTPUT
5% o
e =L~ L= -
- ® v+ # & 9

DATA

DELAY
65 5% Eame
e~ - & T,
Y 1 ® sy ®» a4 ©

10.

2.

13.

CLOCK OQUTPUT DC OFFSET SWITCH. Selects (+) positive
offset range 0 to 3V, (-) nvgarive offset range 0 to -3V or (9)
zero offset,

CLOCK OUTPUT DC OFFSET VEFNIER. Sets offset 0 to 3V
either positive or negative as selected with 7.

CLOCK/CLOCK SWITCH selects the clock signal or its comple-
ment at clock output 12,

CLOCK OUTPUT AMPLITUDE SWITCH, Selects amplitude
range of CLOCK or CLOCK output ranges available 0.1 - 0.2,
02-04,04-08085-16andl6- 32V,

CLOCK JUTPUT AMPLITUDE VERNIER. Sets amplitude
over range selected with 10,

CLOCK QUTPUT 5082, Provides ai, output from external clock
input signal or from internel clock generator GPTION 002,

The complement of the clock signal is also provide ; (see switch 9),’

DATA DELAY SWITCH, Selects coarse delay in 10ns steps from
0 _to 90ns on clock input to the data section. Oelays DATA,
DATA and SYNC outputs but not CLOCK output,

DATA DELAY VERNILR, Sets fine delay, continuously variable
0 to 10ns additional to delay selected with 13,
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". ] —
2-8 DATA SECTION , —
15 16 17 18 19 =
¥
£
DATA E
CONTENT =
.=
- = — l 15. MODE SWITCH. Selects dats output mode: PRBS or WORD -
03 88 Eoxmx @ NORMAL, ZERO ADD, maximum change sequence 1010 or =
e - T T PRBS with one ERROR in 2000 sequence.. -

‘A Ny ® i @ :

16. ADD ZEROS SWITCHES. For seiting the number of zeros

"added (O t. 100) in PRBS and WORD ZERQO ADD modes.

17. REGISTER LENGTH SWITCH. Sets the register length n for
word length n bits (3 to 10 only) or PRBS length 21 — | bits.

18. WORD BIT SELECT SWITCHES, Illuminated positions available
for WORD selection. Switch setlings determine position of
SYNC and ADDED ZEROS in PRBS.

3
-

Figure 24 Data Controls
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DATA
AND SYNC
OUTPUT
0% 2% B
.'_--t - T
ey 8 a @
!
Ii
POWER
0353 Ea®
e I I I
® e ®in"a e

20.

2i.

22,

23

24,

25

26.

27,

28,

SYNC OUTPUT 5052. Provides one pulse per WORD or PRBS.
Amplitude 1V, duration 1 clock period in NORMAL and PRBS
ERROR modes, 1 clack period longer than added zeros in
ZERO ADD modes,

DATA/DATA_switch selects the data signal DATA or its
complement DATA at output 21._In DATA level of data |
mare positive than vata 0. In DATA level of data 0 more
positive than level of data 1,

DATA OU™ PUT 30§ provides an output of the data selected
with MODE switch 15, Either normal or complemented daa
may be selected with switch 20.

DATA OUTPUT AMPLITUDE SWITCH selects amplitude range
of both DATA snd DATA outputs, ranges available 0.1 — 0.2,
0.2-04,04-0808-16and 1.6 32V,

DATA OUTPUT AMPLITUDE VERNIER. Sets amplitude over
range selected with 22,

FORMAT SWITCH selects format of DATA and DATA outpuls
either RZ (return to zero) or NRZ {non return to zero).

DATA OQUTPUT DC OFFSET SWITCL selects (+) positive
offset range 0 to 3V, (-} negative offset range 0 to -3V or (0)
zero offset.

DATA OUTPUT DC OFFSET VERNIER. Sets offset 0 to 3V
either positive or negative as selected with 25,

LINE ON/OFF INDICATOR LAMP. Indicates state of switch
28.

LINE ONJ/OFF SWITCH. Connects supply to power supply
transformer primary.
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s 2-9 OPERATIONAL The 3769A DATA GENERATOR operational notes are divided into four -
" NOTES groups which are presented in the following oxder. %
; CLOCK Clock input and triggering.

p | Clock output.

"; DATA GENERATION Word generation.

; | PRBS generation.
- DATA MODIFICATION  Zero addition.

= Error addition.

’ Data format.

" Data delay.

- QUTPUT CONTROL Qutput amplitude and du ofTset.
- Complementary outputs.
g _
= , THE SYNC PULSE
.— L}
= |

l
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2-10 CLOCK INPUT
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Section 2

i

. i
The Data Generator has a 5082 external clock input which aceepts any

AND waveshape in the 1.5 to [50MHz range with an amplitude of at least 0.3V
TRIGGERING pk-pk. Lither AUTO tripgering, or MANUAL tripgering on +ve ur -ve slope
‘ mey be selected wit{h the TRIGGER MODIE switch, the manual triggering fevel
being set between +3 and -3V with the TRIGCER VERNIER. A itont
panel lanp indicates that the Data Generator is being triggered when it is *ON’,
| With the TRIGGER switeh in the AUTO position the triggering level is
the mean de level of the ¢lock input. In order to retain this level between
the maximum and minimum thresholds the clock input mark:space rado
should be limited to the range 10:1 to 1:10. The markispace ratio is main-
tained through the data delay circuitry and is reproduced at the data output
a ‘ when using RZ format, The clock mark should be at least 3ns wide particti-
lagly it it is intended to use the zero add facility. I
The MANUAL TRIGGER VERNIER may be set to operate at any level
i v between +3 and -3V, enabling the width of the RZ data output rark to be
chosen by selecting the triggering level of a sine wave clock input as shown
' in Figure 2-5. Note that the minimum input triggering pulse width is 3ns.
' '
l .
«  TRIGGER
LEVEL _ /N o LN
TRIGGER T
| LEVEI, ' I )
CLOFK INPUT ' L) b
i) 1 { L I l
. A A AU A | | L
Pl by I | L
. I S L . [ by
) Co ) A G b
] b L I || b
l | . | ! % o | I i1
'+VE SLOPE I S | [
TRIGGERING I P || by
'l ) ) i | | | I
' Iy ] l oy 1 I
;! RZ 1 Lo b )i
f i)AT.’\; .; ' 1 l { : ] | i
' OUTPUT +— l-'r—-Dt'-—-O——.[ I<-]—l——->f<-l—0—>|
S T A i | N
| i | i | I ' ‘ ‘ l i 1
I P Y | |
‘ ‘ = I i b | I | | I
'« .VESLOPE | — | (I i |
TRIGGERING | | : i [ ||
o i I I | | | |
T R B | ) P ) L
OUTPUT bt —tbt——g— b | b0 —|
. ’ [
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Model 3760A/61A

A  2-11 CLOCK OUTPUT The clock output may either be the external clock inyut medified by the 25
= clock triggering or the output of the optional iniernal clock generator as L ==
- shown in Figure 2-6. The output is variable in amplitude and oftset with

: independent, non interacting, controls and may be inverted with the

i CLOCK/CLOCK switch.

-

INTERNAL CLOCK
GENERATOR OPTION

CLOCK INPUT | 5\
: DATA CLOCK TO

S

: CLOCK DELAY DATA SECTION
= TRIGGERING oLOC! :
- SWITCH

CLGCK |
OUTPUT _<

[T Rkl

Figure 2-6 Clock Qutput

J ' Details of offset, amplitude and complementary outputs are piven in the
Output Control notes on Pages 2-16 and 2-17 as they upply to both clock
and data outputs. The mark:space ratio of the clock output is determined by

' the clock input triggering as shown in Figure 2-7, the clock mark being used

. to control the RZ data mark as shown in Figure 2-5,

TR

TRIGGER
LEVEL

CLOCK INPUT

ihll II-| .ﬁ. .I. L

—
—

ey o —— —— —— —

| * +VE SLOPE
3 /' © TRIGGERING
Pp ) I’ ,

2ol CLOCKOUTRUT o e \ ——

L Dot | ot S B ]|

) : | Figure 27 Clock Input Triggering/Clock Output
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2-12 WORD

Bowtdd ol MWl

GENERATION

With the MODE switch in the WORD NORMAL position the length of the
word is selected with the REGISTER LENGTH switch and the content with
the WORD BIT SELECT switches. When the word length, n bits from 3to 1O,
is selected the available positions on the WORD BIT SELECT switches are
illuminsted to show the bits in use, The selectable bits become available
from the left band end of the WORD BIT SELECT switches as the word
length is increased. the extreme left hand switch representing the tirst output
bit. The setting of the WORD BIT SELECT switches is therefore identical
to an oscilloscope trace of the data output.The output is a continuous
repetition of the selected word with RZ or NRZ format being selected
with the FORMAT switch. It should be noted that the n = 15 position of
the REGISTER LENGTH switch is not used in the word mode and if
selected will produce a 10 bit word. Words which ure multiples of shorter
words, eg, 110110110 produce a sync pulse for each of ihe shorter words,
and no data or sync is produced for words consisting of all t's or all Os,
Although these words are not normally used. they may be inadvertantly
selected when reducing the register length.

Section 2

[

1ST OUTPUT
BIT

IND QUTPUT
BIT

t

WORD PRBS LENGTH 2N — 1 BITS
NORMAL N+«3 4 & ¢ 7 B8 9 10 1B
| w1
ILLUMINATED
"; WORD } 10
1 4] IO 1 1 1 Q 1
— | IST REPETITION OF
" SELECT WORD.
——— r; ]
) AT 3
QSCILLOSCOPE TRACE
RZ NRZ

-

1
TN T | T O

Figure 2-8 Word Generation

OUTPUTS AVAILABLE IN WORD MODE
CLOCK or CLOCK, DATA or DATA, SYNC PULSE ONCE PER WORD.
FORMAT RZ or NRZ.
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2-13 PRBS
GENERATION

With the MODE switen i the PRBS NORMAL position the length of the
PRBS, 2% - | bits, is selected with the REGISTER LENGIH switch.

This switch is calibrated in values of n from 3 tc 10 with an additional

value ol n = 15. The characteristic equations of the maximal length se-
quences produced by the feed forward shift register are given in Table 2-2.

Table 2-2 PRES characteristic equations

Register Characteristic Sequence

Length Equation Length (2™ — 1)
3 D* +D*+1 =0 7
4 D* +D*+1 =0 15
5 D5 +D*+1 = 31
6 D* +D +1 = 63
7 D’ +D +1 =0 127
8 D +D*+D*+D*+1=0 255
9 D? +D%+1 =0 5t1
10 D' +D? + | =0 1,023
15 D'* +D +1 =0 32,767

The following example shows the derivation of the output 7 bit sequence
with the n = 3 setting of the REGISTER LENGTH switch. The shift register
stages and modulo two adder are switched into the configuration shown in

Figure 2-9.

FF3

FF2 - FF1

2-12

Figure 2-9 The Shift Register shown forn=3

@




Section Model 376UA/G1A
‘ ‘ At E:n.ch clock pulse the state o1 FF1 is clocked into FF3, the modulo two " 2-14 ZERO ADDITION A block of 1 to 99 zeros can be added into a WORD or PRBS by selecting
addition of the FFl and FF3 stages is clocked into FF2, and the state of the WORD ZERO ADD or PRBS ZERO ADD pOSitiOI‘IS of the MODE
' FF2 is clocked into the FF1 stage. If the register is assumed to sturt in the switch. The zero block is initiated by, and occurs immediately after, the
100 state then Figure 2-10 shows the successive rcgl.ster states following eacht \ sync pulse. The positicn of the zero block in the sequence is therefore
clock pulse. the last column or FF1 state indicating the output sequence. N controlled by the WORD BIT SELECT switches which determine the
ST position of the sync pulse.as shown in the sync pulse notes on Page 2-18.
! . In the WORD ZERO ADD mode the zero block occurs between words
\ and ... the PRBS ZERO ADD mode the zero block occurs at the point in
’ . FF3 FF2 EF1 ' seq ‘ence determine with the WORD BIT SELECT switches.
RZ Ne=3
U ! PRBS NORMAL —
! n 1 0 0 1st OUTPUT RBIT
' j ) | 0 1 0 2nd QUTHUT BIT SYNC PULSE -
t .
| i F1@1=0 0 0 1 RZ Ne3 |
! o ! 1@0=1 1 1 0 OUTPUT SEQUENCE PRES ZERO ADD I—Lﬂ_ ! | I |
‘ Lo ) WITH 4 ZEROS - —
: I L 0@1=1 0 1 1 ,
[
' . 0®0 = 0 1 1 1 SYNC PULSE m .
" 1 0 1 ,
_ . Figure 2-11 Zero addition
'_ ! 0 0 ‘ 2-15 ERROR ADDITION Selection of PRBS ERROR ADD with the MODE switch deliberately
o : introduces errors by changing two consecutive bits in gvery 4000 sequences to
' . their lugic complements. The actual bits changed are determined by the posi-

tiun of the sync pulse which may be selected with the WORD BIT SELECT
switches as shown in the sync pulse notes on Page 2-18. The Error Rate,
which will depend on the register length selected, may be used to confirm
the correct operation of the 3761A Error Detector. The error rates produced
in the error add mode are listed with the sequence lengths in Table 2-3, for
all positions of the REGISTER LENGTH switch.

Figure 2-10 States of Shift Register Stages

The output is a continuous repetition of the selected PRBS, RZ or NRZ
format being selected with the FORMAT switch. Sync pulses aic generated
with reference to the WORD BIT SELECT switches, sync pulse notes
Page 2-18, and no sync pulses are produced when all of the WORD BIT

SELECT switches in use are 0’s. ,
Table 2-3 Error Rates in the PRBS Error Add Mode

| ,
oo | REGISTER LENGTH | SEQUENCELENGTH | ERROR RATE
L BITS
. : 3 7 7.1 % 10°
4 15 33x10°
* . 5 31 1.6 x 107
. ' , 6 63 7.9 x 107
: ' 7 127 3.9x 10
8 255 1.9 x 10
) : , 9 511 9.7 x 107
" ; | 10 1,023 4.8 x 107
' ’ 15 32,767 1.5 x 107

i
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2-16 DATA FORMAT

Sectior 2

A choice of two data output formats is provided with the FORMAT
switch. With the NRZ format u data | has the same duration as one
clock cycle and with the RZ format a datz | has the same duration
as the ‘triggered on' part of the clock input. Figure 2-12 demonstrates
the difference between the two formats. The trigger level may affect the
RZ data width depending on the clock input waveshape.

CLOCK /\ /\ /\ /\
INPUT
TRIGGER LEVEL ' ’
.VE SLOPE —— e —— — g ——— —— A
Ll - ! N ||
! |
L l . | |
| | I | |
| I | | | |
| 1 | | | |
| | !
|| |
. j | | | I :
. = I »- I
1 I ’ I
| I l
RZDATA g b ! |4
L I | 1 ; |
| ] || I !
|| l { | : |
' I I | | i | |
|
L] | ! | 1 | |
,I—I‘ | s  Se— l L—-— E
| | |
| || | ' | |
* b | 1 | |
. I i | l
NRZ DATA I . . o I
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e I T

bl (RTURTTTHN [TRNTAIY

RERITTNL LR TG N, I TN T AL

N I LT L

in 178 0

e il



kil
n

[N |

Model 3760A/61A

A
[ 1

2-17 DATA DELAY

3

LD T ool HNE BT H0 Dbl 111

‘she clock input to the data generation circuits may be delayed with the
DATA DELAY switch and vernier, the data and sync outputs being
subjected to the same delay with respect to the clock catput. The DATA
DELAY switch is calibrated from 0 to 90ns in 10ns steps and a continu-
ously variable 0 to 10ns delay is provided with the vernier. This facility
allows clock and data edges to be aligned in cases where they have been
subjected to different delays.

. CLOCK
INPUT

CLOCK
SECTION

DATA
QUTPUT
SYNC
OUTPUT

" DATA
SECTION

0-100ns
DELAY

PN

CLOCK
OQUTPUT

Figure 2-13 Data Delay

2-18 OUTPUT AMPLITUDE The following information applies to the amplitude and dc offset control

AND

DC OFFSET

of both clock and data outputs. The output amplitude switches which have
5 ranges from 0.1 tc 3,2V are calibrated in pk-pk volts and a vernier provides
continuous variation over each range. The DC offset switches govern the
polarity of the offsets and the associated verniers provide continuous
variation of the mean outout levels from O to 3V, The amplitude and offset
controls are not interacting,

1) —— 2V

weeemm Y

———— (VY

i P M
e g AMPLITUDE
2V
OFFSET

+V

AMPLITUDE ZERO + __} e ‘
2 OFFSET

— AR — ]

2-16

Figure 2-14 Qutput Amplitude and Offset
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' Figme 2-2 Front Panel Funetional Areas

, Section 2
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2-19 COMPLEMF.NTARY The logic output is complemented when using the CLOCK and DATA

~ QUTPUTS outputs, Both CLOCK and DATA may be selected, with individual front
A panel switches as alternatives to CLOCK and DATA. The amplitude and
_'_. offset of the complemented outputs remain the same as those for CLOCK
.- and DATA as shown in Figure 2-15.
- :
J— ! ————
) AMPLITUDE AMPLITUD".
oo VOLTS VOLTS
|
-‘ 2 _I 2
—_— 0 ‘
DATA HF_§§ET CLOCK oEfssgr
al : 1 [rm— uﬁ 1
W\ :
4 0 0
5
— )
by
= ) AMPLITUDE AMPLITUDE
- VOLTS YOLTS
b
.—IJ
B
= N
= DATA I ffggﬂ “LOCK 055.;51
= ] o 4 .
= af & . 1
-
0 0
— A
-

Figure 2-15 Complementary Outputs
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" Model 3760A/61A

2-20 THE SYNC PULSE

A 1V sync pulse is generated during each PRBS or WORD cvcle when the
shift register stages are in the states indicated by the WORD BIT SELECT
switches. In the WORD NORMAL mode a sync pulse of one clock period
duration is generated coincident with the last bit of the repetitive word, and
the falling edge provides a convenient oscilloscope trigger for observation of
the complete word. When the PRBS or WORD, ZERO ADD modes are
selected the sync pulse is siretched to the length of the zero block plus one
clock period. As the rising edge of the sync pulse initiates the zero block, it
occurs one clock period before the first zero and the rising and falling edges
may therefore be used as triggers for the examination of the zero block
period or the part of the sequence immediately after as shown in Figures 2-16
and 2-17. The effect of delays both within the instrument and in the external
cabling may affect the timing of the sync pulse relative to the data,

In the PRBS NORMAL mode with n = 3 to 10 the sync pulse can be
genervated at any desired point in the sequence by selection of the appropri-
ate configuration of the WORD BIT SELECT switches. This enables the
whole of a long PRBS to be examined by sampling successive parts of the
sequence (eg, 16 bits) on an oscilloscope triggered with the sync pu'se, and
advancing the sync pulse for each sample using the WORD BIT fELECT

switches,

In order to set the WORD RIT SELECT switches for generation of the Sync
pulse at a particular point in the sequence it is necessary to reconstruct the
shift register state table for that part of the sequence using the characteristic
equations given on Page 2-12. The sync pulse precedes by one bit coincidence
between the states of the shift register stages and the states selected with the
front panel WORD BIT SELECT switches. This is demonstrated by Fig-
ures 2-10 and 2-17. In PRBS modes no sync pulses are produced with a
2 _ | PRBS if the first n WORD BIT SELECT switches are at 0. In the
WORD mode, words which are multiples of shorter words, eg 110110110
produce a sync pulse for each of the shorter words. No data or sync is
produced for words containing all I's or all 0's and no sync pulses are
produced with the maximum change word 1010.
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WORD MODE SYNC PULSES WORD
t|lofofr 11101 |1

WORD NORMAL
L
DATA OUTPUT SN |
SYNC
WORD ZERO ADD WORD ADDED ZEROS

.——__--__‘__-__'——'—-

——

DATA QUTPUT |
SYNC Figure 216 WORD Mode Sync Pulses
PRB3 MODE SYNC PULSES WORD

110}1

PR3S NORMAL & ERROR ADD

DATA OUTPUT '
SYNC
ADDED ZEROS PRBS
PRBS ZERO ADD e
-__.h- .
_ r ———
y EEE—
DATA OUTPUT ‘
SYNC

Figure 2-17 PRBS Mode Sync Pulses

NOTE: THE SEQUENCE SHOWN IS THE ONE DERIVED IN PRBS GENERATION PAGE 2-13

i

2-19
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3761 A Error Detector Specifications

MEASUREMENTS
it Exror Rate, BER Tutal Ersor Count, COUNT
Range DR {1 ) Range 010999, Faternal  Lopie feved FTL.
‘ ARY ‘IO"‘. u;m)— Gang: Manual Front panel switeh.
e Iy‘ waled. Iternal  Repeline e wngle  Sequences Mavimal length
Gating li\(;:;l)l“illll:. at feast shot FRBS
ertors befon: laterval  10M chock peniods Le N :
s " ngth I whene N
comjutation. whent inteper T S itet0und IS,
n=Stoll .
g CLOCK INPUT Auto Aulomatically searches for synchron-
’ sty if more than Q000 eron m
Rate 1.5 to 15OMH., 100,000 bits.
N Impedance S0 £5% do coupled (7581 uptionat). External  Resynchronis Jjon  commanded by
Trigger: TTL input.
Slope Ve or e Marual Resynchran ation commansded from
Manual Level range -3 to +3V, front panct
Auto Input mark:space ratio range 10:1
to 1:10, . DISPLAY
Sensitivity Better than S00mV pkopk. BER T ) s o R
Amplitude 5V pk-pk max, Limits :5V, . l:\M.) dflu,h plus expunent a.b .
Pulse Width  3ns minimum at 5OF pulse ampli- COUNT our digits.
tude. Flags Syne loss, overilow and gating
DATA INPUT OUTRUTS
Input DATA or DATA, selectable. Printer . 8421 BCD.
Rate 1.5 to 150Mb/s. l(}g%;r%d Corment disal 4
m 3y on nand.
Impedance 5082 £57¢ do coupled (7582 optional). At display an comman
; . ) Flags:
Trigger Leve!  Automatie. Input mark:space ratio . )
range 10:1 10 1: 10, Syncloss O printed in column .
Sensitivity  Better than 500mV pk-pk, Overflow  Qutput inhibited.
DCOffset  * x3V maximum. Print
) * £3V maximum command  Pulse at display change.
Amplitude 5V phepk max. Limits 5V,
Pulse Width  Sns minimum at SO pulse amplitude. | Error output
Rate One pulse per error.
PHASING Amgplitude  +1V into 502 nominal.
Control Clock phase variable refative lo data.
Indication Lamp off when clock and data edges ACCURACY
coincide. BER Computation based on at feaw 1)
Range: CITOrs,
1.5t0 5010 . .
50Mb/s  Oto180% 1SOMbfs  Otollns. | COUNT intemal gating, 21 ermcr.
J
SYNCHRONISATION OPTIONS
Maodes: Aulo, Manual, External Option 001 7551 CLOCK and DATA input impe-
Extermal and Manual Initiate single dances.
shot Auto syng, Option 002 Printer interface cable,
GENERAL
Power 90 to 125 or 200 to 250V Weight  231bs, Dimensions  16Xin wide,
A() to 400Kz, consumption 70W 10.4hp, 3%in high, 18%in deep
) {(425mm x 95mm x 467mm}.
v
1
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Section 3

SECTION III
OPERATING THE 3761A ERROR DETECTOR

"l L

3-1 INTRODUCTION The 3761A Error Detector has a built-in counter with two modes of oper-

N ation: Bit Error Rate, BER, and Total Error Couat, COUNT. In BER mode

' the measurement is displayed in the form ab x 10X, In COUNT mode

- the errors accumulated in a chosen intervel are displayed as a four digit
number with leading zeros blanked,

The Error Detector has beéen specifically designed for operation with the
pseudo random sequences produced by the 3760A Data Generator. [t
requires both clock and data inputs, and performs error detection using
bit-by-bit comparison with an internally generated, closed loop, reference
sequence. This technique ensures detecticn of every error, random or
systematic, and avoids the problems associated with open loop reference
sequence generation.

il | mala

The BER measurement is co'rﬁputed from more than 100 errors, and has a
range of 9.9 x 107V to 0.1 x 107, The total erfor count, COUNT, which
has a range of O to 9999, is provided with both internal and external gating.
The internst gating period can be selected within the range 10° to 1o
clock decades and can be single shot or repetitive in operation. A TTL
) ~ compatible external gate input is provided, and manual gating is controlled
: with a front panel stop/start switch, In both BER and COUNT modes the
g display is continually updated at a rate which may be set by the operator.
-

The 3761A Error Detector clock input (impedance 5082, optionally 7552),
accepts regular waveshapes in the f[requency range 1.5 to 150MHz. It
has a sensitivity of better than 500mV pk-pk and can be triggered manually
or automatically on the +ve or -ve slope of the input waveform. The range
of the manual trigger control is +3 to -3V and indication of correct trigger
is given by a front panel lamp., The auto trigger will accept mark:space
ratios in the range 10:1 to 1:10 subject to a 3ns minimum pulse width.

A front panel variable phase control is used to ensure that coincidence
between clock and data edges is avoided. At frequencies up to 50MHz
the control range is O to 180° and from 50 to 150MHz it is 0 to 12ns. A

B ‘ lamp indicates when a correct phase relationship between the clock and
data has been attained.

- o Synchronisation of the 3761A Error Detector to the incoming data can be
- accomplished automatically, manually, or externzally. In the automatic

mode, correct synchronism is ensured by continually monitoring the average
_ error rate over a period long enough to remove the effect of error bursts. In
- the manual synchronisation mode the Error Detector searches for synchron-
K ism on command from a front panel switch, and in the external mode by
= commanpd from an external TTL si snal.

i ! A BCD output of the current display is available from a rear panel socket.
3‘_ ‘ This output is in 8421 format anc includes the sync loss and overflow flag
_—i , indications. An output of one pulse per error is also available at the rear

panetl for further analysis.

Ry w1



Model 3760A/61A .

3-2 OPTIONS OPTION 001 is provided with 758 clock and cata input impedances and
OPTION 002 is provided with an interface cable suitable for use with
= hp 5050B and 5055A printers. doth options are aviilable on the same

instrument if required.

3-3 ACCESSORIES The instrument is provided with a three core power cable, two extender
boards clipped behind the modules, a 2A fuse, stock number 2110-G303

for 115V operation, and a rack mounting kit.

3-4 FUSE RATINGS Table 3-1 provides a list of all fuses in the instrument and Figure 3-1
AND LOCATION shows their location,

Table 3-1 Fuse Ratings

r!

Fuse Rating hip Stock Number

g Main Supply 230V | 1A slow-blow 2110-0007 —
Main Supply 115V 2A stow-blow ; 2110-0303 %__
F2 52V | sA 21100010 =
=1
F3 ¥V | 3A 2110-0003 ef
F4 -15V 1.5SA 2110-0043 __

F5 +15V | 2A 2110-000.
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3-5 THE FRONT PANEL

'

Section 3

The front panel may be divided into functional aceas as shown in Figure 3-2,

The description of the cortrols, canrectors and indicators, given on pages
3-4 to 3-7. is divided into the same [unctional areas.

INPUT

COUNTER

o - - AR
PR S S “

o - IR,

@y - v g om

SYNC

[3]

pw-aiimaend — |
.u-'m— | . ' L]

L e

il

DATA
INPUT

MODE
AND .
GATING

[T T,
| prrr—— Atinnn—

e~ = ..'_._..__.;..:i

» .
@ - = o g e e

[ .

o i e e RS

.—‘im; "o

=

POWER

e

$ W il — @

DISPLAY
=
[ X B 1 ;'—- _ I

Figure 3-2 Front Panel Functional Areas
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3-6 Lontrols, Connectors and Indicators
3-7 INPUT CONTROLS

1 pa 3 4 5
= D;:m. N Y e S
|- BT XL ¥
tHn B 4 ]
Ao i ] woc I e ) |
@ @) e e - T
e . o o Last iy vk bi BT apY
CI) B
- CINTARE S ) NI PO GRS Sant r:-ll"l
ok ERFR sk b 1 & P B b kW IR R N Pt T 7
X i | o ) e o o
9 10 1112
CLOCK
INPUT
m 1. CLOCK INPUT 5051 requires input synchronous with data. m
@ B v Hﬁ Input levels, minimum 500mV pk-pk, maxinum £S5V,
& ¥~y — & 2.  TRIGGER INDICATOR LAMP. The Frror Detector clock

circulits are triggered when the lomp s ON.

3. TRIGGER LEVEL YERNIER sets MANUAL trigger level be-
tween +3 and -3V,

4. TRIGGER MODE switch selects AUTO or MANUAL clock
trigger and +ve or -ve slope.

5. RATE SWITCH selects input frequency range for PHASE
control. 0 to 180° PHASE range for 1.5 to 50MHz and @ to
12ns range for 50 to 150MHz.

Figure 3-3 Input Controls
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Seetion 3

DATA

INPUT
[N i |
N

POWER
W, -
o k. - R
. v i
® - - - 2
» . Jl

DATA INPUT 5082 accepts sequences frum 37604 Data Gen-
erator. lnput levels, minimum $00mV pk-pk, 5V maximum.

PHASE INDICATOR LAMP. Lamp ON when clock and data
~dges not oincident,

PHASE CONTROL VERNIER scts the relative phase of clock
and dats, Tie rapge Is 0 to 150% for 1.5 tw 50MHz and 0 to
t2ns for 50 to 150MHz. The frequency range is selected with
the RATE switch §.

POLARITY SWITCH sclects DATA o DATA o allow tor dats
inversion in the item or system under test,

PRBS LENGTH 3WITCH sclects ‘the register lenpth of the
internal reference sequence generator, The setting of this switch
st be identical to the setting of the 3760A Data Generator

register length switch,

LINE INDICATOR LAMP indicates state of switch 12

LINE ON/OFF SWITCH connects supply to power supply
transformer primary.

e
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3-8 COUNTER CONTROLS
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SYNC
o, i 13. SYNC SWITCH selects synchronisation mode, automatic, mantaf
Lt SC LR W@’ or external. In MAN and EXT the instrmment searches for
B v i g wmm wms a{ synchironisimt only with a mamaal or TTL logic command, Manual
‘ control by selecting SYNC position or external control with
input 14,
14. EXT SYNC INPUT accepts TTL pulses when EXT is selected

with SYNC switch 13, A negative going edge causes a search
for synchronisation to take place.

-

Figure 3-4 Counter Controls




Section 3

MODE
AND
GATING

Qh:r-; -.“ T e

.v—‘v—m-; o

DISPLAY

[ M S

G-l = e e o

]

L5,

16,

17,
18.

19,

20,

2t

22,

23.

EXT GATE INPUT. The nate is held apen while the TTL input
is held positive,

GATE SWITCH, In the MAN or EX1 positions the error count is
controlled by a manual or TTL logic command. Manual control
switeh 19 or external input 15, In the INVERNAL SINGLE SHOT
and REPETITIVE positions the pating interval is selected with
the INTERVAL switch 18.

MODE SWITCH selects vpetating mode, BER or gated COUNT.

INTERVAL SWITCH selects gating interval from 10° to 10"
clock periods,

STOP/START SWITCH controls the counter when GATE switch
16 is In the MAN or SINGLE SHOT positions

STROBED LAMP indicating display refreshment times, controlled
by 21,

DISPLAY HOLD CONTILOL varies the refreshment rate of
the display from 200 milliseconds to 3 seconds approximasely.

LED DISPLAY. Four digits in COUNT mode. Two digits and
exponent of 10 (a.b x 10'*) automatically scaled in BER mode.

FLAG SIGNALS ore displayed as follows:

GATING when the error counter is accumulating errors,

SYIiC LOSS during 3 search for synchronism. The flag is ce-
tzined until the next measurement is displayed.

OVERFLOW when the error count or display overflow, The
flag is retained until the next measurement is displayed.

3-7
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ERROR OUTPUT provides one pulse per error in both BER
and COUNT modes, The pulse width is the same as the clock
input pulse and its smplitude is +1V into 5052,

BCD OUTPUT is a printer output of the current display and
flag information in 8421 BCD format. The meastirement result
is available for the duration of the print comumand pulse,

AIR FILTER. Information on the instrument forced air Luoling
and air filter is given on Page 1-3.

POWER INPUT CONNECTOR containing supply fuse F1.
Details of power requirements, fuses, and the selection of 115
or 230V operation ave given on Page 1.2,

F2, 5A fuse for -5.2V supply.

F3, 3A fuse for +5 supply.

F5, 2A lTuse [or +15V supply.

F4, 1.5A tuse for-15V supply,

Figure 3-5 Rear Panel Controls

.
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3-10 SETTING-UP
PROCEDURE

i

W)

"\

Section 3

Before any measurements are made the sequence length, data polarity and
clock/data phusing must be correctly set; other control sattings depending
on the measurements to be made. The normal setting up procedure is listed
below and is required for all measurvments.

1.

3]

Set the sequence length switches on the Data Generator and Error
Detector to the same length.

Connect the clock and data signals to their respective inbuts.

Select manual or auto triggering. +ve or -ve slope as required for clock.
If operating with manual triggering set the trigger level control until
lamp is ON.

Set the data polarity for normal or inverted data.

Set the RATE switch to the range which includes the incoming bit
rate and adjust the PHASE control for correct phasing of the clock
and data channels. The phasing is correct when the phase indicator
lamp is ON although in RZ operation at high frequencies the phasing
may be correct without this indication. In this case adjust for minimum
error rate,

Set the SYNC MODE switch to the form of resynchronisation required.

NOTE: Incorrect settings will produce a syne loss display flag, or an
incorrect display.

3-9

[P 3 empens e

CETT T h K i

FIIE BT 10



Model 3760A/61A

3-11 OPERATIONAL The 3761A Erro Detector operational notes are divided into four groups
NOTES which are presented in the following order.
PHASING AND Clock/data phasing.

SYNCHRONISATION Synchronisation,

MEASUREMENTS The BER mode.
The count mode

DISPLAY Refreshment rate.
Flag signals.

OUTPUTS "~ BCD output.
: Error output.

3-10




Section 3

3-12 CLOCK/DATA 'The PHASE control s provided so that coincidence between clock and data
PHASING pulse edpes muy be avoided, a condition necessary for correct sampling

of the data pulse with the clock pulse edge. Either a delay or phase change

may be introduced depending on the input bit rate, the PHASL control

ranges being selected with the RATE switch. For bit rates of 1.5 to SOMb/s

the range is 0 to 180° and for bit rates ot 50 to 150Mb/s it is O to |2us.

The phase lamp indicates coincidence between clock and data edges when it
is out. When using NRZ tormat, or RZ format at bit rates up to 100MUb/s.
correct phasing is indicated when the lamp is on, the best sampling point
being at the mid position between two coincidence points. In RZ format at
bit rates above 100Mb/s the best sampling point may be determined by
adjusting the PHASE control for minimum error rate.

Incorrect adjustment of the PHASE control may result in loss of synchron-
isation which will be indicated by the SYNC LOSS flag. An incorrect
o display may result from incorrect PHASE adjustment.

 CLOCK/DATA EDGES GUARD
| COINCIDENT BAND

CLOCK

TIMING
EDGE
CLOCK/DATA EDGES
NON COINCIDENT
PHASE

CLOCK z I_

TIMING
EDGE

Figure 3-6 Cloci:/Data Phasing
|
3-11




Model 3760A/61A

3-13 SYNCHRONISATION  The reference sequence produced by the Error Detector has to be synchron-
ised to the incoming sequence before comparison can take place. This
Synchronisation is achieved by using part of the incoming sequence to set
the stages of the reference sequence generator to the correct states.

Three modes of synchronisation are available for selection with the SYNC
switcl: automatic (AUTQ), manual (MAN), and external (EXT).

In the AUTO mode the synchronisin of the reference sequence is continu-
ally checked over periods of 100,000 clock bits and the d:tection of 20,000
errors constitutes loss of synchronism. If synchronism has been lost a
search is automatically iritiated and continues until 1t is found again.

In the MANUAL and EXTERNAL modes a search for synchronism will
only be initiated by an external command. In the case of manual this
takes the form of a spring loaded control, the SYNC switch position, and in
eternal the comunand is the -ve going edge of a TTL logie pulse. These two
modes allow the initiation of the search for synchronism to be completely
under the contro} of the operator it the criterion used in the AUTO mode is

unsuiltablc.

During any search for synchronism the display is automatically blanked and
SYNC LOSS is flagged.

3-12
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3-14 THE BER MODE

Section 3

With the MODE switch set to BER follow the setting up procedure on
Page 3-9. The method of measurement in the BER mode is to accumulate
100 errors, continue counting until the next clock decade is reached, and
then to display the two most significant digits of the error count with an
exponent derived from the clock counter as shown in Figure 3-7.

ERROR L 10 100 836 —»18.3x 10
COUNTER 1 ©
]
1
COUNTER MODIFIED
CONTROL EXPONENT
]
| [Py ——
CLOCK | ] ¥ ] | L} ] : [ |}
COUNTER, 0w 102 w03 10t 105 108 w07 10 10
| Figure 3-7 BER Measurement
If syﬁc loss is continuously flagged check the fdllowing:
Error Detector phase and data polarity are correctly set.
K Data Generator and Error Detector sequence lengths are the same.
Time has been allowed for a measurement to be completed after a
search for synchronism, if the gating flag is on,
The Cating flag indicates that synchronism has been achieved and that the
counter is in operation, This is particularly usetul at low error rates when a
significant time might elapse before the first 100 errors are accumulated.
At very low error rates operation of the measuring system may be confirmed
by inserting a deliberate error once per 2000 sequences. The error rates are
giv;p in Table 2-3, Page 2-14.
In the BER mode the display rate is controlled with the DISPLAY HOLD
control and an indication of the refreshment rate is given by the strobe lamp
on the display. Operation of this lamp is described in the flag signal section
on Page 3-15.
3-15 SYNC MODES Manual, Auto, External.
AVAILABLE WITH
BER OPERATION Synchronisation mode details are given on Page 3-12,
vl I {
3-16 OUTPUTS LED display of BER, BCD output of current displity. One Pulse per erro..
AVAILABLE

IN BER MODE

313




Model 3760A/61A

3-17 THE COUNT MODE

3-18 SYNC MODES
AYAILABLE WITH
COUNT OPERATION

3-19 OUTPUTS
AVAILABLE
IN COUNT MODE

3-14

With the MODE switch set to COUNT follow the Setting-up Procedure
on Page 3-9. Four pating methods are provided and details of each method
are given below:

EXTernal

MANual

,lNTcrnaI

The gating interval is the duration ol a TTL high level at the
EXT GATE INPUT. The counter starts with the rising edge
and stops witl: the talling edge.

Counter operation with manual gating is controlled with
the STOP/START switch. The counter stops wilen tie
STOP switch contacts are made, and starts when the START
switch contacts are broken. ‘

The gating interval in both single shot and repetitive is joh
clock periods where values of integer n between 5and 11
may be selected with the INTERVAL SWITCH.

In SINGLE SHOT the counter is started with the START/

STCP switch, and in T.ZPETITIVE successive starts are .

automatic.

When setting up the gating interval at low error rates it may be useful to
measure the error rate in the BER mode. The gating period can then be
selected to provide good resolution, ie to give a high counter reading without

, overflowing,
! .

'I-“Iﬁi'th internal repetitive gating the display rate is controlled with the DIS-
PLAY HOLD control and an indication of the refreshment rate is given by

the stobe lamp on the display. Operation of this lamp is described in the
Flag sipnai section on Page 3-15.

M;mual, Auto, External

Synchronisation mode details are given on Page 3-12.

LED display of COUNT, BCD output of current display. One pulse per error.

=




3-20 REFRESHMENT
RATE .

Section 3

At high' error rates the measurenients may be completed faster than they
can be read from the display. In order to reduce the rate of change of the
display, refreshment rate, a hold control is provided which holds the
measurement and delays the display change for periods of 200ms to kH
approximately, A strobed lamp is provided, on the left hand side ol the
display, to indicate the times at which the display may be retreshed,
The display changes at the first refreshment time after the completion
of a measurement as shown in Figure 3-8, When the display can be refreshed
faster than measurements can be made, the strobed lamp will indicate
possible refreshment times,

STROBEe@
INDICATION

{EASUREMENT
HELD

| DISPLAY
o CHANGE

START

MEASUREMENT MEASUREMENT NEW
COMPLETE MEASUREMENT

START MEASUREMENT
HELD
‘//\ DISPLAY
< ® CHANGE

MEASUREMENT
START

MEASUREMENT NEW
COMPLETE MEASUREMENT
START

3-21 FLAG SIGNALS

Figure 3-8 Display Refreshment

The three flag signals, GATING, SYNC LOSS, and OVERFLOW, provided
on the display, apply to both BER and COUNT modes of aperation. The
conditions indicated by these flag signals are listed below:

GATING indicates that an error count is taking place.

SYNC LOSS indicates that a search for synchronism is taking place or
took place before the current measurement,

OVERFLOW indicates display overflow in COUNT and error counter
overflow in BER. The flag will continue to be indicated until a fresh
computation has been made.

The display of the current BER or COUNT is blanked during SYNC
LOSS and OVERFLOW conditions, Two typical displays are shown in
Figure 3-9.

DISPLAY

@ 2014

Last measurement, count . i
GATING measurement, count 2004, Next measurement now being made.

DISPLAY

'

SYNC LOSS Sync lost during last measurement, Sync now regained and new
GATING measurement being made,

Figure 3-9 Typical Flag Displays
3-15




Model 3760A/61A.

3-22 BCD OUTPUT

/

3-23 ERROR OUTPUT

316

An output of the current display, BER or COUNT is provided in 8421 BCD
form at a socket on the Error Detector rear panel. This output has been
designed for use with Hewlett-Packard Models 5050B and 5055A printers,
a suitable connecting cable being supplied with the Error Detector Option
002. ~his cable is also available separately, ip stock number 562-16C.
The BER print out occupies columns | to 4 and the count columns 3 to 0,
column 1 beiny the right hand column of the print out. Sync loss is indicated
by a 0 in column 10 and overtlow inhibits the output, The print command is
a +ve going TTL pulse initiating paper feed and current display print out.
Typical examples of print out are given in Figure 3-10, and Table 3-2 shows
the function of the output pins and the printer lines that they control.
The measurement result is available at the BCD output socket for the
duration of the print command pulse.

DISPLAY PRINT OUT
BER 3.8x107 PPYTITRT.LY
COUNT 2581 sreR)ISR] R
SYNC LOSS Oehussenen
OVERFLOW YLITTITY

Figure 3-10 Printer Format '

25 I
. .
] ]

50 _ 26

Figure 3-11 Output Socket Pin Numbering

An output is provided once per error in both BER and COUNT modes at
the rear panel error output socket. The output pulse is the same width
as the clock mark and its amplitude is +1V into 5082,




Table 3-2 BCD Output

Section 3

PRINTER COLUMN BCDH WEIGHTING FUNCTION OUTPUT PIN
| 8 BER Exponent 27
| 4 " 26
| 2 * 2
| | " |
2 +5V 3.4.28. 29
3 3 Least significant 31
digit
3 4 30
3 2 " ]
3 | " 5
4 3 Ind digit 33
4 4 - 32
4 2 " 8
4 I " 7
5 8 3rd digit 35
5 4 " 34
5 2 " 10
5 | " 9
.. 6 8 Most significant 37
digit
6 4 " 36
6 2 ” 12
6 | " 11
7 +5V 13, 14, 38, 39
8 " 15, 16, 40. 41
9 " 17, 18, 42,43
10 +5V when in sync 19, 20, 44, 45
10 0V Sync Loss
Print command 23
Ground 50

B s L TR —
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2 Model 3760A/61A
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3 FUSE OR POWER SUPPLY FAILURE INDICATION pi—
3
- The following tables show the sywptoms ol Tuse or power supply Gailure and '
= nay be used to determine which fuse is faulty. The instruments should e
- counected as shown in Figure 4-1. -
N KEY X  off or not present -
] onand operational
= /] permanently on -
0  Refreshment indicator lamp vperates when changing MODES -
B , or when GATE selector is moved trom 8. SHOT to REP in the
- COUNT mode, -
3760A TRIGGER indicator X X /!
= ‘ WORD indivaterss X / /
_ FAN I 171X
- FA F2 F3 .
- | A5V 416V 52V P
3 -
3761A LEVEL and PHASE indicators X I X I /
i GATING flag X X /! X
E REFRESHMENT indicator x| oy /| X )
= . X10" indicator X | x| x| /
= . FAN / X / /
_ F5 Fa4 F2 F3
#EV BV 52V 5V
- v

d .
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4-1 INTRODUCTION

b

SECTION IV
FAULT ISOLATION

Section 4

If a fault deeurs in the 3700A/61A Error Rate Measuring System the
following procedure is recommended for isolation of the Tault to one
instrument. The technique described below may be used to getermine

i a fault exists by generating sequences, deliberately introducing errors,
and measuring the error rate produced.

Faults may then be isolated by performance testing the Dats Generator
to discover i the correct input is available for the Error Detector. The
individua! instrument service manuals provide troubleshooting informition
for Turther tuult isolation,

4-2 OPERATIONAL TEST Connect the Data Generator directly to the Error Detector as shown in
Figure 4-1. Set the Data Generator MODE to ERROR ADD, sequence
length 3, and the Error Detector MODE to BLR, sequence length 3.

ey

Confirm that the Error Detector control settings are correct using the
setting up procedure on Page 3-9. Increase the Data Generator and Lrror
Detector sequence lengths together and check the displayed error riale,
piven on Page 2-14, It the error rates are correct return the sequience
lengths to 3 and set the Error Detector MODE to COUNT using internal
repetitive gating with a suitable interval.

If a fault is observed in only one of the Error Detector modes then the
Error Detector is faulty, If a fault condition occurs in both modes, and the
clock inputs are correct. the Data Generator Error Add performance test
~ may be used for fault isolation. This test is given on Pages 4-2 and 4-3,

Imh‘l

n i
Ny [ -

3760A 3761A
(1]
e E 2 HEaamn® L e . NN
C1.0CK :‘ L : =T Tl DATA : b e ...j
Pe " 0in e o' A
CLOCK
o
A !
. . !
Figure 4-1 Operational Test
4-1
) 1
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Madel 3760A/01A
|
GO08E
SYNC +2
37‘30“ -wr_o_sxr fsc 6327A
TA o > & '3
.-'!'_l-.:!'-—!' Q= =@ B el.e
[ 3 s ¢« B a
50 OHMS
>200mV rms DATA
DATA WORD COUNTER
MODE CONTENT READING
i PRBS
' NORMAL 101 30000.00 £.0]
PRBS — X
PRBS — .
ERROR ADD o1t 79990.00 £.0}
]
]
|

Figure 4-2 Error Add Performance Test
42



Svction 4

4-3 DATA GENERATOR
ERROR ADD
PERFORMANCE TEST

SPECIFICATION: Introduction of two errors per 4000 sequences by changing two consecutive
bits to their logic complements,

I.  Sel the 3760A DATA MODE to PRBS NORMAL n = 3, DATA
FORMAT te RZ, WORD to 10} and the internil Syne Mode switch
mounted on assembly A37 to +2,

[

Connect a 608E VHF Signal Generator set to 150MHz at >200mV
rms to the 3760A CLOCK INPUT.

3. Connect the 3760A DATA OUTPUT terminated in 50K to INPUT €
on a 5327A Timer/Counter. Connect the 3760A SYNC GUTPUT to
the Counter EXT OSCILLATOR (rear panel). Set the counter controls
as follows:

! INPUTC o o oo e e e vt or e oo e e T10
FUNCTION . ..... . ... .. FREQC
MULTIPLIER .. o oo oo v e e oo e e VO
OSC (rearpanel) .. o o wo oo o o oo EXT

4. Thy counter reading should be 80000.00 ti.

5. Change the DATA MODE switch to PRBS ERROR uand check that
the Counter reading is now 80010.001.

6, With the DATA MODE still at PRBS ERROR change the WORD
CONTENT to 011l The Counter reading should now bz 79990.00

k],

4-3
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HP MANUAL CHANGES

MAKE ALL CORRECTIONS IN YOUR MANUAL ACCORDING TO ERRATA. MANUAL TITLE:  3760A/61A Op. Man.

Check the fallowing table forlyourlnnrumcnl serlal prefix and make any MANUAL PRINTED: June, 1973
Indicated changes ta the manial: MANUAL PART NO: 13760-95002

CHANGE D TE; 10th April, 1975

SERIAL PREFIX MAKE CHANGE SERIAL PREFIX MAKE CHANGE SERIAL PREFIX MAKE CHANGE

1423U-00176 | (376QA) |

1429U-00176 { (3761A} 1 —
1439U-00186 | (3760A) 2

14404-00181 (3761A) 2

ERRATA Page 2-13, Para 2
Change : third Tine ¢ read : witn reference tc the WORD BIT <TLECT
switches, see g¢ync pulse notes,
Add . to end of 2nd Para : since all zeros is a fo-bhidden state in
the maximal length PRBS.

Page 2-18, Para 2-20
Delaete : Complete Paragraph
Add . New Paragraph 2-20 : pages 2, 3 and 4 of this change note.

Page 3-9, Para b

Change : tie second half of Para § from the third line onwards to read:-
The Phasing is correct when the phase in1icator lamp is ON.
Optimum ghasing is obtained at the mid point of the control
excursion for which the piasing lamp is ON. Although in RZ
operation at high freguencies the phasing may be correct
without this indication., In this case adjust for minimum

error rate. K

P.ge 3-9 .
Delete : the NOTE which reads : Incorrils settings will produce a sync loss !
display flag, or an incorr:ct display.

Page 3-13, Para 3-14

Insert . between the third and fourth paragraph the following:-
Result acquisition times when using the Data Generator in PRBS ERROR ADD
mode are given in Table 2-3, page 14 of this change note.

Page 3-14, Para 3-17
Ci. rae : 6th Para. 1st & 2nd lines to read:-

When setting up the gating interval at high error rates it may
be useful to measure the error rate in BER mode

Page 4-1, Para 4-2
Change : the third line to read:-
length 3, word switches to 110 and the Error Detector

! | ~ MODE to BER, sequence length 3.
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Model 3760A/6°A

2-20 THE SYNUL ULSE - A IV sync pulse is generated during each PRBS or WORD cycle
when the shift register stages are in the states indicated
by the WORD BIT SELLCT switches. 1In the WORD NORMAL mode
a sync pulse of cire clock period duration is generated
coincident with the last bit of the repetitive word, and
the falling edge provides a convenient oscilloscope trigger
fur observation of the compiete word.

In the PRBS NORMAL mode with n = 3 to 10 the sync pulse can

be generated at any desired poict in the sequence by selection
of the appropriate configurat:oy of the WORD BIT SELECT
switches. This enables the whole of a long PRBS to be examined
by sampling successive parts of the seyuence (e.g. 16 bits)

on an oscilloscole triggered with the sync pulse, and advancing
the sync rulse for each sample using the WORD BIT SELECT
switches

.

Since the conf 7u ation of the PRBS generator used in the 3760A involves
the inclusion . modulo-2 adders within the shift register, i.e, between
stages, . Jutput word in the PRBS inmediately following the sync pulse
is not that set up on the front panel switches. These switches rather
determine at which state of the register the sync pulse will be procuced
and the output word following it will depend on the action of the
modulo-2 adders in the shift register. However, it is a simple matter
to determine the switch settings required to give a specific word

imiediately following the sync pulse.

h .

.

As an example, consider the case of a ten stage register (2]0-1 PRBS)
with the word "abcdefghjk" requived immediately following the sync pulse,

[,

r

10 ol |s 7 6| .15 4

-

+ 3 1 ™

ouTPUY

(28

10 Stage Register giving 210-1 PRBS with polynomial 0'%034 - 0

In this register the modulo-2 adder is between the third and fourth
stages when the stages are numbered from the output end of the
register. The reason for numbering the -tages in this way is so that
the characteristic polynomial clearly indicates the stages whose
innuts are connected to the feedback line when the modulo-2 adders
are placed within the shift register as shawn.
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When sync is detected, the data present in stages 1 to 3 will be

merely shifted out as output data during the following tnree clock
periods. Hence word switches 1 to 3 must be set to &, b, ¢ respectively
(remembering that word switch 1 corresponds to bit 1 of the output word).
The following seven bits however, depend an a, b, C as well as the content
of stacac 4 to 10 at the time of sync detection. Since the fourth
outptt biv ofrer the sync pulse will be the modulo=? stin of the initial
states of stages 4 and 1, word switch 4 should be set to d e a to ensure
that the fourth output bit after the sync pulse is d (fordeaea = dj.
In the same way it can be shaown that switches 5 to 10 should Le set to
cab, fec, ged, hee, jef, keg respectively. This can be seen more
clearly by reference to the shift table below:

REGISTER STAGE 1o Y &g 7 4 5 o 1 2 1 ouTPUT TIME

SWITCH SETTING k®y JOF hde gbd féc e€b déa < p @ - to
- k&g jOf hoe g&d fdc egh) 4 ¢ b a t)
- - k&g jOf hée ¢8d fHc e d ¢ b t;
- - - kog j6f hee god £ e d c t3
- - - - kog j8f hee g £ e d ty
- - - - - k&g jof h g I e tr
- - - - =« - kdg i h g f te
- - - - = = - 'k j b g ty
- - - = = = ==k h tg
- e j tg
L T T

Table 2-4.

NB: On each clock pulse the register stages accept the data previously
held in the next higher stage with two exceptiuns:-

- stage 10 takes the data previously held in stage 1

- stage 3 takes the modulo-2 sum of the data previously held in
stages 4 and 1.

t, is the time when the sync pulse occurs.

In a similar maraer the switch settings can be determined for the other
register lengths from n=3 tc 10. For the eight stage register which
contains three modulo-2 adders, the calculation is slightly more
involved and results in longer expressions.
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In the case of the fifteen stage register, the stiates of only ten of

the stages can be detected for sync pulse generation - the remaining

five stages (i.e. stages 11 to 15) have to be all at zero before the

sync pulse is generated. This does not necessarily resuit in bits 11
to 15 after the sync pulse being all zero. Instead, they are all the
same as the tenth bit. Hence it is only possible to set the word

swi tches such that the output word immediately following the sync

pulse is “abcdefghjkkkkkk".

A complete list of word switch settings is given in Table 2-5

REQUIRED WORD & b c d e £ g h j k kkkkk

- ——— o 4 L e ol

SWITCHES 1 2 3 4 5 6 7 5 9 10 -
n= 3 a b c9a - - - - - - - -
4 a ¢ dfa - - - - - - -
5 ] cPa déb eSc - - - - - -
6 a b#a @b dbc edd f[de - - - - -

7 a be#a &b doc c¢fd fee gdf - - -

e e kL

; b oo GO cemb bee dews T T
9 a b c d e@G2 fob goc hd&d jCe - -
10 a b c dfa edb foc go0d hee jer kég -
15 a bfa céb dsc «vd féc o€ log jeh k6j -

Table ?-5 Word Switch Settings for Sync Pulse

When the PRBS or WORD, ZERO ADD modes are selected the
sync pulse is stretched to the length of the zero block plus
one clock period. As the rising edge of the sync pulse initiates
the zero block, it occurs one clock period before the first
zero. The rising and falling edges may therefore be used as
triggers for the examination of the zero block period or the
part of the sequence imnediately after as shown in Figures 2-1¢
and 2-17. The effect of delays both within the instrument and in
the external cabling may affect the timing of the sync pulse
relative to the data.

In PRBS ERROR ADD mode, the sync pulse is used to initiate two errors
every 4000 sequences and thus determines the position of these errors.

In PRBS modes no sync pulses are produced with a 2n-1
PRBS if the first n WORD BIT SELECT switches are at 0. In
the WORD mode, words which are multipies of shorter words,
e.g. 110110110 produce a sync pulse for each of the shorter
words. No data or sync is produced for words containing all
1's or all 0's and no sync pulses are produced with the
maximum change word 1010.
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CHANGE 1 Page 2-6, Para 15
Delete : PRBS with one LPROR in 2000 sequences
Add + PRBS with two ERRORS in 4000 sequences

Page 2-6, Para 18
Add + and Added Errors in PRBS

Page 2-14, Para 2-19%

Delete : Selection of PRBS ERROR ADD with the MODE switch deliberately
introducas errors by changing two consecutive bits in every
4000 sequence to their Togic complements.

Add . Selection of FPES FRROR ARD with the MODE switch deliberately
introduces crrors at a rate of fwo errcrs per 4000 sequences
by changing one bit in two cansecutive sequences to 1ts logic
complement.

Page 3-i, Fara 7, third line

Delete : An output of one pulse per errar is also available at the rear
panel far further analysis.

Add . An output of ome transition per error is also availabie at the
rear panel for further analysis.

Page 3-7, Para 23
Delete : Paragraph 2
Add - FLAG SIGNALS are displayed as follows:
GATING when the error detector is in sync and the counter
is accumulating errors,
SYNC L0OSS during a search for synchranism.
OVERFLOW when the error count or display overflow,
The flaq is retained until the next measurement is displayed.

Page 3-8, Para 1
Delete : ERROR QUTPUT provides one pulse per error in both BER and

COURT modes. The pulse width is the same as the clock input pulse and.
Add . ERROR QUTPUT provides one transition per error in both BER

and COUNT mcdes, its amplitude is +1V into 509.

Page 3-13
Delete : Paragraphs 3-14 to 3-16
Add . New Paragraphs 3-14 to 3-16 : Page 6 of this change note

Page 3-14, Para 3-19
Delete : One pulse per error
Add : One transition per error

Page 3-15
Delete : Paragraphs 3-20 and 3-21
Add . New Paragraphs 3-20 and 3-21 : Page 7 of this change note.

Page 3-16, Para 3-23
Delete : Complete Paragraph . :
Add : An output tramsiticn is provided once per error in both BER and
COUNT modes at the rear panel error output socket
Its amplitude is +1V into 500

Page's 4-2 & 4-3
Delete : Data Generator Error Add Performance Test
Add : New Performance Test, Pages 8 & 9 of this change note
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With the MODE switch set to BER follow the setting up procedure on
Page 9. The method of measurentent in the BER mode is to accumulate
100 crrors, continue counting until the next clock decade is reached, and
then to display the two nost significant digits of the error vaunt with an
exponent derived from the clock cousiier as shown in Figure 37

_______,_..—-——'—"_".' s 8 4
ERROR 110 100 86 8.3x10
COUNTER } :
] 1
1 1
COUNTER -
MODIELD
CONTROL EXPONENT
T i
CLOCK | T ] ¥ LN |} ¥ i 1 1]
COUNTER :
o 10 so 10® 1ot 18 i 0?7 1of 1o
Figure 3-7 BER Measurement
If sync loss is continuously flagged check the following:
Error Detector phase and data polarity are correctly set.
. Data Generator and Error Detcctor sequence Jengths are the same.
i The Gating flag indicates that synchronism has been ackieved and that the
counter is in operation. This is particularly useful at low error rates when o
significant time might elapse before the first 100 errors are accamulated.
Result Acq isition times when using the Data Gen.rator in PRBS ERROR
ADD mode are given in Table 2-3, Page 14 of this change note.
At very low error rates operation of the measuring system may be confir-
med by inserting deliberate errors at the rate of two errors per 4000 se-
quences. The error rates are given in Table 2-3, Page 2-14.
In the BER mode the display rate is controlied with the DISPLAY HOLD
control and an indication of the refreshment rate is given by the strebe lamp
on the display. Operation of this lamp is described in the flag signul section
on Page 3-15.
3-15 SYNC MCNES Manual, Auto, External.
AVAILABLE WITH !
BER OPERATION Synchronisation mode details are given on Page 3-12.
\n
v 3-16 OUTPUTS LED display of BER, BCD output of current display. One transition per error
AVAILABLE

IN BER MODE
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3-20 REFRESHMENT At high error rates the measurements may be completed faster than they
RATE can be read from the display. [n order to reduce the rate of change of the
display, refreshment rate, 2 hold control is provided which holds the
measurement and delays the display change for periods of 200ms to s
approximately. A strobed lamp is provided, on the left hand side of the
display, to indicate the times al which the display may be refreshed.
The display changes at the first refreshment time after the completion
of a measurement as shown in Figure 3-8. When the display can be refreshed
faster than measurements con be made, the strobed lamp will indicate
possible refreshment times.
MEASUREMENT
STROBE® HELD
INDICATION T SAPLAY
CuHANGE
r . e
MEASUREMENT MEASUREMENT NEW
START COMPLETE MEASUREMENT
START MEASUREMENT
HELD
; e : ? CHANGE
MEASUREMENT MEASUREMENT NEW
START COMPLETE MEASUREMENT
START

3-21 FLAG SIGNALS

Figure 3-8 Display Refreshment

The three flag signals, GATING, SYNC LOSS, and OVERFLOW, provided
on the display, apply to both BER and COUNT modes of operation. The
conditions indicated by these flag signals are listed below:

GATING indicates that the error detector is in sync and an error count is
takiny place.

SYNC LOSS indicates that a search for synchronism is taking place.
OVERFLOW indicates display overflow in COUNT ana error counter over
flow in BER. The flag will continue to be indicated antil a fresh compulta-
tion has been made. During internal single shot, me.aual or external counts
the least significant Jdigits of the error count will always be displayed even
during overflow conditions.

The display of the current BER or COUNT is blanked during SYNC LOSS
conditions. Two typical displays are shown in Figure 3-9.

. DISPLAY
@ 2014 Last measurement, count 2014, Next measurement now being made,
GATING )
DISPLAY
@ Sync lost during last measurement, Sync now regained and new
GATING measurement being made.

Figure 3-9 Tvpical tlig Displays

W ewe w—— e = == 4 e ————

o —————.
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PRBS — ERROR ADD

PERFORMANCE TEST
SPECIFICATION: tntroduction of errors at a rate of two errors per 4000 sequences by
changing one bit in two consecutive sequences to its logic complement,
PROCEDURE: 1. Set the 3760A Data Mode to PRBS NORMAL, n =3, the Data Format
) to NRZ and the internal Sync Mode switch mounted on assembly  A37
ta +2.

2. Connect a 608E VHF Signal Generator sct to I SOMHz at >200mVY rms
to the 3760A CLOCK INPUT.

3 Connect the 3760A DATA OUTPUT terminated in 5082 to INPUT
C on a £127A Timer/Counter. Connect the 3760A SYNC QUTPUT to
the counter EXT OSCILLATOR input (rear panel). Set the counter
controls as follows:

, INPUT C o v e e o e e o ae or e +10

‘ ' FUNCTION .. .. o o o o e e o o e ..FREQC
MULTIPLIER .. . o o o e e e e .10°

OSC (rear panel) .. .. o o o EXT

4. Set the WORD switches to 110,
: 5. The counter reading should be 40000.00 £.01.

6. Change the Data Mode switch to PRBS - ERROR ADD and check that
the counter reading is now 40010.00 +.01.

7. Change the WORD swilchés +o 100. The counter reading should now be
39990.0 £.01.
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GOBE

SYNC +2
TO EXT OSC
I760A \ E327A
: 5' v;- E=-—- —— * "y N
.-‘—'—.vv‘- bl o= -1 ‘ e
a o ¢ 8 [ ]
50 OHMS
150MHz
> 200mV s DATA
DATA WORD COUNTER
MODE CONTENT READING
PRBS
NORMAL 110 40000.00 £.01
PRBS -
ERROR ADD 110 40010.00 £.01
PRBS -
ERROR ADD 100 39990.00 £.0}

Figure 4-2 Error Add Performance Test
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CHANGE 2 Page 2-0
Delete : 3760A Dats Generator Specificatian
Add . New Data Generator Specification, Page 12 of this change note
Page 2-1

Delete : 1st Paragraph
Add _ The Hewlett-Packard Model 3760A Data Generator produces both

digital words and psuedo Random Binary Sequences, PRBS.
pigital words at rates from 1.5Mb/s up to 150Mb/s.
PRBS at rates from .001Mb/s to 150Mb/s.

Page Z-1
Delete : 2nd Paragraph
Add . The clock frequency in the range 1.5 to 150MHz can be derived

from an internal clock generater (Optional)or the unit can be
Manually or Automatically triggered from an external clock.
In the external clock mode the clock frequency range is from
1KHz to '50MHz. A clock output, variable in amplitude from
0.1 ta 3.2V pk-pk with a rise rime of better than 1.4nS, s
also provided.

page 2-4, Para 5
De’ -te : Ranges 1.5 to 15, 15 to 150MHz
Add . External source ranges 1KHz to 150MHz
Internal generator ranges 1.5 to 15, 15 to 150MHz

page 2-9, Para 2-10
Delete : The Data Generator has a 50a external clock input which accepts any
wave shape in the 1.5 to 150Miz range.

Add . The Data Generator has a 509 av+.rpal clock input which accepts any
wave shape in the IKhz to 150MHz range
Page 2-14

oulete : Para 2-14 and 2-15
Add . New Paragraph 2-14 and 2-15, Page 14 of this change note.

Page 3-0
pelete : 3761A Error Detector Specification
Add : New Error Detector specification, Page 13 of thic change note.

Page 3-1, Para 4 second Tine
Delete : In the frequency range 1.5 to 150MHz
Add . In the frequency range 1K to 150MHz

Page 3-4, Para 5
Add : The 0-12nS range also applies for the 1Kb/s to 1.5Mb/s position
or when the 3761A is being operated in Burst Mode.

Page 3-5, Para »
Delete : The range is 0 to 1809 for 1.5 to §OMHz and O to 12nS for 50 to 150MHz
Add : The range is 0 to 180° for 1.5 to 50MHz and O to 12nS for 1KHz to
1.5MHz and 50 to 150MHz.

Page 3-11, Para 3-12

Change : The last two lines of the 1st paragraph to read:
For bit rates of 1.5 to 50Mb/s the range is O to 180° using a phase
shifter and for bit rates of 0.001 to 1.5Mb/s and 50 to 150Mb/s it
is 0 to 12nS using a delay line.
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CHANGE 2 CONT. Page 3-16
Add . New Paragraph 3-24 BURST MODE OPERATION

For specialised situations where Clock and Data signals occur
in Bursts, the 3760A and 3761A Clock Trigyer Mode switches
should be set to the MAN *triggering position. The 3761A

Data Input Amplifier triggering threshold should be internally
switched to GND. This switch is located on the a761A A21
assembly (03761-71021).

In this mode the Data signai presented to the 3761A must be
arranged to have positive ond negative axcursions with
respect to ground. An example of how to use the 3760A ‘o
rroduce Burst Data and Clock is shown in Figure 1.

QYN CHRONSUSCS AN TERAVP TED

T B

cLdw

__.@—@ N |—

37600 DATA LENZRATOR ot EAAOR DETELTIN

‘1! ————
g
"
(l
X
m
|

S
— SYSTEM o
0% Ao fmorimO UNDIER s CRTT:
— = Fay——y - - - th u—-.:f .. -
Q—‘!‘"-*F—‘ : i -‘EST LTS ¢ A2 -
e M1 8 = r—— )
AT
l'
o« CL0W
Cd
-
Figure 1.

The 3760A/3761A may be used as shown (Fig. 1) to measure error
yate or count. After initial synchronisation the 3760A/3761A
will remain synchronised and errors will only be accumulated
during the presence of clock.

The 3761A should have its range switch in the 50 - 150 Mbit/s
position as this ensures that the 3761A phase adjustment is
obtained with a delay line and not with a ramp phase shifter
which cannot tolerate loss of clock.
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3760A Data Generator Specifications
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MGHLS OF OPERATION

PRES NORMAL Genetates 3 repefitive IN

b ohr, masumal lengih, Pewde Ramlone Heary

Soquence where N 1o Lband 13

PREY Alnc £FBUS
Tyus tulse

PRES ADD ERROR

Addition of 3 block of 1 te 99 zeros into PRES NORMAL, occurring after the

Intro-duction of errors al 3 rate of bwo erfurs per 4000 sequences by

changlng e bit i twu -onsecutive sequences o its logic complenjent.

1010 Geneiatey ¢ preset repelitive wond, content 1010.
WORD RORMAL Generates a suntinuows 3 to [0-hit word wth selectable content.
WORD ADD ZEROS Additin of 2 bluck of 1t 99 zeros inia WORD NORMAL, occuning beiveen
words.
CLOCK INPUT DATA OUTPUT
Rate IHz tu 1 SUMHL Oulpi DATA u DATA.
Impedance SO5) £5% Je coupled (788 wptienzi) Fomnat NRZ.
RZ up to | JGMbA) .
Trgger:
Manual Level range. -1 ta #3V Slape v Inpedance Source impedance S0L1 196 (7500
of e Qplional}.
Auto Ingut mark spese At range 10 ! Amgphitude Cuntipuowsly sanable i 3 ranges
to 1.10. fram 01 1o 3.2V anto SUEL sym-
metncal about affset tevel
Scnstivity Better than SOImVY pheph.
Rise/Fall ime <| 4nsnio 3001
Amplit. e 5V phoph manimum  Limits eIV <L.snsinto TS0 (7501 unpedange
aption)
Pulse Wirlth  Imy nnmimume at SO pulse amph-
tude Jvenshoat <1 0% of pulse amphitu.
CLOCK QUTTUT DT Offaet Zero: <% af pulse amphtirde
—— Vanable Continuous G o 3%
Quiputs CLOCK ar CLOCK, frm externsl ]
er optinnal internal clovk DELAY Data (and vyne) defayed with seapest
to clock continucusty e 11) varees
Impedance  Saurce impedance 4041 5% s fram 0 ta §C0ns
optona).
Amplitude Contthuaualy vanable S tanges SYNCOUTRUT
o fram Q) o 3 2V symmetneal atgut 5
offact level. Rate Qnee per PRBS or WORE wyule
Rise/Fall ume <1 4nyinto 50C1 Du;-:(l;:sn' J
<1 Ansinto 7511 (7540 impedance \H)RDm
ophion} Muarmal 1 CLOCK period

Add Zepos  Leagth of zero Piock phas w0 AN Y

DC Glfset Zeto. <2t of pube amahlude nod
Vanakie. Continuous ) £3V pens.
OPTIONS Festan
PRBS
Option 00f 7452 CLOCK and DATA ngput/ KNuormal Fromt paned sclectable
output impuedabces WORD
Nonir * Precates wand
Cption 002 Internal, vanable frequency vlack. Add Zu.os Precedes zera Bleck by woe cinb
Rote |5 ta 130MHS . perod
Tier <D $% of penod +005n
: p:k-pk v > jmpedance Soure impedame 501 *50
Option 003 Qrnians 004 and 002 combined. Amphitude 1Y aunndd
1
GENERAL
Power Q1o 125 vr 10 1 IWIY Weiglin Dimensions 10 am wale Sl IS nndeop
A0 10 400H e, copsumprnn 0w | ik (13 nby Ch2vmm x tbyren a4 )
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3761A Error Detector Specifications

MEASUREMENTS
Bit Error Rate, BER Totsl Esror Count, COUNT
Range UL ER{ILTs Range QLo Y99y, Extennal  Lopw ferel T
0.t n 107, 2uto- Gat Manuat Frant patiel switch.
matically scaled. anng- ‘
) internal Repetitive or ungle  Sequences Mariinal length
Gating A&l)mnmc. at least shot PRBS
100 errors kelore fntemval 10" clock peri N
periods Lengths o bwlwre N
computatiun where integer ! *3t010ant 1S
) ne5twil
CLOCK INFUT Aulo Autoimatic: lly seanches for synchron
' ism if more than I0.00Q errors in
Rate 1kiz ro L SOMH2 100,000 bits.
Impedance  S0ul 3% o coupled L7361 opuanai). Exteraal  Resynchronnaian  comnanded by
Trigger: TTL input,
Slape tve oF vl Manual Resynchronnatien commanded from
Manual Level range -3 to +3V front panel
Auto Input markpace ratw range 101
ol 19 DISPLAY
Sensttivity Petter than 00mY ph-ph ) - .
Amplitude 3V pheph max, Limsts 15V BER T_'o digts plus exponent a b x 107
Pulse Width  3as mummum at SO pulse amph- COUNT Four digits
ude. Flags Sync loss, overtlow and gating
DATA INPUT OUTPUTS
Input DATA or DATA, selectabls Printer 3421 BCO. .

Rate tkiiz te L4OMb/s. E‘(E)il‘.f;lnld
Current Ji A
tmpedance SO 3% S woupled (7567 plaonal). rreat disglay on - mmand

Flags.
Trigger Level  Automatic tnput mark vy ave rahio s
rangs 101 ta 1 (U Synclons  Opantedin . lumn i

Sensilivity Berter than SOOmV pk-pk Ovenlow  Qutputl inhd ted

DC Offset £IV masinum. Print
coma b False 3t divplay change

l.-—-l.n - [ 4 LA ™ T . KV
PySesiel HEUTIN «r Propm s I oala 25
Pulse Width  Sas nuatmum 3 OF pubse 2mplilude, Errar ouipul
Rate One teanstion per ensof.
PHASING Amphnude  +EV into 305 numnal
Cantrol Clock phise vanable refative to dav e
Jadicaban Lamge off when clock and daty edyes ACCURACY
Ring. caincide BER ¢ Jmputation bised on 4t least |4 '
I3 51 1 Lren.
OMbis  Oto!ri®  ISUAMGs  Orollm. | COUNT Internal gating, 1 eiror.
SYNCHRONI ATION : QPTIONS
Modet: Autn, Mapal External Opion 001 7582 CLOC < and DATA mputmpe
Eaternsl and Manual inifrate wungle ddnces.
thal Auty ssnc Oplica 002 Printet ++tert ace <ubie

GENERAL

Dimensions  Entan wide
Punhigh, 1aund=ep
14 Hnun 2 95m, 0 3 imne) .

Weight  1Nbs
1Q4kg

Power 9010 124 ar 200 to 230V
40 0 40UHs, cor wmphion TOW
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2-14 ZERO ADDITION

A block of 1 to 99 zeros can be add

the WORD ZERO ADD or PRBS

switch. The zero block is initiated by,
sync pulse. The position of t
controlled by ihe WORD Bl
position of the sync pulse as shown in
In the WORD ZERO ADD modr. the
and in the PRBS ZERO ADD made the zero b
sequence determined by the WORD BIT SELECT switches.

he zero black in the sequence
T SELECT switches which
the sync pulse notes on
zero block ovcurs between words
lock occurs at the point in

ed Into 2 WORD or PRBS by selecting
ZERO ADD positions of the MODE
and occurs immudiately after, the
is therefore
determine the
Page 2-18.

RZ N=3
PRBS NORMAL -

SYNC PULSE

'RZ Ne3
PRBS ZERO ADD
WITH 4 ZEROS

SYNC PULSE

3 IE—

.

[

2-15 ERROR ADDITION

Figure 2-11 Zero addition

Selection of PRBS ERROR ADD with the MODE switch deliberately intro-
duces etrors at a rate of two errors per 4000 sequences by changing one bit

in two consecutive sequences to its jogic complement. The actual bits chan-
ged are determined by the position of the sync pulse which may be selected
with the WORD BIT SELECT switches as shown in the sync pulse notes on
Page 2-18. Note that the errors will only be introduced if sync pulses are being
generated i.e. at jeast one of the first n word switches must be set to logic ‘1",
The Error Rate, which will depend on the register length selected, may be
used to confirm the correct operation of the 3761 A Error Detector, The error
rates produced in the error add mode are listed with the sequence lengths in
Table 2-3, for all positions of the REGISTER LENGTH switch.

sARLE 2-3 ZRACR JAYES IN THI PRAS ERROR ADD HODE |
'IL‘.'GISTER SEQUENTE ErfLuR RESULT ACGUFSETION TINES
: ﬁ‘)m "ri}g:)‘ '}’;,‘I,i, 1 xpre 1.5 Mb/s <o Mb/s 150 #d/p
3 7 7.0 x 1075 | 2.78 hrs §.67 secs | 12,20 secd Io.o7 sers
4 15 322 10°% | 2,78 hrs 6.67 secs | 0.20 secs 0,07 secs
5 x 1.6 x 1c™3 | 2.78 hne §.67 seca | 0.10 secs 0.07 secs
3 63 7.9 x 10°5 | 1.16 dayx 1.11 nins | 2.00 mecs 0.67 secs
7 127 3.9 x 1076 | 1.16 days 1.11 ains | 2.00 secs 0.67 secs
'l 238 1.9 x 1076 | 1.16 days 1.21 mins | .00 secs 0.67 sacs
s 51 9.7 x 2077 | 1,65 wkx | 'J1.11 ming | 30.0G secs 6.67 sacs
.io 1023 €.8 21077 | 1.65 wka 11.11 mins | 20.00 sacs 6.67 sacs
. ' 15 12742 1.5 x 10~ | 16.53 vk 1.85 hrs 3,31 mins 1.11 =ins
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