About this Manual

We've added this manual to the Agilent website in an effort to help you support
your product. This manual is the best copy we could find; it may be incomplete
or contain dated information. If we find a more recent copy in the future, we will
add it to the Agilent website.

Support for Your Product

Agilent no longer sells this product. Our service centers may be able

to perform calibration and repair if necessary, but no other support from
Agilent is available. You will find any other available product information on the
Agilent Test & Measurement website, www.tm.agilent.com.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that
Hewlett-Packard's former test and measurement, semiconductor products and
chemical analysis businesses are now part of Agilent Technologies. We have
made no changes to this manual copy. In other documentation, to reduce
potential confusion, the only change to product numbers and names has been in
the company name prefix: where a product number/name was HP XXXX the
current name/number is now Agilent XXXX. For example, model number
HP8648A is now model number Agilent 8648A.


http://www.tm.agilent.com/
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READ THE FOLLOWING NOTES BEFORE

WARNING

INSTRUMENT.

1.

IF THIS INSTRUMENT IS TO BE ENERGISED VIA AN AUTO-TRANSFORMER
MAKE SURE THAT THE COMMON TERMINAL OF THE AUTO-TRANSFORMER IS
CONNECTED TO THE NEUTRAL POLE OF THE POWER SOURCE.

THE INSTRUMENT MUST ONLY BE USED WITH THE MAINS CABLE PROVIDED.
IF THIS 1S NOT SUITABLE, CONTACT YOUR NEAREST HP SERVICE OFFICE. THE
MAINS PLUG SHALL ONLY BE INSERTED IN A SOCKET OUTLET PROVIDED
WITH A PROTECTIVE EARTH CONTACT. THE PROTECTIVE ACTION MUST NOT
BE NEGATED BY THE USE OF AN EXTENSION CORD (POWER CABLE) WITHOUT
A PROTECTIVE CONDUCTOR (GROUNDING).

BEFORE SWITCHING ON THIS INSTRUMENT:
(a) Make sure the instrument input voltage selector is set to the voltage of the power source.

(b) Ensure that all devices connected to this instrument are connected to the protective
(earth) ground.

(c¢) Ensure that the line power (mains) plug is connected to a three-conductor line power outlet
that has a protective (earth) ground. (Grounding one conductor of a two-conductor outlet
is not sufficient).

(d) Check correct type and rating of the instrument fuse(s).

INSTALLING OR SERVICING ANY
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment
from the factory. Hewlett-Packard further certifies that its calibration measurements are (raceable (o the
United States National Bureau of Standards, to the exient allowed by the Bureai’s calibration facility and to
the calibration facilities of other International Standards Organization members,

WARRANTY

This Hewlett-Packard product is warranted against defects in materials and workmanship for a period of
one vear from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option,
either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP. Buyer
shall prepay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer.
However, Buyer shall pay all shipping charges, duties, and taxes for products returned to HP from another
country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute its
programming instuctions when properly installed on that instrument. HP does not warrant that the opera-
tion of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
Buyer. Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of
the environment specifications for the products, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewleti-Packard
products.

For any assistance, contact your Hewlett-Packard Sales and Service Office. Addresses are provided at the
hack of this manual.



How To Use This Manual

This manual contains all the necessary information to enable you to switch-on and confidently operate the
HP 3784A Digital Transmission Analyzer. It does not cover Remote Operation, which is described in a
separate manual titled "Remote Operation” (part number 03784-90001 ).

There are eight self-contained sections giving information on initial switch-on, detailed measurements, Data
Logging, a reference section on each of the Pages displayed, General Information, Installation and full
Performance Tests.

If you are new to the HP 3784A and unfamiliar with its operating concept, you may wish to read Section 2
Getting Started, and key in the examples shown, It won’t take long to become familiar with the instrument
and its many features.

The following paragraphs describe each of the sections and appendices in this Operating and Calibration
manual. Read through these paragraphs to acquaint vourself with the organisation of the manual prior to
using vour new HP 3784A.

Section 1: Introduction to the HP 3784A Digital Transmission Analyzer

The Introduction to the HP 3784 A Digital Transmission Analyzer section gives a brief explanation of the
use, applications and features of the HP 3784A.

Section 2: Getting Started

The Getting Started section is designed to help the first time user. This section describes how to turn on
the instrument, make your first measurement, use the keyboard to select an Index or Page and control the
Cursor. All front and rear panel controls, connectors and indicators are explained. and a list of Selt Test
features given.

Section 3: Making Measurements

The Making Measurements section describes the use of the HP 3784A in making tvpical measurements on
both in-service and out-of-service systems. These measurements were selected as examples to cover topics
of general interest in a manner that demonstrates the capabilities of the HP 3784A.

Section 4: Page Function Description

This section is intended to be used as a reference section, as it lists all the user selectable
functions/parameters within each information page. An information page is the page displayed and selected
from one of the two index pages. Refer to this section if you need to know the choices offered on any
particular page.



Section 5: Data Logging

The Data Logging section provides information on how to log measurement results to an external Printer
via HP-IB or RS-232-C,

This includes advice on Recommended Printers, Applications, connecting the HP 3784A to a Printer, con-
figuring the Printer , a "Quick Guide to Data Logging", practical examples of how to log Bit Error
measurement results numerically, and Code Error results graphically and detailed explanations of how to
log results in "Real Time" and as an "End of Period Summary". Use the "Quick Guide to Data logging" if
vou are familiar with the HP 3784A, and can confidently use the keyboard to select pages etc.
Section 6: General Information
The General Information section gives a list of safety considerations, specifications and instruments covered
by the manual.
Section 7: Installation
The Installation section contains information and instructions required to prepare the HP 3784A for use.
Included in this section are the initial inspection procedures, power and grounding requirements, fuse selec-
tion procedures, instructions on repackaging for shipment, and installation information for both HP-IB and
RS-232-C.
Section 8: Performance Tests
The Performance Tests section contains procedures which test the instrument electrical performance using
the specifications listed in Section 6.
Appendices
There are six appendices, the titles of which are self explanatory, they are as follows:

e Appendix A: Measurement Definitions

¢ Appendix B: Glossary of Terms

¢ Appendix C: Operating Notes

e Appendix D: Operator Selectable Switches in the HP 3784A

« Appendix E: P_anel Memory Record Sheet

¢ Appendix F: Error Codes



MESSAGE 3 > print2
Printin gOGISHIMA,SHIN / HP8900/13 - HPDesk print.

Subject: 3784A vs 3780A
Creator: Eirik FUNG / HP1400/G1 Dated: 04/05/30 at 0000.

Hello Naomasa-san,
Here is our finding about the 3784A/3780A modem measurement problem and where we
believe the problem lies.

The Rx Clock Input stages on the 3784A and the 3780A are similar in operation,
in that they will both accept offset clock signals as long as the amplitude
of the clock signal is large enough.

We think the problem lies with the different Rx Data In reguirement of the 3784A

and 3780A,

The 3780A has the feature of setting the Data In threshold at GND, 200mV or
600mV. The customer’s test set up works only when the 3780A data threshold is
set to 600mV. TFrom this, we assume that the circuit has DC offset with Data.

The 3784A Data In threshold can be either TTL or ECL, however the incoming
data signal must be at nominal levels (TTL Vlew = 0.5V, Vhigh = 2.5V),

(ECL Vlew = -1.7V, Vhigh = -0.7V). If, as we suspect, the data from the
customer’s modem is a low level signal, offset by approx 600mV, then it will
not drive the 3784A Data In stage at either TTL or ECL.

We are investigating a solution to allow non-standard binary data operation.
In the mean time, please provide the level of the clock and data coming from
from the modem: this helps to confirm our theory. /

Best Regards,

Eirik Fung
Sales Development/Japan
.finished.



MANUAL CHANGES

MANUAL IDENTIFICATION

HP 3784A
April 1989
Part Number: 03784-90001

Model Number:

Date Printed:

REMOTE OPERATION MANUAL

This supplement contains important information for correcting manual errors and for adapting the manual to

instruments containing improvements made after the printing of the manual.

To use this supplement:

Make all ERRATA corrections.

Make all appropriate serial number related changes indicated in the tables below,

— Serial Prefix or Number —-T_ Make Mzmuu'l Changes — — Serial Prefix or Number —— Make Manual Changes —
29020 No Change
2918U No Change

* NEWITEM

Manual change supplements are revised as often as necessary to keep manuals as current and accurate as
possible. Hewlett-Packard recommends that you periodically request the latest edition of the supplement. Free
copies are available from all HP offices. When requesting copies quote the manual identification information
from your supplement or the model number and print date from the title page of the manual.

NOTE

Page 1ol 2

18 May 1989

Printed in U.K.

(

HEWLETT
PACKARD



Model No. HP 3784A 03784-90001

ERRATA

Page 1-11, Paragraph 1.8.1:
Delete: "e Stopped Gating"

Appendix B, Page B-1:
Change NOTE as follows:

Delete: It is left to the user’s discretion as to whether any delays between
successive polls be included in program writing.

Add: It is recommended that a delay of 100ms be placed between successive
polls.



Intray > print313
PrintingMATSUI,SHUNJI / HP8900/C7 - HPDesk print.

Message. Dated: 06/19/92 at 1443,
Subject: 3784A Burst Mode
Sender: Takaharu ABE / HP8960/13 Contents: 4.

TO: Shunji MATSUI / HP8900/C7

Part 1.

FROM: Takaharu ABE / HP8960/13
TO: Shunji MATSUI / HP8900/C7

Part 2.

Part 3.
FROM: Takaharu ABE / HP8960/13
TO: Takashi TOGASHI / HP8900/C7
Part 4.
Package. Dated: 04/15/92 at 1415.
Subject: 3784A Burst Mode
Creator: Takaharu ABE / HP8960/13 Contents: 2.
Part 4.1,
Hi

For the testing of burst mode on HP3784A, a new option H18 was
made eventually.

Order format:

3784A QTY O
H18 QTY 1

Price:

FBP: $200.00
Yen: 30,000 Yen (conversion rate: 152Yen/$)

Delivery:
7 weeks

Best regards,
Takaharu ABE - MCG, JMC, T&M




Part 4.2.

Package. Dated: 04/15/92 at 1416.
Subject: 3784A Burst Mode

Creator: Takaharu ABE / HP8960/13 Contents: 7.

Bart 4. 2.1

Package. Dated: 04/15/92 at 1416,
Subject: 3784A Clock Timing

Creator: Takaharu ABE / HP8960/13 Contents: 4.

Bavt. 4. 201,

TO: Takaharu ABE / HP8960/13
Part. 4.2.1.2.
This is the first question I send to QTD
Part: 4. 2:4434
FROM: Yutaka TOYODA / HP8969/1D
TO: Harry SIMPSON / HP1400
CC: Ray FRIED / HP8960/13
Isao IKEDA / HP8969/1D
Takashi OKUZUMI / HP8960/13
Atsuo TAGUCHI / HP8969/1D
Takashi TOGASHI / HP8900/C7
Part 4.2.1.4.
Hello Harry ,
We are working now developing Japan Digital Cellular (JDC) Mobile
phone test system. 3784A is used to detect BER from received data
stream. Received data from radio come as burst.
Clock rate is 42KHZ, frame repeat in 20msec, 224 bits in one frame

are effective data.

Data: Data is effective only indicated as TCH
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We found that if 3784A samples data on rising edge of clock and clock line



stays HIGH level during the periode clock is not coming, 3784A indicate
SYNC LOSS.(Case B of above diagram).
If clock stays LOW, it is OK.

Summary
Clock Edge Clock Level During the preiode Result
Clock is not comming
Rising LOW OK Case A
Rising HIGH Sync Loss Case B
Falling LOW Sync Loss Case C
Falling High OK Case D

Please advise me if this is reasonable results from 3784A’s input circuit.

We want to know if there is any 3784A’s setting to test BER when clock timing
is case B and case C.

Due date to the customer is end of March. We hope your quick reply.

Best Regards.

Yutaka Toyoda Instrument Project Center, YHP

Part 4.2.2.

Package. Dated: 04/15/92 at 1416.
Subject: 3784A for JDC BER Test

Creator: Takaharu ABE / HP8960/13 Contents: 2.

Part 4.2.2.1.
FROM: Yutaka TOYODA / HP8969/1D

TO: George COOPER / HP1400
Harry SIMPSON / HP1400

CC: Takaharu ABE / HP8960/13
Ray FRIED / HP8960/13
Isao IKEDA / HPB969/1D
Tim MASSON / HP8005
Masatoshi OBARA / HP8969/1D
Takashi OKUZUMI / HP8960/13
Shoji TASHIRO / HP8960/13

Bart. 4 2285
SUBJECT: 3784A cannot use for Burst
3784A for burst clock(data) measurement #2.

Dear Harry,
We have a problem using 3784A for BERT test of JDC Mobile Phone.

We checked received clock input circuit of 3784A and found that
1. Input is AC Coupled ( Time constant is around 75uSec)
2. Threshold level after AC Couple is 0 Volts.

A.) Technical Problem.
The signal we want to measure by 3784A is burst ,
repetition rate Z2Z0mSec,
224 Clocks comes per 20mSec periode.
Clock rate is 42 KHz, when clock is active.



The first clock , which comes first after non active periode, would not
trigger the clock input circuit due to AC Coupling and 0OV Threshold.

Data: Data is effective only indicated as TCH
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The wave form after AC Coupled input would be,

Case A.
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When we tested 3784A with small test circuit we build it seems 0K, 3784A
was working to test BER of burst signal.

But after we put 3784A into actual test system, the clock line from
device under test is not so clean and the measured result of 3784A
became unstable. (Sync loss somtimes). We still can get good results

we put D.U.T. to continuous data output mode.

Please let us know the specification of RCV CLOCK INPUT,

what is the minimum swing voltage? Is there any hysterisis?

B.) Action
We need to change clock input to
DC Coupled



C.)

TTL Threshold.
We think only way to solve this is to modify Colck Input Amplifier (A32)

¥0riginal Clcok input circuit.

C?S C?T
>-———022-——T—R142—— Q%? Qi? --= R143 __T <point A ( 0OV)
Ré? éGO RéQ R62:(121 Ohm)
GI:ID GI:ID

Voltage at point A is threshold level of this circuit.

*¥0Qut proposal:
Remove C22 to DC Couple
Add Resistor accross point A and +15 Volts to pull up voltage
of point A to around 1 Volts to fit to TTL Threshold.

Froblem.

If we modify input circuit of 3784A, from QTD’s view point, that unit
would be modified instrument and QTD can’t support it (our Customer
Service Center also can’t repair the instrument because of unauthorized
specification change.)

Actions we want to QTD.
1. Would you evaluate this modification and confirm that this will
changes only clock input specification,
DC Coupled, Fixed threshold for TTL, ( lower clock frequency ?)
and doesn’t affect to other part of 3784A.
2. Please set up special option for this modification for next orders.
3. Please setup field instalable parts kit for already shiped 3784A.
We have already orderd at least five units of 3784A for this purpose.
Please tell us your feedback.

P.S. Yesterday, we added 2Kohm Resistor between point A. and +15 volts
that makes threshold voltage to around .8 Volts. (But we still
didn’t remove C22 )
3784A worked fine for burst clock.

Situation.

I hope JMC person ( Abe-san or Tashiro-san) will explain how important
JDC and JDCT market is. IPC (Instrument Project Center) in Japan is now
have 5 JDC test system orders. In each we recomend 3784A for BER test.
If we can’t use 3784A, we have to use Anritsu’s BERT. Of couse we don’t
want to do that. But if customer knows problem, customer would say why
IPC don’t use Anritsu’s BERT.

Today we have an request for system proposal to next phase, JDC test for
production from Matsushita Comm. Ind. That is mimimum system for
start up of production. But in it, customer want to use 4 units of 3784A.
In half or one year later, customer is planning volume production, and
will purchase several set of minimum system. It means we have sales
potentials of more than 10 units of 3784A for each JDC or JDCT
manufactures.

We hope QTD understand our situation.



Best Regards.

Yutaka Toyoda IPC ,YHP
Part 4.2.3.
Package. Dated: 04/15/92 at 1416.
Subject: 3784A for JDC BER Test
Creator: Takaharu ABE / HP8960/13 Contents: 4.
Part 4.2.3+1%

FROM: Harry SIMPSON / HP1400/G1
TO: Pete FEECHAN / HP1400/B1

CC: Takaharu ABE / HP8960/13
George COOPER / HP1400/G1
Ray FRIED / HP8960/13
Isao IKEDA / HP8969
Tim MASSON / HP8005
Masatoshi OBARA / HP8969
Takashi OKUZUMI / HP8960/13
Gordon REID / HP1400/G1
Shoji TASHIRO / HP8960/13
Yutaka TOYODA / HP8969

Part 4.2.3:2
Pete,
Can you look at the action points on this 3784A special.
Get back to Gordon with your inputs.
Thanks
Harry Simpson
Part 4.2.3.3.
FROM: Yutaka TOYODA / HP8963/1D

TO: George COOPER / HP1400/G1
Harry SIMPSON / HP1400/G1

CC: Takaharu ABE / HP8960/13
Ray FRIED / HP8960/13
Isao IKEDA / HP8969/1D
Tim MASSON / HP8005
Masatoshi OBARA / HP8969/1D
Takashi OKUZUMI / HP8960/13
Shoji TASHIRO / HP8960/13

Part 4.2.3.4.
SUBJECT: 3784A cannot use for Burst

3784A for burst clock(data) measurement #2.



Dear Harry,
We have a problem using 3784A for BERT test of JDC Mobile Phone.

We checked received clock input circuit of 3784A and found that
1. Input is AC Coupled ( Time constant is around 75uSec)
2. Threshold level after AC Couple is 0 Volts.

A.) Technical Problemn.
The signal we want to measure by 3784A is burst ,
repetition rate 20mSec,
224 Clocks comes per 20mSec periode.
Clock rate is 42 KHz, when clock is active.

The first clock , which comes first after non active periode, would not
trigger the clock input circuit due to AC Coupling and OV Threshold.

Data: Data is effective only indicated as TCH
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The wave form after AC Coupled input would be,
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B.)

C.)

When we tested 3784A with small test circuit we build it seems OK, 3784A
was working to test BER of burst signal.

But after we put 3784A into actual test system, the clock line from
device under test is not so clean and the measured result of 3784A
became unstable. (Sync loss somtimes). We still can get good results

we put D.U.T. to continuous data output mode.

Please let us know the specification of RCV CLOCK INPUT,

what is the minimum swing voltage? Is there any hysterisis?

Action
We need to change clock input to
DC Coupled
TTL Threshold.
We think only way to solve this is to modify Colck Input Amplifier (A32)

*¥Qriginal Clcok input circuit.

C?S C??
>*———CZZ—-—T—R142—— Q%? Q%? --- R143 ——T <point A ( OV)
R$7 ﬁGO RéQ R62:(121 Ohm)
GﬁD GﬁD

Voltage at point A is threshold level of this circuit.

*OQut proposal:
Remove C22 to DC Couple
Add Resistor accross point A and +15 Volts to pull up voltage
of point A to around 1 Volts to fit to TTL Threshold.

Problem.

If we modify input circuit of 3784A, from QTD’s view point, that unit
would be modified instrument and QTD can’t support it (our Customer
Service Center also can’t repair the instrument because of unauthorized
specification change.)

Actions we want to QTD.
1. Would you evaluate this modification and confirm that this will
changes only clock input specification,
DC Coupled, Fixed threshold for TTL, ( lower clock frequency ?)
and doesn’t affect to other part of 3784A.
2. Please set up special option for this modification for next orders.
3. Please setup field instalable parts kit for already shiped 3784A.
We have already orderd at least five units of 3784A for this purpose.
Please tell us your feedback.

P.S. Yesterday, we added 2Kohm Resistor between point A. and +15 volts
that makes threshold voltage to around .8 Volts. (But we still
didn’t remove C22 )
3784A worked fine for burst clock.

Situation.
I hope JMC person ( Abe-san or Tashiro-san) will explain how important
JDC and JDCT market is. IPC (Instrument Project Center) in Japan is now



have 5 JDC test system orders. In each we recomend 3784A for BER test.
If we can’t use 3784A, we have to use Anritsu’s BERT. Of couse we don’t
want to do that. But if customer knows problem, customer would say why
1PC don’t use Anritsu’s BERT.

Today we have an request for system proposal to next phase, JDC test for
production from Matsushita Comm. Ind. That is mimimum system for
start up of production. But in it, customer want to use 4 units of 3784A.
In half or one year later, customer is planning volume production, and
will purchase several set of minimum system. It means we have sales
potentials of more than 10 units of 3784A for each JDC or JDCT
manufactures.

We hope QTD understand our situation.

Best Regards.

Yutaka Toyoda IPC ,YHP
Part 4.2.4.
Package. Dated: 04/15/92 at 1416.
Subject: 3784A problem
Creator: Takaharu ABE / HP8960/13 Contents: 2.

Part 4.2.4.1.
FROM: Masayuki SATOH / HP8905/A9
TO: Harry SIMPSON / HP1400

CC: Takaharu ABE / HP8960/13
Shoji TASHIRO / HP8960/13
Yutaka TOYODA / HP8969/1D

Part 4.2.4.2,.
Hello Harry.

I'm a field engineer of MCI (Matsushita Communication Industrial .)

I suppose you have already read the DESK message about 3784A problem for JDC
that is sent from Toyoda-san.

Now I’m going to place the order of 4 units 3784A that is use for JDC
production.

In this year MCI will buy 15 or more units of 3784A for JDC and JDCT.

The BERT measurement is very important for receiver measurement of digital
radio test.

If you can’t improve this problem that is DC input Couple and TTL Threshould,
MCI cannot help buying Anritsu’s BERT.

I’'m waiting for your quick response.

Best Regards.

Masayuki Satoh mizonokuchi sales office.

Part 4.2.5.

Package. Dated: 04/15/92 at 1416.

Subject: 3784A Burst Mode
Creator: Takaharu ABE / HP8960/13 Contents: 2.



Part 4:2.5.1.
FROM: Jim MCWHINNIE / HP1400/G1
TO: Masayuki SATOH / HP8905
CC: Takaharu ABE / HP8960/13
Jim HENDRY / HP1400/G1
Bill MORRISON / HP1400/G1
Harry SIMPSON / HP1400/G1
Shoji TASHIRO / HP8960/13
Yutaka TOYODA / HPB969
Part 4.2.5.2.
Hello Satoh-san,
I am responding to your question on 3784A burst mode operation.
I am happy to tell you that QTD has a special option of the 3784A
which is optimised for burst mode operation. The special option
DC couples the RX Clock input (as described in Toyoda-san’s message)

and also the TX External Clock input.

We have successfully tested this special option with the application
described by Toyoda-san and the 3784A worked perfectly.

You should order 3784A option H18, for burst mode operation. The FBP
of H18 is an additional $200 to the instrument price.

If you need any more info then please contact me.
Best regards,

Jim McWhinnie - QTD Product Support

Part 4.2.6.

Package. Dated: 04/15/92 at 1416.
Subject: 3784A #H18 Order Method

Creator: Takaharu ABE / HP8960/13 (%) Contents: 3.

Part 4.2.641.

TO: JIMM / HP3301/UM &
(jimm@hpsqf.sqf.hp.com)

CC: KOJI’SAKASHITA / HP3301/0M &

(Koji.8akashita/tky,unix,unix////////HPMEXT1:Koji Sakashita@hp890&
5.desk.hp.com)

MASAKI’SHIROMARU / HP3301/0M &
(Masaki.Shiromaru/tky,unix,unix////////HPMEXT1 :Masaki_Shiromaru@h&
p8909.desk.hp.com)

MASATOSHI’OBARA / HP3301/0M &
(Masatoshi.Obara/tky,unix,unix////////HPMEXT]:Masatoshi Obara@hp8é&
969.desk.hp.com)

MASAYUKI’SATOH / HP3301/0M &



(Masayuki.Satoh/tky,unix,unix////////HPMEXT] :Masayuki_Satoh@hp890&
5.desk.hp.com)

TAKAHARU’ABE / HP3301/0M &
(Takaharu.Abe/tky,unix,unix////////HPMEXT1 :Takaharu_Abe@hp8960.de&
sk.hp.com)

TOSHIYUKI ’KAWASHIMA / HP3301/0M &
(Toshiyuki.Kawashima/tky,unix,unix////////HPMEXT1:Toshiyuki_ Kawasé&
hima@hp8904.desk.hp.com)

YANA / HP3301/UM & -
(yana@hpujisa.yhp.hp.com)

YORIYUKI 'MATHARA / HP3301/0M &
(Yoriyuki.Maihara/tky,unix,unix////////HPMEXT1:Yoriyuki Maihara@h&
p8930.desk.hp.com)

YUTAKA’TOYODA / HP3301/0M &
(Yutaka.Toyoda/tky,unix,unix////////HPMEXT]1:Yutaka Toyoda@hp8969.&
desk.hp.com)

Part 4.2.6.2,
MESSAGE HEADER.
Part 4.2.6.3.
Hello, Jim-san
I’m a instrument project center SE working for Toyoda-san and responsible for JD
C test system
pre-sales activity. As of Apr. 9, 1992, we have four JDC test system orders from
Mitsubishi,
Fujitsu, Hitachi, and Sony.
So, would you tell me how to order the 3784A #H18 and delivery schedule?
And please copy the above cc. on your response.

Best regards,

Hiroshi YANAGAWA
Instrument Project Center / YHP

Part 4.2.7.

Package. Dated: 04/15/92 at 1416.
Subject: 3784A #H18

Creator: Takaharu ABE / HP8960/13 Contents: 2.

Part 4.2.7.1.

FROM: Jim MCWHINNIE / HP1400/G1
TO: Hiroshi YANAGAWA / HPB969

CC: Takaharu ABE / HP8960/13
Toshiyuki KAWASHIMA / HP8904
Yoriyuki MATHARA / HP8930
Koji SAKASHITA / HP8905
Masayuki SATOH / HP8905
Masaki SHIROMARU / HP8909



Yutaka TOYODA / HP8969
Part 4.2.7 .2,

Hello Yanagawa-san,

To order 3784A option H18 simply state..

3784A Quantity O
H18 Quantity 1

Price is $ 200 and delivery is 7 weeks.

Best regards,

.finished.

Jim McWhinnie - QTD Product Support
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Figure 1-2 HP 3784 A Digital Transmission Analyzer

Description

The HP 3784A Digital Transmission Analvzer is a self-contained, multi-rate. bit error rate test set.
Applications include the development, manufacturing test, installation and troubleshooting of digital trans-
mission terminal and link equipment. operating at line rates in the range 1kb/s to 50Mb/s.

The instrument comprises a generator and a receiver and has been designed to conform to CCITT and
CEPT standards at the 704, 2048, 8448 and 34368kb/s hierarchical interfaces. The generator provides data
patterns at the appropriate levels, format and impedance. required bv the equipment under test. The
receiver monitors the received data patterns for bit and code errors, at any one of the four CEPT rates, or
for bit errors in the range lkb/s to 50MDb/s when using binary interfaces. For bit error measurements, the
HP 3784A also performs Error Analvsis measurements based on CCITT G.821 Recommendation.

Option 002 provides timing jitter generation, measurement and analvsis at 2048, 8448 and 34368kb/s. Jitter
tolerance, jitter transfer function and output jitter measurements can be made in accordance with CCITT
Recommendations. Swept trequencv measurements, e.g2. tolerance and transfer function can be performed
automatically.

Option 006 is a 64kb/s codirectional interface which provides transmission and reception ot binary or ter-
nary coded 64kb/s data. This allows bit error measurement (no code error detection is provided) at the
lowest digital-data rate. Note: options 002 and 006 are mutually exclusive.

A Thru-data mode permits the injection of timing jitter when Option 002 is fitted. on to a signal passing
through the instrument. This facility allows the testing of alarms, error correction schemes and automatic
protection switches.

The HP 3784A is microprocessor controlled and mayv be remotelv controlled. either via the HP-IB or
RS-232C Interfaces. (HP-IB - Hewlett-Packard Interface Bus - is Hewlett-Packard’s implementation of
IEEE Standard 488-1978.) Data can be logged. either in numeric or graphics form. to an external printer
via either HP-IB or RS-232C.
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Introduction

The purpose of this section is to instruct first time users how to turn on the HP 3784A and quickly become
proficient operating the instrument. The section covers the following items:-

Instrument Turn On - Step by step instructions on how to configure and safely connect the HP 3784A
to the power line.

Operating The HP 3784A - Simple instructions on how to operate the HP 3784A using the front panel
keyboard.

Front and Rear Panel Operating Features - Detailed descriptions of all the front and rear panel keys,
connectors and lamps (leds and display).

Self Test - An explanation of the self test features of the HP 3784A.

Instrument Turn On

CAUTION

Do not turn on the HP 3784A until it has been configured and fused for the available
line voltage and safely connected to the power line.

Procedure

1. Set the rear panel Voltage Selector switch to the position that corresponds to the power line voltage to
be used (115V or 230V).

2. Verify that the proper fuse is installed in the rear panel fuse holder. See Table 2-1.

Table 2-1. Fuses

Voltage Selector Fuse Type HP Part Number
ol 15V 3A 2110-0381
¥ 230V 1.5A 2110-0304
. =
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3. Ensure the front panel switch is set to OFF.,

4. Connect the ac power cord to the rear panel Line Input connector. Plug the other end of the power
cord into a three terminal grounded power outlet.

5. Set the instrument switch to ON. Verify that the following events occur at switch-on.
¢ The audible alarm beeps twice.
s All front panel leds illuminate simultaneously for approximately 1 second.
e The display backlight illuminates and a complete set of characters is displayed momentarily.
e After initial switch on the HP 3784A display will be an "Index" or a "Page" of information. The dis-

play is dependent on the last configuration prior to a power down. It can be either | of 2 Indexes
or | of 12 information Pages.

2-2
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Operating The HP 3784A

The HP 3784A is controlled by means of a Liquid Crystal Display (LCD) and a simple keyboard.
Information on instrument status, configuration and results etc, is displayed to the operator in Pages of in-
formation which may be accessed for viewing or change via the keyboard. The information Pages are or-
ganized into an Index which lists all the Pages in numerical order, indicating the information content of
each page. There are 2 Indexes and 12 information Pages. The 2 Indexes listing all the Pages are as follows;

Index 1 (Need help ? Push the HELP key) Index 2 (Need help ? Push the HELP key)
Preset Panel..... 1 Measurements..... A Data Logging..... 7 Rear Panel Ports 10
Tx Set-Up.veuenns 2 Gating Period.... 5 Remote Cont Port. 8 Time/Date Set... 11
Rx Set-Up........ 3 Alarm Durations.. 6 Logging Port..... 9 Option/Self Test 12

A simple "cursor” system used in conjunction with the PAGE and UPDATE keys allows access for viewing
the Pages and Indexes, and also selection of the various functions/parameters within each page.

HP 3784A Display At Switch-On
At switch on, the display presented is dependent on the last configuration prior to a power down. The

built-in nonvolatile memory stores the current HP 3784A settings and recalls them when the instrument is
powered up again.

Making your first Measurement

The following procedure leads you through setting the HP 3784A to its default settings, and performing a
simple Bit Error Rate measurement. Detailed explanations of how to use the HP 3784A keyboard , and the
function of each input/output port are given later in this section.
Powering Up
l. Set the instrument switch to ON. Verify that the following events occur at switch-on.

e The audible alarm beeps twice.

e All front panel leds illuminate simultaneously for approximately 1 second.

¢ The display backlight illuminates and a complete set of characters is displayed momentarily.

¢ After initial switch on the HP 3784A display will be an "Index" or a "Page" of information. The dis-

play is dependent on the last configuration prior to a power down. It can be either | of 2 Indexes
or | of 12 information Pages.

2-3
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Finding the Index Page

2 Is an Index page displayed?

3. Is Index 1 displayed?

Is the HP 3784A Gating?

NO.......Press the key.
YES.....continue to step 3.
........Press the PAGE key.

YES......continue to step 4.

4., It may be that during the last power-down the HP 3784A was making a measurement. If this was the
case, then when you switch the HP 3784A ON, the instrument will continue with the measurement
(indicated by the MEASURE and POWER LOSS LED’s being ON). If the MEASURE LED is ON,

press the key to stop the HP 3784A gating.

Setting Instrument Default State

5. Position the flashing cursor (flashing black square) on Preset Panel..l using the CURSOR

POSITION keys.

Index 1 (Need help ? Push the HELP key)
Measurements
2 Gating Period.... 5
3 Alarm Durations.. 6

Preset Panel..... Vit

6.  Press the key to display Page 1.

If vour instrument is a standard HP 3784A, Page | Preset Panel will be displayed. If vour instru-
ment includes option 002 (Jitter Generation/ Measurement) the Page displayed may be one of Preset
[PANEL] or Preset [MASK]. Ignore all other user selectable fields within each page for the present.

Note: User selectable fields are shown enclosed in brackets thus, [**]. An example of Page | Preset
[PANEL] and Page | Preset [MASK] is given below:

1 Preset [PANEL]

Function [RECALL FROM] Panel Memory [0]
Select desired function & press EXEC.
Keyboard lock [OFF]

1 Preset [MASK]I[STD 1]
20.0Hz 1.50 UI »
700.Hz 0.20 Ul »
Q Factor [HIGH]

2MHz
93.0Hz
100.KHz

Points 4
1.50 Ul
0.20U1
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7. If Page | Preset [MASK] is displayed press the UPDATE key to select Page 1 Preset
[ PANEL].

8.  Ensure the Keyboard Lock is set to [OFF] If it is not, position the flashing cursor on Keyboard
lock and press the UPDATE key.

9.  Set the Function to [RECALL FROM] using the CURSOR POSITION and UPDATE keys.

10. Position the flashing cursor on the Panel Memory and using the UPDATE key select Panel
Memory [0].

11, The HP 3784A display should now be identical to the one given below.

1 Preset [PANEL]

Function [RECALL FROM] Panel Memory [0]
Select desired function & press EXEC.
Keyboard lock [OFF]

12. Press the key to set the 3784A to its default settings.

The HP 3784A is now set to its default settings; these are listed on page 2-20. [t is recommended to set the
instrument to its default condition before configuring a measurement, as one starts from a known set

condition.
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Making a Bit Error Count Measurement
Introduction
The following steps lead you through configuring the HP 3784A Transmitter and Receiver to make a Bit

Error Count measurement over a manually controlled gating period. The Transmitter is set to enable errors
to be added to the output data via the tront panel ERROR key.

13. Connect the HP 3784A as shown in the following diagram.

HP3784A
RX TERNARY
TX DATA DATA
ouT IN
o Q

Y

14. Select Page 2 Tx Setup...use the PAGE key.
Set the display to the following...use the CURSOR POSITION and UPDATE keys.
Note: When Er Add [BIT] [MAN] is selected the ERROR ADD LED on the front panel illuminates.

2 Tx Setup. Data Out [ 75 TERM] [HDB3]
Clock [STD RATE] [34 MHz]l Offset [ +0lppm
Pattern [PRBS]-[23] Zero Sub [000]
Er Add [BIT 1[MAN.] Clock Out [NORM]

15. Select and display Page 3 Rx Setup....use the PAGE key.

16. Check the display is set to the following:

3 Rx Setup [AS TX 1

Jitter Display Rate [FASTI

17. Select Page 5 Gating Period...use the PAGE key.
Set the display to the following....use the UPDATE and CURSOR POSITION keys.

5 Gating Period.
Gating type [MANUAL]

Errored/Error free intervals [SECONDS ]
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19. Select Page 4....use the PAGE key.
Set Page 4 to [ERROR RESULTS]....use the UPDATE key.

20. Press the MEASURE key to initiate the measurement.
The green LED above the key is illuminated during the measurement period.

21. Inject errors into the Transmitter output data using the front panel ERROR ADD key. Each key press
will inject a single error into the received data. Observe that the ERROR LED illuminates, and the Bit
Error Count result increments with each key press.

4 [ ERROR RESULTS ] (Tx Jitter On)
Elapsed time.....ocouuvs 00d 00h 00m 00s
RX [CODE ERR.JILCOUNT Jusianivea swine v s
RX Bit: Error TCOUNT Taw cum s v oen o

Note: The number of times you press the ERROR ADD key determines the Bit Error Count result.

22. Press the MEASURE key to stop the HP 3784 A gating.

What have you learnt from this Procedure?
You should now understand:
a. The sequence of events at power-on.
b. How to select an Index or Information Page.
c. Setting the HP 3784A to its default settings.

d. How to make a Bit Error Count measurement.

What's Next?

The following paragraphs explain in detail the operation and function of all front and rear panel con-
trols, connectors and indicators.

For more information on how to perform a measurement and the measurements available, refer to
the "Making Measurements" section.

2=7
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Selecting An Index Or Page

The example below illustrates the key action to select a Page from the Index and then return to the Index.

Index 1 (Need help ? Push the HELP key)
Preset Pahel ce. v 1 Measurements..... b A
Tx Set=Upwis vau s 2 Gating Period.... 5
Rx Set-Up,w.wsr e 3 Alarm Durations.. 6
Y

Key to select Key again

Press TI\TE?EEi page highlighted Press rr:\[?;i to return

by cursor to index

1 [PRESET PANEL]
Function [RECALL FROM] Panel Memory [0] A
Select desired function & press EXEC.
Keyboard lock [OFF]

PAGE Keys

) PRGE

PRGE/
INDEX

To Select An Index - If, when vou switch on, an Index is displayved then use the PAGE
(—erev_) and (Cwexi_) keys to step between the two Indexes. If an information Page is
displayed, then press the key to display the Index.

Repeated pressing of the key will alternate the display between the Index, and
the page on the Index list which is highlighted by the ftlashing cursor (flashing back
square).

To Select A Page - If a Page is already displaved then use the PAGE and
keys to step backwards and forwards through the Pages. Alternatively, press the
key to display an Index then using the CURSOR POSITION keys, move the
flashing cursor to the page number you require and press the key.

When an Index is displayed simply use the CURSOR POSITION and keys to
display the required Page.

12
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The following example illustrates the PAGE and operation when Page 6 is currently

displayed.

5 Gating Period.

Period [ 01d [ 0lh

Gating type [SINGLE]

Errored/Error free intervals [SECONDS 1

[ 1Im [ 01s

6 Alarms.
Audio source [BIT ERRORS 1]
Duration of [RX CLK LOSS]
Duration of Slips

Press page PREV i

1
Key to select
previous page

Press page NEXT

Key to select
next page

Y

7 Data Log.
Set-up [ SUMMARY 1]

Logging [

TEXT 1

Error [ BIT ]

Jitter [ANL]

Alrms [YES]

Controlling The Cursor

Trigger [BIT ERR RATIOl > 1.0E-[3]

CURSOR POSITION

€
= =
€y

These four keys, each marked with an appropriate direction - indicating arrow, enable the user to
position the cursor on an appropriate display field, for example a page number in the Index or a

measurement parameter on a page.
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Changing User Selectable Functions/Parameters

UPDATE All the selectable fields are enclosed in square brackets [-] To change a parameter, posi-
(NEXT tion the cursor on the relevant display field and use the UPDATE and

keys to step through the various choices available.

HELP

PREV Where the field selections are descriptive (ie functional) the field is effectively a con-
tinuous loop. The UPDATE key steps through the selections in one direction,
while the UPDATE key steps through in the opposite direction.

When the choices are numeric the UPDATE key increases the parameter to the
next available value, while UPDATE decreases the parameter value. The
numeric fields have end stops at minimum and maximum values; indicated by an audible

beep.
The UPDATE keys are inoperative when an Index is displayed.

The following example illustrates how the CURSOR POSITION and UPDATE keys con-
trol the selection of functions/parameters within each display field.

Note: Only relevant choices are presented to the user. For example, on Page 5, the
Period field is only shown when either REPEAT or SINGLE gating is selected.

5 Gating Period.
Gating type !MANUAL]

Errored/Error free intervals [SECONDS 1]

()

PRESS CURSOR POSITION | KEY TO MOVE THE FLASHING CURSOR

5 Gating Period.
Gating type [MANUAL]

Errored/Error free intervals WBSECONDS 1

PRESS UPDATE | TO CHANGE THE PARAMETER

NEXT

5 Gating Period.
Gating type [MANUAL]

Errored/Error free intervals BDECISECS]

2-10
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Front Panel Operating Features |
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1. The POWER key switches the instrument power OFF and ON.
2. The LOCAL key returns the instrument to Local control after Remote Operation. When under
remote control the led above the LOCAL key is illuminated.
£l Pressing the STOP key disables all logging operations. The Logging field on Page 7 Data Log is
set to [DISABLED].
4. Pressing the LOG ON DEMAND key enables logging, if not previously enabled and records the

current measurement results if the instrument is measuring. If the HP 3784A is not gating then
pressing this key will print out a summary of the results from the last measurement, provided a
suitable printer is connected to the appropriate rear panel HP-IB or RS232 printer port.

5. The PAGE and PAGE keys allow you to step backwards and forwards through
the Pages i.e. if Page 5 is displayed, pressing the PAGE key will display Page 6, whereas
pressing the PAGE key will display Page 4. The PAGE and PAGE
keys also step between Index | and Index 2 when an Index is displayed.

The PAGE/INDEX key alternates the display between an Index and the information Page on the
Index highlighted by the flashing cursor.

6. Use the CURSOR POSITION keys to position the flashing cursor on display fields to be changed
within a Page or, when an Index is displayed, on the page number you wish to select.
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10.

11

12.

L3,

The HP 3784A Display provides two functions as follows:

a. Gives a visual display of instrument status, configuration, results, functions etc. via informa-
tion pages.

b. Enables the user to change instrument status/settings using the front panel PAGE, CURSOR
POSITION and UPDATE keys.

Display Backlight
The HP3784A display backlight is enabled when any front panel key is pressed. If no key is
pressed within fifteen minutes the light is switched off.

Pressing and holding down the HELP key gives a display of useful information relevant to the
current Page and settings selected.

The UPDATE and UPDATE keys change the display field that the flashing
cursor is positioned on. These keys are disabled when an Index is displayed.

The EXEC key is operative when Pages 1, 3, 11 or 12 are displaved and is used to execute func-
tions within these Pages, eg. recall a selected measurement preset.

The START/STOP key starts a new measurement or stops a current one. The gating period
(selectable on Page 5) can be either MANUAL, in which case the key is pressed both to start and
stop the measurement, SINGLE where the key starts the measurement and stops automatically or
REPEAT where the key must be pressed to start and stop the measurement. The indicator above
the key is illuminated during gating.

Errors can be added either singly or at a selected rate to the transmitter output data. To inject
these errors manually it is necessary to select [MAN] on Page 2 and press the ERROR ADD key.
When this mode is selected on Page 2 the indicator above the ERROR ADD key is illuminated.

Pressing the AUDIO key enables or disables the Audio facility. When it is enabled (the indicator
above the key is illuminated) an audible tone sounds each time errors occur. The source of er-
rors is selectable on Page 6 and the pitch of the tone is proportioned to the error ratio.
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Front Panel Input/Output Ports

The following paragraphs provide a brief description and specifications summary for each of the HP
3784A front/rear panel input/output ports, Complete specifications are given in section 6 of this manual,
There are a number of HP 3784 A ports which are dual function ie. they serve as either input/output ports
or as a dual input port, they are: EXT MOD/ALT WORD, SELECTABLE PORT and RX REF CLOCK
IN/OUT.

A

EXT MOD/ALT WORD: The EXT MOD/ALT WORD port is used for two seperate functions
as follows: as an Alternating Word External Input Port, or External Jitter Modulation Input Port.

1. Alternating Word External Input Port.

To operate in this mode set the Pattern and Word fields on Page 2 Tx Setup as follows:
Pattern [ALT WORD], Word [RATE][EXTERNAL] (option 002 instruments only)

Specifications summary:

Impedance: 50 ohms nominal to ground.
Frequency Range: d.c. to 100kHz for square waves.

Input Voltage Range: 600mY to 3V p-p.
Threshold: Nominal ground.

An external signal applied to the port switches two fixed length 8 bit fully programmable words
(Word A and Word B). Useful for checking Regenerator chains for the effect of high and low
pattern density.

2. External Jitter Modulation Input Port (Option 002)

To apply an external modulation source to the HP 3784 A select either a Jitter Tolerance or Jitter
Transfer Function measurement on Page 4 Measurements, and then set the Modulation field
to [EXTERNALL

Enables external jitter modulation to be applied to the internally generated patterns. This permits
the user to input low jitter frequencies not covered by the HP 3784A internal synthesizer, or
even d.c. signals.

Frequency Range: Meets CCITT Rec. 0.171 Table 2 for sinusoidal modulation, and tvpically dc.
to 5% of the bit rate. Please refer to the HP 3784A Data Sheet or Service Manual for detailed
specifications.

Note The ALT WORD RATE selection (on Page 2 Tx Setup) and the Jitter Modulation field
selection (on Page 4 Measurements) are mutually exclusive ie. If ALT WORD is set to [RATE
[EXTERNAL] then Modulation on Page 4 Measurements is set to [INTERNAL] Similarly if
the Modulation field on Page 4 is set to [EXTERNAL] then the ALT WORD [RATE] is set to
Word [RATE] [10Hz] (i.e. internal modulation).

2-13
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TX CLOCK IN: An external clock source can be used as the transmitter clock. The valid
frequency range is 1kHz to 50MHz During jitter generation and measurement the frequency
range is restricted to the internal fixed rates + 10%.

The LED above the TX CLOCK IN port illuminates when clock transitions are detected at the
port and Tx Clock [EXT] is selected. The frequency of the external clock is displayed on Page 2
Tx Setup. If option 002 is fitted, then the jitter modulators will autorange onto the correct
frequency band, eg. if Tx EXT CLK is within 10% of a standard rate, then that modulator will
be selected.

Specifications summary:

Impedance 75 ohms nominal to ground;
Minimum pulse width 8ns.

Sensitivity better than 500mV.
Amplitude 5V p-p max.

TX CLOCK OUT: Clock Output Level is user selectable on Page 2 Tx Setup and is as follows:

TTL into 75 ohms to ground or ECL into 75 ohms to -2V. Selection of ECL or TTL is common
for Data and Clock ports and is selectable when Binary interface is selected, i.e. [BINARY] [TTL]
The choice of ECL or TTL is permanently linked with that of the Receiver.

If Ternary operation is selected the ECL/TTL field is not displayed on Page 2, eg. [75TERM]
[HDB3]. The clock output level in Ternary operation is as selected for Binary operation.

TX DATA OUT: Two output connectors are provided: an unbalanced 75 ohm port and a 3 pin
Seimens balanced 120 ohms port.

120 ohms balanced: This port provides output signals at 64kbit/s (option 006 only), 704kHz and
2MHz. At 64kHz the interface is co-directional, while at the other bit rates AMI/HDB3 (selec-
table on Page 2 Tx Setup) is used.

Unbalanced 75 ohms: Provides output data at all bit rates (except 64 kbit/s ) and with Binary or
Ternary interfaces. Binary level is ECL/TTL and is NRZ; Ternary is AMI/ HDB3 selectable on
Page 2 Tx Setup. The Tx Data Output amplitude is shown in the following Table:

Table 2-2. Tx Data Qutput Amplitude

Nominal Bit Rate (kHz) 64 704 2048 8448 34368
Peak Voltage £10% (75 ohm) - 237 237 237 1.00
Peak Voltage +10% (120 ohm) 1.00 3.00 3.00 —-- -—--
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E RX TERNARY DATA IN; Accepts Ternary signals at the following four fixed frequencies and
coding format,

64kHz: co-directional interface - option 006 instruments.
704kHz AMI with up to 24 zeros or HDB3

2048kHz: AMI with up to 24 zeros or HDB3

8448kHz: HDB3

34368kHz. HDB3

Rate Tolerance is + 100 ppm and pulse width 50% 6% of bit period. Impedance is 75 ohms
nominal unbalanced to ground at the higher four bit rates, and 120 ohms nominal selectable for -
64kHz (option 006), 704, 2048 and 8448kHz.

F  RX CLOCK IN: This port accepts an external clock signal in the frequency range lkHz to
50MHz An LED above the port is illuminated if clock transitions are present and the Receiver is
set to Binary, or Thrudata is selected. This 75 ohms unbalanced input is ac coupled and has a
sensitivity compatible with TTL or ECL levels.

G RX BIN DATA IN: Accepts binary data in NRZ format in the frequency range |kHz to 50
MHz. Data Input is user selectable; TTL into 75 ohms to ground, or ECL into 75 ohms to -2V.

Alarms

POWER LOSS:

AlS:

SYNC LOSS:

BIT ERRORS:

CODE ERRORS:

JITTER

UNLOCK

HITS:

SYNTH
UNLOCK

This led illuminates when power is restored after a power loss which occurred during the
instrument gating. The led does not illuminate following a power loss when the instru-
ment is not gating. When this alarm is illuminated it will remain so until a new gating
(measurement) period is initiated via the key.

The Alarm Indication Signal led indicates that an all ones pattern is being received. This
detector conforms to CCITT 0.162, ie. it flags AIS if in 2200 clocks there are less than 3
Zeroes.

This led illuminates to indicate that the receiver has lost reference pattern synchronisa-
tion. The criteria for sync loss is Error Ratio >/= 1/9 and sync gain is Error Ratio </=)
1/100. e =

This led illuminates on the occurrence of bit errors.

This led illuminates on the occurrence of code errors, when the code errors measurement
is selected.

This led illuminates when the jitter measurement has lost the reference against which it is
currently measuring.

This led illuminates on the occurrence of jitter hits

This led illuminates when the user requests a new clock synthesiser frequency on Page 2.
When this led is lit it will remain so until the new frequency is achieved.
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Rear Panel Input/Output Ports
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TX REF CLOCK OU'T: Provides an unjittered version of the Tx Reference Clock.

Source: Internal or external clock.

Format: Continous.

Impedance: Nominal low, unbalanced to GND.

Amplitude: Nominal ECL levels.

External Load: 50 ohms to -2V dc coupled or 50 ohms to GND ac coupled.

DEMOD JITTER OUT: Amplitude on Range | is 1.0V/UI (p-p), and on Range 10 is 0.1V /UI (p-
p) . Range selection is made on Page 4 Measurements. This output can be used to:

a. View the jitter spectrum on a Spectrum Analyzer.

b. Measure the rms value of the received jitter.

c. In conjunction with the MEASUREMENT IN port. allows external filters to be applied
before the jitter measuring circuitry,

SELECTABLE PORT: This port is dual function , giving an output of either Tx Trigger or Rx
Clock. Output selection is performed in the Selectable Port field on Page 10 Rear Panel
Ports.

Impedance: Nominal low, unbalanced to GND.

Amplitude: Nominal ECL levels.

External Load: 50 ohms to -2V dc¢ coupled, and 50 ohms to GND ac coupled.

If [TX TRIG OQUT] is selected an output pulse is given coincident with the start of the longest
run of 0’s for PRBS patterns, and the start of the binary word for WORD patterns.
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[RX CLOCK OUT] - In Ternary operation the recovered clock from the input data is output,
while for binary operation the received binary clock is output.

The Rx Clock Qut frequency may be checked by connecting the SELECTABLE Port to the TX
CLOCK IN port and reading the frequency on Page 2 Tx Setup display. This is only possible
when the HP3784A Transmitter is not being used. If a binary interface is selected Rx Frequency
measurement is also displayed on Page 4 Error Results.

MEASUREMENT IN: The MEASUREMENT IN port is enabled/disabled at the Measurement
In field on Page 10 Rear Panel ports. Selecting [ENABLE ] disconnects the jitter measurement
and hit counting circuitry from the internal demodulated jitter source, and connects them to the
MEASUREMENT IN port. This permits the user to insert external filters between the DEMOD
JITTER OUT port and the measurement circuits. It can also be used to record voltages with the
logged data, or for triggering logging on voltages exceeeding a user defined threshold (jitter hit
threshold).

Impedance: | kilohm.

RX ERROR OUT: Provides an output pulse for every Bit or Code error received, as selected in
the Error Out field on Page 10 Rear Panel ports. Pulse width is nominally one clock period.

RX REF CLOCK IN/OUT:(option 002) Provides an OUTPUT of the derived reference clock
when using the internal reference, or serves as the INPUT for an external reference. Rx
Reference Clock selection is provided at the Rx Reference Clock field on Page 10 Rear
Panel Ports. An explanation of each operating mode is as follows:

Rx Reference Clock Input Mode: In this mode the port serves as an input for an external clock.
The Rx Reference Clock field on Page 10 Rear Panel Ports is set to [EXT]. In this mode
the JITTER UNLOCK LED is disabled as the reference is always in LOCK.

Specifications are as follows:

Frequency Range: 2048 kHz to 34368 kHz
Impedance: Unbalanced 50 ohms nominal.
Termination: Nominal -2V,

Sensitivity: Nominal ECL levels.
Protection: 100mA fuse.

Rx Reference Clock QOutput Mode: Provides an output of the derived reference clock. The for-
mat is continous. The Rx Reference Clock field on Page 10 Rear Panel Ports is set to
[INT]. In this mode, the JITTER UNLOCK LED is enabled and reflects the condition of achiev-
ing the reference clock.
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Self Test Features

Introduction

The HP 3784A provides a self test facility which checks over 90% of the instrument internal circuits to en-
sure the HP 3784A is functioning correctly. This is particularly useful for checking that the instrument is
functioning correctly after transportation to remote sites and before making measurements.

Enabling Self Test

Select Page 12 Self Test and set the Function field to the test you wish to perform. For some of the
tests it is necessary to connect the HP 3784A back-to back, or in the case of RS-232-C insert a loop- back
plug (Part Number 5060-4462) in the appropriate port. An example of Page 12 Self Test and a list of
the tests available, and cabling required is as follows.

Option Instruments

12 self Test. Function [BER/INTFACE TST]
BER & Interface test........ oEEY

Cable required interface back to back.
Press EXEC. to run self-test.

On Option Instruments there is a user-selectable field on Page 12 Option/Self Test called "Instrument
Type'", see tollowing display.

12 Self Test. Function LTYPE & REVIS!ON]
Instrument Type. 3784A [Option 002]
Firmware Revision Number. 0000

This field enables you to switch off any option the instrument has fitted, thus reverting it to a standard
model. This feature may be useful if vour instrument includes Option 002 Jitter Generation/Measurement
but you intend only to make Bit or Code Error Measurements.
"Instrument Type" field on Page 12 to [Option 002] should you then wish to perform Jitter Measurements.

Default Settings

Default Settings for the HP 3784A are listed in Table 2-4.

2-18
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Table 2-3. Self Tests

Getting Started

Self Test Page 12 Function Cabling
field selection
Test CPU [TEST CPU] No cabling required.

RS-232-C Modem Port

[TEST MODEM PORT]

Insert loop-back plug in rear panel
RS232 MODEM port.

RS-232-C Printer Port

[TEST PRINT PORT]

Insert loop-back plug in rear panel
RS232 PRINTER port,

Clock Synthesiser

[TEST CLCK SYNTH]

Connect TX CLOCK QUT port to RX
CLOCK IN port.

Pattern Generation [BER/INTFACE] For Ternary operation connect TX
DATA OUT to RX TERNARY DATA

Bit Error Generation IN. For Binary operation connect TX
DATA OUT to RX BIN DATA, and
TX CLOCK OUT to RX CLOCK IN.

Code Error Generation [BER/INTFACE)] Only available in Ternary operation.
Connect the TX DATA OUT to RX
TERNARY DATA IN.

Jitter Tests (option 002)

All Tests [ALL] Connect TX DATA OUT to RX
TERNARY DATA IN and TX
CLOCK OUT to RX CLOCK IN.

Clock lJitter [CLOCK 10] Connect TX CLOCK OUT to RX
CLOCK IN.

Data Jitter [DATA 10] Connect TX DATA OUT to RX
TERNARY DATA IN.

Modulation/Hits test [FREQ/HIT] Connect TX CLOCK OUT to RX

Filter Test [FILTERS] CLOCK IN.
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Table 2-4. Default Settings

Parameter Setting

Transmitter Clock:

Transmitter Clock Source Internal

Transmitter Clock Rate 34MHz

Transmitter Clock Phase Normal

Transmitter Frequency Offset Oppm

Transmitter Clock Frequency 2048.0Hz **
Receiver Clock:

Receiver Clock Rate 34MHz*

Receiver Clock Phase Normal*

Configuration:
Transmitter Interface Format
Receiver Interface Format
Data Input Format

Transmitter Ternary Interface Code
Receiver Ternary Interface Code

Binary Interface Level
Transmitter Pattern
Receiver Pattern

Data Patterns:
Transmitter Word Length
Transmitter Word Pattern
Receiver Word Length
Receiver Word Pattern
Alternate Word "A"
Alternate Word "B"
Alternate Switched
Alternate Word Frequency
Transmitter PRBS pattern
Receiver PRBS pattern
Transmitter PRBS Zero Sub
Receiver PRBS Zero Sub

Error Add:
Error Add
Error Add Type
Error Add Ratio

Jitter Generator:
Jitter Option Select
Jitter Modulation Source
Jitter Modulation Frequency
Jitter’Mask Amplitude
Jitter Mask Type
Jitter Programmable Masks
Jitter Q Factor

75 ohm term
75 ohm term*
Mon

HDB3
HDB3*

TTL

PRBS

As Tx*

4

"1000"

4

"1000"
"10001000"
"Tererree”
External
10.0Hz
PRBS-23
PRBS-23
000

000

off
Bit/Parity
10E-3

On (See Note 1)
Internal

1.00kHz

500U1

Standard

(See Table Below)
Low-Q




Table 2-4. Default Settings (continued)

Jitter Receiver:
Jitter Filters
Jitter Measurement Input
Jitter Rx Ref Clock
Jitter Display Rate
Jitter Receiver Range
Jitter Receiver Peak Threshold

Measurements:
Display (DI setting)
Peak Select (PS setting)

Analysis Thresholds:
Enable flags
ATA, Availability threshold
ATB, ES threshold
ATC, Severely Erred Secs
ATD, Degraded Mins
ATE, | err/interval
ATF, 2-10 err/interval
ATG, >10 err/interval
ATH, Error Bursts
ATI, Unavailability
ATJ, Long Term Mean Error ratio

Logging:
Logging Mode
Log During Gating - Error
Log During Gating - Jitter
Log During Gating - Trigger
Log During Gating - Interval
Log End of Gating - What
Log End of Gating - Analysis
Log End of Gating - Alarms
Log End of Gating - Trigger
Log Error Threshold - Bit
Log Error Threshold - Code
Log Peak Threshold
Logging Graphics - Plot |
Logging Graphics - Plot 2
Logging Squelch

Miscellaneous:
Gating Type
Inverval Type
Gating Period
‘Audio
Audio Source
Date (See Note 2)
Time (See Note 2)
Keyboard Lock
Diagnostic Test Number

None .
Disabled
Internal
Fast
Range 10
5.00U1

OFF
100%
0%
0%
0%

0

0

0

0%
0%
1.0E-10

None
Bit
Peak-Peak

Only on Demand
Bit Error Interval

None
Off
Off
Always
10E-3
10E-3
250Ul
Bit
Code
off

Manual
Seconds

0d Oh 1m Os
Off

Bit Errors
Ist Jan 1984
00:00:00

Off

10,0
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Table 2-4. Default Settings (continued)

Printer:
Baud Rate 9600
Parity None
Stop Bits |
ENQ/ACK offt
XON/XOFF Off
HP-IB Remote Control: (See Note 2)
Address 5
Source of remote control HP-IB

RS232 Remote Control: (See Note 2)

Connection Modem
Baud Rate 1200

Ci Low 1800

Ci High 600
Parity Ones
Stop Bits |

DTR Off
Duplex Full
ENQ/ACK Off
XON/XOFF Tx Only

NOTES:
(1) Default only if Jitter option fitted.

(2) These settings unaffected by "RST" or 'RCL 0" but are set to these
values following NVM failure.

**  This default only when [VAR] source selected following reset.
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Introduction

This section explains how to make measurements with your HP 3784A, how to display the results and how
to use error analysis to obtain useful information about your equipment under test.

Whether you are developing and testing new equipment, routine testing the transmission network, or fault-
finding on a transmission line you need to make measurements which give an accurate indication of the
quality of the equipment under test. The HP 3784A enables you to measure Binary and Code Errors, carry

out Error Analysis, make Alarm Duration Measurements and measure Frequency and Offset values. If you
have an HP 3784A Option 002, you can also generate and measure jitter.

What Measurements does the HP 3784A perform?

The HP 3784A performs four types of measurements; Error Measurements, Error Analysis, Alarm Duration
Measurements and Slip Measurements. Option 002 adds Jitter Generation and Measurement capability,
Option 006 adds CCITT 64 kbit/s codirectional interfaces.

Error Measurements

The HP 3784A can be used to measure both bit and code errors. Measurement results can be displayed on
Page 4 [ERROR RESULTS] as:

e Error Count
e Error Ratio
e Error Seconds

e Error Free Seconds

All four are calculated throughout a measurement although only one result can be displayed at any time,
At ternary interfaces, bit and code errors can be measured simultaneously.

At binary interfaces, only bit errors can be measured.
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Error Analysis Measurements
The HP 3784A automatically carries out errror analysis of the bit error results, The analysis is based on
CCITT Recommendation G.821 and can be viewed on Page 4 [ERROR ANALYSIS]. The eight different
classes of analysis are listed below. Those based on CCITT Rec, G.82]1 are marked with an asterisk thus *
and are measured for "available" time.

e % Availability *

e % Unavailability

e Error Bursts

e Asynchronous Error Seconds

e % Degraded Minutes *

e % Severely Errored Seconds *

e % Errored Seconds *

e Long Term Mean Error Ratio

Alarm Duration Measurements

In addition to Error and Analysis measurements, the duration of several alarm conditions can be monitored.
These alarms are monitored simultaneously with other measurements, and are selected on Page 6 Alarms,
an example of which is given below.

6 Alarms.

Audio source [BIT ERRORS ]

Duration of [RX CLK LOSS]........... Secs
Cumulative Slip DecisecS.viunnaresns Secs

The 3784A performs the following Alarm Duration Measurements:
s Power Loss

¢« AIS (Alarm Indication Signal)

¢ Sync Loss

s Data Loss

¢ RX Clock Loss

o TX Clock Loss
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Slip Measurement

A Slip Measurement can be made when the receiver is configured to receive a PRBS pattern.

For a Slip to be counted, the input signal must be recognized to be part of the PRBS pattern but time shift-
ed from the receiver reference pattern. The slip is recorded and the receiver then synchronizes its internally
generated reference PRBS pattern to the incoming signal. The HP 3784A is capable of detecting one slip
per decisecond (0.1 second).

A "slip decisecond" is defined as a decisecond in which one or more slips occur,

The slip measurement result is seen on Page 6 Alarms, It is given as "Cumulative Slip Deciseconds" which
is the number of slip deciseconds divided by 10.

Jitter Measurements (Option 002 instruments)

Option 002 adds Jitter Generation and Measurement capability to the standard HP 3784A. An important
feature of this option is the ability to perform Automated Jitter Tolerance and Jitter Transfer plotting in
addition to various manual measurements. The jitter measurements provided are:

¢ Automatic Tolerance Plotting

e« Automatic Jitter Transfer Plotting

e Qutput Jitter

Jitter Transfer Function

Jitter Tolerance

64 kbit/sec Codirectional Interfaces (Option 006)

Option 006 adds 64 kbit/s codirectional interfaces to the standard HP 3784A. The error performance
analysis at these interfaces is based on bit error count rather than bit error ratio results.
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Making a Measurement

The HP 3784A is configured to make a measurement using the front panel keys to set the appropriate
parameters in the liquid crystal display. If you are not familiar with using this type of menu-driven instru-
ment, refer to the "Getting Started" section on page 2-1 for introductory operating instructions.

Transmitter Setup

The first stage to making any measurement is to select the transmitter interface, the data rate and the test
pattern. On the HP 3784 A these selections are made on Page 2 Tx Setup.

2 Tx Setup. Data Out [ 75 TERM] [HDB3]
Clock [STD RATE][34 MHz] Offset [ +0lppm
Pattern [PRBS)-[23] Zero Sub [000]
Er Add [BIT 1[OFF 1] Clock Out [NORM]

Receiver Setup

After setting the transmitter parameters, you next configure the receiver on Page 3 Rx Setup. It can be
linked to the transmitter, in which case all the parameters mirror the transmitter exactly, or it can be setup

independently.

3 Rx Setup. L AsS TX 1]

Jitter Display Rate [FAST]

Note: The Jitter Display Rate field is only displayed for option 002
instruments.

The receiver can also be setup automatically to match the incoming data. Details on how this is done are
given on page 3-5 in "Receiver Auto- Configure".

Gating

Next the gating type and length are selected on Page 5 Gating Period.

5 Gating Period.
Gating type [MANUAL]

Errored/Error free intervals [SECONDS ]
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Measurements and Results

When the transmitter, receiver and gating have been set up, you are ready to make a measurement and dis-
play the results on Page 4 [ERROR RESULTS].

4 [ ERROR RESULTS ] (Tx Jitter On)
Elapsed time............ 00d 00h 0Om 00s
Rx [CODE ERR.J[COUNT J......cuvveenunns
RE Bit ErFor [COUNT 3lsesvnasevsaavids

Error Analysis Results can also be displayed on Page 4.

Storing Measurement Configuration

The complete instrument configuration can now be stored in internal non-volatile memory to be recalled
later. This allows you to make the measurement again quickly and easily without setting each parameter
individually.

"Storing and Recalling Measurement Configurations" on page 3-19 explains how this is done.

Receiver Auto-Configure

The HP 3784A receiver can be set to automatically identify a data signal input to one of its interfaces at
any of the standard rates and patterns. This is particularly useful when making end-to-end BER measure-
ments with the two instruments in different locations. The transmitter at one end of the line is set to the
chosen data rate and test pattern. The receiver at the other end is then set to autoconfigure on the incom-
ing data, reducing the test setup time and eliminating instrument set-up errors.

If the receiver is unable to lock onto the incoming data, the front panel SYNC LOSS
led is illuminated and the receiver display page, Page 3, shows its "best attempt" at
recognizing the data.

If the incoming data contains only runs of less than three consecutive zeros, the
receiver will be unable to distinguish between AMI and HDB3 coding, and the Data
field on Page 3 may be set incorrectly.

If an input PRBS pattern contains substituted zeros, the receiver can recognize the
PRBS pattern but does not set the zero substitution field.

The following procedure demonstrates the use of the Auto-Configure capability.
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Procedure

1. Switch on the HP 3784A.

2. Connect the TX DATA OUT port to the RX TERNARY DATA IN port.

3. Select Page | Preset [PANEL], set to Function [RECALL FROM] Panel Memory [0] and press
the key. The display will blank momentarily as the instrument is set automatically to its
default settings.

4. Select Page 2 Tx Setup and check that it is set as follows:

2 Tx Setup. Data Out [ 75 TERM] [HDB3]
Clock [STD RATE][34 MHz] Offset [ +0Ippm
Pattern [PRBS]-[23] Zero Sub [000]
Er Add [BIT ] [OFF ] Clock Out [NORM]

5. Select Page 3 Rx Setup and set as follows:

3 Rx Setup [AUTO]

Connect test signal{s)...
Then press EXEC. key to start autosetup.

6. Check the transmitter and receiver connections and press the key.

Page 3 Rx Setup displays Autosetup executing. Please Wait. The HP 3784A display should
be set automatically as shown below:

3 Rx Setup [MAN] Data In [75 TERMI] [HDB3]
Clock [NORM] Clock Rate [34 MHZ]
Pattern [PRBS]-[23] Zerosub [000]
Jitter Display Rate [FAST]

Note: the Jitter Display Rate will only appear if your instrument is Option 002.
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Making Out-of-Service Error Measurements

In this section procedures are given for making out-of-service bit and code error measurements on coded
ternary and binary TTL level data. Each measurement example describes how to set up the transmitter,
receiver and gating period and display the measurement result.

Out-of-service measurements can be made either on systems disconnected from the network or during the
manufacture and test of digital transmission equipment. In both cases you must have a suitable pattern

source for testing the performance of the equipment under conditions which reflect the real operating
conditions.

A test pattern is used to simulate the live traffic and the output of the system under test is monitored for
bit errors.

Each measurement example starts with setting the HP 3784A to its default settings, The measurement con-
figurations are then derived from this point.

When making measurements on coded ternary data, the data rate must be within +/-
120 ppm of one of the standard clock rates as specified for the receiver RX
TERNARY DATA IN port.

Bit Error Measurement on Coded Ternary Data
Out-of-service, the HP 3784A can measure both bit and code errors simultaneously at ternary interfaces.

In this measurement example, single bit errors are added to the transmitter PRBS test pattern and counted
by the receiver over a MANUAL gating period.

Table 3-1 below lists the PRBS test patterns recommended in CCITT Rec. 0.151 and 0.152 for making out-
of-service measurements at each of the standard data rates.

Table 3-1. PRBS Test Patterns

Data Rate (kbits) PRBS
64 3%
2048 2%
8448 4|
34368 73
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Procedure
1. Connect HP 3784A TX DATA OUT port to RX TERNARY DATA IN port.

2. Select Page 1 Preset [PANEL] and set the instrument to its Default Settings by recalling Panel
Memory 0.

3. Select Page 2 Tx Setup and set to Er Add[BIT][MAN]. Check that the led above the front panel
ERROR ADD key comes on, indicating that it is enabled.

4.  Select Page 4 [ ERROR RESULTS] and ensure that Rx Bit Error [COUNT] is selected.

5. Press the MEASURE key and press the ERROR ADD key a few times during the gating
period. Verify the Rx Bit Error [COUNT] result increments and the front panel BIT ERRORS led
comes on each time. Verify that there are no code errors,

6. Press the MEASURE key again to terminate the gating period.

Note: If you also want to count code errors and monitor the front panel CODE ERRORS led, ensure that

Rx[CODE ERRORS] is selected on Page 4 [ERROR RESULTS], otherwise Frequency Offset will be
measured and the CODE ERRORS led will be disabled.

Code Error Injection and Measurement
Code error injection can be used to verify that network alarm systems and error correction systems are
operating correctly.

In this example, code errors are added to the transmitter HDB3 coded PRBS test pattern and measured at
the receiver. Adding HDB3 Code Errors also introduces Bit Errors,

Procedure

[. Connect TX DATA OUT port to RX TERNARY DATA IN port.

2.  Select Page | Preset[PANEL] and set instrument to its Default Settings by recalling Panel Memory 0.

3. Select Page 2 Tx Setup and set to Er Add[CODE][RATE]-[3].

4.  Select Page 4 [ERROR RESULTS] and set to Rx[CODE ERR. ]J[RATIO].

5. Press the MEASURE key and verify the Code Error Ratio result is approximately 1.165E-03.
Note that adding HDB3 code errors to the data also causes bit errors to be introduced.

6. Press the MEASURE key to terminate the measurement.
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Bit Error Ratio Measurement at Binary TTL Interfaces

Measurements on binary data can be made at each of the standard data rates and at any rate between |
kbit/s and 50 Mbit/s.

When making measurements on binary data, the HP 3784A receiver must be supplied with both the binary
data and its corresponding clock signal. It is important that the correct phase relationship between the
clock and data signals is maintained at the receiver interface. Two methods can be used to ensure they are
in phase. The first is to alter the relative length of the two cables connecting the signals to the receiver in-
puts. The second is to invert the clock signal at either the transmitter or receiver by setting the Clock Out
field on Page 2 Tx Setup or the Clock field on Page 3 Rx Setup respectively to [ INV]

In this example the HP 3784 A transmitter is sgt to output a 215 - | PRBS pattern at 2048 Mb/s. Errors are
added to the output data at a rate of | in 107, The receiver is set to make measurements over a repetitive
gating period. Measurement results are displayed as Bit Error Ratio.

Procedure

1. Connect TX DATA OUT to RX BIN DATA IN and TX CLOCK OUT to RX CLOCK IN.

2.  Select Page | Preset Panel and set the HP 3784A to Default Settings by recalling Panel Memory 0.

3.  Select Page 2 Tx Setup and set to the following;

2 Tx Setup. Data Out [ BINARY 1I[TTL ]
Clock [STD RATEI[ 2 MHz]l Offset [ +0]ppm
Pattern [PRBS]-[15] Zero Sub [000]

Er Add (bit) [RATEI-[3] Clock Out [NORM]

4. Select Page 3 Rx Setup and set to [AS TX].

5. Select Page 5 Gating Period and set to the following:

5 Gating Period.

Gating type [REPEAT]

Period [ 01d [ Olh [ Olm [ 51s
Errored/Error free intervals [SECONDS ]
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6. Select Page 4 [ERROR RESULTS] and set to the following:

4 [ ERROR RESULTS 1 (Tx Jitter On)
Elapaad tTme e sree wwn on 00d 00h 0O0m 0Os
RR:  FReqUenCY s cwe e win sy wrin wuis wia Hz
Ex. Bit BErREor [ RATTE Tue smmsmsie v oo o

The Elapsed Time shown is tfrom the previous measurement.
7.  Press the MEASURE key.
8. Verifly that after 5 seconds the Bit Error Ratio result displayed is 1.000 E -3

9. Press the MEASURE key to terminate the measurement,

Bit Error Count Measurement at Binary TTL Interfaces

In this example the transmitter and receiver are connected back-to-back and the receiver is configured au-
tomatically to the incoming binary data and clock signals. The error measurement is made over a single 20
second gating period. Single errors are added manually to the transmitter output data and counted at the
receiver.

Here an 8-bit WORD pattern is set up. Any WORD pattern of between | an 16 bits can be programmed
and used to test a system. For example, a low density ones pattern can be used to test the clock recovery
capability of an input clock recovery circuit.

Procedure

I. Connect TX DATA OQUT port to RX BINARY DATA IN port and TX CLOCK OUT port to RX
CLOCK IN port.

2.  Select Page | Preset [PANEL], set to [RECALL FROM] Panel Memory [0] and press the
key to set the instrument to its Default Settings.

3.  Select Page 2 Tx Setup and set to the following:

2 Tx Setup: Data Out [BINARY]I[TTL ]
Clock [STD RATE] (34 MHz]l Offset [ +0lppm
Pattern [WORD] [81Bit [10110101 i

Er Add (bit) [MAN 1] Clock Out [NORM]

Verify the led above the front panel ERROR ADD key is on.

4. Select Page 3 Rx Setup and set to [AUTO].
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5 .Press the key. Wait while the auto-configure routine is executed, and then verify the receiver
is set up as shown below:

3 Rx Setup [MAN] Data In [BINARYI[TTL I
Clock [NORM] Jitter Clock Rate [34 MHz]
Pattern [WORD] [81Bit [10110101 ]
Jitter Display Rate [FASTI

6. Select Page 5 Gating Period and set as shown below:

5 Gating Period.

Gating type [SINGLE]

Period [ 01d [ 01h [ Olm [ 51s
Errored/Error free intervals [SECONDS ]

7. Select Page 4 [ERROR RESULTS].
8. Press the MEASURE key to start the gating period.

9. Now press the ERROR ADD key a few times during the gating period and verify that the Rx Bit
Error [COUNT] increments each time.
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Making In-Service Code Error Measurments

In-Service Measurements

The HP 3784A can be used to make in-service code error measurements on live traffic at the appropriate
interface points in the system under test. With Option 002, output jitter can also be measured. A Code
Error is counted when a violation in the coding of the incoming data is detected by the receiver. The Bit
Error Performance can be estimated from the Code Error results. Although this method of error analysis is
slightly less accurate than the out-of-service method, it does have the advantage that the network line does
not have to be removed from revenue generating service.

Code Error Measurement on Live Traffic - In-service

The HP 3784A can be used to measure code errors on live traffic, provided the data rate is nominally at
one of the four instrument rates of 704, 2048, 8448 or 34368 kbit/s. The only information required at the
receiver is the coding scheme used at the data transmitter. For AMI data, a code error is counted when a
bipolar violation is detected. For HDB3 data, a code error is counted when a violation of a violation or a
run of more than three zeros is detected.

The Frequency Offset can also be measured on live traffic,

Monitor Mode

The HP 3784A provides a "MON" mode for use when making measurements on live data at protected
monitor points on distribution frames or other operational equipment. When this mode is selected, a
monitor amplifier is switched in at the receiver to provide additional gain for the data signal.

Note: When the HP 3784A is being used to measure code errors in live data the instrument SYNC LOSS and
BIT ERRORS leds are illuminated. This is due to the receiver being unable to lock on to the incoming data
pattern and does not affect the Code Error Count result.
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Procedure

1. Connect the live traffic from the appropriate G.703 interface point on the operational equipment, to
the HP 3784A RX TERNARY DATA IN port.

2. Select Page 3 Rx Setup and set to Data In[75 MON][HDB3]. Set the data rate to the correct value
for your traffic.

3. Now select Page 5 Gating and set the gating period type and length.

4.  Select Page 4 Measurements and set as follows:

4 [ ERROR RESULTS ] (Tx Jitter On)

Elapsed time......... 00d 00h 00m 05s
Rx (Code: Error [COUNT  Tiwuemsrnc sis wimim sinme s
R¥% Bt  Eotrah LCOUNT Do s s s s

5. Press the MEASURE key and view the results on the display.
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Error Analysis Measurements

When you make an out-of-service error measurement, error analysis based on CCITT Rec. G.821 is auto-
matically carried out on the bit error results. The analysis is divided into eight categories which can be
viewed on Page 4 [ ERROR ANALYSIS].

e % Availability *

e Y% Unavailability

¢ Error Bursts

e Asynchronous Error Seconds

e % Degraded Minutes *

e Y% Severely Errored Seconds *

e % Errored Seconds *

¢ Long Term Mean Error Ratio
All the analysis is carried out for "available" time.
"Available" time is defined as the togal time less the "unavailable" time. An "unavailable" period begins when
the error ratio is worse than 1 x 107 for 10 consecutive seconds. It is only deemed available again when the
error ratio has been better than | x 10” for 10 consecutive seconds.
Y% Availability
% Availability is defined as the ratio of the "available" seconds in the measurement interval to the total
number of seconds in the measurement interval. "Available" is a term used by CCITT to indicate that a link
is suitable for reliable transmission.

% Unavailability

% Unavailability is the ratio of unavailable seconds in the measurement period to the total number of
seconds in the measurement period.

Analysis PASS/FAIL Thresholds

Each of the analysis results can be compared automatically against a user-selectable threshold. If the result
of any of the analysis measurements falls below the threshold value, then the Overall and Individual
Result fields on Page 4 will-register a "FAIL", For the HP 3784A to register a PASS, the result must be bet-
ter than or equal to the threshold value. Refer to Appendix A for a definition of each Analysis
measurement.
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Note: If more than one Analysis "Individual result threshold" has been set, then ALL the individual results
must pass for the "Overall" field to register a "PASS".

Error Analysis Example

In this example error analysis of the bit error measurement results is carried out over a single 30 second
gating period, The HP 3784A counts the number of "Errored Seconds" in the gating period and expresses
the result as a percentage of the total number of seconds in the gating period. An Errored Second is one
which contains one or more errors. If vou choose to set an Individual Threshold, then the instrument will
also display a PASS or FAIL result, depending on whether or not the percentage Errored Seconds in the
gating period was below or above the preset level. If vou set more than one individual threshold, all the
results must be better than their individual thresholds for an overall pass result to be given.

Procedure

. Select Page | Preset [PANEL] and set the HP 3784A to its Default Settings by recalling Panel
Memory 0.

2. Connect the HP 3784A TX DATA OUT port to RX TERNARY DATA IN port.
3. Select Page 2 Tx Setup and set to Er Add [BIT][MAN].

4.  Select Page 5 Gating Period and set to the following:

5 Gating Period.

Gating type [SINGLE]

Period [ 01d [ 0l1h [ Olm [301s
Errored/Error free intervals [SECONDS 1]

5.  Select Page 4] ERROR ANALYSIS] and set to the following:

4 [ ERROR ANALYSIS ] (Tx Jitter On)

REEULE TERRDRED SEES T's wuwie v wmss wisn arese %
Individual result thres. [YES] [20.0%]
Overall. ---- Individual Result. ----

6. Press the MEASURE key.

7.  Press the ERROR ADD key a few times, wait a few seconds and press it again. At the end of the
gating period the Error Analysis will display the percentage of errored seconds in the gating period
and. a PASS/FAIL result to indicate whether or not the measurement result was better than the
threshold value.
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Additional Measurements

The following measurement examples make use of some of the HP 3784A features not described in the
previous pages. A brief description on the application is given in the introduction to each one,

Using Zerosubstitution

Zeros can be substituted into the transmitter output PRBS pattern in order to test the tolerance of an input
clock recovery circuit to long runs of zeros at its input,

The zero-substituted binary or AMI test pattern is applied to the input of the system under test, and the
signal at the system output is then monitored for bit errors or jitter content. Up to 999 zeros can be sub-
stituted into the PRBS pattern. Substitution starts at the first zero in the longest run of zeros in the PRBS. If
the bit immediately following the substituted zeros is also a zero, this is replaced with a binary one.

In the following procedure, an equipment clock recovery circuit is tested for tolerance to zeros in a 223 -1
PRBS pattern at 34 Mbit/s.

Procedure

1. Connect the equipment as shown in Figure 3-1 below:

HP3784A
AX TERNARY
TX DATA DATA
ouT IN
O O
] A
SYSTEM
UNDER
TEST

Figure 3-1 Equipment Setup

2. Select HP 3784A Page | Preset[PANEL] and set the instrument to its default settings by recalling
Panel Memory 0.

3. Select Page 2 Tx Setup and set as follows:

2 Tx Setup. Data OQut [ 75 TERM] [AMI]

Clock [STD RATE][34 MHz] Offset [ +0lppm
Pattern [PRBS]- [23] Zero Sub [000]
Er Add [BIT ][OFF 1] Clock Out [NORM]

4. Now increase the number of substituted zeros until the BIT ERRORS led is illuminated. This is the
tolerance limit of the equipment input to zeros in the data.

3-16



Making Measurements with the HP 3784A

Frequency Measurement

When the HP 3784A is configured to make measurements on binary data, the frequency of the binary
clock signal is automatically measured and the result displayed on Page 4[ ERROR RESULTS], whether or
not the instrument is gating.

In this example, to demonstrate the use of a non-standard clock rate, the transmitter clock is set to

"Variable" at | MHz. The pattern is set to an 8-bit WORD. The clock frequency and number of bit errors
measured by the receiver, are displayed on Page 4 [ERROR RESULTS].

Procedure

I.  Connect the TX DATA OUT port to RX BIN DATA IN port and the TX CLOCK QUT port to the
RX CLOCK IN port.

2. Select Page 1 Preset [PANEL] and set the instrument to its default settings.

3. Select Page 2 Tx Setup and set to the following:

2 Tx Setup. Data Out [ BINARY IITTL 1
Clock [VARIL 1000.01KHz Offset [ +0lppm
Pattern [WORD] [8] [10110110]

Er Add (bit) [OFF 1] Clock Out [NORM]

4. Select Page 4 [ ERROR RESULTS] and verify the measured frequency is 1000000 £ 6 Hz
5. Press the MEASURE key. Verify the Rx Bit Errors[COUNT] is 0 and the Rx Frequency
is still 1000000 + 6 Hz.
Frequency Offset Measurements
The Frequency Offset Measurement is made on the clock recovered from the input coded ternary data.
When you select this measurement on Page 4 [ ERROR RESULTS], the Code Error Measurement is disabled
although you can still measure bit errors,
CCITT Recommendation G.703 specifies that the network data rates should lie within the following limits:
e 2048 kbits + 50ppm
e 8448 kbits £+ 30ppm
& 34368 kbits + 20ppm
The HP 3784A can be used to verify that network equipment can tolerate offsets from the standard rates
within the above limits.
In this example the transmitter clock frequency at 34.368 Mbit/s is offset by 20 ppm and the bit error result

is verified. The offset is then measured at the receiver. The front panel leds should also be monitored to
ensure that there is no sync loss.
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Procedure
I. Connect TX DATA OUT port to RX TERNARY DATA IN port.
2.  Select Page | Preset[PANEL] and set instrument to its Default Settings..
3. Select Page 2 Tx Setup and set to Offset[+20 ]ppm and Er Add[BIT][RATE]-[3].
4. Select Page 4 [ERROR RESULTS] and set for Rx[ FREQUENCY JOffset.
The Frequency Offset Measurement is displayed whether or not the instrument is gating.
5. Select Page 5 Gating Period and set to Gating[SINGLE].
6. Reselect Page 4 [ ERROR RESULTS] and press MEASURE key.

The Bit Error Count result is now displayed alongside the Frequency Offset.

The HP 3784A can also be used to measure the frequency capture range of an input clock recovery circuit.
A PRBS pattern at one of the standard data rates is input to the equipment under test and the output from
the equipment is monitored for errors or sync loss. The input data rate is then offset by up to + 99ppm un-

til errors or sync loss are seen at the output.

If the test requires the data rate to be offset by more than £ 99 ppm then the Variable Clock should be
used.

Note: Before using the HP 3784A to measure frequency offset outside the the £ 99 ppm range, you should
check the instrument back-to-back capture range.

AIS Pattern Generation and Detection

The HP 3784A can be used to generate an AIS or "all ones" test pattern. The WORD pattern on Page 2 Tx
Setup is set to all ones.

This is then used to check the operation of AIS alarms which are built into the network to help locate
problems.
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Storing and Recalling Measurement Configurations

When you have set up the HP 3784A to make a measurement, you can store the complete configuration in
internal non-volatile memory so that it can be used again later, This reduces test setup time and simplifies
instrument operation and is particularly useful when a number of different measurements are to be per-
formed repeatedly or when the instrument is to be used out in the field.

Up to 5 complete measurement configurations can be stored to be recalled on demand with a single key

stroke. You store and recall configurations on Page |1 Preset[ PANEL ]. Panels 1 to 5 are used for storing
your own measurement configurations, Preset Panel 0 is in ROM and contains a set of default values which

vou cannot change.
You may find that you want to store some of the measurement configurations given in the measurement

examples on the following pages. The following procedure shows you how to store a measurement con-
figuration in Preset Panel 4, and then recall it.

Procedure

This example shows you how to store the current measurement configuration in Preset Panel 4, and then
recall it.

To Store Configuration in Preset Panel

I. Select Page | Preset Panel. If your instrument is Option 002 you may have to set it to Preset
[ PANEL].

2. Set the Function to [SAVE IN] and Panel Memory to [4].

1 Preset [PANEL]

Function [ SAVE IN 1 Panel Memory [4]
Select desired function & press EXEC.
Keyboard lock [OFF]

3. Press the key. The display will show as follows:

1 Preset [PANEL]

Function [RECALL FROM] Panel Memory [4]
Saved front panel into memory

Keyboard lock [OFF]

To Recall Set-up from Panel Memory

1. Select Page | Preset Panel.

2. Set the Function to [RECALL FROM] and Panel Memory to [4].
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3. Press the key. The display will blank momentarily then show as follows:

1 Preset [PANEL]

Function [RECALL FROM 1 Panel Memory [4]
Select desired function & press EXEC.
Keyboard lock [OFF]

The HP 3784A has now been set to the configuration which was stored earlier in Preset Panel 4.

Jitter Measurements - Option 002

Timing Jitter is an impairment inherent to all digital transmission systems. If it is left uncontrolled, it can
cause an increase in the number of errors within a system and result in a degradation ot the quality of ser-
vice provided.

The HP 3784A Option 002 allows vou to make jitter measurements to enable you control the levels of jitter
in your equipment.

There are two main sources of jitter in digital transmission networks. These are firstly, electronic com-
ponents used in equipment design and secondly, some aspects of regenerator and digital multiplexer design
which cause jitter to be generated or accumulate, Jitter tends to be either dependent on the pattern content
of the data, or random and pattern independent. The pattern dependent sources cause jitter to accumulate
on the digital signal as it passes along the transmission system and these are therefore more troublesome.

Jitter caused by electronic components is usually of low amplitude and not a problem, It is the jitter caused
by Digital Regenerators which cause the major problem in the networks. Any jitter on the recovered clock
affects the data stream in two ways. Firstly, errors may be made in the decision process due to displace-
ment of the sampling position from the centre of the data pulse. Secondly, any jitter present on the input
data will be present on the recovered clock and hence on the regenerated data which is transmitted down
the line. This is how jitter accumulates through a series of regenerators.

Practical Jitter Measurements

There are three basic types of jitter measurements vou can perform, Qutput Jitter, Jitter Tolerance and
Jitter Transfer measurements. Most jitter measurements are made during circuit development, field trials
and manufacture test, since good jitter performance is mainly dependent on the design of equipment.
Occasionally it will also be necessary to make measurements at equipment interfaces in an operational digi-
tal network to identify jitter as a source of errors or of poor slip performance.

CCITT Recommendation G.823 deals with the control of jitter and wander within digital networks which
are based on the 2048 kbit/s digital hierarchy.
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Output Jitter Measurement

The Qutput Jitter Measurement is made on data at the output of the equipment under test. It can be either
an in-service measurement made on live traffic or an out-of-service measurement where a jitter-free data
pattern is applied to the equipment input and any output jitter is measured from the equipment output.
This out-of-service measurement can be made on binary or coded ternary data depending on the equipment
interface, and is most often carried out during development and manufacture test.

Intrinsic Output Jitter or I0QJ is the low amplitude jitter generated internally by digital transmission
equipment,

Maximum Output Jitter or MOJ is the level of jitter measured at any point in the network.

Jitter Transfer Function

Some proportion of the jitter present at a system input port is transferred to the output port. The jitter
transfer measurement is made at a number of jitter frequencies, and the jitter transfer function (J.T.F) is
plotted to give an indication of the gain or attenuation of jitter across an equipment over a range of jitter
frequencies.

JTF =20 ]()g1U OUTPUT JITTER
INPUT JITTER

7l ouTPUT
INPUT
JTTER UHEER ' JTTER
TEST

Jitter Tolerance Measurement

The Jitter Tolerance Measurement is used to determine how sensitive equipment is to timing jitter on the
input data. A jitter modulated test signal is applied to the equipment input and the output is monitored
for bit and code errors.

There are two types of test you can perform. The first is a simple Pass/Fail test where jitter at a specified
frequency and amplitude is applied to the equipment input . If there are no errors produced at the equip-
ment output then the equipment is said to pass the test. In the second type of test, the level of jitter at the
equipment input is increased until errors are first produced at the output. This level is taken as the
Maximum Input Jitter Tolerance or MIJT. To obtain a plot of MIJT, the measurement is rcpeated at a
number of jitter frequencies across a range.

The recommended jitter tolerance of network equipment is described by CCITT in Rec. G.823 in the form

of Jitter Tolerance Masks. For each data rate, the Maximum Input Jitter Tolerance - MIJT - is specified
across a jitter frequency range.
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HP 3784A Jitter Generation and Measurements

Introduction

The HP 3784A can be used to measure jitter performance up to and beyond CCITT Recommendation
G.823. You can make Output Jitter, Jitter Tolerance and Jitter Transfer Function measurements manually,
and measure two important system parameters, the Maximum Input Jitter Tolerance and the Jitter Transfer
Function, automatically.

Measurements can be made on either a ternary data input signal or on a binary clock input signal, and
results can be logged to an external printer,

If your HP 3784A is Option 002, but jitter generation and measurement is not shown
on Page 4, select Page 12 Instrument Type and select [OPTION 002] or select Page
I Preset[PANEL] and set the instrument to its Default Settings, to switch the jitter
capability on again.

Jitter Generation

Jitter may be added to any of the internally generated data patterns at 2, § or 34 Mbit/s, or to a signal ap-
plied in the THRUDATA mode.

THRUDATA Mode

THRUDATA Mode is used to add jitter to a data stream. The data stream, at one of the nominal bit rates,
2, 8 or 34 Mbit/s, is input to the HP 3784 A receiver and output from the transmitter. It is jitter modulated
according to the setup on Page 4 [JITTER TOLERANCE] or [JITTER TRANSFER], without any change to

the pattern, coding or format.

THRUDATA MODE can be used with either binary or ternary data. With binary data, the HP 3784A
receiver must also be supplied with the corresponding clock signal.

To select THRUDATA MODE, select Page 2 Tx Setup and set the Pattern to [ THRUDATA].
One application of THRUDATA MODE is in demultiplexer jitter tolerance testing, where jitter is added to

the data at the multiplexer output and looped back through the demultiplexer as shown in Figure 3-2. The
output from the demultiplexer is monitored for errors.
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PATTERN GENERATOR HP 3784A ERROR DETECTOR
R

TX DATA TX DATA TERNARY RX DATA

out ouT DATA Iy i

O Q @] O
- 34 MBITIS [——
— MUX : DEMUX |—

aMAms T = L 2MBIms

Figure 3-2 Demux Jitter Tolerance Setup.

Transmitter Jitter Modulation

The transmitter output signal is jitter modulated by one of several methods selected on Page 4 [JITTER
TOLERANCE] or Page 4 [JITTER TRANSFER FN]. The Modulation field allows the choice of
[INTERNAL], [SWEPT MASK], [SPOT MASK] and [ EXTERNAL]. These are all explained below.

Internal Modulation

Internal Modulation allows you to set the jitter amplitude and frequency independently. You position the
CURSOR on the "Amplitude" and "Frequency" fields and set the values vou require within the limits of the
instrument jitter modulator.

Swept and Spot Mask Modulation

The HP 3784A OPT 002 can be used to jitter modulate the transmitter output as specified by either the ap-
propriate CCITT Rec. G.823 mask or by a user-programmed jitter mask.

The jitter amplitude is set according to the values on a given mask as the frequency is changed. The masks

can be swept automatically up and down or you can select various "spot" frequencies on the mask and the
amplitude is set to the corresponding value.
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Standard [STD] Masks
There are five hard-programmed CCITT Rec.G.823 standard tolerance masks covering the three
jittered bit rates, 2, 8 and 34 Mbit/s, with high and low Q factor systems catered for at 2 Mb/s
and 8 Mb/s data rates.

The masks can be swept transient free automatically.

Jitter
Amplitude
(Ul p-p)
Nominal Bit Rate 704 | 2048 |8448( 34368
At {kb/s)
A1 (Ul p-p) - 1.5 15 15
A2 (Ul p-p) - 0.2 0.2 0.15
F1 (Hz) - 20 20 100
F2 (kHz) - 24 10.7 | 1.0
(0.093) | (0.4)
A2 F3 (kHz) - 18 80 10
©.7) |@3)
F4 (kHz) - 100 400 | 800
T I | I
E1 F2 Fa F4 The values shown in ( ) apply when the high Q filter is selected.

Jitter Frequency

Programmable [PROG] Masks

You can program your own jitter masks into the HP 3784A. These must lie within specified
frequency and amplitude limits and may have between two and six break points. Interpolation
between break points is linear.

To program a mask, select Page | Preset[MASK][PROG] and select the number of mask points
you want to program. Now, using the CURSOR POSITION keys and the UPDATE and
keys, set the points to the chosen values.

1 Preset [MASK][PROG] @2ZMHz  Points [2]
[10.0Hz ][ 0.80]UI » [50.0KHz][ 0.80]UI

External Modulation
Selecting External Modulation on Page 4 [JITTER TRANSFER FN] or [JITTER TOLERANCE] allows

you to modulate the transmitter output with an external signal applied to the EXT MODULATION
IN port. This signal must lie within the specified bounds of the input port.
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Jitter Measurement

Measurement Filters

In the HP 3784A receiver there are filters which pre-shape the demodulated jitter signal before jitter
amplitude measurement.

You can switch the filters off, or select one of the following:
¢ Low Pass
e High Pass | + Low Pass
e High Pass 2 + Low Pass

This selection is made on Page 4 [OUTPUT JITTER] or [JITTER TRANSFER FN].

Intrinsic Jitter Performance

For optimum intrinsic jitter performance, the transmitter and receiver should be used either at identical bit
rates, i.e. from the same source, or at rates differing by more than 1%.

Jitter Measurement Display Update Rates

The HP 3784A receiver has a choice of three jitter measurement update rates to ensure that the displayed
result is accurate to within the limits of instrument specification.

If you want to measure jitter at frequencies above or equal to 10 Hz on the ternary data or binary clock
signal, the jitter display rate on Page 3 Rx Setup should be set to FAST.

For measuring jitter at minimum frequencies between | and 10 Hz, the display rate should be set to
MEDIUM. For measuring jitter at minimum frequencies below | Hz, the display rate should be set to
SLOW.

Note: If the receiver is set to Range I, and you are measuring jitter at frequencies below 20 Hz, a reference
clock must be supplied to receiver jitter measurement circuitry via the TX REF IN/OUT port from an ex-
ternal source. In the situation where the HP 3784A transmitter is used to generate the test pattern, this
reference clock should be taken from the TX REF CLOCK OUT port.

If the receiver is set to Range 10, a reference clock must be supplied for measuring jitter at any frequency
below 10 Hz.

In both cases, using a reference clock from an external source, the measurement range can be extended
down to 0.1 Hz.
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Jitter Measurements on a Binary Clock Signal

If the HP 3784A receiver jitter measurement circuitry is supplied with a reference clock from an external
source, jitter can be measured on any binary clock signal in the range 2.048 to 34.368 Mbit/s. The reference
clock is supplied to the receiver via the rear panel RX REF CLOCK IN/OUT port. The reference clock
for jitter measurement and the clock signal on which the jitter is to be measured must originate from the
same source, If the HP 3784 A transmitter is used to generate the binary clock and data, the reference clock

should be taken from the rear panel TX REF CLOCK OUT port.

To make a back-to-back jitter transfer or output jitter measurement where the receiver is supplied with a

reference clock, the equipment should be connected as shown below.
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Figure 3-3 Jitter Measurements on a Binary Clock.



Making Measurements with the HP 3784A

HP 3784A Output Jitter Measurement

The HP 3784A can be used both out-of-service and in-service to measure the jitter on the output signal
from a system under test. The measurement can be made on coded ternary data or on the binary clock

signal.
Out-of-Service Measurement

In the following procedure, a jitter-free signal is applied to the system input, as in Figure 3-4, and the jitter
is measured from the system output. First the low level of HP 3784A back-to-back intrinsic jitter is

measured.
Procedure
1. Connect the HP 3784A TX DATA OUT port to the RX TERNARY DATA IN port.

2. Select HP 3784A Page | Preset[PANEL] and set instrument to its Default Settings, by recalling preset
panel [0].

3. Select Page 2 Tx Setup and set the appropriate interface, data rate and pattern for making a
measurement on your system under test,

4,  Select Page 4 [OUTPUT JITTER] and select measurement filters if required, Qbserve the measured
peak-to-peak level of intrinsic jitter.

4 [ OUTPUT JITTER ] Rx Range [10]

Elapsed time. s caw aw 00d 00h 00m 00s
Bx Jitter Hit TCOUNT Tawwwwwnava swei
R¥ Jikter [ PK=PK 1 [OEF] sswsm: = wass ul

5. Connect the HP 3784A TX DATA OUT port to the system input port. Connect the output from the
system to the HP 3784A RX TERNARY DATA IN port. See Figure 3-4 below.

HP3784A
Rx TERNARY
TX DATA DATA
our N
Q Q
' ' SYSTEM
—---{ UNDER ==
TEST

Figure 3-4 Equipment Setup
6.  Observe the measured level of Qutput Jitter from the system under test.

A spectrum analysis of the output jitter may be observed by connecting a Spectrum Analyzer (for example
HP 3585A) to the HP 3784 A rear panel DEMOD JITTER OUT port.
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To measure the rms jitter amplitude, an RMS Voltmeter (for example HP 3478A) may be connected to the
DEMOD JITTER OUT port,

In-Service Output Jitter Measurements

The HP 3784A can be used to make in-service jitter measurements on live data. There is a monitor or
"MON" mode available which provides additional gain at the receiver input to allow you to make
measurements at the high impedance protected monitor points in distribution frames or other digital
equipment.

The jitter measurement results can be logged continuously or selectively to an external printer, and can be
related to the code error measurement results, Selective logging can be triggered by one of the following

- the occurrence of a Jitter Hit
- when the maximum jitter peak in the measurement interval exceeds a specified threshold.
- on the occurrence of a code error,

For information on data logging refer to Section 5.
Procedure

Connect the data signal at one of the nominal bit rates, 2, 8 or 34 Mbit/s to the HP 3784A receiver RX
TERNARY DATA IN port.

Select Page 3 Rx Setup and set the data rate to the correct value and select either [75 MON] or
[ 120MON].

On Page 7 Data Logging, select the logging parameters of you choice and ensure that the gating period is
set accordingly.

NOTE

When you are making out of service measurements on live data, the SYNC LOSS and BIT ERRORS leds
will be on. This is due to the pattern detector being unable to lock onto the incoming random data and
does not affect the Code Error or Jitter Measurement.

Jitter Analysis Measurement

In addition to measuring the instantaneous level of jitter on the ternary data or binary clock signal, the HP
3784A receiver can analyze the time-varying jitter content over a measurement gating period and display
the results as Jitter Hit Count, Jitter Hit Intervals, Jitter Hit-Free Intervals and Maximum Pk-Pk Jitter
Amplitude. A "Hit" is counted each time the jitter amplitude exceeds a threshold level set by the user.

All the jitter results can be viewed on Page 4 [QUTPUT JITTER] or [JITTER TRANSFER FN]. The HITS
led on the instrument front panel illuminates each time a jitter hit occurs. If you are logging measurement
results to an external printer, you can choose to trigger logging on the occurrence of a Hit Interval.
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HP 3784A Jitter Tolerance Measurements

You can use the HP 3784A in one of four different ways to make a jitter tolerance measurement, depend-
ing on how much time you want to spend making the measurement and the degree to which you wish to
verify your system performance.

Jitter Tolerance Measurement at a Number of Jitter Points

Using this method you can quickly verify the jitter tolerance of your equipment at a few critical points,

Select Page 4 [JITTER TOLERANCE] and set the Modulation to [ INTERNAL]. Set the jitter frequency
and jitter amplitude independently to your chosen values,

Jitter Tolerance Measurement at a Number of "Spots" on the Jitter Mask

This test enables you to do a quick jitter tolerance check on the equipment under test at a number of
points on the CCITT or user-programmed jitter mask. It is a quicker test than the Swept Mask test, but
does not verify the performance at all points across the jitter frequency range.

Select Page 4 [JITTER TOLERANCE] and set the modulation to [SPOT MASK][STD] or [ PROG]. Now set
the Jitter Frequency to several different values within the range of the mask and the jitter amplitude
will be set automatically.

Jitter Tolerance Measurement using Swept Mask Modulation
This test verifies the equipment jitter tolerance at values on the CCITT mask or vour own programmed

mask, across the complete jitter frequency range.

Select Page 4 [JITTER TOLERANCE] and this time set the modulation to [SWEPT MASK][STD] or
[PROG]. The transmitter output is now jitter modulated according to the values on the CCITT or user-
programmed mask, as the mask is swept continuously up and down.

If a printer is connected, you can set it to log on the occurrence of bit errors and print the corresponding
transmitter jitter frequency. This is done by selecting Page 7 Data Log and setting it as follows:

7 Data Log. Logging [ TEXT 1]

Set-up [REAL-TIME]l Log [PAGE 4 RESULTSI]
Error [BIT RESULT ] Jitter [TX JIT FREQ]
Trigger [BIT ERR SECS] Squelch [OFF]

Automatic Jitter Tolerance Plotting

The HP 3784A enables you to measure the absolute jitter tolerance of you equipment automatically across
the frequency range specified for each data rate by CCITT Recommendation G.823, and plot the results to
an external printer. The measurement results and CCITT or user-programmed jitter tolerance mask are
plotted on the same axes to allow you to compare the two graphs.
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The automatic tolerance plot takes between about 8 minutes and 20 minutes to complete depending on the
data rate and produces a complete picture of the equipment jitter tolerance performance across the
frequency range.

How to Make a Jitter Tolerance Measurement

This example demonstrates how to make jitter tolerance measurements using "Spot" Mask modulation and
then using "Swept" Mask modulation.

Spot Mask Modulation
In steps 1-7, the system tolerance to jitter is verified at four points on the CCITT Jitter Tolerance Mask.

I. Connect the equipment as shown in Figure 3-5.

HP3784A
AX TERNARY
TX DATA DATA
ouT I
@ Q
SYSTEM
UNDER
TEST

Figure 3-5 Equipment Setup

2. Select HP 3784A Page 2 Tx Setup and set the interface, clock rate and pattern to be compatible with
your system under test.

3. Select Page 3 Rx Setup and set to either [As Tx] or [MAN] with the correct settings, to match the
transmitter.

4, Select Page 4 [JITTER TOLERANCE] and set to Modulation[SPOT MASK][STD].

5. Press the MEASURE key.

6. Now set the Jitter Frequency to each of the following values in turn and, at each frequency,
verif'y that both the BIT ERRORS and CODE ERRORS leds are off, indicating that there are no errors
at the equipment output.

[100 Hz] [1.00 KHz] [10.0 KHz] [100. KHz]

7.  Press the MEASURE key to terminate the measurement.
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Swept Mask Modulation

The following steps allow you to verify the system jitter tolerance across the complete CCITT jitter
tolerance mask.

Jitter as specified by one of the hard-programmed or user-programmed masks is added to the data input to
a system under test. The frequency and amplitude of the jitter is changed as the mask is swept up and
down. The system output is monitored for errors. When an error occurs, the HP 3784A detects it and logs
the corresponding values of jitter frequency and amplitude to the external printer. Logging is triggered only
by the occurrence of a Bit Error.

8. Connect a Printer to the RS-232-C or HP-IB port.

9. Select Page 8 Remote Port and set to [RS232].

10. Select Page 9 Logging Port and set to either [RS232] or [HPIB] depending on the type of printer
you have connected.

11. Select Page 5 Gating Period and select either a [MANUAL] or [SINGLE] gating period.

12. Select Page 7 Logging and set to the following:

7 Data Log. Logging [ TEXT ]

Set-up [REAL-TIME] Log [PAGE 4 RESULTS]
Error [BIT RESULT ] Jitter [TX JIT FREQ]
Trigger [BIT ERR SECS] Squelch [OFF]

13. Select Page 4 [JITTER TOLERANCE] and set to Modulation [SWEPT MASK].
14. Press MEASURE key.

The printer will log any instances of bit errors and the corresponding jitter frequency. If there are no
bit errors, the system jitter tolerance conforms to the minimum standard specified by CCITT.
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How to Make an Automatic Jitter Tolerance Measurement

The following procedure demonstrates how to carry out an Automatic Jitter Tolerance measurement and
plot the results to an external printer,

HP3784A

REAR PANEL

PRINTER
Rx TERNARY PORT
TX DATA DATA
out N T TS ]

PRINTER

U.U.T

Figure 3-6 Automatic Jitter Tolerance Setup

The automatic routine measures the jitter tolerance at a number of jitter frequencies in a range specified

for the appropriate data rate by CCITT Rec G.823. The equipment setup is shown in Figure 3-6. The signal
from the HP 3784A transmitter is input to the system under test, and the signal from the system output is
monitored for bit errors, The jitter frequency is set at the lower end of the CCITT range and the jitter
amplitude is increased until errors are detected at the output of the system under test. The jitter amplitude
is then stepped back for the "no-errors" condition and this value is taken as the Maximum Input lJitter
Tolerance, or MIJT, and plotted to the external printer on the jitter tolerance graph.

The jitter amplitude level is then set low again and the jitter frequency is increased by 20 % to the next
point in the range. The jitter amplitude is again increased until errors are detected at the system output.
The routine is repeated across the frequency range.

The hard-programmed CCITT mask or the user-programmed mask is plotted on the same graph, to allow

you to compare your measurement results with the recommended results. You must select the type of
mask you want plotted before you start the measurement.
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Connect the equipment as shown in Figure 3-6.

Select Page | Preset[PANEL] and set
Memory 0.

Connect the HP-IB or RS-232-C Printer to the appropriate HP 3784A rear panel port.

the instrument to its Default Settings by recalling Panel

Select Page 9 Logging and set to either [HPIB] or [RS232] depending on the type of your printer.

If you want to select [HPIB], remember to set Page 8 Remote Port to [RS232]

Select Page 2 Tx Setup and set to Clock[STD RATE][ 2 MHz] and Pattern[PRBS][15].

Select Page 4 [AUTO TOLERANCE PLOT].

4 [AUTO TOLERANCE PLOT]

Set up interface and pattern on page 2
and connect Tx and Rx to the U.I.7. Then
connect a THINKJET and press EXEC. key.

Press the key.

If you wish to compare the measurement results against your own programmed mask instead of the

CCITT mask,you should set Page | to Preset [MASK][PROG] before making the measurement.
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HP 3784A Jitter Transfer Function Measurement

With the HP 3784A Option 002 there are two ways to plot the Jitter Transfer Function of a system under
test. The first is to select Page 4 [JITTER TRANSFER FN], set the transmitter jitter amplitude and
frequency values independently and calculate the gain from the measured and transmitted jitter amplitudes.
in the receiver. The second method is to select Page 4 [AUTO TRANSFER FN] and run the automatic
routines to plot the function automatically across the jitter frequency range specified in CCITT Rec. G.823
for your selected data rate. The automatic measurement has the advantage that the pre-measurement
calibration routine cancels out errors in the transmitter setup and receiver measurement,

When analyzing the jitter transfer function plots for multiplexer-demultiplexer pairs, there are two charac-
teristics to look for. The first is the tendency for peaking above the 0 dB line. This is important because it
indicates the equipment could amplify any jitter at its input and pass it on through the network. The
second characteristic to look at is the roll-off. The position of this indicates the amount of jitter created by
the demultiplexing operations of frame bit removal destuffing and retiming. It is desirable for the roll-off
to start well within the CCITT mask. At higher frequencies, the roll-off should continue but it may be
masked by various "waiting-time" jitter peaks. These peaks are sharply defined and are due to low frequen-
cy components of jitter being generated through the mux-demux pairs when jitter is input to them at a
much higher frequency.

How To Make A Jitter Transfer Function Measurement

This measurement example demonstrates a HP 3784 A Jitter Transfer Function Measurement using Internal
Jitter Modulation, setting the jitter frequency and amplitude independently.

Procedure

1. First, connect the HP 3784A back-to-back, by connecting the TX DATA OUT port to the RX
TERNARY DATA IN port.

2. Select Page | Preset[PANEL] and set the instrument to its Default Settings by recalling Panel
Memory 0.

3. Select Page 4 [JITTER TRANSFER FN] and set to the following;

4 [JITTER TRANSFER FN 1 Rx Range [10]

Modulation [ INTERNAL J....... [1.00KHz]
Tx Jitter Amplitude P-P....... [1.001uI
Rx Jitter [ PK-PK JIOFFl...... ..... ul
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4, Note the Rx Jitter [PK-PK] reading This is the back-to-back value.

5. Now connect the equipment as shown below in Figure 3-8.

HP3784A
RX TERNARY
TX DATA DATA
out IN
Q Q
SYSTEM
UNDER
TEST

Figure 3-8 Equipment Setup
6. The peak-to-peak jitter amplitude value is displayed on Page 4.
7. Position the cursor on the [ Pk=Pk] field and press the UPDATE key to change it to [NEG
PK] and then [POS PK]. Verify the value is 0.5 Ul for each.

How to Make an Automatic Transfer Function Measurement

The following procedure demonstrates how to make an Automatic Jitter Transfer Function Measurement,
There are two stages to the measurement. The first stage calibrates the level of jitter on the HP 3784A
transmitter output, For each jitter frequency in the range, the jitter amplitude is measured and recorded
internally. Nothing is plotted at this stage.

The second stage, the plot routine, sets the jitter on the transmitter output to the same values as in the
calibration routine. This signal is input to the system under test. The jitter gain or transfer is calculated as
the ratio of the jitter output from the system under test to the jitter amplitude input to the system under
test.

Procedure

1. Connect the HP 3784A TX DATA OUT port to the RX TERNARY DATA IN port.

2. Select HP 3784A Page | Preset Panel and set the instrument to its Default Settings.

3. Select Page 2 Tx Setup and set to Clock[STD RATE][ 2 MHz]. and Pattér‘n[PRBS][‘IS].

4. Select Page 4 [AUTO JIT TRANSFER FN] and set to the following;

4 [AUTO JIT TRANSFR FN] Mode [CAL ]
Calibrate with Tx Data Out coupled to Rx
Tern Data In for ternary signals.

Then press EXEC to start.
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5. Press the (_exec_) key. Wait for the Calibration routine to complete. At this stage nothing is plotted,

6. Now set Page 4 [AUTO JIT TRANSFER FN] and set to the following.

4 [AUTO JIT TRANSFR FN] Mode [PLOT]
Use CALibrate mode first then select the
Y axis Scale [10]dB. Connect THINKJET.
Then press EXEC to start.

7. Press the key again. This time wait for the automatic plot routine complete.

Alternate Word Pattern Generation

One application of the HP 3784A Option 002 Alternate Word generation capability is in the measurement
of the amplitude/phase conversion response of a chain of regenerators to changes in pattern density. An
alternating word pattern is input to the first regenerator in the chain and the signal from the last
regenerator is input to the receiver RX TERNARY DATA IN port. When the input pattern is a low den-
sity pattern, that is it has few "ones", the regenerator clock recovery circuits free-run during the runs of
zeros at the input at a rate tending to the resonant frequency. If this is not exactly the same as the data
frequency, there will be an abrupt change in phase when the density of the patterns increases and the clock
recovery circuit is forced to run at the "driven" rate.

To measure this amplitude/phase conversion response, the HP 3784A is used in the following setup:

HP3784A
‘OSCILLOSCOPE
DEMCD
JTTER ouT O~ -
EXT MOD TX DATA RX TERNAR
IN () O QuT Q DATA IN O

Y

SIGNAL FROM AN A
EXTERNAL SOURCE

o

Figure 3-9 Amplitude/Phase Conversion Setup.

An Alternating Word pattern from the HP 3784A transmitter is input to the chain of regenerators. The
signal from the last regenerator in the chain is input to the HP 3784A receiver. WORD A is set to 1000000
and WORD B is set to l1I111111. The switching signal can be applied externally to the EXT
MODULATION IN port or taken from the internal source. The signal displayed on the oscilloscope indi-
cates the response of the regenerator chain to changes in pattern density. The "frequency" of this signal is
the same as the alternating frequency.
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HP 3784A OPT 006 - 64 kbit/s Measurements

Introduction

With HP 3784A OPTION 006 you can make bit error measurements at 64 kbit/s co-directional interfaces in
addition to the measurements at binary and ternary interfaces offered in the standard instrument. The error
analysis at 64 kbit/s is based on Error Count rather than Error Ratio results.

At a codirectional interface, each bit of 64 kbit/s data is coded into a block of four bits in the following
way: A binary "1" is transmitted as an NRZ "1 100" pattern and a binary "0" is transmitted as a "1010" pattern,
The binary signal is converted to a ternary signal be alternating the polarity of consecutive blocks. The
output data symbol rate is therefore at 256 kbit/s.

An 8 KHz timing signal can be intoduced to mark the eighth bit of each octet in the 64 kbit/s data stream.
This is called octet timing and introduces a violation block into the ternary signal. The HP 3784A offers
the choice of switching the octet timing on or off. With Octet Timing selected, a 1000 0000 WORD pat-
tern would be transmitted as shown below:

—

|
1 4 ©

|

|

UL

Figure 3-10 Codirectional Coding with Octet Timing.

To select the codirectional interface and set octet timing, select Page 2 Tx Setup and first set the Clock
to [STD RATE][64 kHz]. Then set theData field to [CODIR][+OCT]. If you set this field to [-OCT]. the
octet timing is switched off.

An 8-bit Word pattern can be used to simulate the PCM coding of each sample of an analog waveform. In
this case, octet timing would be switched on to mark each group of eight bits. Different word patterns can

be used to test the system for pattern-dependent error sources.

The frequency offset and error add can be set as you choose.

2 Tx Setup. Data Out [ CO-DIRI [+0CT]
Clock [STD] [64.00]1KHz Offset [ +01ppm
Pattern [WORDI[ 81Bit [10001100 ]
Er Add (bit) [OFF 1] Clock Out [NORM]
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Select Page 3 Rx Setup and set to either [AS TX] or as follows:

3 Rx Setup. Data In [CO-DIR] [+OCT]
Clock Rate [64 KHz]
Pattern [WORDIL 81Bit [10001100 ]

Jitter Display Rate [FAST]

Practical Measurements at 64 kbit/s Codirectional Interfaces

When making measurements at 64 kbit/s interfaces on a system under test, there are three different
methods of deriving the timing for the HP 3784A transmitter:

I. The HP 3784A transmitter clock is derived from its own internal source. This is set at the same
nominal rate as the clock in the system under test, but is not in phase with it. The timing for the HP
3784A receiver is derived from the incoming data signal. The timing in this test setup is
"plesiochronous'.

2. The transmitter timing is derived from the recovered clock at the receiver RX TERNARY DATA IN
port. This is called "looped" timing and means that the HP 3784A and system under test are operating
synchronously.

3. The HP 3784 A transmitter timing is derived directly from the system clock applied to the TX CLOCK
IN port. This again means that the HP 3784A and system under test are operating synchronously.

CCITT Rec 0.152 recommends a 211 -1 PRBS test pattern for testing at 64 kbit/s.

Plesiochronous Timing

This procedure demonstrates the test setup for making a 64 kbit/s measurement on a system with the HP
3784 A transmitter timing derived from its own internal source.

HP3784A
£, Rik RX TERNARY
e DATA
ouT IN

SYSTEM
UNDER
TEST

Figure 3-11 Equipment Setup
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Procedure
1. Connect the equipment as shown in Figure 3-11.

2.  Select Page | Preset[PANEL] and set the instrument to its Default Settings by recalling preset panel
[0].

3. Select Page 2 Tx Setup and set to the following:

2 Tx Setup. Data Out [ CO-DIR 1[+0CT]
Clock [STD RATE] [641KHz Offset [ +01ppm
Pattern [WORDIL 81Bit [10111010 ]
Er Add (bit) [MAN ] Clock Out [NORM]

4. Select Page 3 Rx Setup and set to the following:

3 Rx Setup. [ AS TX ]

Jitter Display Rate [FAST]

5. Select Page 4 [ERROR RESULTS].
Now you are ready to make a Bit Error Measurement.

6. Press the MEASURE keyv.
To obtain Error Analysis results, select Page 4 [ ERROR ANALYSIS].
Synchronous Timing - Looped

In this measurement example the equipment is connected as shown in Figure 3-12. The timing for the HP
3784A transmitter is derived from the receiver recovered clock.

HP3784A
L RX REF CLOCK
O ouT
Tx CLOCK TX DATA RX TERNARY
N ouT DATA IN
P, & O
- y y
UUT

Figure 3-12 Equipment Setup.
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Procedure
I.  Connect the equipment as shown in Figure 3-12.

2. Select Page | Preset[PANEL] and set the instrument to its Default Settings by recalling Panel
Memory 0.

3. Select Page 10 Rear Panel Ports and set Selectable Port to [RX CLOCK OUT].

4. Select Page 2 Tx Setup and set to the following:

2 Tx Setup. Data Out [CO-DIR] [-OCT]
Clogk [ EXT 1..rewa OHz oOffset [ +01ppm
Pattern [PRBSI-[11] Zero Sub [000]
Er Add [BIT 1I[OFF 1 Clock Out [NORMI

5. Select Page 3 Rx Setup and set to the following:

3 Rx Setup. Data In [ CO-DIR] [-OCT]
Clock Rate [64 kHzl
Pattern [AS TX] Zero Sub [000]

Jitter Display Rate [FASTI

6. Select Page 4 [ERROR RESULTS].

Now you are ready to make a Bit Error Measurement.

To obtain Error Analysis results, select Page 4 [ ERROR ANALYSIS].

Synchronous Timing - External Clock

A clock from the system under test is used as the external source for timing of the HP 3784A Transmitter
output data. The test setup is shown in Figure 3-13.

HP3784A
RX TERNARY

TX CLOCK TX DATA DATA

IN out IN

O (P O

A
A
U.uT

Figure 3-13 Equipment Setup.
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Procedure

1. Connect the equipment as shown in Figure 3-13.

=)

Select Page | Preset[PANEL] and set the instrument to its Default Settings.

3. Select Page 2 Tx Setup and set to the following;

2 Tx Setup. Data Out [CO-DIR] [-OCT]

Clock [ EXT 1 -:a sa OHz Offset [ +0lppm
Pattern [PRBS1-[11] Zero Sub [000]
Er Add [BIT 1[MAN ] Clock Out [NORM)

4. Select Page 3 Rx Setup and set to the following:

3 Rx Setup. Data In [ CO-DIR] [-0OCT]
Clock Rate [64 kHz]
Pattern [AS TX] Zero Sub [000]

Jitter Display Rate [FAST]

5. Select Page 4 [ERROR ANALYSIS].

You are now ready to make bit error measurements.

To obtain Error Analysis results, select Page 4 [ ERROR ANALYSIS].
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Introduction

This section contains functional descriptions of each of the pages listed in the HP 3784A Indexes. Each
decription includes an explanation of user- selectable functions/parameters , and where necessary practical
examples of how to setup/perform various functions. For details on how to use the front panel keys to
select pages or items within a page refer to Section 2 "Getting Started",

Need Help?
An important feature of the HP 3784A is the helpful information presented to the user when the front

panel key is pressed. The information displaved refers to the Page displayed prior to the
key being pressed. The Help Pages given in this section are placed adjacent to the page to which they refer.

Store and Recall Measurement Configurations (Page 1)

For some users, many different measurement setups and tests may be required. The ability to remember
these configurations and then recall them on demand is highly desirable, as it simplifies instrument opera-
tion and saves valuable test time. The HP 3784A offers this feature by providing nonvolatile memory
(NVM) with battery back-up, allowing up to 5 measurement configuations to be stored in memory and
recalled on demand. This function is implemented

on Page | Preset Panel.

Measurement configurations are stored in Preset Panels | to 5 inclusive. Panel Memory 0 contains a set of
default values which cannot be changed by the user (see Page 2-20 for a list of default settings). If the HP
3784A is powered down or power failure occurs, instrument configuration and results are retained in
memory, and returned when the HP 3784A is next powered-up. If the nonvolatile RAM memory is lost, eg
by the removal or failure of the battery, the instrument configuration will be returned to that of Panel
Memory 0 at power-up.

1 Preset [PANEL] HELP. Select memory number by using
Function [RECALL FROM] Panel Memory [0] UPDATE keys then press EXEC. key to
Select desired function & press EXEC. execute desired function. The lock
Keyboard lock [OFF] gives protection to current settings.
Function:
[SAVE IN] Pressing the key saves the current measure-

ment configuration in the Panel Memory selected.

[RECALL FROM] Pressing the key recalls the measurement
configuration from the Panel Memory selected.
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Panel Memory Select a memory location from 0 to 5.

Keyboard Lock On/Off - protects instrument setup from casual
interference.

Jitter Tolerance Standard and Programmable Masks - Option 002 instruments.

The HP 3784A option 002 provides Jitter Generation and Measurement. Jitter measurements and the type
of jitter modulation otfered, are viewed and selected on Page 4 Measurements. Four types of modulation
are offered: [INTERNAL] [EXTERNALY] [SPOT MASK] and [SWEPT MASK]

The [[INTERNAL] and [EXTERNAL] choices offer the user complete control of amplitude and frequency.

In [SPOT MASK] and [SWEPT MASK] modes the HP 3784A controls the amplitude so as to conform to
values stored in Page | Preset [MASK] . The frequency is controlled by the user, in [SPOT MASK].

[SPOT MASK] and [SWEPT MASK] each include the choice of a standard tolerance mask or a user
programmable mask; selectable in the [STD] and [PROG] fields on Page 4. Both the standard and program-
mable masks are displayed on Page | Preset [MASK], examples of these, and descriptions of the user
selectable fields on these displays is given below.

Standard Tolerance Mask

Five hard programmed jitter masks are provided covering the three jittered rates of 2048kHz, 8448kHz and
34368kHz. For bit rates 2048 and 8448kHz, high and low Q systems are catered for giving two types of
[STD] mask for each. The mask displayed relates to the Clock Rate selected on Page 2 Tx Setup.

Standard Tolerance Mask for Transmitter Frequency of 34MHz.

1 Preset [MASKI[STD 1 34MHz Points 4 HELP. The mask displayed corresponds
100.Hz 1.50 UT » 1.00KHz 1.50 Ul to the Clock Rate selected on Tx Setup
10.0KHz 0.15 UI » B800.KHz 0.15U1 page. Choice of STD or PROG can be made

on pl1 or at p4 Medulation [XXXX MASKI.

Transmitter Frequency...8MHz
Q Factor..[HIGH] 1 Preset [MASK][STD ] 8MHz Points 4
20.0Hz 1.50 Ul » 400.Hz 1.50 vl
3.00KHz 0.20 Ut » 400.KHz 0.20UI
Q Factor [HIGH]




Transmitter Frequency..8MHz

Transmitter Frequency..2MHz

Transmitter Frequency...2MHz
Q Factor....[LOW]

Programmable Tolerance Masks

Page Function Description

1 Preset [MASK][STD 1 8MHz Points 4
20.0Hz 1.50 UI » 10.7KHz 1.50 UI
80.0KHz 0.20 Ul » 400.KHz 0.2001
Q Factor [LOW ]

1 Preset [MASK][STD ] 2MHz Points 4
20.0Hz 1.50 UL » 93.0Hz 1.50 Ul
700.Hz 0.20 UI » 100.KHz 0.20u1
Q Factor [HIGH]

1 Preset [MASK][STD ] 2MHz Points &4
20.0Hz 1.50 UI » 2.40KHz 1.50 Ul
18.0KHz 0.20 UI » 100.KHz 0.20UI
Q Factor [LOW ]

Programmable Tolerance masks are provided for each of the HP 3784A Transmitter jittered clock rates
(2MHz, 8MHz and 34MHz). The HP 3784A Transmitter Clock Rate is selected on Page 2 Tx Setup.

The user can program masks with any number of break points from 2 to 6. an example of a Programmable
Tolerance Mask is given below. Interpolation between points is linear when reproduced on a log log plot.

Points
[2 to 6]

1 Preset [MASK] [PROG]
[10.0Hz 1[ 0.801UI »
[(400.KHz]1 [ 0.801UI »
[400.KHz1 [ 0.801U1 »

34MHz  Points [6]
[400.KHzI[ 0.801UI
[400.KHz]1 [ 0.80]U1
[400.KHz1 [ 0.801U1

The Points field determines the number of break
points in the Programmable Tolerance Mask.
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Tx Setup (Page 2)

The HP 3784A internal Transmitter is configured on Page 2 Tx Setup, an example of which is given
below. The user selectable functions are Data Out. Clock, Offset, Pattern, Er Add, Zero Sub and Clock Qut;

these are explained in the following paragraphs.

2 Tx Setup. Data Out [ BINARY JI[TTL 1]
Clock [STD RATEI[34 MHz]l Offset [ +01ppm
Pattern [PRBSI-[ 91 Zero Sub [000]

Er Add (bit) [RATE]-[3] Clock Out [NORM]

Transmitter Interface

HELP. Clock [EXT] or [VAR] gives free
choice of Interface. [STD] gives valid
choice only. Clock Out level is set

at the Data Out ([BINARY] [xxx] field

The HP 3784A Transmitter Interface is set at the Data Out fields and can be selected from a choice of
Binary or Ternary interfaces. The HP 3784A Receiver can be arranged to follow the Transmitter settings if

desired.
Data Out:

[BINARY]

Ternary Operation
[75 TERM]

[120 TERM]
Option 0006
[CO-DIR] [+OCT]
[CO-DIR] [FOCT]

Clock Generation

When Binary is selected the choice of [ECL] or [TTL]
levels (linked with that of the Receiver) is provided;
[ECL] into 75 ohms to -2V and [TTL] into 75 ohms to
ground.

75 ohms nominal unbalanced to ground at all four
clock rates (704kHz, 2MHz, 8 MHz and 34 MHz).

120 ohms nominal balanced selectable for clock rates
of 704 kHz and 2048 kHz.

For the 64 kBit/s rate a choice of either Binary (ECL
or TTL) data interface or co-directional interface is
provided.

Three different modes of clock generation are provided as follows:

A: From an external source [EXT]

B: At the specific rates 704, 2048, 8448 and 34368 kHz plus frequencies oftset from those specified by up
to + 99 ppm. Option 006 offers an additional clock at 64kHz. C: At rates from lkHz to 50MHz (resolution
is range dependent) plus frequency offset by up to + 99 ppm.



Clock
[EXT]

[STD RATE] [704kHz]
Offset [**] ppm.

[VAR] [2048.0]kHz
Offset [**] ppm.
Option 006

[STD RATE] [64kHz]

Pattern

Page Function Description

An external clock in the frequency range IkHz to
50MHz may be input to the HP 3784A Tx CLOCK 1IN
port, The frequency of the external clock is displaved
on Page 2 Tx Setup.

Provides an internal clock at one of four standard
rates (704kHz, 2048kHz, 8448kHz and 34368kHz) which
can be oftset by up to + 99 ppm.

The internal clock may be varied at rates from IkHz
to 50MHz (resolution is range dependent). The clock
rate selected may be offset by up to + 99 ppm.

Option 006 instruments only, Provides an additional in-
ternal clock at 64kHz, which can be offset by £99ppm.

The Pattern fields offer the user the choice of selecting from one of seven different PRBS lengths, an N
bit fully programmable word (where N is selectable from | to 16) or two fixed length 8 bit fully program-
mable alternating words (or a THRUDATA mode in option 002).

[PRBS]

Zero Sub

[000]

Word

[WORD] [N] Bit [****]

[ALT WORD]

Word A [********]

WOI'd B [********]

[RATE] [EXTRNL]

[RATE] [10.0Hz] (Option 002 only)

Seven different PRBS lengths are offered:
(6], [9]. [11], [15], [17], [20] and [23]

Up to 999 zeroes may be substituted for the data in
the PRBS pattern generated by the HP 3784A.
Substitution starts at the first zero in the longest run of
zeroes ie. following the trigger pulse position. Note:
For [I5] and [23] the trigger pulse position is at the
start of the longest run of ones.

An N bit fully programmable word is provided
(where N is selectable from | to 16).

Two fixed length 8 bit fully programmable words can
be switched by a signal derived internally ([RATE]
[X.XXHz]) or by a signal applied to the front panel
EXT MODULATION IN port. When an external sig-
nal is used to switch words the Pattern field is set to
[ALT WORD][RATE] [EXTRNL]



Page Function Description

Option 002 instruments

Note: The ALT WORD rate selection and the Jitter
Modulation field on Page 4 Measurements are
mutually exclusive, ie. it ALT WORD is set to [RATE]
[EXTERNAL] then Jitter Modulation on Page 4
Measurements is set to [INTERNAL] or [SPOT
MASK]| or [SWEPT MASK] Similarly if the
Modulation field on Page 4 is set to [EXTERNAL]
then the ALT WORD rate is set to Word [RATE]
[10.0Hz], (internal source).

[THRUDATA] Option 002 instruments

In THRUDATA mode any signal applied to the HP
3784A Rx DATA IN port is routed via an internal
buffer store to the corresponding HP 3784A TX DATA
QUT port.

Error Add

For Ternary Output Formats (ie. HDB3, AMI) a choice of Bit or Code error addition is offered. Errors
may be added singly or at a selected rate.

Er Add
Ternary operation: The tvpe of error addition is selec-

[BIT] ted from the field choices [MAN], [RATE] [3 to 6] or

[CODE] [OFF].

ER Add (bit) This display is given when Binary Output Format is
selected (i.e. Data Out field set to [BINARY]). Errors
mayv be added singly [MAN] or at a selected rate
[RATE][3 to 6]

Clock Out

[NORM] The phasing of the Transmitter clock is set to Normal.

[INV] The Transmitter clock output polarity is inverted with

respect to the data output.



Rx Setup (Page 3)

Page Function Description

The HP 3784A Receiver offers a choice of interfaces and bit rates and the ability to have independent con-
trol or linked control to the Transmitter. The HP 3784A Receiver Pattern can be linked to the Transmitfer
except when the Transmitter Pattern is set to Alternating Word. The Receiver offers the 1-16 bit program-
med word or PRBS choices when the Transmitter is in ALT WORD mode.

Auto Setup

When this mode is selected and the front panel ((exec_) key pressed, the HP 3784 A automatically identifies
a signal present on any of the HP 3784A Receiver front panel ports. The incoming signal data format,
clock rate and pattern type is displayed on Page 3 Rx Setup.

The HP 3784A pattern recognition circuit (in Auto mode) will recognise word lengths up to 16 bits and
PRBS’s as specified for the HP 3784A Receiver Pattern. (see Table 6-1 Specifications) Zero substitution is

not recognised.

3 Rx Setup [AUTO]

Connect test signal(s)...
Then press EXEC. key to start autosetup.

HELP: RX Setup [AUTO] can help identify
signal format, bit rate & test pattern.
Put signal in correct port & press EXEC.
See p4 for jitter measurements & setup.

The HP 3784A Receiver is configured and setup on Page 3. an example of which is given below. User selec-
table functions are Data In, Clock Rate, Pattern and Zero Sub (when a PRBS Pattern is selected). If the in-
strument includes option 002 Jitter Generation and Measurement an extra field Jitter Displav Rate is

shown,

3 Rx Setup [MAN] Data In [75 MON] [HDB3]
Clock Rate [34 MHz]
Pattern [PRBS]-[23] Zero Sub [000]

Jitter Display Rate [FAST]

Data In

[BINARY]

3 Rx Setup. L AS TX ]

Jitter Display Rate [FAST]

In Binary operation the data input level may be selec-
ted from [ECL] into 75 ohms to -2V or [TTL] into 75
ohms to ground. (The level selection is common with
the Transmitter) For option 002 instruments the jitter

is measured from the clock signal.
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Ternary
[75 TERM]
[75 MON]

[120 MON]
[120 TERM]

[AS TX]

[CO-DIR] (option 006)

Clock Norm

[NORM]
[INV]

Clock Rate

[704kHz]

[2MHz]

[8MHz]

[34MHz]

[64KHz] (option 006)

Pattern

[PRBS], [23], [20], [17]. [15], [1 1, [91[6]

Zero Sub

[000]

[WORD] [N]Bit [****]

48

In Ternary operation the receiver data format is
[HDB3] or [AMI] code RZ. The Receiver data input
impedance may be selected from 75 ohms nominal un-
balanced to ground at all four bit rates or 120 ohms
nominal balanced selectable for bit rates 704, and
2048kHz. For option 002 instruments the received jit-
ter is measured tfrom the recovered clock.

The Receiver Interface is set to the same setting as the
Transmitter., The Receiver Clock Rate and Pattern
(where appropriate) will mirror that of the
Transmitter, or the Receiver Interface and Clock Rate
can have independent selection.

Pulse shape as per CCITT G703, Figure 5/G703.
Coding as per CCITT G703, Figure 4/G703.

The Clock Norm field is only displayed when the Data
In field is set to [BINARY]

The receiver clock polarity can be set to Normal or
Inverted.

The Receiver Clock Rate may be selected from one of
four fixed rates - 704kHz, 2048kHz, 8448kHz and
34368kHz. This field is not displayed when the
Receiver Setup is linked to the Transmitter, ie. [AS
TX]

Option 006 provides an additional clock rate at 64kHz.

The Receiver Pattern may be selected from one of
seven PRBS lengths - [23], [20], [1 7], [15], [1 1], [9][6]

Up to 999 zeroes may be substituted for the data in
the PRBS. Substitution starts at the first zero in the
longest run of zeroes ie. following the Trigger pulse
position. Note. For [15] and [23], the trigger pulse posi-
tion is at the start of the longest run of ones.

An N bit fully programmable word is provided (where
N is selectable from I to 16).



[AS TX]

Jitter Display Rate
Option 002 instruments,
[FAST], [SLOW]. [MED]

Page Function Description

The HP 3784A Receiver and Transmitter Patterns can
be linked. except when the Transmitter Pattern is set to
[THRUDATA] or [ALT WORD] modes. In these
modes the Receiver pattern choice is PRBS or WORD
as above.

The display rate determines the lowest frequency
whose amplitude is measurable with the quoted
accuracy.

The display rate always controls the update of the
Receiver Jitter peak and p-p measurements and it con-
trols the transmitter when [EXTERNAL] modulation is
selected. For internal Transmitter modulation the dis-
play is automatically updated at the correct rate.

Lowest Frequency:
Fast >10Hz
Med >IHz
Slow >0.1Hz

For frequencies below 0.IHz the Receiver requires an
external reference source.

Pressing the front panel key gives the
following helpful information on Jitter
Display rate.

HELP. Display Rate determines the lowest
jitter frequency registered by peak & pp
display. Fast >/=10Hz, Med 1Hz, Slow 0.1
See P4 for jitter measurements & setup.
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Measurements (Page 4)

The principal measurements performed by the HP 3784A are selected on Page 4 Measurements, The HP
3784A performs three types of measurements; Errors, Error Analysis and Losses,
Loss measurements are viewed and selected on Page 6 Alarms,

Instruments fitted with Option 002 also include Jitter Generation and Measurement. Jitter measurements
are also selected on Page 4. Measurements

Result Formats

Measurement results may be displayed in a number of different formats. Select Page 4 then use the UPDATE
keys to select the type of measurement to be performed. A list of result formats for each measurement is
given on Page 3-5 of the "Making Measurements" section, and also adjacent to some of the following dis-
plays, where applicable.

Help: Don t forget to use the front panel key for useful information on the Page currently dis-
played. This information is shown to the right of the result displays in the following text.

ERROR RESULTS

4 [ ERROR RESULTS ] (Tx Jitter On) 4 [ ERROR RESULTS ] (Tx Jitter On)

E Lapsed timev. cuw vum e 00d 00h 0Om 00s Eldpsed e ane van vaea 00d 00h 0Om 00s
RX. ‘CCODE ERRLJLCOVNT T wunm vuw oo s i Rx [FREQUENCY] Offset...ccaiaaeavans ppm
R¥: Bt Erpor (RATTO Tuwsas ces eseeww o Bx BTt EPTer: [CGOUNT  Yawwas wwwenyg swn oo

Receiver Interface set to Ternary

The [ERROR RESULTS] displays shown above are the ones given when the Receiver Interface (Data In
field on Page 3 Rx Setup) is set to Ternary operation. If a Binaryv Interface is selected the Code Error
results are omitted, and Rx Frequency measurement provided. [t a ternarv Interface is selected then the
user can select either Code Errors or Rx Frequency Offset measurement.

4 [ ERROR RESULTS ] (Tx Jitter On) HELP. Selection of COUNT, RATIO, etc
Elapsed timeeiw can sume e 00d 00h 00Om 0O0s can be made during or at the end of a

R FREEGUERTYwe saw v wumi wiivs sndnsoe awiens s Hz measurement. See P5 for interval choice.
Rx: BIEE Erfer [EOUNT T« ess vmsomnosesnyy See page 6 for durations of losses.

Receiver Interface set to Binary.
Rx Code Error/Bit Error Result Format: [RATIO], [COUNT], [FREE S], [SECS] or [FREE ds][DECISEC].

Note: The choice of seconds or deciseconds is made on Page 5 Gating Period.

4-10



ERROR ANALYSIS

Page Function

Description

4 L ERROR ANALYSIS 1 (Tx Jitter On)
Result [AVAILABIEITY 1 .o onc ais sves wios %
Individual result thres. [NO ]

Overall. ---- Individual Result. ----

HELP. The % availability has 10 sec
hysteresis and is the percentage of time
that error ratio is better than 10E-3.
For Jit Tol. Masks see pl Preset [MASK].

Result: [AVAILABILITY], [UNAVAILABLE], [ERROR BURSTS]}>100errs.
[ASY.ERRSECS]. [| ERROR]. [2-10ERS] or [>I0ERS]
[DEGRADED MINS]. [SEVERE ER. S] or [ERRORED SECS].

[LT. MEAN ER]

The Analysis results are taken from the Bit Error measurement results, and conform to CCITT G.821.

Indvidual result thres:

AUTO TOLERANCE PLOT

Automatic jitter tolerance plotting is provided to
test the tolerance of equipment to a jittered signal.

The result is plotted graphically.

[YES] [0.0E+00] or [NO]

4 [AUTO TOLERANCE PLOT]

Set up interface and pattern on page 2

and connect Tx and Rx to the 1.U.T.Then
connect a THINKJET and press EXEC. key.

HELP. Select Output Port on p%?. Plot is
jitter tolerance for onset of errors.
See pl Preset [MASK] for reference level
to be shown dotted on tolerance plot.

AUTO JITTER TRANSFER FUNCTION

Automatic jitter transtfer plotting is provided to test
the gain in jitter to a transmitted signal from the HP

3784A. The result is plotted graphically.

4 [AUTO JIT TRANSFR FN]1 Mode [PLOT]
Use CALibrate mode first then select the
Y axis Scale [10]1dB. Connect THINKJET.
Then press EXEC to start.

HELP. Plot represents jitter gain for
the signal set up on Tx Setup page.

Tx = 0.75U1 P-P. Plot is sent to device
connected to port selected on Page 9.

Scale: [1] or [10] db
Mode: [CALIBRATE] or [PLOT]
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OUTPUT JITTER

4 [ OUTPUT JITTER ] Rx Range [10]
Elapsed. EIMEL s cum s 00d 00h 00m 00s
Rx Jditter Wit [EOUNT T wwew scsmemn s o
R¥X Jitter { PKEPK' 1 LOFFl:un wamvmesemvin oo ul

Rx Range: [1] or [10]

Rx Jitter Hit: [SECS], [COUNT] or [FREE S5.].

HELP. Measurement filters. OFF = None,

LP=F4 value on STD Lo Q@ Tolerance Mask,
HP1=F1 on STD mask & LP at F4, HP2=F3 &
LP at F4. Set mask at pl Preset [MASK].

Rx Jitter: [POS PK], [NEG PK]. [PK-PK] [HIT THRESHOLD] or [MAX P-P],

JITTER TOLERANCE

4 [ JITTER TOLERANCE 1

Modulation [ INTERNAL J1....... [1.00KHZ]
Tx Jitter Amplitude P-P....... [.2.45]1U1
R¥ BTE  Error TCOUNT D sewre e swmesesms

Modulation: [INTERNAL] or [EXTERNAL]
[SPOT MASKHSTD or PROG],

[SWEPT MASKHSTD or PROG].

HELP. '> BOUNDS' indication for Tx
Jitter Amplitude means that requested
amplitude exceeds instrument capability.

Select Tol. Mask at pl1 Preset [MASK].

Note: In [SWEPT MASK] mode the frequency is in-
cremented in 20% steps until the highest mask
frequency is reached. The direction of sweep is then
reversed and decremented in 20% steps. The up and
down sweeping will continue until some other form of
modulation is requested.

Rx Bit Error: [SECS], [RATIO], [COUNT] or [FREE S].

JITTER TRANSFER FUNCTION

4 [JITTER TRANSFER FN ] Rx Range [10]

Modulation [ INTERNAL 1....... [1.00KHz]
Tx Jitter Amplitude P-P....... [«2 45701
R, oitter L PK-PK JIOFF] wisaams sos o6 Ul

Rx Range: [1] or [10]

HELP. For best accuracy measure both
Rx and Tx amplitudes using the Rx. For
Auto Trns. Fn. plot select at p4 title.
For Tol. Masks see pl Preset [MASK].

See Note on [SWEPT MASK] above.

Modulation: [SWEPT MASK] - [STD or PROG].
[INTERNAL] or [EXTERNAL]
[SPOT MASK] - [STD or PROG].

Rx Jitter: [PK-PK], [NEG PK]. [POS PK] or [MAX P-P],

[HIT THRESHOLD] [5.00] UIP.
[OFF], [HP1], [HP2] or [LP]
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How to Control Measurement Gating (Page 5)

The HP 3784A measurement gating period and type of gating is selected on Page 5 Gating Period.
There are two types of gating provided in the HP 3784A, Manual or Timed. There are two different timed
modes, Single Shot and Repetitive. An example of a typical Gating Period page is shown below.

Note: Gating Type selection affects the selection of a number of functions in the HP 3784A other than
just the measurement interval. For example, the HP 3784A can log data graphically to a Printer only when
Repeat gating is selected. It Manual or Single gating is selected data can be logged in text form only.

When Manual or Single gating periods are used then intermediate results are available throughout the
measurement interval. If Repeat gating is used then the results (other than Alarms) displayed are for the

previous gating period.

5 Gating Period.

Gating type [SINGLE]

Period [ 01d [ 0Jh [ 11m [ 0ls
Errored/Error free intervals [SECONDS ]

Gating type:

[MANUAL]

Timed [SINGLE]

Timed [REPEAT]

HELP. Single measurements are
started using the STOP/START key and
stopped after the selected interval.

Note: There are also HELP pages given for Manual
and Repeat gating.

The gating period is controlled by the key. In
process results are given throughout the measurement
interval, and end of measurement results displaved and
held (on Page 4 Measurements) until a new interval is
started.

The key is used to initiate gating. The length
of the timed interval is set by the user in the Period
display fields on Page 5. This timed interval is settable
in days. hours, minutes and seconds. Minimum timed
interval is | second, while maximum is 99 davs, 23
hours, 59 minutes, 59 seconds.

The key controls the total overall gating
period over which Repetitive Measurements are made.
The length of each individual timed interval is set by
the user as for "SINGLE" mode. At the end of each
timed interval the next interval is automatically start-
ed, and this will continue until such time as the
key is pressed to terminate the gating period.
The results (other than Alarms ) displayed are for the
previous gating period. Note: There is no "dead" time
between consecutive intervals,
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Errored/Error free intervals

[SECONDS]
[DECISECONDS]

4-14

This field determines whether the Errored/Error Free
measurement results given on Page 4 Measurements
are displayed as intervals of seconds or deciseconds.



Alarms (Page 6)

Page Function Description

On Page 6 Alarms the user is given a choice of selecting which type of errors will produce an audible tone
when the front panel AUDIO key is enabled, and also monitoring the duration of various alarms, The HP
3784 A front panel alarm leds indicate the occurrence of these alarms,

6 Alarms.

Audio source [BIT ERRORS ]

Duration of [RX CLK LOSS] wuuwwusimwmas Secs
Cumulative: Slip DECTEEEE: cuv warermins o Secs

HELP. Power losses will delay the end
of timed measurements by duration of
the loss.

Audio Source: When the front panel Audio key is pressed (LED above key illuminates) an audible tone will
sound when errors of the type selected in the Audio Source field occur, ie. [BIT ERRORS], [CODE
ERRORS] or for option 002 instruments [JITTER HITS] Note. Code Errors is only offered when the
Receiver Interface (Data In field on Page 3 Rx Setup) is set for Ternary operation. and the Page 4

measurement is code errors and not Rx frequency.

The frequency of occurrance of the errors (or hits) is reflected by the pitch of the tone,

Alarm Durations

The following Alarm Durations are calculated:

Power Loss

Tx Clock Loss

Rx Clock Loss

Data Loss

Jitter Loss (Option 002 instruments)
Sync Loss

AlS

Cumulative Slip Deciseconds

The Slip measurement indicates when sections of the bit stream are repeated or omitted. Measurements are
only peformed when the HP 3784A Receiver Pattern is a PRBS.

4-15



Page Function Description

Data Logging (Page 7)

Results can be logged to a printer via HP-IB or RS232 and may be presented in numeric or graphic form.
Select Page 7 Data Log: in order to configure the HP 3784 A to print to an external printer.

The following paragraphs list and give explanations of user selectable fields on the Data Log page (Page 7).
An example of a typical Data Log display is given below. Please refer to the Data Logging section, Page
5-1 for practical examples of how to log data.

7 Data Log. Logging [ TEXT 1 HELP. REAL TIME and SUMMARY logging
Set-up [REAL-TIME]l Log [PAGE 4 RESULTSI] functions can be simultaneously in use
Error [BIT RESULT 1 Jitter [RX P-P RES] if required. Graphics mode is only
Trigger [CODE ERR SECS] Squelch [OFF] provided with repeat gating.

Graphics

To enable the HP3784A to output results in graphic form the "Gating Type" field on Page 5 Gating
Period must be set to [REPEAT] The Logging field on Page 7 is then set to [GRAPHICS], an example of
which is given below,

Note: Results can only be output in graphic torm when the HP 3784A is
connected to an HP ThinklJet printer, model 2225A or for RS232 operation model 2225D.

7 Data Log. Logging [GRAPHICS] HELP. In Repeat Gating, graphics permits
Time axis tick every 20x Meas. Period. two results to be plotted against time.
Plot A records [BIT ERROR RATIO EXP 1] With RS232 THINKJET use 9600 baud, one
Plot B records [RX P-P JITTER VALUE ] stop bit, no handshake, and parity none.

Set-up Field

The Set-up field should be treated as two separate pages, [SUMMARY ] and [REAL TIME] and bhoth should
be considered separately. Please note that the "Gating Type" selected on Page 5 Gating Period determines
which user selectable fields are displayed when "Real Time" is selected. For example if "Repeat" gating is
selected then only two choices are available in the Log field, whereas for "Manual" or "Single" gating three
choices are given.



REAL TIME

Page Function Description

The following results and user selectable fields are offered when the Set-up ftield is set to [REAL TIME]

The Gating type field on Page 4 Gating Period determines which fields are presented to the user
when the Set-up field on Page 7 is set to [REAL TIME] Two distinct types of page are presented for each

gating period selection as tfollows:

7 Data Log. Logging [ TEXT 1]

Set-up [REAL-TIME]) Log [PAGE 4 RESULTS]
Error [BIT RESULT 1] Jitter [RX P-P RESI]
Trigger [ONLY ON DEMAND]

Manua-l/SingIe Gating

Log

7 Data Log. Logging [ TEXT 1]
Set-up [REAL-TIME] Log [COUNTS/SECONDI]
Type [BIT ERROR 1]
Squelch [OFF]

Repeat Gating

There are three choices given when [MANUAL] or [SINGL.E] gating is selected on Page 5 Gating Period.
If [REPEAT] gating is selected the [PAGE 4 RESULTS] choice is omitted. The choices are as follows:

[COUNTS/SECOND]

[PAGE 4 RESULTS]

[NO RESULTS]
Squelch

[ON]

[OFF]

The number of Bit, Code or Jitter Hits (option 002)
occurring in a second is logged.

Manual/Single gating only.

This field indicates that the Page 4 Measurement
Results selected in the Error and Jitter fields on
Page 7. are the measurement results to be logged.

No results are logged during the gating interval.

The squelch feature suppresses continuous printing in
the event of ten consecutive triggers in ten consecutive
seconds.  Squelch is released when one error free
second occurs.

Logging is unaffected by squelch.



Page Function Description

Error

The choices offered in the Error field vary depending on the Error Results selected on Page 4
Measurements, and whether the Receiver Interface is Binary or Ternary.

Choices for a Binary Receiver Interface.

[BIT RESULT]
[RX FREQUENCY]

[BIT & RX FR]

[NO LOGGING]

Choices for a 'Ternary Rx Interface.
[BIT RESULT]

[RX FRQ OFST] OR [BIT & OFFST]

[BIT RESULT]
[CODE RESULT] OR [BIT & CODE]

[NO LOGGING]

Jitter

The Jitter field has five selections:
[Rx P-P RES]

[HITS RSLT]

[P-P & HITS]

[TX JIT FREQ]

[NO LOGGING]

4-18

When [BIT RESULT] is selected Bit Error Count is
logged.

No results are logged.

Rx [FREQUENCY] Offset selected on Page 4
Measurements,

When [CODE RESULT] is selected Code Error Count
is logged.

The Jitter measurement selected is calculated
throughout the measurement interval.

No Jitter measurements are logged.



Trigger
The Trigger field has five selections.

[HIT SECONDS]

[PK AMPJ>[***]

[BIT ERR SECS]

[CODE ERR SECS]

[ONLY ON DEMAND]

Page Function Description

The HP 3784A will log data on the occurrence of a
HIT SECOND.

The HP 3784A will log data when the Receiver jitter
peak amplitude exceeds the value selected in the [*¥¥]
field.

The HP 3784A will log data on the occurrence of a
BIT ERROR SECOND.

The HP 3784A will log data on the occurrence of a
CODE ERROR SECOND. Only available when a
Ternary Receiver Interface is selected, and when Rx
[CODE ERROR] is selected on Page 4 Measurements

The HP 3784A will log only log data when the tront
panel LOG ON DEMAND key is pressed.
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SUMMARY

7 Data Log. Logging [
Set-up [ SUMMARY ]

TEXT 1

Error [ BIT ] Jitter [ANL] Alrms [YES]
Trigger [BIT ERR RATIO] > 1.0E-[3]

The results selected from the Error and Jitter fields can be logged at the end of the gating period as a

[SUMMARY] .

A summary of the measurement type selected in the Error field is given at the end of the measurement
period. The choices offered in the Error field vary depending on the Error Results selected on Page 4
Measurements , and whether the Receiver Interface is Binary or Ternary.

Error
Choices for a Binary Receiver Interface

[ALL] [BIT] [RX FR]
[ANLYS] [NO]

Choices for a Ternary Receiver Interface

[ALL] [BIT] [ANLYS] [NO]
[RX FR] OR [CODE]

Jitter
The Jitter field has two selections

[ANL]

[OFF]

4-20

All five choice are available when the Receiver
Interface (Data In field on Page 3 Rx Setup) is
set to Binary. Select [NO] when an end of period
summary is not required.

The choice of [RX FR] or [CODE] is determined by
the Error Results selection on Page 4
Measurements.

An analysis of Jitter measurement giving results of
Hit Count; Max Peak-Peak Ul; Hit Seconds and Hit
Free seconds is included in the end of period
summary.

The analysis results are not included in the end of
period summary.
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Alarms
The Alarms field has two selections.

[YES] Alarms are recorded and included in the end of period
summary. The durations are in seconds.

[NO ] Alarms are not included in the end of period summary.
Trigger

The choices offered in the Trigger field varv depending on the tvpe of Receiver Interface selected. and
the Error Results selected on Page 4 Measurements.

T'rigger Choices for a Binary Interface

[ALWAYS] The HP 3784A will log data whenever Bit or Code er-
rors occur.

[BIT ERR RATIO] >1.0E-{3] The HP 3784A will log data whenever the Bit Error
Ratio exceeds the threshold set in the Trigger field.

[BIT ERR COUNT] >0 The HP 3784A wil log data whenever the Bit Error
Count value is greater than zero.

[HIT COUNT] >0 The HP 3784A will log data whenever the Hit Count is
greater than zero.

Additional T'rigger Choices for a Ternary Receiver

Interface

[RX FR PPM]>[050] The HP 3784A mayv be set to log data whenever the
Receiver Frequency is offset by any value in the range
000 to 999 p.p.m. irrespective of sign.

[CODE ER RATIO] >1.0E{N] Code triggers are available when a Rx [CODE] Error

[N]=3 to 9. Result is selected on Page 4 Measurements.

[CODE ER COUNT]> 0
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Remote Control (Page 8)

The HP 3784A offers full remote capability via HP-1B (IEEE 488) and RS232

interface systems. An RS232 Modem port on the rear panel enables the HP 3784A to be controlled remote-
ly via a Modem. HP-IB or RS5232 operation is selected and configured on Page 8 Remote Port. A com-
plete description of Remote Operation is given in the Remote Operation section of this manual. Note: The
Remote error number displayed relates to an error condition which has occurred during Remote Operation.
The Remote Operation section in this manual lists these error numbers and the associated error condition.

HP-1B
8 Remote Port. [HP-IB] Address [05] HELP. Remote control can be either by
Status. Local HP-1IB or RS232 but when HP-IB talk only
mode is required (see page 9) then HP-1B
Remote error number. 0 remote control must be deselected on p8.
HP-IB Modes ADDRESSABLE: When the HP 3784A is operated

with an external controller the addressable mode gives
control of all front panel functions except the HP-IB
address and switch. All current results and
flags are available and a local lock out facility is
provided. A remote lamp adjacent to the display indi-
cates when the instrument is under remote control.

TALK ONLY: TALK ONLY mode permits the HP
3784A to be used without an external controller. It is
intended for the output of results to a peripheral such
as a printer.

RS232 (Asynchronous)

Subpage [SETUP A]

8 Remote Port. [RS232]1 Subpage [SETUP A] HELP. For a choice of setup or status
Connection [ MODEM ] Duplex [FULL] info select from Subpage. SETUP A gives
Eng/Ack [ON ] Xon/Xoff [RX & TX] choice of various handshakes/protocols.

SETUP B gives basic RS232 parameters.

Connection

[MODEM] "Modem" provides modem control thus allowing the

[HARDWIRED] instrument to be accessed and controlled via both dial-
up and leased circuits. "Hardwired" provides a simple
interface using only TxD, RxD and GND. When
[HARDWIRED] is selected all Modem control lines are
ignored.
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Duplex

[HALF]
[FULL]

If connection HARDWIRED is selected then the
"Duplex" field will disappear because a hardwired con-
nection is implicitly tull duplex. Modem connections
will be half or full duplex depending upon the type of
modem used. This selection is necessary to ensure ap-
propriate operation of the modem control lines. If
half-duplex is selected then the "Xon/Xoff" field will
disappear because the XON/XOFF handshake requires
a full-duplex link to operate.

Enq/Ack

[OFF]
[ON]

This field selects whether or not data reception will be
paced by the ENQ/ACK handshake.

Xon/Xoff

[ OFF |
[RX ONLY]
[TX ONLY]
[RX & TX]

This field selects whether neither, either or both data
transmission and reception is paced by the
XON/XOFF handshake. In this context RX and TX
have the tfollowing meaning..

RX - The instrument paces the rate at which it
receives data bv sending XON and XOFF
characters to the controller.

TX - The controller paces the rate at which the in-
strument transmits data by sending XON and
XOFF characters to the instrument ,

This handshake is not available when halt duplex is
selected.
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DTR

For modem connections DTR will normally be ON, however, for users who require manual control of
DTR, this can be selected by means of an internal DIL switch prier to power-on. In this case the display

will look like:

8 Remote Port.
Connection [
Eng/Ack [ON 1
DTR [ONI]

[RS232] Subpage [SETUP A]

Xon/Xoff [RX & TX]

Duplex [FULL]

Note: Refer to Appendix D for information on internal switches.

DTR

[OFF]
[ON]

Using this field DTR can be turned ON prior to
manually originating or answering a call, or it will turn
ON automatically in response to a signal on circuit CE
- Ring Indicator. The DTR field will always reflect
the state of the DTR signal. During the progress of a
call DTR will be ON, but can be manually turned OFF
to cause the modem to disconnect. In all cases, it DSR
does not turn ON within 60 seconds of DTR turning
ON then DTR will automatically turn OFF, If DSR
turns OFF, eg. at the end of a call then DTR will turn
OFF. By these means the user can Dbe assured that
DTR will be OFF when the instrument is OFF LINE.
Note however, that this is NOT a requirement of
RS§232C which states quite explicitly that "the data
terminal equipment is normally permitted to present
the ON condition on circuit CD".

Subpage [SETUP B]

Speed

[ 300 1, [600], [1200]. [1800]
[2400], [4800], [9600]

4-24

8 Remote Port.
Speed [ 1200 1

7 Bit Data Parity [0's ] Stop Bits [1]

[RS2321 Subpage [SETUP BI

This field selects the data rate for transmission and reception.
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8 Remote Port. [RS232] Subpage [SETUP B]
Speed [SELECT] High Speed [1200]

Low Speed [ 3001
7 Bit Data Parity [0's ] Stop Bits [1]

[SELECT]

For (dual rate) modems which implement RS232C circuit CI - Data Rate Select (DCE source), the SELECT
option allows the speed to be determined by the state of this circuit. When the SELECT option is chosen,
additional fields appear for the user to enter the data rates to be associated with the ON and OFF states of
circuit CL

High Speed [ 300 ][ 600 L[ 1200 ][ 1800 ], [ 2400 . [ 4800 ], [ 9600 ]

Low Speed [ 300 ].[ 600 [ 1200 ].[ 1800 ][ 2400 |, [ 4800 ], [ 9600 ]

During the call establishment procedure the state of circuit Cl is sampled, and the data rate established,
when the logical AND of DTR and DSR becomes TRUE. I[f circuit Cl is found to be ON ( +V at the in-
terface) then the data rate is determined by the "High Speed" field selection, conversely, if circuit CI is
found to be OFF (-V at the interface) then the data rate is determined by the "Low Speed" field selection.
For maximum flexibility, the range of speeds available in one field is not restricted by the setting of the
other, however, RS232C does state that for circuit CI "an ON condition shall select the higher data signaling
rate". This facility is incorporated so that an operator who is experiencing excessive transmission errors at
the high data rate can re-establish communications at the low data rate without re-configuring the instru-
ment - which may be at a remote site. In accordance with the principal that when "Connection
[HARDWIRED]" is selected all modem control lines are ignored, the "Speed [SELECT]" option will not be
available. If the "speed [SELECT]" option is active when the user selects "Connection [HARDWIRED]" then
the speed will be forced to the default value of 1200bps.

Note: By means of a strap setting at the RS232C interface. (on A26 Assembly) either pin 23 (RS232C stan-
dard) or pin 12 ( industry standard) can be monitored as circuit Cl. Also. pin 23 can be optionally strapped
hi or lo.

Parity This field selects the type of parity used for transmis-
sion and reception.

[ODD] The parity bit is set to 0 or | by the transmit hardware
so that there are an odd number of I's in the code.

[EVEN] The parity bit is set to 0 or | by the transmit hardware
so that there are an even number of I's in the code.

[0%s] The parity bit is always zero

[1's] The parity bit is always one
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Stop Bits
(1
[2] This field selects the number of stop bits to be used.
Subpage [STATUS] The tollowing display gives an example ot the Status
page with all mnemonics shown.
8 Remote Port. [RS232] Subpage [STATUS ]
Status. Local
TXD RxD RTS CTS DSR DCD DTR

Remote error number. 0

Status: The "Status" field reports the LOCAL/REMOTE status

of the instrument. The other mnemonics have the fol-
lowing meanings,

TxD - Transmitted Data
RxD - Received Data

RTS - Request To Send

CTS - Clear To Send

DSR - Data Set Ready

DCD - Data Carrier Detect®
DTR - Data Terminal Ready

*DCD is used in preference to LSD (Line Signal Detect) because of possible confusion with Long Space
Disconnect.

The mnemonics DTR, DSR etc. appear and disappear to reflect the status of the corresponding control cir-
cuits. The mnemonic appears when the circuit is ON (+V at the interface), and disappears when the circuit
is OFF (-V at the interface). TxD and RxD are a special case, because of the rate at which these signals
change state it would not be possible to represent them directly, instead the TxD and RxD indicators are
toggled between the two states for the duration of data transmission and reception respectively. When
data is not being passed the indicators will be of'f.

indicators for "Ring Indicate" and "Data Rate Select” are not included because thev are of secondary impor-
tance and because "Data Rate Select" may or may not be valid depending upon the setting of the CH/Cl
strapping.
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The HP 3784A will set to the following when Preset Panel 0 is selected or when the instrument is switched

on after a continuous memory loss (NVM) failure,

Connection [MODEM]
Duplex [FULL]
Enq/Ack [OFF]
Xon/Xoff [RX&TX]
DTR [OFF]
Speed [1200]
High Speed [1200]
Low Speed [300]
Parity [1'S]

Stop Bits [1]
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Logging Port (Page 9)

The logging port selection which is set on Page 9 determines which port outputs data to a Printer. To out-
put data via the HP-IB port (Talk Only mode) the Remote Port on Page 8§ must be set to RS232. Since there
are separate ports for RS232 Remote and Printer operation, the RS232 Logging Port may be selected ir-
respective of the settings on any other page. Typical displays for HP-IB and RS232 Logging Port selection,

and a list of the choices offered for the fields within the RS232 page are given below.

HP-1B

9 Logging Port. [HP-IB]

Status. Talk only mode

RS232

9 Logging Port.
Speed [9600]
Stop Bits [1]
Xon/Xoff [NO ]

[RS232]1
Parity [NONE]
Eng/Ack [NO ]

HELP. THINKJET Talk-only switch setup.
LISTEN-> TXXXXX
SRQ EN-> 0 XXXXX

ADDRESS SWITCHES, DON'T CARE
HELP. Preset Panelr THINKJET MODE RS232
0 has RS-232 setuprSwitch 1------ & 1==:5
for THINKJET. See »Set 1> 1 1

also page 8 HELP

»Set 0> 00 00000 0000

Speed
Stop Bits
Xon/Xoff
Parity

Enq/Ack

110, 150, 300, 600, 1200, 2400, 4800, 9600
(1] 12]

[NOJ, [YES]

[0°s), [I’s]. [NONE], [ODD], [EVEN]

[NOJ. [YES]

Note: Parity is fixed at [NONE] when Graphics Logging is selected on Page 7 Data Log.
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Rear Panel Ports (Page 10)

A number of rear panel ports have dual functions, or may be enabled/disabled as required. These
functions/operations are selected on Page 10 Rear Panel Ports. The ports concerned are:

e« RX ERROR OUT

e MEASUREMENT I[N (option 002 instruments only)

¢« RX REF CLOCK IN/QUT ... (option 002 instruments only)
« SELECTABLE PORT

The following display gives an example of Page 10 Rear Panel Ports,

10 Rear Panel Ports. Error Out [BIT ]
Measurement In [DISABLE]

Rx Reference Clock [INT]

Selectable Port [TX TRIG OUT 1]

Note: Detailed information on all rear panel ports is given in Section 2 "Getting Started".
Error Out Port:

[CODE] The Error Out field selection determines which type
[BIT] of errors, Bit or Code are output from the rear panel
ERROR OUT port. If the Receiver Interface is set to
Binary no choice is offered, only Bit Errors are output.

Measurement In:

[ENABLE] If [ENABLE] is selected the HP 3784A Jitter measure-
ment and Hit counting circuits are disconnected from
the internal demodulated jitter source and connected
to the rear panel MEASUREMENT IN port. This
facility enables users to insert external filters between
the rear panel DEMOD JITTER output port and the
measurement circuits. It can also be used to trigger
logging trom analogue signals.

[DISABLE] The rear panel MEASUREMENT IN port is disabled, and
jitter results are obtained directly from the internal
demodulators.
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Rx Reference Clock:

[EXT]

[INT]

Selectable Port

[Rx CLOCK OUT]

[Tx TRIG OUT]
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Enables an external signal to be used as a jitter free
reference clock source for the HP 3784A Receiver.
The port serving as an input.

The HP 3784A Receiver reference clock is generated
internally and is provided as an output.

The Receiver Clock signal is available at the rear panel
SELECTABLE PORT connector. This signal is the
recovered clock before jitter is removed.

The Transmitter ‘I'rigger QOutput is available at the
SELECTABLE PORT connector. This signal may be
used for timing delay measurements or correlation of
errors to patterns.
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Real Time Clock and Calendar (Page 11)

The HP 3784A provides a 24 hour real-time clock and calendar which can be set or viewed on Page 11,
Battery back-up is provided for the clock therefore it is unaffected by AC line power hits. Also, the calen-

dar is corrected for leap vears.

11 Time & Date. Mode [NORMAL]

Select SET mode to adjust time or date.
01/01/1984

00.00.00

HELP. Time is on 24 hour clock,
Calendar is corrected for leap years.
Select SET mode to set time or date.

Press EXEC.

to restart clock/calendar.




Page Function Description

Self-test (Page 12)

The HP 3784A has the ability to perform internal tests to check the condition of its processor and
measurement hardware. The test routines are accessed on Page 12. A comprehensive list of error codes is

given in Appendix F.

12 Self Test. Function [TYPE & REVISION]
Instrument Type. 3784A [Option 002]
Firmware Revision Number. 0000

HELP. Type & Firmware revision number
Numbers are release dates in form YYWW.
YY - Year number after 1960

WW - Week number of that year

12 self Test. Function [ TEST CPU ]
CPU self eS8t mns res snn mypese S

Press EXEC. to run self-test.

HELP: Diagnostics mode provides guided
S.A. test. To get into diagnostic mode
move switch 2 of the DIL switch on A11
card to the backward pointing position.

12 Self Test. Function [TEST MODEM PORT]
RS$232' modem Port...weswiess SR
Ensure loop-back plug is fitted to port
Press EXEC. to run self-test.

HELF:.

Tests rear panel RS232 MODEM port.
RS232 loopback must be inserted.
(HP part number 5060-4462)

12 Self Test. Function [TEST PRINT PORT]
RS232 printer port.......... =i

Ensure loop-back plug is fitted to port
Press EXEC. to run self-test.

HELP.

Tests rear panel RS232 Logging port.
RS232 loopback must be inserted.

(HP part number 5060-4462)

12 Self Test. Function L[TEST CLCK SYNTH]
Clock Synthesiser Test...... s e

Cable Tx Clock Out to Rx Clock In.
Press EXEC. to run self-test.

HELP.
Tests clock synthesiser for correct
frequency generation in all ranges.
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12 Self Test. Function [BER/INTFACE TST]
BER & Interface test........

Cable required interface back to back.
Press EXEC. to run self-test.

HELP.
Tests Tx & Rx back to back with various
patterns, at the connected interface.

12 Self Test. Function [ JITTER TESTS ]
Tx & Rx Jitter test [ ALL § =eims
Cable Tern Data & Clock back to back.
Press EXEC. to run self-test.

HELP. Tests functionality of modulation
and demodulation circuits and checks
accuracy at various levels & frequencies

The TX & RX Jitter test field has five selections as follows:

[ALL]. [CLOCK IO]. [DATA 10]. [FREQ/HIT] and [FILTERS]
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Introduction

The HP 3784A can log measurement results either to an external HP-IB Printer, or to an external R5-232-C
Printer. Results can be recorded in numeric or in graphical form, and may be printed both during a
measurement and as a summary at the end of the measurement.

To set-up the HP 3784A to log data select Page 7 Data Log. The user- selectable fields displayed enable
you to select the following:

= When results are logged....Real Time and/or as an End of Period Summary.

s Whether results are logged in numeric or graphic form.

m The type of results logged in Real Time: Page 4 Results or Interval Counts,

Which results are plotted in Graphics mode.

Recommended Printers

It is recommended that only HP ThinklJet and HP Quietlet Printers are used for Graphics logging. The tol-
lowing Printers are recommended

HP ThinkJet Printer Models 2225A (HP-1B operation) and 2225D (RS-232-C operation).

HP QuietJet Printer Models 2227A and 2228 A both for RS-232-C operation.

Applications of Data Logging

Permanent Record of Results Data logging to a Printer is useful whenever a permanent
record of results is required. Examples: Experimental
records during development and field trial of
Transmision equipment. Proof of conformance to Error
and Jitter performance standards when handing over a
Transmission System after installation,

Time Stamped Logging Time Stamped logging is useful when analysing time-
varving error and jitter performance, since it allows the
measurements to be run over long periods unattended.
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Graphic Display of Results

The graphic mode makes it easy to pick out periods of

excessive error activity in a large print-out.

Auto-plotting (option 002 instruments)

The auto-plotting mode for Jitter Tolerance and lJitter

Transter Function takes all the effort out of swept jitter
measurements, and presents the results in an easy to in-
terpret form.

Connecting the HP 3784A to a Printer

You may connect the HP 3784 A via rear panel HP-1B or RS-232-C ports to an external Printer. Formatting
assumes 80 columns and 66 lines per page. Instruction for connecting to both HP-IB and RS-232-C Printers

are given in the following columns.

Log Results via HP-1B to Printer

Connect a cable from the HP 3784A rear panel
HP-1B port to an external Printer.

On the HP 3784A, select Page 8 Remote Port, and
set to [RS232].

8 Remote Port.
Status.

[RS232] Subpage [STATUS ]
Local

Remote error number. + 0

Select Page 9 Logging Port and set to HP-IB.

9 Logging Port. [HP-IB]

Status. Talk only mode

Log Results via RS-232-C to a Printer

Connect a cable from the HP 3784A rear panel
RS232 PRINTER port to an external Printer.

On the HP 3784A, select Page 9 Logging Port and
set to [R5232]

To enable data logging to take place the HP 3784A
Protocol parameters (Speed, Stop Bits etc.) on Page 9
Logging Port must match those of the RS-232-C
Printer being used.

9 Logging Port.
Speed [9600]
Stop Bits [1]
Xon/Xoff [NO 1

[RS232]
Parity [ 0's]
Eng/Ack [NO 1

The settings shown in the display above are those
suitable for an HP ThinklJet Printer. It vou are using
another tvpe of Printer. adjust the settings to suit
the Printer being used.

Refer to the following procedure for instructions on how to configure an HP ThinkJet Printer for HP-IB
or RS-232-C operation. If the Printer to be used is not an HP Thinklet. refer to its user documentation tfor

setting-up instructions.



Configure an HP-1B ThinkJet Printer

Select Page 9 Logging Port.
Ensure the Logging Port field is set to [HP-IB].

Press the front panel HELP key for instructions on

setting an HP ThinkJet printer for HP-1B operation.

(see following display)

HELP. THINKJET Talk-only switch setup.
LISTEN-> TRXXXX
SRQ EN-> 0 XXXXX

ADDRESS SWITCHES, DON'T CARE

Data Logging

Configure an HP RS-232-C ThinkJet Printer

Select Page 9 Logging Port.
Ensure the Logging Port field is set to [RS232].

Press the front panel HELP key for instructions on
setting an HP Thinklet Printer for RS-232-C opera-
tion. (see following displav)

HELP. Preset Panel» THINKJET MODE RS232
0 has RS-232 setuptSwitch 1------ & I==-5
for THINKJET. See PSet 1> 1 1

also page 8 HELP »Set 0> 00 00000 0000

NOTE

The Printer reads the switch settings only when it is first turned on. Therefore, it vou
do change the settings, vou must turn the Printer off for a few seconds and back on

before printing.

5-3
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Quick Guide to Data Logging with the HP 3784A

Use this guide for a quick reference on the type of logging available and how to select each mode.
Refer to the pages intimated in the tigure below for detailed logging modes.

' i . 5 Gating Period. 7 Data Log. Logging [GRAPHICS]
(]]aphiclogglng is only Gating type [REPEATI] Select Page 7 Data Log Time axis tick every 20x Meas. Period.
55 T ] g 111 ] - r—————) i [S==—an—s= ‘
How do | log data from available when a repetitive Period [ 01d [ 01h [ 11m [ 01s | and set to [GRAPHICS). Plot A records [BIT ERROR RATIO EXP ]

the HP 3784A7 measurement period is selected. Errored/Error free intervals [SECONDRS ] : Plot B records [RX P-P JITTER VALUE ]

Select Page 5 Gating
Period and set to 4
. [REPEAT]

Ll Refer to the section titled "Connecting
the HP 3784A to a Printer" for infor-
mation on configuring the HP 3784A
to output data via HP-IB or RS-232C

to an external Printer.

You may log data in
numeric or graphic format.

Which tormat do vou wish?

Numeric
7 Data Log. Logging [ TEXT 1]

During the measurement Select Page 7 Data Log Set-up [REAL-TIME] Log [PAGE 4 RESULTS]
Numeric logging offers petiisd (in Beal Time): and set the Setup field to Error [BIT RESULT 1 Jitter [RX P-P RES] ’
three choices as follows: [REAL TIME] Trigger [ HIT SECONDS 1  Squelch [OFF]

e Real Time Logging See Page 5-14 for detailed information

e Sun']n]ﬁry Logging on Real Time logging.

e Log on Demand

Each of these logging modes operate ———

Select Page 7 Data Log 7 Data Log. Logging [ TEXT )

m COEJLI(.:tllont ‘;[‘Ehdemh gthelr.anc.l i e ok — and set the Setup field to Set-up [ SUMMARY ]
mﬂ_y € selec e. independently or the measurement period. [SUMMARY] Error [ BIT 1 Jitter [ANL] Alrms [NO 1
in parallel with one another. F 4
Trigger [ ALWAYS ]

Real Time and Summary logging are
configured by setting the Setup field See Page 5-16 for detailed information
on Page 7 Data Log as shown. on an end of period summary,

The LOG ON DEMAND key can be
used to start logging, irrespective of

Please note that the Setup field in this case selects whether Real Time or whether the HP 3784A is gating or not,
?gfrln?iry setup information is displayed. It does not control the logging B DENIAWD aE?dWheth_er l?gging_is ‘.enapled or C_Iis'

abled. There are four different logging
For example, it cannot be assumed that if the Setup field is set to [REAL functions depending on the current
TIME] that onlv real time measurements will be printed: a summary of the state and option structure of the in-
measurement results will also be logged unless summary logging is disabled. : strument. See Page 5-22.

To do this the Setup field should be set to [SUMMARY] and all other user-
selectable fields on Page 7 set to [NO].

5-5 Quick Guide to Data Logging with the HP 3784A continued
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Quick Guide to Data Logging with the HP 3784A

Use this guide for a quick reference on the tyvpe of logging available and how to select each mode.
Refer to the pages intimated in the tigure below for detailed logging modes.

- i . 5 Gating Period. 7 Data Log. Logging [GRAPHICS]
G}ﬂphl(‘. logging is only Gating type [REPEATI Select Page 7 Data Log Time axis tick every 20x Meas. Period.
~ ey r - 141 A - == e e ] . e ‘
How do | log data from available Whe“_ﬂ repetitive Period [ 01d [ 01h [ 1Im [ 0s | and set to [GRAPHICS]. Plot A records [BIT ERROR RATIO EXP ]
the HP 3784A? measurement period is selected. Errored/Error free intervals [SECONDS ] : Plot B records [RX P-P JITTER VALUE ]
Select Page 5 Gating :
Period and set to .
[REPEAT]
Graphic . \ : 5
You may log data in w Refer to the section titled "Connecting
numeric or graphic format. the HP 3784A to a Printer" for infor-
mation on configuring the HP 3784A
to output data via HP-IB or RS-232C
to an external Printer.
Which tormat do vou wish?
Numeric
7 Data Log. Logging [ TEXT 1]
. Select Page 7 Data Lo
: . . During the measurement d Ig S ‘ . ldg Set-up [REAL-TIME] Log [PAGE & RESULTS]
Numeric logging offers period (i Real ‘Time) and set the Setup tield to Error [BIT RESULT ] Jitter [RX P-P RES]
. . g o - ' REAL TIME] ;
three choices as tollows: [ Trigger [ HIT SECONDS 1 Squelch [OFF]
e Real Time Loggin ; ; G ;
i ogging See Page 5-14 for detailed information
. on Real Time logging.
e Summary Logging Bl
¢ Log on Demand
: -
, E'ach of.the.se loggmg modes operate e —————— Seleict Page 7 Dty Liog 7 Bues 155, LeagiRg T TERY 3
in conjuction with each other.and In a Summaty at the end of -
- ¢ ary ¢ : Set-up [ SUMMARY ]
may be selected independently or 'l i : e and set the Setup field to =
: allel witl th the measurement period. [SUMMARY]. Error [ BIT 1 Jitter [ANL] Alrms [NO 1
in parallel with one another. Teigeer T Aae 3

Real Time and Summary logging are
configured by setting the Setup field See Page 5-16 for detailed information
on Page 7 Data Log as shown. on an end of period summary.

The LOG ON DEMAND key can be
used to start logging, irrespective of

Please note that the Setup field in this case selects whether Real Time or whether the HP 3784A is gating or not,
?zglﬂﬁiry setup information is displayed. It does not control the logging OM BEMAND all;lddWhethr lc-)gging_is ‘enapled or c,“S'

abled. There are four different logging
For example, it cannot be assumed that if the Setup field is set to [REAL functions depending on the current
TIME] that onlv real time measurements will be printed: a summary of the state and option structure of the in-
measurement results will also be logged unless summary logging is disabled. : strument. See Page 5-22.

To do this the Setup field should be set to [SUMMARY] and all other user-
selectable fields on Page 7 set to [NO].

5-5 Quick Guide to Data Logging with the HP 3784A continued
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[REAL TIME] Setup from
Page 5-5.

The Measurement Gating Period
selected on Page 5 Gating Period
directlv aftects the choices oftfered
in the Log field on Page 7 Data Log
For example: the [PAGE 4 RESULTS] choices
are not available for Repetitive gating periods.

Only available in

Data Logging

Y

Manual ‘Single gating,

There are three cholces N
the Log field as follows:

[PAGE 4 RESULTS]

The measurement result to be logged
is the one selected in the Error field
(on Page 7). On option 002 instruments
the Jitter tield selection can also be logged.
See Page 5-16 for detailed information.

[NO RESULTS]

Only front panel

7 Data Log. Logging [ TEXT
Log [PAGE &4 RESULTS]
Jitter [RX P-P RESI
Trigger [ONLY ON DEMAND]

Set-up [REAL-TIME]
Error [BIT RESULT ]

] .

ALARMS (ie. POWER
LOSS. SYNC LOSS etc)
are logged.

[COUNTS/SECOND]

The number of Bit Errors
or Code Errors in a sec-
ond can be logged. See
Page 5-15.

7 Data Log. Logging [ TEXT

Set-up [REAL-TIME]

Log [NO

d
RESULTS]

7 Data Log. Logging [ TEXT
Log [COUNTS/SECOND]
Type [BIT ERROR ]

Set-up [REAL-TIME]

1

Squelch [OFF]
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Logging Bit Error Measurement Results

Introduction

The tollowing procedure gives a practical example of how to configure the HP 3784A to perform a Bit
Error measurement, and log the results in a summary at the end of the measurement period.

Procedure

Perform a Bit Error measurement over a Single 10 second gating period, and log the results in a summary at
the end of the measurement period.

[

Connect a cable from the rear panel HP-IB or R5232 ports to the Printer. If an HP-IB Printer is being
used set it to "Listen Alwavs".

Switch on the HP 3784 A,
Connect the Tx DATA OQUT (75chm) port to the RX TERNARY DATA IN (750hm) port.
Select Page | Preset Panel. and set the HP 3784A to its default settings by setting the Function

field to [RECALL FROM)], Panel Memory to [0] and pressing the (exec_ ) kev.

Select Page 2 Tx Setup...... use the PAGE kev. Set the Er Add field to [BIT]
[RATEH3] e use the CURSOR POSITION and UPDATE keys.

2 Tx Setup. Data Out [ 75 TERM] [HDB3]
Clock [STD RATE][34 MHzl Offset [ +0lppm
Pattern [PRBS]-([23] Zero Sub [000]

Er Add [BIT 1[RATE]-[3] Clock Out [NORM]

Note: For this procedure we leave the Receiver Setup on Page 3 as per the default settings, i.e. identical to
the Transmitter.

3 Rx Setup [AS TX 1]

Jitter Display Rate [FAST]

5-7



Data Logging

6. Select Page 4 Measurements......use the PAGE kev. Set Page 4 as follows:

4 [ ERROR RESULTS ] (Tx Jitter On)

Elapsed time......... 00d 00h 00m 05s
Rx TEODE ERR.JICOUNT J....cveoecnarananen
Rk Bit Error [RATID .. cus coveses swmias

7. Select Page 5 Gating Period...use the PAGE key. Set the Gating type to [SINGLE]
and period to [0], [0]. [0]. [10]

5 Gating Period.

Gating type [SINGLE]

Period [ 01d [ 0Jh [ OIm [10])s
Errored/Error free intervals [SECONDS 1]

8.  Select Page 7 Data Log......use the PAGE kev. Set the Logging field to [TEXT]), and the
Setup field to [SUMMARYY]. Set all other fields as shown below:

7 Data Log. Logging [ TEXT ]

Set-up [ SUMMARY 1

Error [ BIT 1 Jitter [NO ] Alrms [NO ]
Trigger [ ALWAYS ]

Note: We only want to log a summary of measurement results at the end of the measurement period. and
do not wish to log results during Real Time: therefore we also require to set the Setup field to [REAL
TIME] and the Log field to [NO RESULTS].

7 Data Log. Logging [ TEXT ]
Set-up [REAL-TIME] Log [NO RESULTS]

10. If vou wish to log data via HP-1B: proceed to step 1.
If vou wish to log data via RS232: proceed to step 13.
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11. HP-IB Operation:

Select Page 8 Remote Port....use the PAGE key.

Data Logging

Set the Remote Port field to [RS232] - ignore other fields on this page for HP-1B operation. Proceed

to step 12,

8 Remote Port. [RS232]1 Subpage [SETUP Al
Connection [ MODEM ] Duplex [FULL]
Eng/Ack [ON ] Xon/Xoff [RX & TX]

12. Select Page 9 Logging Port... use the PAGE key. Set to [HP-1B], and then proceed to

step 14,

9 Logging Port. [HP-IB]

Status. Talk only mode

13, RS232 Operation:

Select Page 9 Logging Port.....use PAGE key. Set to [RS232] as shown below:
Set the other user-definable fields on Page 9, to suit the R§232 Printer being used.

9 Logging Port. [RS232]

Xon/Xoff [NO 1]

Speed [9600] Parity [ 0's]
Stop Bits [1] Eng/Ack [NO 1

14.  Press the kev to start gating. The Printer output should be similar to the following:

Link
Tx Location:

Rx Location:

Sun, Jan @1,

Sun, Jan @1,

Instrument

Tx
Tx
T
Rx
Rx
Rx
Rx

Interface:

Clock
Pattern

Interface:
i 34MHz

Cleck
Pattern

Hit Thres:

1984 @1:02:58 START OF SINGLE GATING @d

: HR3784A

75ohm TERM HDB3

STD RATE 34MHz +@ppm
PRBS 23 ZERO SUB @00
AS PER Tx*

AS PER Tx
5.QeuIr

oh Om 10s

1984 @1:03:08 STOP, ELAPSED TIME 00 Days 0@ Hours 2@ Mins 1@ Secs

SUMMARY :

Bit Error Result
Bit Error Count s oeaimmss 342680 Bit Error Ratio...... 1.000E-03
Bil EErFer S8eS: i ¥ vileiimsn n s 8 7 1@ Bit Error Free Secs.......:44 @

5-9



Data Logging

Graphics Mode

Two measurement results can be plotted simultaneously against an x axis of time. One pair of points is
recorded at the end of each instrument gating period, It is recommended that only HP ThinklJet and
QuietJet Printers be used to log data graphically.

To select Graphics mode the HP 3784A Galing type (on Page 5 Gating Period) must be set to [REPEAT],
and Page 7 Data Log set to Logging [GRAPHICS].

5 Gating Period. 7 Data Log. Logging [GRAPHICS]

Gating type [REPEAT] Time axis tick every 20x Meas. Period.
Period [ 01d [ 01h [ 1Im [ 01s Plot A records [BIT ERROR RATIO EXP 1]
Errored/Error free intervals [SECONDS ] Plot B records [RX P-P JITTER VALUE 1]

Plotted Results are:
= Bit Error ratio Exponent
» Code Error Ratio Exponent or Rx Frequency Offset (as selected on Page 4 Measurements).
s Note: Code Error Ratio Exponent or Rx Frequency Offset are not available for Binary Input signals,
i.e. when the Receiver is set to [BINARY].
Option 002 Instruments

The following results in addition to those given above are plotted for option 002 instruments.

s Tx P-P litter Value

Rx +PK lJitter Value

Rx -PK Jitter Value

Rx P-P Jitter Value
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Typical Graphic Log of Results

Data Logging

The following printout gives an example of the format in which results are logged graphically.

Link Instrument HP3784A
Tx Interface: 75chm TERM HDB3
Tx Location: Tx Clock : 5TD RATE 34MHz +0ppm
T« Pattern : PRBS Z3 ZERO SUB 000
Rx Location: Rx Interface: AS PER Tx
' Rx Clock F4MHz
Rx Pattern A5 PER T
Rx Hit Thres: 5.00QUIP
Sun, Jan @1, 1984 ©1:05:48 START OF REPEAT GATING @d ®h @m Gs
(,f,é] ]y e TIME TICHS EVERY 20 GATIMG FPERICDS
’ § Z|3|=|3|2| | BIT ERROR RATIO— R« TITTER AMP 1p-pl—
lTIME SElElzlE a5 -2 -5 - 14 0.t 0.1 1.0 10
focfept e 3 4 . g g | | ||J|n|1l‘1:rnn|d Lol
f
01 :07 :28 -y = '-—=! ‘:—g———-—'—-:—
e J
[N (RS E-RA) r.-—— %.
Sun, Jan 81, 1384

Demonstration Procedure

@1:10:27 STOP, ELAPSED TIME 2@ Days @0 Hours @@ Mins @3 Secs

An example giving simple step by step instructions on how to configure the HP 3784A to perform a
measurement and log the results graphically is given on page 5-13.

Jitter Tolerance Plot

An example of a Jitter Tolerance plot is given on page 5-12.
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5-1

Link 3 Instrument : HP3784A
Tx Interface: 75ohm TERM HDB3
Tx Location: Tx Clock : STD RATE 34MH:z +@ppm
Tx Pattern : PRBS 23 ZERO SUB 0@0
Rx Location: Rx Interface: AS PER Tx
Rx Clock i 34MHz
Rx Pattern : AS PER Tx
Rx Hit Thres: 5.80UIP
E‘ﬂ JITTER TOLERANCE FLOT 01 -TAN-54 00101 :58 JITTER AMF (UIp-p | —
0.1 ) 0.1 1.0 10
q 1'3 A 1 1 1 | I-! 1 1 i i 1 11 1 i 1 1 A T ) I! 1 1
5 |
F'l{ I
4 20 I
;"} |
g 30 T i
= 0 1
z 40 l
! ] '
I |
10077 i B B
i
|
200 I
300 r
400 L
N |
1 |
] |
1T p :
2K ] y
-~
3K T B
4K 2
10K i'j =
|
20K |
|
30¥ I
40K ! J
- | ’/ i
1 | Fa
] | /‘J i
HEY e e e 3
|
I
200K 7 |
300K ] :
400K i
- ' ,.'
] | o

END OF JITTER TOLERANCE PLOT



Log Code Error Results Graphically

Introduction

Data Logging

The following demonstration procedure gives step by step instructions on how to configure the HP 3784A
to perform a Code Error measurement and log the results graphically, Bit error ratio results are also logged.

2.

6.

7

8.

Connect the HP 3784A to an external Printer via the rear panel HP-IB or RS232 Printer ports.

Connect the FIP 3784A TX DATA OUT port to the HP 3784A RX TERNARY DATA IN port.

Switch on the HP 3784A,

Select Page | Preset Panel . Set the HP 3784A to its default settings by setting the Function field

to [RECALL], Panel Memory to [0], and then press the key.

Select Page 2 Tx Set-up.

Set the Er add field to [CODE] [RATEH3].

2 Tx Setup. Dats

Pattern [PRBS]-[23]
Er Add LCODE][RATE]—

Out [ 75 TERM][HDB3]

Clock [STD RATE] [34 MHz] Offset [ +0]ppm

Zero Sub [000]
[3] Clock Out [NORM]

Select Page 3 Rx Setup and set as follows:

3 Rx Setup. I

Jitter Display Rate

AS TX 1]

[FAST]

Select Page 4 Measurements.

Set the ERROR RESULTS measurements as follows:

4 [ ERROR RESULTS
Elapsed time.....

Rx [CODE ERR.] [COUN

Rx Bit Error [COUNT

1 (Tx Jitter On)
.... 00d 00h 0Om 00s
R ey o )

Select Page 5 Gating Period.

Set Gating type to [REPEAT] and period to [0], [0]. [0]. [4]s.



Data Logging

9.  Select Page 7 Data Log.
Set Logging field to [GRAPHICS]

7 Data Log. Logging [GRAPHICS]

Time axis tick every 20x Meas. Period.
Plot A records [BIT ERROR RATIO EXP 1]
Plot B records [CODE ERROR RATIO EXP]

10. For RS232-C Operation:

Select Page 9 Logging Port and set to [RS232]. Set the other fields on Page 9 to suit the RS232-C
Printer being used, The settings given in the display below are those suitable for an HP ThinkJet
Printer.

9 Logging Port. [RS232]

Speed [9600] Parity [ 0's]
Stop Bits [1] Eng/Ack [NO ]
Xon/Xoff [NO ]

11. For HP-IB Operation:

Select Page 8 Remote Port and set to [RS232], then select Page 9 Logging Port and set to [HP-IB].

8 Remote Port. [RS232] Subpage [SETUP Al 9 Logging Pdrt. LHP-1B]
Connection [ MODEM 1 Duplex [FULL]
Eng/Ack [ON 1 Xon/Xoff [RX & TX] Status. Talk only mode

12. Press the key to start the HP 3784A gating.

13. Select Page 2 Tx Setup and try altering the Er Add [RATE]; the graph printed should indicate the
change in error rate. Leave the error rate steady for >20 seconds in order to obtain a suitable
printout.

14. Press the key when you wish to stop the instrument gating and results being logged.
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Results Printed in Real Time
Results logged for Manual/Single gating periods.
s Alarms only
= Counts/Second
s Page 4 Results
Results logged for Repeat gating period.
L] A-I:u'ms only

s Counts/Second

Counts/Second

The number of bit or code errors occurring in a second can be logged. On option 002 instruments Jitter
Hits may also be logged. On the occurrence of an error second the number of errors in that second, either
Bit or Code will be logged. The relevant error second is the trigger for this logged result and no other trig-
ger is provided.

The type of result to be logged is selected in the Type field on Page 7. Jitter Hit Counts/Second: Option
002 instruments

If [JITTER HIT] is selected in the Type field on Page 7, then 6n the occurrance of a Hit Second, the num-
ber of Hits in that second will be logged. The Hit Second is the trigger for this logged result and no other
choice is provided.

An example of Page 7 Data Log with logging set to [COUNTS/SECOND] is shown below.

Note: Code Errors are not available if the HP 3784A Receiver Interface (Data In field on Page 3 Rx
Setup) is set to Binarv, or Rx [FREQUENCY] Offset is selected on Page 4 Measurements,

7 Data Log. Logging [ TEXT 1]
Set-up [REAL-TIME] Log [COUNTS/SECONDI
Type [BIT ERROR 1]
Squelch [OFF]

515
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Page 4 Results Explained

When the Log field is set to [PAGE 4 RESULTS] the results of measurements displayed on Page 4
Measurements can be logged. The measurement results logged are those selected in the Error fields (on
Page 7). On option 002 instruments the Jitter field selection can also be logged.

For example - if the HP 3784A includes option 002, and the Error and Jitter fields (on Page 7) are set
to [BIT RESULT] and [TX JIT FRQ] respectively, the printout will be similar to the following

4 [ ERROR RESULTS ] (Tx Jitter On) 7 Data Log. Logging [ TEXT 1

Elapsed time........-... 00d 00h 00m 00s Set-up [REAL-TIME] Log [PAGE &4 RESULTS]
Rx [CODE ERR.ILCOUNT J..uwweeunnencnanns Error [BIT RESULT 1] Jitter ITX JIT FRQ]
R Bit EFFOr [COUNT  Tivwa s ws aws sms = Trigger [BIT ERR SECS] Squelch [OFF]

Wed, Feb @1, 1389 1@:39:55 START OF SINGLE GATING @d ©h @m Ss
Bit Errcr Result

Tx Jitter Freguency

and Alarm Conditions.

Real Time Trigger: Bit Errored Second

@1-Feb-89 10:40:02 Bit Error Count........vvunn. 2
@1-Feb-69 10:40:00 Tx Jitter Freg.......... 1000H=

Wed, Feb @1, 1989 10:40:00 STOP, ELAPSED TIME @@ Days @@ Hours 2@ Mins @5 Secs

SUMMARY :

Bit Error Result
Bit Error: Gount cos o vew s vowmis sme s s 2 Bid Error Ratio. ..o 1.2E-08
Bit Erdor Beosh vum @ s s vews wan ¢ 6 1 Bit Errfer Frige S888: ceuw v e 4

Note: It is not possible to log Page 4 Results in Real Time when the instrument Gating type (on Page 5
Gating Period) is set to [REPEAT]

Table 5-1 lists the Page 4 Measurement and Page 7 Error field Logging choices, when the HP 3784A
Receiver Interface is set to Binary and Ternary.

Table 5-1. Measurement/Error field choices

Receiver Interface | Page 4 Measurements Page 7 Error field logging choices

Binary Bit Error [BIT ERROR RESULT] [RX FREQ]
Rx Frequency [BIT ERROR & RX FREQ]

Ternary Bit Error [BIT ERR] [CODE ERR] [BIT ERR & CODE ERR]
Code Error -or - OR
Rx Frequency Offset [BIT ERR], [RX FREQ] [BIT ERR & RX FREQ]

Page 7 Jitter Field Choices: Option 002 instruments

[Rx P-P RES] - [HITS RESLT] - [P-P & HITS] - [Tx JIT FRQ] or [NO LOGGING].
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End of Period Results Summary Explained

To log results in a summary, select Page 7 Data Log and set the Set-up field to [SUMMARY]

The results given in an end of period summary, are selected from the choices offered in the Error,
Jitter and Alarms fields on Page 7.

If you do not wish an End of Period Summary set the Error, Jitter and Alrms fields to [NO].

An example of Page 7 with [SUMMARY] s¢lected and typical printouts tor each of the result choices of-
fered is given below.

7 Data Log. Logging [ TEXT ]

Set-up [ SUMMARY 1]

Error [ BIT 1 Jitter [ANL] Alrms [YES]
Trigger [BIT ERR RATIOI > 1.0E-[3]

Error Field Choices:

Bit Error Results - [BIT]

SUMMARY :

Bit Error Result
Bit Error Counteiosowmmannissis 5:Bit Errer Ratioi:sieeii 1.BE-08
it Eeron SEESy vy s wrsesars S8y s 8 2 Bt Erfor FEEE SEBEB: ¢ pimsovu B

Code Error Results - [CODE] Ternary operation only.

SUMMARY =

Code Error Result
Gode Error DoUnd v ee v iwvnnias 12 Coda: Error Ratic..uwzsu: 4.4E-08
Gode Eripal SBESh s rew sy p mameuini i 2 Code Error Free S5ecs......... B

Bit Error Analysis - [ANLYS]

SUMMARY :

Bit Error Analysis
AVELLEERLLL I « ¢ o v ¢ 0 e 100.00% Number of Error Seconds with N errors:
Unavailability........... 0.9000% T B i o oo & 5 = 0w smmmansa 1
Severely Errored Seconds. 0.0000% 2-10 errors. . .c.c i nan i
Error Secs...viiirnieeran 75.000% 210 errorsS. . i 7,
Degraded Minutes.........u.u. N/A

Error Bursts>100 Errors........ 1 L.T.Mean Err.Ratio... 1.202E-05

Receiver Frequency Offset - [RX FR OFST] Ternary Operation Only

SUMMARY :
Rx Clock Freguency Offset
R# Glock Freg OFfsétsqsaans +36ppm
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5-18

Receiver Frequency - [RX FREQUENCY] - Binary operation only.

SUMMARY &
Rx Clock Freguency
Rx Clock Freguency.....

[ALL] - All of the results shown above (BIT, CODE or RX FREQ OFFSET plus ANLYS and RX

FREQ) are logged.

Link Instrument HP3784A
Tx Interface: 75ohm TERM HDE3
Tx Location: Tx Clock STD RATE Z4MHz +3B6ppm
Tx Pattern PRBS 23 ZERO SUB 009
Rx Location: Rx Interface: AS PER Tx
Rx Clochk i 34MHz
R« Pattern : AS PER Tx
R« Hit Thres: 5§.0QUIP
Wed, Feb @1, 1989 10:58:27 START OF SINGLE GATING @d ©@h @m 8s
Bit Error Result
Tx Jitter Freqguency
and Alarm Conditions.
Real Time Trigger: Bit Errored Second
DleFgH=EY 1RwhBEe: Byt Errer BB ex . rue o5 v vuws 34
@l=Feh~88 1615828 Tk Jitter Freég.icisvacvs. 100@Hz=
@1-Feb-89 1@:58:29 Bit Error Count.....ccuvuuunn B9
@1-Feb-89 1@:58:29 Tx Jitter Freg........uu 1 BOOHz=
@1-Feb-89 10:58:3@ Bit Error Count..........v.. 103
@1~-Feb-83 10:58:20 T« Jitter Freg.......... 1000H=
Pl-Feb—89 19:58:31 Bit Error Coundtssvsivivicas 128
P1-Feb-89 1Q:58431 Tx Jitter Freg::sscvivis | BBBH=
Wed, Feb @1, 1983 10:58:35 STOP, ELAPSED TIME @@ Days @@ Hours @@ Mins @8 Secs
SUMMARY :

Bit Error Result
Bit Error Count
Bit Error 5eC58. .. v rencees 4
Error fAnalysis
Availability
Unavailability
Severely Errored Seconds.
Error Secs
Degraded Minutes............
Error Bursts>10@ Errors
Code Error Result
Code Error Count
Code Error Secs

Bit
100.00%
2.0000%
0.0000%
50.000%
N/A

...........

Bit Error Ratic.isesen
Bit Error Free Secs

Number of Error Seconds with N errors:

L OBRROR s ¢ 6 8 8 & 8 oy s @
DD BUTEEE & ¢ 3 v 6 eweaii @
10 BFFOMSL & ¢ ¢ & v sweearms 4
L.T.Mean Err.Ratio.... 4.55E-07
Code Error Ratioi..iivervrnann @
Code Error Free Secs.....uonus 8
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Jitter: Option 002 instruments.

You may elect to have Jitter Analysis results logged in addition to any of the results available in the stan-
dard instrument.

Jitter

Jitter Analysis - [ANLYS], provides a log of the following:

Hit Count Result

Hit Second/Decisecond Count (i.e. number of seconds/deciseconds)
Hit Free Second/Decisecond Count

Maximum Rx P-P Value in the last gating period.

SUMMARY :

Rx Jitter Analysis
Hit Cotintusecssiiyeineinenas 16000 Max Peak~Peak....vecvves 8.02U1
Hi% SEcORUS: « ¢ v v & ¢ & ¢ cuemiessaam 8 Hit Frae Segs.iissssvisvenans @

Alrms:

SUMMARY :

Alarm Durations (seconds)
Power Loss......... Q.8 Tx Cloek Lass...vaus N/B BRx Clack LosS..weswe N/A
Ru: Data Lesg, o Bl BYAC LOSSiesia e u v a ws 8.1 AIS S858..usorawe SN .
Jitter Losscevvaean B2 Blif S8 amwme s w 0.3

Note: The Slip Durations and Alarm Durations results are displayed on Page 6 Alarms.
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What Triggers Logging?

The selection of Trigger fields on Page 7 Dala Log, and the front panel LOG ON DEMAND key in-
itiate logging,

The type of logging trigger offered will vary, depending on whether data is logged in Real Time, or as an
End of Period Summary. This is explained in the lollowing text.

Note: Code Error Triggers are not available when the Receiver Interface is set for Binary operation, or
when the [ERROR RESULTS] display on Page 4 is set to Rx [FREQUENCY] Offset.

Logging Trigger during Real Time

The trigger for logging during Real Time for Page 4 Results can be any one of the following;

= Bit Error Seconds
7 Data Log. Logging [ TEXT ]

= Code Error Seconds or Rx Frequency Offset Set-up [REAL-TIME] Log [PAGE 4 RESULTS]
Error [BIT RESULT 1 Jitter [RX P-P RES]
= Only On Demand (i.e, on pressing LOG ON Trigger [BIT ERR SECS] Squelch [OFF]

DEMAND key)
= Jitter Hit Seconds - (option 002 instruments)

= Rx Peak Jitter Amplitude >[050 to
5.00]......(option 002 instruments)

Note: The Receiver Peak Jitter Amplitude can also be used to trigger logging when external voltages ap-
plied to the rear panel Measurement In port exceed the Trigger threshold value set on Page 7 Data Log.
If you wish further information on this refer to the paragraph titled External Triggering at the rear of this
section.
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Logging Trigger for End of Period Summary

The trigger for logging an end of period summary can be any one of the following:

= Bit Error ratio >1.0E-[3] to 1.0E{9] 7 Data Log. Logging [ TEXT 1
Set-up [ SUMMARY ]
= Bit Error Count>0 Error [ BIT 1 Jitter [ANL] Alrms [YES]

Trigger [BIT ERR RATIOl > 1.0E-[3]

# Code Error Ratio >1.0E{3] to [1.0E{9]

m Code Error Count>0

s Jitter Hit Count>0....(option 002 instruments)
e Always

» Rx Frequency Offset >+ xxxppm (Range:z
999ppm)

Note: Code Error Ratio/Count and Rx Frequency Offset are mutually exclusive. The [ERROR RESULTS]
selection on Page 4 Measurements determines whether the Logging Trigger is Code or Rx Frequency
Offset.
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Log On Demand

The LOG ON DEMAND key can be used to start logging, irrespective of whether the HP 3784A is gating
or not, and whether logging is enabled or disabled. There are four different logging functions depending

on the current state and option structure of the instrument.

Note: Data will not be logged unless the Logging Port field (on Page 9 Logging Port) is set correctly, and a

Printer connected to the appropriate rear panel HP-IB or RS5-232 port.

The following text explains the operation of the LOG ON DEMAND key with four specific instrument

functions.

1. Instrument Gating in Manual or Single modes with Logging disabled:

Standard Instrument

Option 002 Instruments

The Trigger field on Page 7 Data Log is set to [ONLY
ON DEMAND] and the current Real Time, Page 4 Error
Results of [BIT & CODE] are logged. Note that a summary
of Alarm Durations will also be given if the ALRMS field
had been set to [YES] prior to switching the logger of't.

As for standard instruments plus Jitter P-P and Hits logged.

2. Instrument Gating in Repeat mode with Logging disabled:

3. Instrument Gating in Manual or Single modes with logging enabled for Real Time [PAGE 4 RESULTS].

5-22

Standard Instrument

Option 002 Instruments

Standard Instruments

Option 002 Instruments

Logging is enabled for Interval Counts during Real Time
with Squelch ON, and for an End of Period Summary of Bit
Error results, without Alarm Durations, and with a Trigger
of Bit Error Count >0. The HP 3784A will continue logging
results during each gating period until stopped by the user.
(press STOP key)

As for the standard instrument, Jitter Analysis results are
not logged.

The Logging setup on Page 7 Data Log is not changed, but
the selected results from the Error field on Page 7 are log-
ged as if the selected Trigger had been triggered.

Note: An End of Period Summary will also be given unless
the Error, Jitter and Alrms fields on the [SUMMARY]
Set-up page are set to [NO].

Identical to the standard instrument with the addition of
results selected from the Jitter field on Page 7 logged.



Data Logging

4, Instrument Not Gating:

The complete Summary of results analysis and Alarms is printed for the measurements from the
last gating period.

The Real Time Set-up on Page 7 is set to [PAGE 4 RESULTS], Error [BIT & CODE] ; Jitter
[P-P & HITS] and Trigger [ONLY ON DEMAND].

The SUMMARY page is set to: Error [NOL Jitter [NO], but Alrms will stay at [YES] if previous-
ly selected. The Trigger is [ALWAYS]

What Stops Logging?

Press the front panel LOGGING STOP key to terminate all logging operations. The Logging field on Page
7 Data Log is set to [DISABLED].

Squelch

The Squelch field is only displayed when [REAL TIME] Set-up is selected, and operates for both Page 4
Results and Interval Counts, This feature inhibits logging if the trigger is operated tor 10 consecutive
seconds, thus preventing excessive use of Printer paper. The squelch inhibit is lifted after one error free
second.
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External Triggering (option 002 only)

Using the MEASUREMENT IN port on the rear panel it is possible to trigger logging when an externally
applied voltage (eg. an agc, voltage) exceeds the trigger threshold, Although the jitter trigger is shown in
terms of U.L this can be converted to a voltage threshold using the sensitivity specification of the
MEASUREMENT IN port (same as DEMOD JITTER OUT port).

When the level of the input signal exceeds a user defined threshold logging will occur, To enable data log-
ging to be triggered via the Measurement In port set the HP 3784 A as follows:

1. Select Page 10 Rear Panel Ports and set the Measurement In field to [ENABLE]

10 Rear Panel Ports. Error Out [CODEI
Measurement In [ENABLE 1]

Rx Reference Clock [INT]

Selectable Port [TX TRIG OUT ]

2. Select Page 7 Data Log.
Set the HP 3784A to log [PAGE 4 RESULTS] in [REAL TIME].
Set the Trigger field to [PK AMP] and the >[**¥] field as required.

7 Data Log. Leogging [ TEXT ]

Set-up [REAL-TIME] Log [PAGE 4 RESULTS]
Error [BIT & CODE ] Jitter [RX P-P RES]
Trigger [PK AMPI>[ 2.50] Squelch [OFF]

It the Trigger field is set to [PK. AMP] >[2.50]. then whenever the Voltage at the Measurement In port
exceeds 0.25 volts peak the HP 3784A will log the Page 4 Results selected on Page 7 Data Log.
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General Information 6

Introduction

On the title page of this manual, below the manual part number, is a microfiche part number. This number
can be used to order this manual in 10 x 15cm microfilm transparencies, each transparency contains up to
96 photo duplicates of the manual pages.

A Remote Operation manual (part number 03784-90001) containing all the necessary information to
operate the HP 3784 A remotely, is also supplied with the instrument,

Option 915 provides a service manual {(part number 03784-90002) which contains the information neces-
sary to maintain and repair the HP 3784 A.

Specifications

Instrument specifications are listed on page 6-3. These specifications are performance standards or limits,
against which the instrument is tested.,

Safety Considerations

The HP Model HP 3784A Transmission Analyzer is a Safety Class | (IEC) instrument. This instrument has
been designed according to international safety standards. The instrument and manuals should be reviewed
for safety markings and instructions before operation.

This manual contains information, cautions and warnings which must be followed by the user to ensure
safe operation and retain the instrument in a safe condition.

REFER TO SERVICE MANUAL: This symbol on the instrument means the user must refer
to the Service Manual to protect the instrument from damage.

PROTECTIVE EARTH GROUND: Indicates protective earth ground terminal of the ac
power source on the instrument. All exposed metal surfaces on the instrument must connect
to a protective earth ground terminal.

FRAME OR CHASSIS TERMINAL: This symbol identifies a terminal that is normally com-
mon to all exposed metal surfaces on the instrument.
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General Information

The WARNING sign denotes a hazard to the operator. It calls attention to a proce-
dure, practice, or the like, which, if not correctly performed or adhered to, could result
in injury or loss of life. Do not proceed beyond a WARNING sign until the indicated
conditions are fully understood and met.

CAUTION

The CAUTION sign denotes a hazard to the instrument. It calls attention to an
operating or maintenance procedure, practice, or the like, which, if not correctly per-
formed or adhered to could result in damage to or destruction of part or all of the in-
strument. Do not proceed beyond a CAUTION sign until the indicated conditions are
fully understood and met.

Instruments Covered By Manual

Attached to the rear panel of the instrument is a serial number plate. The serial number plate has a four
digit serial prefix, a reference letter denoting country of origin (U=United Kingdom) and a five digit serial
number. The serial prefix is the same for all identical instruments, it changes only when a change is made
to the instrument. The serial number is unique to each instrument.

The contents of this manual apply directly to all instruments with a serial number prefix listed under
SERIAL NUMBERS on the title page. An instrument manufactured after the printing of this manual may
have a serial number prefix that is not listed on the title page. This unlisted serial number prefix indicates
that the instrument is different from those described in the manual. The Operating and Calibration Manual
for this instrument is supplied with a blue Manual Changes supplement, which contains the change infor-
mation that documents the differences and explains how to adapt these manuals to the newer instruments.

In addition to change information, the Manual Changes supplement may contain information for correct-
ing errors in the manuals. To keep this manual as current and as accurate as possible, Hewlett-Packard
recommends that you periodically request the latest Manual Changes supplement, quoting this manual’s
print date and part number (both of which appear on the title page). Complimentary copies of the sup-
plement are available from Hewlett-Packard.

For information concerning a serial number prefix which is not listed on the title page or in a Manual
Changes supplement contact your nearest Hewlett-Packard office.
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Specifications

General Information

Except where otherwise stated, the following parameters are
warranted performance specifications. Parameters described as
“typical” or “nominal” are supplemental characteristics which
provide a useful indication of typical, but non-warranted,

performance characteristics.

User Assistance
Features

Measurement Preset Panels

Five completely independent

instrument setups can be stored
in non-volatile memory for later
recall. A separate fixed memory

location contains a default setup.

Autoconfigure of Receiver

The HP 3784A receiver can be
set to automatically identify the
bit rate, line code and test
pattern of a signal applied to its
input ports. Zero substitution,
and non-standard and severely
errored signals are not
recognized.

Keyboard Lock

This feature locks front panel
keys which change settings or
control measurements.

Help Key

Pressing this key displays
helpful information relevant to
the current instrument settings.

Audio Error Indicator

When this is switched on the
HP 3784A emits a tone whose
pitch is proportional to the
detected error rate.

Self Tests

Automatic self tests are provided
which can be used to check the
functional operation of the
instrument after transportation
or a long period of storage.

Transmitter

Internal Fixed Clock

Rates: 704, 2048, 8448 and
34368 kHz.

Accuracy: *+ 3 ppm.

Aging: Typically <+ 1 ppm per
year.

Offsets: Settable in the range 0
to + 99 ppm, in 1 ppm steps.

Internal Variable Clock

Range: 1 kHz to 50 MHz.
Resolution:

1to 312 kHz, in 100 Hz steps;
312 to 3126 kHz, in 1 kHz steps;
3126 to 6252 kHz, in 2 kHz
steps;

6252 to 12504 kHz, in 4 kHz
steps;

12504 to 25008 kHz, in 8 kHz
steps;

25008 to 50016 kHz, in 16 kHz
steps.

Accuracy: = 3 ppm.

Aging: Typically <+ 1 ppm per
year.

Offsets: Settable in the range 0
to +99 ppm, in 1 ppm steps.

External Clock Input

Range: 1 kHz to 50 MHz.
Displayed Frequency
Accuracy:+ 3 ppm, + 1 count.
Input Impedance: 75Q
nominal to ground.
Sensitivity: > 500 mV p-p.
Max Amplitude: 5 V p-p
(within limits of + 5V).

Min Pulse Width:

1 kHz to 10 MHz: 10% pulse or
space.

10 MHz to 50 MHz: 10 ns pulse
or space.

The output clock (and ternary
data) pulse width is dependent
upon the pulse width of the
external clock, except when
jitter generation is employed.
Connector: BNC.

PRBS Test Patterns

26.1;

2°-1, as in CCITT Rec V.52;
211.1, as in CCITT Rec 0.152;
2151, as in CCITT Rec 0.151;
217_1;

2201 (not zero-limited);

2231, as in CCITT Rec O.151.
Zero Substitution: 1 to 999
zeros can be substituted for data
starting at the first bit in the
longest run of zeros in any
PRBS. The bit after the
substituted zeros is set to 1.

Word Test Patterns

N-bit fully programmable,
where N can be set from 1 to 16
bits.

Pattern Trigger Output

Output appears at rear panel
Selectable port. One pulse per
PRBS or Word pattern. (Pulse
precedes the longest run of zeros
in the PRBS and precedes the
first bit in the Word pattern.)
Pulse Width: Nominally one
clock period.

Selectable Port

Level: Nominal ECL.
Impedance: Nominal low,
unbalanced to ground.
External Load: 50Q to -2 V, dc
coupled; 50Q to ground, ac
coupled.

Connector: BNC, rear panel.
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General Information

Alternating Word Test Pattern
2 x 8-bit fully programmable
words alternated by a signal
applied to the Ext Modulation In
port. See also Option 002.
Frequency Range:

de to 100 kHz for square waves.
Voltage Range: 600 mVto 3V
p-p.

Switch Threshold: Nominally
ground.

Impedance: 50Q nominal to
ground.

Connector: BNC.

Error Injection

Error Types: Bit or code.
Error Add: Single or at a fixed
rate of 1in 10". n = 3, 4, 5, 6.
Binary Data: Only bit errors
can be added.

Ternary Data: Bit or code
errors may be added.

Note: Bit errors are added
before encoding.

HDB3 Code Errors: Positive
or negative marks are set to
zero and zeros are set to positive
marks. This also causes bit
errors to be induced.

AMI Code Errors: Positive
marks are set to negative marks
and vice versa.

Clock OQutput

Level: Selectable, nominal TTL
into 7582 to ground or nominal
ECL into 75Q to -2 V.

Note: The selection of ECL or
TTL is common for data and
clock. The receiver data input
level selection is linked to the
transmitter.

Impedance: 75%.
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Duty Cycle (When using
internal fixed clock): 50 + 6 %.
Polarity: Selectable normal or
inverted.

Connector: BNC

Data Qutput - Binary Mode
Format: NRZ.

Level: Selectable, nominal TTL
into 75Q to ground or nominal
ECL into 75Q to -2 V.

Note: The selection of ECL or
TTL is common for data and
clock. The receiver data input
level selection is linked to the
transmitter.

Impedance: 75Q.

Data Output - Ternary Mode
Format: RZ.

Line Code: Selectable AMI or
HDBS3.

Amplitude:

704, 2048, 8448 kb/s:
Unbalanced, 2.37 V peak + 10%;
704, 2048 kb/s: Balanced, 3.0 V
peak + 10%.

34368 kb/s: Unbalanced, 1.0 V
peak +10%.

Amplitude Ratio +ve/-ve: 1:1.0
+ 0.05.

Transition Times: 20% to 80%;
unbalanced, <5 ns; balanced,
<10 ns.

Overshoot: <10% of pulse
amplitude.

Impedance: Selectable 75Q
unbalanced to ground at all
four fixed rates or 120Q
balanced at 704 and 2048 kb/s.
Protection: Open and short
circuit protected, + 6 V short
term.

Connector:

Unbalanced Output: BNC.
Balanced Output: 3-pin Siemens.

Receiver

The Receiver interface clock rate
and pattern can be linked to the
Transmitter or set
independently.

Clock Input

Level: Suitable for TTL or ECL
Frequency Range: 1 kb/s to
50 Mb/s.

Impedance: ac coupled,
terminated in nominal 75Q.
Polarity: Selectable normal or
inverted.

Connector: BNC.

Data Input — Binary Mode

Format: NRZ.

Frequency Range: 1 kb/s to
50 Mb/s.

Level: Selectable, nominal TTL
into 752 to ground or nominal
ECL into 75Q to -2 V.

Note: The selection of ECL or
TTL is common for transmitter
data and clock. The receiver data
input level selection is linked to
the transmitter.

Connector: BNC.

Data Input - Ternary Mode

Format: RZ.

Clock Recovery Rates: 704,
2048, 8448 and 34368 kb/s.
Rate Tolerance: + 120 ppm.
Line Code:

704, 2048 kb/s: AMI with up to
24 zeros or HDB3.

8448, 34368 kb/s: HDB3.



Amplitude:

704, 2048 and 8448 kb/s:
Unbalanced, 2.37 V nominal
peak.

704, 2048 kb/s: Balanced, 3.0 V
nominal peak.

34368 kb/s: Unbalanced 1.0 V
nominal peak.

Impedance:

Nominal 75Q unbalanced to
ground at all four rates;
Nominal 120Q balanced to
ground selectable at 704 and
2048 kb/s.

Pulse Width: (50 *+ 6)% of bit
period.

Equalization: Automatic Vf
equalization conforming to
CCITT Rec G.703 operates at all
rates. The maximum loss at half
the bit rate compensated for is

3 dB at 704 kb/s, 6 dB at 2048
and 8448 kb/s, and 12 dB at
34368 kb/s.

Monitor Mode: At each
ternary input rate a “Mon” mode
is available which provides
additional flat gain for operation
at protected monitor points.
This gain is 30 dB at 704, 2048
and 8448 kb/s, and 26 dB at
34368 kb/s.

Connector:

Unbalanced: BNC.

Balanced: 3-pin Siemens.

Receiver Clock Output

Can be selected to appear
instead of the Transmitter
Pattern Trigger Output signal
at the Selectable port. Clock is
either recovered from ternary
data or is the binary clock input
to the Rx Clock In port.

Measurement Timing

Real-time Clock

Function: Provides time and
date information for event
logging, gating period timing
and error performance
measurements.

Date: Day, month, year; the
clock compensates for leap years
and monthly day variances.
Time: Hours, minutes and
seconds.

Elapsed Time: Shows elapsed
time since the start of the gating
period; resets to zero at the start
of each repetitive gating period;
holds value when Stop key
pressed to terminate the
measurement.

Accuracy: +0.015%/-0.005%

+ 1 ms.

Resolution: £ 1 second.
Battery Back-up: Allows clock
to continue running when the
instrument is switched off or
power fails.

Gating Periods

Manual: Gating period is
controlled by the user Start/Stop
key. Accumulating results are
displayed throughout the
measurement and the end of
measurement result is held
until a new gating period is
started.

Timed Single: Gating period is
started by pressing the Start/
Stop key and terminates at the
end of the gating period set by
the user. Accumulating results

General Information

are displayed throughout the
gating period and the end of
gating result is held until a new
gating period is started.

Timed Repeating: Similar to
Timed Single but when one
timed gating period ends, a new
identical period starts. This
continues until the measurement
is terminated by pressing the
Start/Stop key. The
measurement result displayed
during any period is the final
result of the previous period.
There is no “deadtime” between
consecutive periods.

Min Gating Period: 1 second.
Max Gating Period: 99 days,
23 hours, 59 minutes,59 seconds.
Resolution: 1 second.

Error Measurements

Error Detection

Ternary Interfaces: Bit and
code errors are detected
simultaneously.

Binary Interfaces: Bit errors
only are detected.

Bit Errors: Detected by
comparing input signal, after
decoding, bit-by-bit with
internally generated receiver
reference pattern.

Receiver Reference Patterns:
As transmitter test patterns
except no Alternating Word.
Code Errors:

AMI: detected by looking for
bipolar violations in data.
HDB3: detected by looking for
violations of violations and runs
of more than 3 zeros in the data.
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General Information

Measurement Results

Error Count: The total number
of errors during the gating
period. The result is presented
in integer format with a
maximum of 15 digits and is
updated every gating period.
Error Ratio: The total number
of errors divided by the total
number of bits in the gating
period. At ternary interfaces,
the number of bits is calculated
from the standard rate selected.
At binary interfaces, the
number of clock cycles is
counted. The result is presented
in floating point format and is
updated every second.

Format: N.N x 10%N for 1 to 100
errors;

N.NN x 10N for 101 to 1000
errors;

N.NNN x 10™¥ for >1000 errors.
Error Intervals: Intervals of
the real-time clock during which
one or more errors occurred.
These can be selected to be
errored seconds or deciseconds.
The result is presented in
integer format with a maximum
of 15 digits and is updated every
time an errored interval occurs.
Error Free Intervals:
Intervals, selected as seconds or
deciseconds, during which no
errors occurred. Updated every
time an error free interval
oceurs.
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Error Qutput

Selectable as output of either bit
or code errors. One output pulse
for each error.

Pulse Width: Nominally one
clock period.

Level: Nominal ECL.
Impedance: Nominal low
unbalanced to ground.
External Load: 50Q to -2V de
coupled; 50Q to ground ac
coupled.

Connector: BNC, rear panel.

Alarm Duration
Measurements

Alarm Durations

Power Loss: Total number of
seconds the power was lost
during the gating period.

AIS: Total number of seconds
that the AIS (< 3 zeros in 2200
bits) was detected by the receiver
during the gating period.

Sync Loss: Total number of
seconds during the gating period,
in which pattern sync was lost in
the receiver.

Sync Loss Criteria:

Sync loss - error ratio worse than
or equal to 1/9 over last 100 ms.
Sync Gain -

PRBS: < 10 errors in 90 clocks.
Word: < 10 errors in 170 clocks.
Rx Data Loss (Ternary Mode
only): Total number of seconds
during the gating period that no
transitions were detected on the
Rx Ternary Data In port.

Rx Data Loss Criterion: No
transitions in the last 100 ms.
Rx Clock Loss: Total number of
seconds during the gating period
that no clock transitions were
detected on the Rx Clock In port.
Rx Clock Loss Criterion: No
transitions in the last 100 ms.
Tx Clock Loss: Total number of
seconds during the gating period
that no transitions were detected
at the Tx Clock In port.

Tx Clock Loss Criterion: No
transitions in the last 300 ms.

Slip Measurement

This measurement can be made
when the receiver is set to
receive a PRBS test pattern. A
slip is defined as a phase shift of
1 or more bits of the data pattern
with respect to the receiver
reference pattern.

Slip Detection Criterion:

A slip is counted if N + 64 bits
(where N is the PRBS radix
number) pass during which the
error pattern is of the same form
as the selected PRBS.
Cumulative Slip Deciseconds:
Total number of slip deciseconds,
divided by 10. A slip decisecond
is a decisecond during which one
or more slips occurred.
Expressed in seconds, to one
decimal place.

Received Frequency or
Offset Measurement

Binary Clock Frequency
Measurement Range: 1 kHz to
50 MHz.

Resolution: 1 Hz.

Accuracy: + 3 ppm.



Ternary Data Clock Offset

The offset of the recovered
clock with respect to the
standard data rate.
Measurement Range: Fixed
rates £ 999 ppm.
Resolution: 1 ppm.
Accuracy: * 3 ppm.

Error Analysis

The error analysis is based on
CCITT Rec G.821 and is derived
from the bit error results.

% Unavailability: The error
ratio is calculated over 1 second
timed intervals during the
gating period. An unavailable
period begins when the error
ratio is worse than 1 x 102 for
10 consecutive seconds. These
10 seconds are considered part
of the unavailable time. The
unavailable period ends when
the error ratio is better

than 1 x 107 for 10 consecutive
seconds. These 10 seconds are
considered part of the available
time. % Unavailability is the
ratio of the unavailable seconds
to the total gating period
expressed as a percentage. If
AIS, Data Loss, Ext Clock Loss
or Pattern Sync Loss is detected
then this is considered as an
error ratio worse than the
availability threshold for error
analysis calculations.

% Availability: The ratio of the
available seconds to the total
gating period expressed

as a percentage.

% Error Seconds: The ratio of
the errored seconds in the
available time to the total
number of seconds in the

available time, expressed as a
percentage.

% Severely Errored Seconds:
The ratio of the total number of
available seconds with an error
ratio worse than 1 x 10 to the
total number of available
seconds, expressed as a
percentage.

% Degraded Minutes:
Severely errored seconds are
discarded from the available
time and the remaining seconds
are grouped into blocks of 60
seconds. Blocks which have an
error ratio worse than 1 x 10®
are called degraded minutes and
% degraded minutes is the ratio
of the total number of degraded
minutes to the total number of
60 second blocks in the available
time expressed as a percentage.
Long Term Mean Error
Ratio: Error ratio calculated for
available time excluding
severely errored seconds.

Error Distribution: This
analysis classifies error seconds
or error deciseconds containing
1 error, 2 to 10 errors, and more
than 10 errors. The totals for
each of these groups are
presented for the full gating
period, not just the available

time.
Error Bursts: This analysis

totals the number of error
bursts which occur during the
gating period. An error burst is
defined as a group of >100
errors occurring in a time frame
within the gating period. The
time frame begins with the first
error in the burst and ends ten
error free intervals after the last

General Information

error in the burst. The error
intervals can be selected as
seconds or deciseconds.
Pass/Fail Tests: These tests
allow the user to set thresholds
against which the analysis
results are compared. Any end-
of-gating result which is worse
than the threshold is indicated
as a Fail. Thresholds which are
not required can be turned off.
An overall Pass result indicates
that all the individual
measurements have passed. An
overall Fail indicates that at
least one measurement result
was worse than its respective
threshold value.

Result Logging

Results can be logged to most
standard HP-IB or RS-232-C
80-column printers.

HP-IB Interface

See Remote Control.
Talk-only mode.

RS-232-C Printer Interface

Port Configuration: DCE.
Handshakes:

Xon/Xoff (DC1/DC3): On/Off.
Eng/Ack: On/Off.

Bit Rate: 110, 150, 300, 600,
1200, 2400, 4800, 9600.

Parity: None/Even/Odd/1s/0s.
Bits per Character: Either

8 data bits and no parity bits or
7 data bits and a single parity
bit. When the instrument is set
to log graphically, the parity is
automatically set to None.

Stop Bits: 1 or 2.

Connector: Female, rear panel.
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General Information

Print Modes

Three modes are provided:
On-Demand: Prints time-of-day
and selected set of results when
Log On Demand key is pressed.
Text Mode: Logs time stamped
events during gating and/or a
user selected summary of
measured results and alarm
durations at the end of each
gating period. A conditional
printing trigger can be set so
that printing only occurs if bit
or code error count or ratio or
the frequency offset exceeds a
value selected by the user.
Graphic Mode: Available when
gating repetitively. The Bit
Error Ratio and Code Error
Ratio or Recovered Clock
Frequency Offset are plotted
against an X-axis of time. One
pair of points is plotted at the
end of each gating period. The
HP ThinkJet and QuietJet
printers are recommended.

Remote Control

HP-IB Interface

IEEE standard 488, 1978.
Capability: SH1, AH1, T5,
TEO, L4, LEQ, SR1, RL1, PPQ,
DC1, DT0, C0. The HP-IB
capability conforms to IEEE
standard 728, 1982, for codes
and formats.

Modes:

Addressable: An external
controller has access to all the
current results and alarms and
can control all front panel
functions except HP-IB address
and power switch.

Talk-only: The HP 3784A
outputs results to an external
printer over HP-IB without an
external controller.

RS-232-C Modem Interface

Port Configuration: DTE.
Connection: Hardwired or
modem, dial-up or leased.
Duplex: Full or half (no half
duplex in hardwired mode).
Handshakes:

Xon/Xoff (DC1/DC3): Full
duplex only.

Rx Only: HP 3784A paces rate
at which it receives data by
sending Xon/Xoff.

Tx Only: Controller paces the
rate at which it transmits data
by sending Xon/Xoff.

Rx & Tx: As for both above.
Eng/Ack: On/Off.

DTR: On/OfT (this choice is
made available by setting an
internal switch).

Bit Rate: 300, 600, 1200, 1800,
2400, 4800, 9600.

Selectable Data Rate
(controlled by CI signal from

dual rate modem): High and low

rates individually selectable
from above list.
Parity: Even/odd/1s/0s.

Bits per Character: 7 data bits

and one parity bit.
Stop Bits: 1 or 2.

Connector: Female, rear panel.

General

Power Supply

Voltage Range: Selectable,

90 to 126 V ac, nominally 115V
ac; 190 to 253 V ac, nominally
230V ac.

Frequency Range: 48 to

66 Hz.

Power Consumption:

140 Watts.

Physical

Dimensions: 195 mm high,
335 mm wide, 475 mm deep.
Weight: 12 kg net; 14.5 kg
shipping.

Environmental

Operating Temperature
Range: 0 to 50°C.

Storage Temperature Range:
-20 to +70°C.



Option 002 - Jitter Measurements

Figure 1

General Information

This option adds jitter
generation and measurement at
2, 8 and 34 Mb/s to the standard
instrument. Additional
specifications for Option 002
follow. Some restrictions on the
standard specification which
apply when jitter measurements
are in use are highlighted in the
text.

Note: Option 002 cannot be
fitted with Option 006 (64 kb/s
measurements).

Transmitter

Clock

Internal Clock Range: Jitter
can be added to the transmitter
output at any of the standard
fixed rates 2, 8 and 34 Mb/s, or,
using the internal synthesizer in
variable mode, within + 10% of
2.048, 8.448 and 34.368 Mb/s.

Jitter

Amplitude 3 dB Corner
(Ul p-p) Frequency
4
Al
20 dB/decade
slope nominal
High
» Frequency
A2 \* Cutoff
T T T T
FO F2 F3 F4
HP 3784A
---- CCITT Mask 0.171 Table 2
Nominal Bit Rate 704 | 2048 | 8448 | 34368

(kb/s)

Al (Ul p-p)

A2 (Ul p-p)

FO (Hz)

F2 (kHz)

F3 (kHz)

F4 (kHz)

Corner Freq (kHz)*

Cut-off Freq (kHz)"

(R A G A A O |

10.0 | 10.0 | 10.0
0.5 05 |05

24 10.7 | 1.0
45 200 |20

100 | 400 | 800
13 50 210
102 | 422 | 840

"Typical figures

External Clock Range: When
operating the transmitter from
an external clock source while
adding jitter, the external clock
should be within + 10% of 2.048,
8.448 and 34.368 Mb/s. The
correct jitter range for the
external clock rate is selected
automatically.

Intrinsic Jitter: Typically

< 0.020 UI pk-pk. (Measured
with receiver set to Range 1,
HP1 selected and jitter
modulator switched on.) For
optimum intrinsic jitter
performance, the transmitter
and receiver should either be
used at identical bit rates, ie
from the same clock source, or
at rates differing by > 1%.

Tx Reference Clock Qutput

The unjittered Transmitter
Reference Clock is provided on a
rear-panel port except in
Through-data (Thrudata) jitter
modulation mode (when the
reference is available at the rear
panel Selectable port — see
transmitter, standard
instrument).

Source: Internal or External
clock.

Level: Nominal ECL.
Impedance: Nominal low.
External Load: 509 to -2V dc
coupled or 50Q to ground ac
coupled.

Connector: BNC.

Alternating Word

As standard. In addition, can be
switched by internal modulation
source.

Jitter Modulation

Jitter can be applied to any
internally generated test
pattern or to a signal applied in
the Thrudata mode.
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General Information

The jitter may be internally or
externally modulated.

In Thrudata mode, jitter can be
added to a ternary or binary
data input signal, without
altering its pattern, format or
coding. For binary data, the
receiver must also be supplied
with the corresponding clock
signal.

Internal Modulation

Figure 1 shows the typical
range of jitter modulation
amplitudes and frequencies
available at each bit rate.

Max Jitter Amplitude:

10.10 UI p-p.

Min Jitter Frequency: 1 Hz.
Distortion at 1 kHz: Typically
better than 30 dB (measured at
the Rx Demod Jitter Out port
for a jitter amplitude of 5.0 Ul
p-p).

Jitter Frequency Resolution:
1 to 500 Hz, in 1 Hz steps;

500 Hz to 5 kHz, in 10 Hz steps;
5 to 50 kHz, in 100 Hz steps;

50 to 500 kHz, in 1 kHz steps;
500 to 840 kHz, in 10 kHz steps.
Jitter Frequency Accuracy:
+ 1.0%.

External Modulation

The test pattern can be jittered
by a signal applied to the Ext
Modulation In port.
Modulating Frequency
Range: Typically as shown in
Figure 1 with F0 extended down
to dc.

Max Input Voltage: 1.5 V p-p
(excessive voltage results in
modulation distortion).

Max Jitter Amplitude: 10.10
UI p-p, depending on jitter
frequency (as indicated by
transmitter jitter amplitude
display), see Figure 1.
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Flatness: Nominally + 0.3 dB
(dc to 3 kHz).

Sensitivity: Nominal 10 UL/V
(p-p figures at 5 Hz).
Impedance: Nominal 50Q
unbalanced to ground.
Connector: BNC.

Jitter Amplitude Accuracy

See Figure 2. The transmitter
display rate determines the
lowest frequency of jitter that
can be measured within the
quoted accuracy.

For internal modulation, the
display rate automatically
changes from Fast to Med for
jitter modulation frequencies
< 10 Hz.

For external modulation, the
appropriate display rates should
be selected for modulation
frequencies in the following
ranges:

> 10 Hz - Fast

>1Hz - Med

>0.1 Hz - Slow

Figure 2

Jitter
Amplitude
(Ul p-p)

10.0

+5%,+0.1Ulpp

+ 5%, + 0.05 Ul p-p

2.0

0.2
+ 5%, + 0.05 Ul p-p*

1% of

Low Frequency Limit F4
(datermh&gby Bit Rate
display rate)

Jitter Frequency

* 34 Mb/s: + 5% +0.07 -0.03 Ul p-p

Figure 3

Al

Jitter
Amplitude
(Ul p-p)

A2

F2

I I Jitter Frequency

F3

Nominal Bit Rate 704 | 2048 |B448| 34368

(kb/s)

A1 (Ul p-p) -~ 1.5 15 | 15

A2 (Ul p-p) = 0.2 02 | 0.15

F1 (Hz) = 20 20 100

F2 (kHz) = 24 10.7 | 1.0
(0.093) | (0.4)

F3 (kHz) 18 80 10
(0.7) |(3)

F4 (kHz) - 100 [400 | 800

The values shown in ( ) apply when the high Q system is selected.



Fixed Jitter Tolerance
Masks

Five pre-programmed jitter
tolerance masks with p-p jitter
amplitudes and modulating
frequencies in accordance with
CCITT Rec G.823 Table 2/Fig 2,
are provided covering 2, 8 and
34 Mb/s with high and low Q
systems catered for. The masks
can be used to measure
tolerance to jitter amplitude at
spot jitter frequencies (Spot
Mask), or can be swept
automatically in 20% frequency
increments and decrements
(Swept Mask). The values of
jitter amplitude at each point on
the masks are shown in

Figure 3.
Figure 4
Range 1 Range 10
Log
Amplitude
(Ul p-p) Log
Amplitude
(Ul p-p)
100 —— e s =
14 S 20 dB/decade
I slopg —
1
20 dB/decade 1
slopg — | 1.0
1
I
I I I T T T T 1
Fb = Fg Fa Fc Fd Fh Fi

Log Jitter Frequency

Data Input shown (HDB3)
= = = Clock Input shown

Log Jitter Frequency

Nominal Bit Rate | 704 | 2048 | 8448 | 34368
(kb/s)

Fa (Hz) - 10 |10 10

Fb (Hz) " 20 |20 |20

Fc (kHz) = 24 | 107 |10
Fd (kHz) = 27 | 100 |10

Fe (kHz) - 30 | 120 | 240
Ff (kHz) - 27 | 110 | 344
Fg (kHz) ~ 100 | 400 | 800
Fh (kHz) - Ff Ff 240

General Information

Programmable Masks

Jitter masks with between 2 and
6 breakpoints can be
programmed by the user.
Interpolation between
breakpoints is linear on a
log:log plot. The frequency
values must lie within the limits
shown for transmitter
modulation shown in Figure 1.

Receiver

Jitter can be measured on the
clock recovered from an input
ternary data signal or on a
binary clock input.
Reference Clock: This is
derived internally from the
input data/clock or can be
supplied externally at the Rx
Ref Clock In port.

Ternary HDB3 Data or
Binary Clock Input:
Frequency Range: Restricted to
+ 50 ppm of 2.048, 8.448 and
34.368 Mb/s when using the
internal reference clock.
Binary Clock Input:
Frequency Range: Jitter can be
measured on any binary clock
signal in the range 2.048 to
34.368 Mb/s if an external
reference clock is used.

Jitter Measurement Ranges

Display Range 1: 0.000 to
1.010 UI p-p (0.505 UI peak).
Display Range 10: 00.00 to
10.10 UI p-p (5.05 Ul peak).
Jitter amplitude measurement
ranges versus jitter frequency
are based on CCITT Rec 0.171
Table 3. The nominal
measurement ranges for the
Data Input and Clock Input are
shown in Figure 4.

Note: The measurement range
can be extended down to 0.1 Hz
using an external reference

clock.
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General Information

Measurement Accuracy

Peak-Peak: + 4% + additional
error shown in Table 1 (a) and
(b).

+ve Peak/-ve Peak: (without
using the internal filters).
Range 1: + 5% + 0.01 +
additional error. Shown in Table
1 (a).

Range 10: £ 5% + 0.10 +
additional error. Shown in Table
1 (b).

Note: For measurements where
an external reference clock is
required, the receiver display
rate must be set according to the
frequency of the measured jitter
as follows to ensure the above
aceuracy:

> 10 Hz - Fast

=1 Hz - Med

> 0.1 Hz - Slow

For measurements using the
internal reference clock, the
Fast rate is always selected.

The receiver display rate control
is shared with the transmitter
when the transmitter is
modulated externally.

Measurement Filters

Three measurement filter
combinations are available at
each bit rate as specified in
CCITT Rec 0.171. These filters
pre-shape the demodulated jitter
signal before jitter amplitude
measurement and before
providing a demodulated jitter
output at the rear-panel
connector.

Selection Choices:

Filters Off;

Low Pass;

High Pass 1 + Low Pass;

High Pass 2 + Low Pass.

Note: All filters have a nominal
20 dB/decade slope.

Filter Cut-off Frequencies:
See Table 2.

6-12

Rx Reference Clock Port

This port can be selected as
either the Output of the internal
jitter measurement reference
clock or used as an Input to
supply an external reference
clock to the jitter demodulator.
In the latter case, when using
Range 1, correction of the phase
offset of the reference clock with
respect to the input ternary data
or binary clock signal may be
required by, for example,
adjusting the relative cable

lengths.
Table 1
Table 1 (a) Additional Error (Range 1) with any
internal receiver filter
Nominal Bit Rate 704 | 2048 |8448 34368
(kb/s)
Any HDB3 Pattern - 0.035 |0.035 0.060
(0.035) | (0.035) | (0.035)
Clock Input - 0.020 |0.020 | 0.025
(0.01) [(0.01) | (0.01)
Figures in ( ) are typical.
Table 1 (b) Additional Error (Range 10) with any
internal receiver filter
Nominal Bit Rate 704 | 2048 | 8448 34368
(kb/s)
Any HDBS3 Pattern - 023 (023 0.25
(0.12) | (0.12) | (0.12)
Clock Input - 0.20 |[0.20 0.25
(0.1) | (0.1) (0.1)
Figures in ( ) are typical .
Table 2
Table 2 Nominal 3 dB Corner Frequencies
Nominal Bit Rate | 704 | 2048 8448 34368
(kb/s)
High Pass HP1 - 20 Hz 20 Hz 100 Hz
High Pass HP2 - 18 kHz | 80 kHz 10 kHz
Low Pass LP - 100 kHz | 400 kHz | 800 kHz




Connector: BNC, rear panel.
Reference Clock Output
Level: Nominal ECL.
Impedance: Nominal low
unbalanced to ground.
External Load: 50Q to -2V dc
coupled or 502 to ground ac
coupled.

Reference Clock Input
Frequency Range: Nominal,
2.048 to 34.368 Mb/s.

Level: Nominal ECL.
Impedance: Unbalanced 500
nominal.

Termination: -2V.

Demodulated Jitter Qutput

The demodulated waveform
appears at the rear panel
Demod Jitter Output port after
shaping by the measurement
filters.

Bandwidth: As jitter
measurement ranges after
filtering has been applied.
Amplitude:

Range 1: 1.0 V/UI (p-p values).
Range 10: 0.1 V/UI (p-p values).
dc Content: Nominally < 5 mV.
Accuracy: As measurement
accuracy.

Impedance: Nominal low.
Connector: BNC, rear panel.

Measurement Input

When enabled this input can be
used to make jitter amplitude
and jitter hit measurements on
a signal supplied from an
external source. This allows the
user to insert external filters
between the Demodulated Jitter
QOutput and the measurement
circuits.

Impedance: Nominally 1 kQ to
ground.
Connector: BNC, rear panel.

Jitter Analysis

Time-varying jitter amplitude
can be analyzed using the
following measurements.

Max Peak-Peak: Records the
maximum peak-peak jitter
amplitude measured in a gating
period.

Note: p-p measurements are
intended for repetitive
waveforms only.

Hit Count: Counts the number
of times the measured jitter
amplitude exceeds a threshold
value set by the user.
Threshold Setting Range:
Range 1: 0.05 to 0.5 Ul peak.
Range 10: 0.5 to 5.0 UI peak.
Hit Intervals: Counts the
number of time intervals in
which one or more jitter
amplitude hits have occurred.
The time interval can be set as a
second or a decisecond.

Hit Free Intervals: Counts the
number of time intervals in
which no jitter amplitude hits
have occurred.

Result Logging

Jitter results can be logged with
error results to permit
correlation of error activity with
jitter amplitude. In addition
there are two automatic jitter
measurements which present
results in the form of a graph on
the external printer, as follows.

General Information

Automatic Jitter Tolerance
Plot

The HP 3784A transmitter
automatically steps through a
range of jitter frequencies and
at each frequency point
increases the jitter amplitude
until the onset of errors is
detected by the HP 3784A
receiver. The results are plotted
as a graph of jitter tolerance
against frequency.

Automatic Jitter Transfer
Function Plot

The HP 3784A transmitter
automatically steps through a
range of jitter frequencies and
at each frequency calculates the
jitter gain as the ratio of the
jitter amplitude measured by
the HP 3784A receiver to the
transmitted jitter amplitude.
Values of transmitted jitter
amplitude are obtained from an
automatic calibration routine.
The results are plotted as a
graph of jitter gain expressed in
dB against jitter frequency.

General

Weight: 13 kg net; 15.5 kg
shipping.
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General Information

Option 006 - 64 kb/s Measurements

This option adds the capability
to generate and make
measurements with test signals
at 64 kb/s codirectional
interfaces, coded in accordance
with CCITT Rec G.703.

Note: Option 006 cannot be
fitted with Option 002 (Jitter
Measurements).

Transmitter

Codirectional Interface

Clock Source:

Internal Fixed Rate: 64 kb/s;
accuracy, aging and offsets as
for standard instrument.
External Clock Input: May be
used for looped timing with Rx
Ref Clock Out.

Pulse Shape: In accordance
with CCITT Rec G.703 Fig &/
G.703.

Coding: In accordance with
CCITT Rec G.703 Fig 4/G.703
with 8 and 16-bit words
synchronized to the octet
timing. The violation block
marks the last bit in an octet.
Impedance: nominal 120Q
balanced to ground.
Connector: 3-pin Siemens.

Receiver

Codirectional Interface

Pulse Shape: In accordance
with CCITT Rec G.703 Fig 5/
G.703.

Decoding: In accordance with
CCITT Rec G.703 Fig 4/G.703.
Rate Tolerance: + 120 ppm.
Clock: Recovered from
codirectional signal.

Monitor Mode: Automatic gain
control compensates for up to
30 dB of monitor point
attenuation.

Impedance: Nominal 120Q
balanced to ground.
Connector: 3-pin Siemens.

Error Analysis

Performed on the basis of error
count thresholds rather than
the error ratio thresholds used
for higher bit rates. (See CCITT
Rec G.821.)
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Installation 7

Introduction

This section contains information and instructions required to prepare the HP 3784A for use. Included in
this section are the initial inspection procedures, power and grounding requirements, fuse selection proce-
dure, installation information and instructions on repacking for shipment,

Initial Inspection

To avoid hazardous electrical shock, do not perform electrical tests when there are signs
of shipping damage to any portion of the outer enclosure (covers, panels, meters).

Inspect the shipping container for damage. If the shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment have been checked for completeness and the instrument
has been checked both mechanically and electrically. Procedures for checking the electrical operation are
given in Section VIII of this manual. If the contents of the shipment are incomplete, if there is mechanical
damage or defect, or if the instrument does not pass the electrical Performance Tests, notify the nearest
Hewlett-Packard office. If the shipping container is also damaged, or the cushioning material shows signs
of stress, notify the carrier as well as the Hewlett-Packard office. Keep the shipping materials for carrier’s
inspection, The Hewlett-Packard office will arrange for repair or replacement without waiting for claim
settlement.

Contents

HP 3784A Transmission Analyzer

Power Cord

QOperating /Calibration Manual

Remote Operating Manual (part number 03784-90001)
RS-232-C Cable (Part No. 5060-4461)

RS-232-C Test Plug (Part No. 5060-4462)
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Preparation For Use

Power Requirements

The HP 3784A requires a power source of 115V (+10%, -22%) or 230V (+10%, -15%), 48 - 66Hz single phase.
Total power consumption is approximately 160VA.

Line Voltage Selection

The line voltage is selected by the rear panel switch labelled 120V /240V, 48-66Hz.

CAUTION

Before connecting this instrument to a power outlet ensure that the voltage selector is
correctly set for the voltage of the power source and a fuse of the correct rating is
fitted.

Table 7-1. Fuses

Nominal Fuse HP Part
Line Rating Number
120V 3A 2110-0381
240V 5A 2110-0304

Power Cable

This instrument is equipped with a three-wire power cable. When connected to a power outlet, this cable
grounds the instrument case. The type of power cable shipped with each instrument depends on the
country of destination. Refer to Figure 7-1 for part numbers of the power cable and plug configurations
available. The number shown below each plug is the Hewlett-Packard part number of a power cord
equipped with that plug. If the appropriate power cord is not included with the instrument, notify the
nearest Hewlett-Packard Sales and Service Office and a replacement will be provided.
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8120-2104 8120-1369 8120-1689 8120-1351 8120-1378 US 8120-2956 81204211
B120-4753 JAP

Figure 7-1 Power Receptacles

The colour code used in each power cable is given below:

Line Brown
Neutral Blue
Ground Green/Yellow

HP 3784A Display Contrast Adjustment
An adjustment R2 on the All Assembly allows the contrast of the HP 3784A display to be set. It is not
necessary to remove instrument covers to adjust R2. A suitable adjusting tool can be inserted through the

perforated right hand side cover (approximately 50cm in and down from top of front panel). R2 is the
blue coloured, square shaped potentiometer on All.

Internal Battery

DO NOT INCINERATE OR MUTILATE THE BATTERY. IT MIGHT BURST OR
RELEASE TOXIC MATERIALS CAUSING PERSONAL INJURY.

The lithium battery on All used as a power supply for the non-volatile memory, should be checked annual-
ly. Life expectancy of the battery is approximately 5 vears. (Part Number 1420-0177)
Battery Failure

If the battery fitted on the All Assembly fails the HP 3784A responds by displaying the following at
power-up.

NON VOLATILE MEMORY FAILURE
Instrument Type: HP 3784A
Default settings assumed.
Press any key to continue.

H3
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Battery Replacement
a. Switch off the HP 3784A and remove the power cord.

b. Remove the HP 3784A top cover.
c. Unsolder and remove the faulty Battery from the All Assembly.
d. Solder a new battery in place of the old one, ensure that the polarity connection is correct.

e. Replace the instrument top cover.

Operating Environment
;I‘emperature The instrument may be operated in temperatures from 0°C to +55°C.

Humidity The instrument should be protected from temperature extremes which
may cause condensation within the instrument,

Altitude The instrument may be operated at altitudes up to 4600m (15,000ft).

Air flow The air intake to the instrument is via a fan mounted on the rear panel.
The air exhaust is via the perforated side panels. To provide adequate
cooling, an air gap of approximately 3 inches should be maintained
around the instrument. The fan filter should be removed from the in-

strument and cleaned in hot soapy water every six months or more
frequently if the instrument is operated in a hostile environment.

Storage and Shipment

Environment

The instrument may be stored or shipped in environments within the tfollowing limits:
Temperature -40°C to +75°C
Altitude 15,300m (50.000ft)

The instrument should also be protected from temperature extremes which may cause condensation within
the instrument.
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Rack Mounting

A Rack Mount Kit (option 061) is available for use with the HP 3784A and can be purchased from your
nearest Hewlett-Packard Office. To obtain a retro-fittable Rack Mount Kit, order HP Part Number
03771-60105. Note: This Rack Mount Kit does not give front-panel access to the rear-panel connectors.

Instructions on conversion to rack mounting are included with the rack mount kit and are also reproduced
on the following page.

. 19.000" _
N 18.646" R
0.344"
— ]
¥
A A [ !
I 4
X @ |
A
ol 3| @
sl 8= @
o™
\ o |
¥

12.300""

Inches mm

19.000= | 4826
18.646 = | 473.61
0.344 = 8.74
8.718= | 221.44
7.234= | 183.74
1.484 = 37.69
12.300= |312.30
17.036 = | 432.564

17.036"

Figure 7-2 Rack Mounting
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RETRO-FIT INSTRUCTIONS FOR RACK MOUNTING

If it is required to rack mount this instrument, order Rack Mount
Kit HP Part Number 03771-60105. Parts relevant to rack-mounting
this instrument, which are contained in this kit, are listed in Table 1.

Table 1 Rack Mount Kit Contents

Description HP Part Number Quantity
Rack Front Panel 03771-20056 1
Rack Tray 03770-11160 1
Screw 2940-0115 6
Nut 2950-0004 6
Washer-Lock 2190-0060 [5)
Screw 2360-0133 2
Washer-Flat 3050-0010 2
Washer-Lock 2190-0006 2
Washer-Flat 3050-8735 6

Discard all other parts contained in kit

7-6

Retro-fitting Procedure

1. Ensure that the instrument is switched-off and the power cord

is disconnected.

2. Referring to Figure 1, remove the push-fit hub cover (MP5) from
both sides of the instrument. (Finger pressure only is required

to unclip MP5.) Discard the hub covers.

3. Remove the three locating screws on each side of the handle.

4. Remove and discard the handle (MP4), springs (MP3) and gear

rings (MP1).

5. Re-locate the gear hubs (MP2) -- without screws — to their
original locations. {(These parts act as spacers between the

instrument frame and the rack tray shown in Figure 2.)

6. Locate the instrument into rack tray. Ensure that instrument
rubber feet locate into eccentric slots in rack tray and gear hubs

{MP2) iine-up with holes at side of rack tray.

7. Retain rack tray to instrument by fixing screws (Part No. 2360-

0133) through side of rack tray into centre of gear hub (MP2}.
Do not tighten screws.

8. Mount rack front panel (MP10) onto rack tray, using six sets
of screws, lock washers and nuts. (Note: the rack front panel is

asymmetrical and will only fit in one position.)

9. Tighten all screws.

Figure 1 Hardware Details



Packaging

Tagging For Service

Original Packaging

Other Packaging

Installation

Figure 2 Rack Mount Hardware

If the instrument is being returned to Hewlett-Packard for ser-
vice, please complete one of the blue repair tags located at the
front of the Operating and Calibration Manual and attach it to
the instrument.

Containers and material identical to those used in the factory are
available through Hewlett-Packard offices. If the instrument is
being returned to Hewlett-Packard for servicing, attach a tag in-
dicating the type of service required, return address, model num-
ber, and full serial number. Also mark the container "FRAGILE"
to ensure careful handling. In any correspondence, refer to the
instrument by model number and full serial number.

The following general instructions should be used for repacking
with commercially available materials:

(a) Wrap instrument in heavy paper or plastic. (If shipping to
Hewlett-Packard office or service center, attach a tag in-
dicating type of service required, return address, model
number and full serial number.)

(b) Use strong shipping container. A double-walled carton
made of 350-pound test material is adequate.

(c) Use a laver of shock absorbing material 70 to 100mm (3 to
4 inches) thick around all sides of the instrument to
provide firm cushioning and prevent movement inside the
container. Protect the control panel with cardboard.

(d)  Seal shipping container securely.

(e) Mark the shipping container "FRAGILE" to ensure careful
handling.

() In any correspondence, refer to instrument by model num-
ber and full serial number.
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Hewlett-Packard Interface Bus (HP-IB) Installation

This section contains information and instructions on the installation of the HP 3784A Transmission
Analyzer into a Hewlett-Packard Interface Bus (HP-IB) system.

The HP-IB is Hewlett-Packard’s implementation of the IEEE Standard 488-1978 (Digital Interface for
Programmable Instrumentation). This standard defines a physical interface and protocol which enables the
remote control of instrumentation systems.

Connection To The HP-IB

SIGNAL COMMON
SIGNAL COMMON TWISTED WITH PIN 11
SIGNAL COMMON TWISTED WITH PIN 10
SIGNAL COMMON TWISTED WITH PIN 9
SIGNAL COMMON TWISTED WITHPIN 8
SIGNAL COMMON TWISTED WITHPIN 7

SHIELD
ATN
SAQ
IFC
NDAC
NRFD

SIGNAL COMMON TWISTED WITHPIN 6 DAV
REN EQI

D108 DiO4

D107 D103

D106 Di02

D105 DIO1

TYPE 57 MICRORIBBON CONECTOR

B @@@E@EE@HE@@\ ®
EEEEEEEEEEER

Figure 7-3 HP-IB (rear panel) Connector

The HP-IB connector on the rear panel of the HP 3784A provides the physical interface to connect the HP
3784A into an HP-IB system. Figure 7-3 illustrates the connector pin configuration.
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HP-IB Cables

Devices in the HP-1B system may be interconnected in any suitable arrangement (star, delta ete) using the
HP-IB cables listed in Table 7-2 provided the following restrictions are obeyed.

Table 7-2. HP-IB Interface Cables

HP-IB Cable
Part Numbers Lengths
HP 10833A | meter (3.3f1)
HP 10833B 2 meters (6.6ft)
HP 10833C 4 meters (13.2f1)
HP 10833D 0.5 meters (1.6f't)

To achieve design performance, restrictions are placed on the length of HP-IB system cable as follows:

(a) The total length of HP-IB cable used to interconnect devices on the HP-IB must not exceed 2
meters (6.6ft) times the number of devices in the system

{b) The maximum accumulative length of HP-IB cable for any HP-1B system is 20 meters (65.6ft).
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RS-232-C Interface Installation

The HP 3784A can be connected to an RS-232-C interface and operated remotely. The HP 3784A Modem
port is configured as Data Terminal Equipment (DTE). The HP 3784A Printer port is configured as Data

Communications Equipment (DCE).
Connection to the RS-232-C System

The RS-232-C Modem connector on the rear panel of the HP 3784A provides the physical interface to
connect the HP 3784A to an RS-232-C system. Figure 7-4 illustrates the connector pin configuration.

CFSt RX1
DRI DCD1 DSR1 ' RTS1 | TX1

|
@30 :0u0i05 05 07 0s s O 05 0z O
Soz 023?2202 ?001901801701501501‘0

RS RI DTR1

Figure 7-4 RS-232-C Modem Connector

The RS-232-C Printer connector on the rear panel is used when an external printer is desired for data log-
ging. Figure 7-5 illustrates the pin configuration.

CTS2 RTS2 T2
DCD2 DSR2 RTE

Ol Ol Ol OIOOS BOTOGOS O‘i OH OZ /
025021402302202 OZ OIBOJ.BOI'IO!.EOISOI

DTR2
Figure 7-5 RS-232-C Printer Connector

Logic Levels

The RS-232-C functions are ON when the voltage at the receiver is more positive than +3volts and OFF
when it is more negative than -3volts. The tfunction is not defined in the transition region between +3volts
and -3volts.

RS-232-C Remote Control

To use the HP 3784A remotely over the RS-232-C interface, refer to the HP 3784A Remote Operation
manual (part number 03784-90001).
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Performance Tests 8

8.1 Introduction

This section contains procedures which test the instrument’s electrical performance using the specifications
listed in Section 6 as the performance standards. Each test is self contained and therefore may be perform-
ed individually or in any order. The sequence in which the tests are listed however, is the sequence recom-
mended for complete performance testing.

8.2 Edquipment Required

The equipment required to complete the Performance Tests is listed in Table 8-1. The individual equipment
required for each test is listed within the test. Any equipment that satisfies the critical specitications given
in the table may be substituted for the recommended model(s).

Table 8-1. Recommended Test Equipment

Instrument Critical Specification Model
Frequency Synthesizer Sinewave to 50MHz, 9 digit resolution HP 3335A
Universal Counter Frequency Measurement, AC/DC coupling HP 5335A
Pulse Generator 1kHz to 50MHz, Minimum Pulse Width 10ns HP §116A
Oscilloscope 275MHz Bandwidth, Dual Trace *

Programmable Signal Source Sine, Square & Triangle Output, IMHz - 50MHz HP 8§165A
Attenuator 0 -99dB in 1dB intervals HP 3750A
Cable 480ft Belden cable

Bal to Unbal Converter 120 ohm Balanced/75 ohm Unbalanced HP 15508C
Computer HP Series 200,300

Power Supply 0-20V DC HP 6284A
Voltmeter > 4 digit resolution HP 3478A
Pulse Shape Network See Test 8-28

Pattern Generator/Error Detector See Test §-31

Termination Network See Test 8-32

Cable 120 ohm bal/BNC, See Test §-32

Cable 120 ohm bal/120 ohm bal HP 15512A
Blocking Capacitors (2) Unique HP 10240B
75 ohm Termination (2) BNC HP 15522A

*Note: The Oscilloscope waveform illustrations in this Section were obtained using an HP 54100D Digital
Oscilloscope. If the Option 002 Performance Tests require to be completed, it is recommended
that an Analog Oscilloscope is used to allow the Jitter waveforms to be viewed clearly.
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8.3 Test Record

The results of the Performance Tests may be recorded on the Test Record at the end of the procedures.
The Test Record lists all of the test specifications and their acceptable limits. The results recorded at in-
coming inspection can be used for comparison in periodic maintenance, when trouble shooting, and after
repairs or ad justment,

8.4 Calibration Cycle

This instrument requires periodic verification of performance. Depending on use and environmental condi-
tions, the instrument should be checked, using this performance test procedure at intervals of approximate-
ly one year.

8.5 Performance Test Contents

The Performance Test Contents provide a list of the Performance Tests in the order in which they are
presented together with page number references. This is located at the front of the manual

8.6 Operation Verification

The Operation Verification procedure is provided in the HP 3784A Service Manual. This procedure is
designed as an overall troubleshooting aid. For basic operational checks, see Self Tests.

8.7 Self Tests

Sucessful completion of the Self Tests described in Section 2 provides a high confidence level that the in-
strument is functioning correctly.

8.8 Instrument Default Settings

The Performance Test procedures require the HP 3784A to be set to its Default Settings so that the instru-
ment is in a pre-defined state at the beginning of each test.

To set the HP 3784 A to its Default Settings,

I. Select Page | Preset Panel, using the PAGE keys. (Note: Option 002 will display [ PresetPanel ]).

2. Using the CURSOR POSITION and UPDATE keys, set the HP 3784A to Function [RECALL FROM]
Panel Memory [0].

3.  Press the key. The display will blank momentarily, indicating that the panel has been recalled.
The HP 3784A will now be set to its Default Settings.
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8.9 External Clock

DESCRIPTION

A signal from an External frequency source may be used as the reference clock for internal pattern genera-
tion. This test verifies that pattern generation is possible through the specified external clock frequency
range. The sensitivity of the CLOCK IN port to different input levels and the TX CLOCK OUT Mark :
Space ratio are also checked.

SPECIFICATION
External Clock Frequency Range ..............coiiiiiiiiiiiiiininnn. I kHz - 50 MHz
SERSTEIMAETE v covmomcvun misns ariinetoonsot i 5t oy e 6-a ) 558 o 520 a1 aci ot et Better than 500 mV p - p
V- ¥ 1170] {10110 (R S 5 V p-p (within limits of + 5 V)
Minimum Input Pulse Width ................... 10% pulse or space width 1kHz-10MHz

10 ns pulse or space width 10MHz-50MHz

The transmitter clock output duty cycle is dependent on the external input duty cycle, unless the msttu
ment is Option 002 and jitter generation is employved. Then it is always 50:50.

TEST EQUIPMENT

FrequenCy SYNTNESIZON . ..o e v e enemacnnssrninsomnsns e esne s sstsessssseses HP 3335A

Universal Counter ..............covvvnnn. e HP 5335A.

Pulse Generator ........o.vvvviiiniiirieiiininennens AR A HP 8116A
PROCEDURE

1.  Connect the equipment up as shown in Figure 8-1.
NOTE : For Option 002 instruments, Connect the Counter to the rear panel TX REF CLOCK QUT in-
stead of the front panel TX CLOCK OUT.

FREQUENCY HP3784A UNIVERSAL
SYNTHESIZER COUNTER

TX CLOCK TX CLOCK
0P INT out up
O 750 () Q =R

Figure 8-1 External Clock Test Set-up
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7

8.

5.

Select HP 3784A Page | Preset Panel: and set to Function [RECALL FROM] Panel Memory
[0]. Press the key to set instrument to its Default Settings.

NOTE: Option 002 Instruments. Select Page 12 Self Test: and set to Function [TYPE &
REVISION] Instrument Type 3784A [Standard]

Select Page 2 Tx Setup and set to Clock [EXT].
Set the Frequency Synthesizer amplitude to -3.8dBm and the frequency to 1 kHz.

Verify the HP 3784A TX CLOCK IN led is on and the frequency reading on the Universal Counter
display is 1000 £ | Hz. Check the Duty Cycle reading on the Universal Counter is between 44 and 56
%.

Set the Synthesizer amplitude to +11dBm and verify the TX CLOCK IN led is still on. Check the
frequency reading on the Universal Counter is still 1000 + 1Hz,

Set the Frequency Synthesizer amplitude to +5.7dBm and the frequency to each value shown in Table
8-2. For each setting, verify:

e the HP 3784A TX CLOCK IN led is on
e frequency value is displayved correctly on Page 2 Tx Setup Clock[EXT].
e the reading on the Universal Counter is correct

s the Duty Cycle on the Universal Counter is correct

Table 8-2. External Clock Frequency

Frequency Synthesizer HP 3784A Clock Universal Counter
Setting [EXT] (Page 2) (Hz) Reading (Hz)

1 kHz 1000 2 1000 + 0.001
10kHz 10000 £2 10000 + 0.01
100kHz 100000 £2 100000 + 0.1
IMHz 1000000 +4 1.0EG = |

10MHz 10000000 +31 100E6 = 10
50MHz 50000000 151 50.0E6 + 50

Disconnect the Frequency Synthesizer.
Now connect the Pulse Generator to the HP 3784A TX CLOCK IN port.

Set the Pulse Generator output level to 1 V p-p and select Variable Pulse Width Mode,
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10. Set the Pulse Generator output frequency and pulse width to the values shown in Table §8-3.

For each setting, verify the TX CLOCK IN led is on and the reading on the Universal Counter is

correct.

Table 8-3. External Clock - Variable Pulse Width

Pulse Generator
Frequency Setting

Pulse Generator Width
Setting

Universal Counter
Reading (Hz)

1kHz 100us 1.000 E3 £ 30
100kHz lus 10000 E3 + 5 E3
IMHz 100ns 1.000 E6 + 50 E3
10MHz 10ns 10.000 E6 + 500 E3
20MHz 10ns 20,000 E6 £ | E6
50MHz 10ns 50.000 E6 + 2.5 E6

11. Disconnect all test equipment

8.10

DESCRIPTION

Internal Clock and Frequency Offset

In the HP 3784 A there are two types of Internal Clock generation; generation at the Standard Clock Rates
and generation at a Variable Rate within a specified range. This test verifies the clock rate and checks the

frequency offset circuitry.

SPECIFICATION
Statrdand - Beateti s e maminsmenm s g v s e 704kHz, 2048kHz, 8448kHz and 34368kHz
Varighle Clock RATBE 5o v m im 03 5 5005 505,00 00,5500 5 5 560 5 050050358, | kHz - 50 MHz
ALCCUIACY ettt et e e ettt e e e et e et et e et e e et e e * 3 ppm
Frequency Of st . ... et e e e e e s + 99 ppm
il o Tt I ) e B Sy o e e ey (50 = 6)%
DUPEINES s sn on avicmsesons s 0 SRS S8 TR T A 500 Typically £ | ppm / vear

TEST EQUIPMENT

Universal Counter ... e et ettt e e e HP 5335A
OsCllOSCOPE oo See Table 8-1
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PROCEDURE

I. Connect the HP 3784A TX CLOCK QUT port to the Universal Counter as shown in Figure 8-2,

HP3784A
UNIVERSAL
OSCILLOSCPE COUNTER
TX CLOCK
CH A ouT 1P
o Ba e O 75

Figure 8-2 Internal Clock Test Set-up

2. Select HP 3784A Page | Preset Panel: and set to Function [RECALL FROM] Panel Memory
[0]. Press the key to set instrument to its Default Settings,

Standard Rates

3. Select Page 2 Tx Setup on the HP 3784A and set the Clock [STD RATE] [ ] field to the set-
tings given in Table 8-4. Verify on the counter that frequency readings and duty cycle are as shown in
Table 8-4. Use the Oscilloscope for duty cycle at 34MHz,

Table 8-4. Standard Rate Clock Outputs

HP 3784A Clock Rate Universal Counter Reading Duty Cycle "o
Hz
Lower Upper Lower Upper
[STD RATE] [7T04KHz] 703997 704003 44 56
[2MHz] 2047994 2048006 44 56
[8MHz] 8447976 8448024 44 56
[34MHz] 34367898 34368102 44 56

Variable Clock

To verify the HP 3784A Clock Synthesizer accuracy, set-up resolution and the Clock Output Duty Cycle
over each of the six frequency bands:

IkHz to 312kHz in 100Hz steps
312kHz to 3126kHz in 1kHz steps
3126kHz to 6252kHz in 2kHz steps
6252kHz to 12504kHz in 4kHz steps
12504kHz to 25008kHz in 8kHz steps
25008kHz to 50016kHz in 16kHz steps
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to set the frequency to the values shown in Table 8-5.

For each of the Clock

On Page 2 Tx Setup select Clock [VAR]. Use the CURSOR POSITION [uexr ) and (FRev_) keys

[VAR] selections verify the clock frequency accuracy on the Universal
Counter and verify the duty cycle on the Oscilloscope display.

Also check that the HP 3784A SYNTH UNLOCK led illuminates each time a new frequency is selec-
ted. It should extinguish when this frequency is achieved.

Clock Offset

Table 8-5. Variable Clock

Page 2 Tx Setup

Clock [VAR] (KHz)

Universal Counter
Frequency Reading

(Hz)
10.1 10100
150.1 150100
2001.0 2001000 =6
43220 4322000 £12
10004 10004000 £30
17008 17008000 =51
25008 25008000 £75
50016 50016000 £150

The Frequency Offset circuitry applies to all internal clock rates and so it is sufficient to verify the
frequency offset values at Standard Rate 34.368 MHz only.

6.  Select Page 2 Tx Setup and set to Clock[STD RATE][34 MHz]. Set the Offset Frequency to each
of the values shown in Table 8-6.

Verify the TX CLOCK OUT accuracy on the Universal Counter.

Table 8-6. Frequency Offset

Frequency Offset (ppm) Frequency Reading Frequency Reading

Lower (Hz) Upper (Hz)

-99 34 364 495 34 364 701

-20 34 367 211 34 367 415

-5 34 367 726 34 368 070

0 34 367 898 34 368 102

6 34 368 104 34 368 308

50 34 369 616 34 369 820

99 34 371 300 34 371 504

7.  Disconnect all test equipment
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8.11 Binary Clock and Data Outputs

DESCRIPTION

This test verifies the HP 3784A transmitter Clock and Data OQutput for correct TTL/ECL levels and duty
cycle/mark-space ratio over the instrument clock range.

SPECIFICATION
EORMAT sm10s s iS5 00 B4 RIS 0 10 G e D  as Clock and NRZ data.
Level. - cvvmvmenmn dn g vm i o s a R A R e T R TTL or ECL levels selectable
CToek: PN Gl v mmer il Ao s o e el e, oo ety veriirs Aoy T (50 £ 0)%
PRABIIE o500 40 et 5 58,5, ST S o o reagoss epeit s Clock Normal or Inverted selectable

TEST EQUIPMENT

(0 :7cH 1| [T 0 1= O o ... See Table 8-1
Universal COUMBT ... .t e e e e HP 5335A
121 o o] Kl o G o TaTch § i o o NN SO ST PR 2 X HP 10240B

PROCEDURE

. Select HP 3784A Page | Preset Panel: and set to Function [RECALL FROM] Panel Memory
[0]. Press the (_exec ) key to set instrument to its Default Settings.

12

Select Page 2 Tx Setup and set to the following:

2 Tx Setup: Data Out [BINARY][TTL 1]
Clock [STD RATE][ 2 MHz) Offset [ +0lppm
Pattern [WORDI[ 21Bit [10 1
Er Add (bit) [OFF ] Clock QOut [NORM]

3. Connect the HP 3784A. 75 ohm, TX DATA OUT port to Channel A of the Oscilloscope and TX
CLOCK OUT port to Channel B. Terminate both in 75 ohms.

Set the Oscilloscope to trigger on Channel A.

4. Verify the Clock duty cycle is (50£6)" and the signal levels are as shown in Figure 8-3, typically V, =
L
0V and VH = 3V.
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CETRR600 s Lz Ed6eE Us “goboes s

Ch. 1 = 2.800 volts/div Offset = 0.000 volts
Ch. 2 = 2.0028 velts/div Offset = 0.000 volts
Timebase = 500 ns/div Oelay = (.00000 =

Trigger mode : Edge
On Pos. Edge on Chant
Trigger Levels
Chant = 288.0 mvolts
Holdoff = 70.000 ns

Figure 8-3 Binary Clock and Data Qutputs (I'T'L)

5. Set to Clock Out[INV]. Verify the clock signal polarity changes.

6. Now connect the HP 3784A. 75 ohm, TX DATA OUT and TX CLOCK OUT ports through blocking
capacitors to Channels A and B respectively, terminating the input in 75 ohms.

7.  Set the HP 3784A to Data Out [BINARY][ECL] and check the signal levels on the Oscilloscope are
as shown in Figure 8-4 | typically VL = .85V and VH = -0.55V.

F 1. [ 1 [ 1 1 T 1 |
o I A s R | 1 ;
1 e 7
ZETBReBe De T 42 50000 us 0.00000 s
Ch. 1 = Z2.000 volts/div Offset = @.002 volts
Ch. 2 = 2.000 wvolts/div Offset = 0.000 volts
Timebase = 5S00 ns/div Delay = 0.00000 s
Trigger mode : Edge

On Pos. Edge on Chanl
Trigger Levels

Chan! = -50@.8 mvolts
Holdoff = 70.09@ ns

Figure 8-4 Binary Clock and Data Outputs (ECL)

8. Disconnect the HP 3784A, 75 ohm, TX DATA OUT and TX CLOCK OUT ports from the
Oscilloscope and reset the HP 3784A to Data Out [BINARY]J[TTL].
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9. Connect the HP 3784A, 75 ohm, TX DATA OQUT port to the Universal Counter Channel A. Verify
the frequency count is 1.024 +0.003 MHz ( The "10" WORD data is NRZ so the count is half the clock

rate ).
10. Now select Clock[VAR] and set trequency to the values shown in Table 8-7.

Verify the Universal Counter display reading. (The data rate is half the clock rate because the data is
NRZ).

NOTE : Use the Oscilloscope to measure the duty cvcle at 50000kHz setting.

Table 8-7. TTL Binary Data Output

Clock [VAR] Frequency | Universal Counter Reading
(kHz) (Hz)
Lower Upper
1000 499 99§ 500 002
10000 4 999 985 5000 015
50000 24 999 925 25 0000 75

11, Disconnect all test equipment

8.12 Transmitter n-Bit Programmable Word
DESCRIPTION

The n-Bit Programmable Word generation is checked bit by bit. "n" is selectable between | and 16.
SPECIFICATION
A repeating n-Bit word pattern is generated at the HP 3784A Transmitter. n is selec-
table between 1 and 16.
TEST EQUIPMENT
Universal COUNTEE . e v s i s e o s s s sne 530 510 0 3 o v oo o e i e HP 5335A
PROCEDURE
I. Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settings.

2. Connect the HP3784A, 75 ohm, TX DATA OQUT port to the Universal Counter (terminated in 75 ohms,
AC coupled).
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3. Select Page 2 Tx Setup and set as follows:

2 Tx Setup: Data Out [BINARYI([TTL 1
Clock [STD RATEI[ 2 MHzl Offset [ +0lppm
Pattern [WORD][ 21Bit [10 ]
Er Add (bit) [OFF 1 Clock Out [NORMI

4. For each WORD in Table 8-8 below, verif'y the reading on the Universal Counter,

Table 8-8. Transmitter n-Bit Programmable Word

Pattern [WORD] [n] Word Bits Universal FREQ A Counter
[ 1 Reading kHz
2 10 1024
3 100 682
4 1000 512
5 10000 409
) 10 0000 341
7 100 0000 292
8 1000 0000 256
9 10000 0000 227
10 10 0000 0000 204
11 1000 00000000 186
12 1000 0000 0000 170
13 1 0000 0000 0000 157
14 10 0000 0000 0000 146
15 100 0000 0000 0000 136
16 1000 0000 0000 0000 128
16 1010 1010 1010 1010 1024
16 0101 0101 0101 0101 1024

5. Disconnect all test equipment
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8.13 Transmitter Pattern Trigger

DESCRIPTION

The rear panel SELECTABLE port can be used as the output of either the TX PATTERN TRIGGER or
the RX CLOCK OUT by selecting the appropriate field on Page 10 Rear Panel Ports.

This test verifies the Pattern Trigger output, including the Pulse Width and Port Selection Switching using
8-Bit and 16-Bit word patterns.

The position of the trigger pulse with respect to the data pattern is checked on the Oscilloscope.
SPECIFICATION

One pulse at start of each PRBS sequence or WORD.

FOrmIats oo e os o wo o Square wave with one transition per n-bit or PRBS sequence.
POsition: s m m s s Transitions nominally before the first bit in WORD

or before the longest run of zeros
Puilse WAEH o ox o svprworsennmsemasiesss w50 1h 56 5 ¥ 5 6, 1 5 Nominal one clock period
ATIPITEIA 5 o @ 5 w0 v i s 0 e SesS V8 T8 55 15 700 0 300, 050 108 008 i v Nominal ECL levels
External Load............ 50 ohms to -2V, DC coupled 350 ohms to ground, AC coupled

TEST EQUIPMENT

LIntversi]l COUBIBE & o mom vov me o 5 5 0 05 B 0 5 45 1 0% 50 55 55 5 56 50 00 50 50 0 5.0 4 HP 5335A
OISEITEECODIE 55 55 15 05 55 55 U5 5 55 s 555 508 sur 5ia m30 e 2y se 2up 200 S50 Bt 73 om0 b aus o mie sxmspyese See Table 8-1
PROCEDURE

1. Connect the HP 3784A rear panel SELECTABLE port to the input of the Universal Counter at
Channel A, terminated with 50 Ohms, AC coupled.

2. Select HP 3784A Page | PresetPanel on the HP 3784A and set the instrument to its Default
Settings.

3. Select Page 2 Tx Setup and set to Data Out [BINARY][TTL] and Pattern[WORD][

8]1[10000000]
Verify the reading on the display of the Universal Counter is 4296 MHz + [2Hz
4. Set the HP 3784A to Pattern[WORD][16 ][ 10000000000000000].

Verify the Counter reading is now 2.148 Mz + 6Hz.
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5. Now connect the equipment as shown in Figure 8-5.

HP3784A OSCILLOSCOPE
! SELECTABLE
O PORT
(REAR PANEL)
TX DATA CHA  CHB
O ouT 750 G 1A% L 15 0

Figure 8-5 T'ransmitter Pattern T'rigger l'est Set-up
Set the Oscilloscope to trigger on Channel A,

6. Select HP 3784A Page 2 Tx Setup and set to the following:

2 Tx Setup: Data Out [BINARYJ[TTL ]
Claock [STD RATEI[ 2 MHz] Offset [ +0lppm
Pattern [WORD][_6]Bit [100000 ]
Er Add ¢(bit) [OFF 1 Clock Out [NORM]

7.  Check the Oscilloscope display is as shown in Figure 8-6,

“TeBege Us T IS 0000 us 2.00000 s

Ch. 1 = 1.000 wvolts/div Offaet = @.000 volts

Ch, 2 = Z2.000 wvolts/div Offset = 0.8@0 volts

Timebase = 1,00 us/div Delay = @.00000 s
Trigger mode : Edge

On Pos. Edge on Chanl
Trigger Levels

Chant = -1.380 ~volts
Holdaff = 70.00@0 ns

Figure 8-6 Patiern Trigger Output (6-Bit Word)

Performance Tests
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8. Select Page 10 Rear Panel Ports and set to Selectable Port[RX CLOCK OUT].

9. Connect HP 3784A TX CLOCK OUT port to RX CLOCK IN port and Rear Panel SELECTABLE
port to Universal Counter (Input A terminated in 50 Ohms, AC coupled).

10. Verify the frequency reading on the Universal Counter is 2.048 MHz = 6Hz. This is now the output of
the HP 3784A RX REF CLOCK.

11. Disconnect all test equipment

8.14 Transmitter PRBS Pattern Verification
DESCRIPTION

The HP 3784A offers the choice of seven internally generated PRBS patterns. This test verifies the length
and the number of "l"s in each sequence. The Zero Substitution function, which allows part of each se-
quence to be replaced with zeros, is also checked.

SPECIFICATION

7 different lengths of PRBS pattern are offered:
A1
| 110 CCITT Rec V.52
s | to CCITT Rec O.152
o | to CCITT Rec O.151
” -1 French Industry Standard
-1 (Not zero limited)
-1 to CCITT Rec 0.151

2

2
s
2
2
2
2
2

Zeros Substitution - Up to 999 zeros may be substituted for the data in each PRBS pattern. Substitution
starts at the begining of the longest run of zeros in the pattern. If the bit following the substituted zeros is
also a "0", it is set to a "I".
EQUIPMENT

5T oy Y Y 1 O SO HP 5335A
PROCEDURE
1. Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settings.

2. Select Page 2 Tx Setup and set to Data Out [BINARY][TTL].

3. Connect HP 3784A TX CLOCK OUT port to Universal Counter Input A (terminated in 75 Ohms) and
the rear panel SELECTABLE port to Input B (terminated in 50 Ohms, AC coupled).

4. Set the HP 3784A Pattern to each of the PRBS patterns in Table 8-9 and verify the RATIO A/B
readings are as shown in Table 8-9.
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5. Connect the HP 3784A 75 ohm TX DATA OUT port to Universal Counter Channel A

Table 8-9. PRDBS Sequence Length Verification

Tx Setup Pattern Universal Counter
[PRBS][ ] RATIO A/B
2%-1 [0 63
29-1  [9] 511
211 (1] 2047
271521 [15] 32767
271 171 131071
-1 [20] 1048575
-1 [23] 8388607

Performance Tests

6. Again set the HP 3784A Pattern to each of the PRBS Patterns and verify the reading on the
Universal Counter for RATIO A/B is as shown in Table 8-10.

Zero Substitution

Table 8-10. Transmitter PRBS Pattern Verification

PRBS Tx Data Out
RATIO A/B

26 - | 16

29 = | 128

2 - 512

215 _ 8192

2117 . 1 32768

220 _ | 262144

223 2097152

7. On Page 2 Tx Setup set Pattern to [PRBS]-[6], set the Zerosub field to each of the values shown
in Table 8-11 and verify the Universal Counter reading for RATIO A/B.

Table 8-11. Zerosubstitution
Substituted Zeros Universal Counter
ZeroSub[ ] Reading

000 16
001 17
009 15
029 10
039 7
049 4

059 |

8. Disconnect all test equipment.
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8.15 Transmitter Alternating Word

DESCRIPTION

This test verifies the Transmitter Alternating Word function. Two 8-bit words are programmed and alter-
nated by a signal applied to the EXT MOD/ALT WORD port from an external source, As WORDS A and
B are alternated, the output at TX DATA OUT will be a signal equal to the alternating frequency.

Option 002 also allows you to use an internal source to alternate the two words.

SPECIFICATION

Alternating Word Port

TRTEATIER o oo m oo o0 5% 0 10 50 00 56 00 T80 00 30 300 300 500 005 S0 % 4 4 50 ohms nominal to ground
'THREEROI 0,50 56 50 05 56 2 56 28 18 o8 % = 50 70 6 bon ses 20 5 B8 708 50 s S o0 me e 5 Nominal to Ground
Frequency Range ........ ..o, dc to 100 kHz for square waves

TEST EQUIPMENT

Programntalile Signal SOUTECE 5 rq v or vs vs o v wr v v o5 55 v smissiioss s 68 o6 a5 4 HP 8165A
Universal GONREED 5o sozn o vo o 75 55 45 25 55 96 o5 05 &5 75 6 % SN ST A AANEN 0 o304 o0 4 HP 5335A
PROCEDURE

1. Connect the equipment as shown in Figure 8-7.

HP3784A
SIGNAL UNIVERSAL
SOURCE COUNTER
EXTMOD  TX DATA
orP IN ouT P
5020 0O o o758

Figure 8-7 Alternating Word Test Set-up

2

Select Page | Preset Panel on the HP3784A and set the instrument to its Default Settings.
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3. Select Page 2 Tx Setup and set as tollows:

2 Tx Setup: Data Out [BINARYILTTL 1
Clock [STD RATE][34 MHz]l Offset [ +0lppm
Pattern [ALT WORD] WORD [Al [11111111]

Er Add (bit) [OFF ] Clock Out [NORM]

4,  Now select word [B] and set to [ 00000000 ].

5. Set the Signal Source to a | V p-p square wave and set the frequency to each of the values shown in
Table 8-12. Verify the frequency reading on the Universal Counter is equal to the selected frequency,
Channel A trigger on the Counter may require adjustment,

Tuable §-12. Alternating Word Verification

Frequency (Hz) Universal
Counter Reading
(Hz)

2 2

10 10

100 100

200 200

1000 1000

10 000 10000

100 000 100000 =1

200 000 200000 =2

6. Now set the Signal Source amplitude to 600 mV p-p at a frequency of | kHz. Verify the TX DATA
OUT frequency on the Universal Counter is 1.000kHz.

7. Increase the Signal Source output level to 3 V p-p at 1 kHz. Again verify the Universal Counter read-
ing is 1.000kHz.

8. Disconnect all test equipment
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8.16 Ternary Data Outputs
DESCRIPTION

This test verifies the format and coding of the transmitter ternary data output. The pulse shape is verified
at all the clock rates and the AMI/HDB3 coding is checked.

SPECIFICATION
DIATA TALES ., iy re voeinmnonrinir ms b fie v pow s wib b B smsasmmin o momcnsn ok 704, 2048, 8448 and 34368 kb/s
o 0 T ) RZ
Line Code. . ..o e AMI or HDB3
Amplitude (704, 2048, 8448kb/s unbalanced) .......ooovviiiiiiii i 2.37V peak
Amplitude (704, 2048kb/s balanced) . ... 3.0V peak +10%
Amplitude (34368kb/s unbalanced).........cooviiiiiiiiiiiiii 1.0V peak =10%
ATTptuide Ratio BV R o i i o o e 5 s miesme s s s e S 5 0% 6 i R RRie 1:1 £ 0.05
Transition Times(20% - 80%) unbalanced .. .. ... ovviinviiiiiie i v ia s i sninsnins <5ns
Transition Times(20% - 80%) balanced. .. ... ... <10ns
L0 =1 T T ) <10%
Impedance ..........coveviinnns 75 ohm nominal unbalanced to ground at all four rates
120 ohm nominal balanced at 704 and 2048kb/s
EQUIPMENT
CISEIIOSEONE & o cs s w0 5 6 05 5 10 V3 05 96 1 50 000500 V0 350 0,50 00 550 Vi 40 50 B0 o 75 30 3 See Table 8-1
120 ohm Balanced / 75 ohm Unbalanced Converter .............covvvnn... HP 15508C
PROCEDURE

1. Connect the HP 3784A, 75 ohm, TX DATA OUT port to Channel A of the Oscilloscope (terminated in
75 Ohms).

2. Select Page 1 Preset Panel and set the instrument to its Default Settings.

3. Select Page 2 Tx Setup and set to the following:

2 Tx Setup: Data Out [75 TERMI[AMII
Clock [STD RATE] [34 MHz]l Offset [ +0lppm
Pattern [WORDJ[ 41Bit [1000 1
Er Add [bitl [OFF 1 Clock Out [NORMI]
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Pulse Shape (Unbalanced Output)

4. Adjust the Oscilloscope to obtain an isolated positive pulse as shown in Figure 8-8.

U35 7000 The TG Gt s . 25800 s

Ch. 1 = 200.8 mvolts/div Offset = 388.0 mvolts

Timebase = 5.00 ns/div Delay = 0.0Qgee s

Delta T = 3.600 ns

Start = -1,100 ns Stop = Z2.50@ ns

Delta U = 1.800 volts

Umarker! = @.00@0 volts UmarkerZ = 1.008 wvolts
Trigger mode : Edge

On Pos. Edge on Chan!
Trigger Levels

Chanl = 450,08 mvolts
Holdoff = 7@.000 ns

Figure 8-8 lIsolated positive pulse at 34 Ml iz

5. Check the pulse has the following characteristics (refer to Iigure 8-9 for details of pulse
characteristics):
Pulse Amplitude = 1.0V 0.1V
Transition Time < 5ns
Overshoot < 0.1V

OVERSHOOT

’ 80% — 4 — — — — - e

PULSE
WIDTH

—HALF AMPLITUDE

PULSE
AMPLITUDE

20% — j- _—_—————
ov e
MID OVERSHOOT
POINT ﬁ
PULSE WIDTH

—»{le— TRANSITION —»fje—
TIME

+VE PULSE

Figure 8-9 Pulse Characteristics
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Adjust the Oscilloscope to obtain an isolated negative pulse and repeat step 5.

Adjust the Oscilloscope to view both the positive and negative pulses and verify the +ve to -ve pulse
amplitude ratio is 1:1 = 0.05

Set the HP 3784A Page 2 Tx Setup to Clock [STD RATE][8 MHz]
Repeat steps 4 to 7 for the following pulse characteristics:

Pulse Amplitude = 237V 2023V

Transition Time < 5ns

Overshoot < 0.1V

Amplitude Ratio 1:1 £0.05
Set the HP 3784A Page 2 Tx Setup to Clock [STD RATE][2 MHz]
Repeat steps 4 to 7 for the pulse characteristics given in step 9.

Set the HP 3784A Page 2 Tx Setup to Clock [STD RATE][704 KHz]

Repeat steps 4 to 7 for the pulse characteristics given in step 9.

Pulse Shape (Balanced Qutput)

14.

17.

18.

Disconnect the 75 ohm Tx DATA OUT port from the Oscilloscope and connect the 120 ohm Tx
DATA OUT port to the Oscilloscope via the 120 ohm Bal / 75 ohm Unbal Converter and a 120 ohm
Balanced Cable.

Set the HP 3784A Page 2 Tx Setup to Data Out [120 TRM][AMI]
Repeat steps 4 to 7 for the following pulse characteristics:

Pulse Amplitude = 2.37 £0.23V

Transition Time < 10ns

Overshoot < 0.1V

Amplitude Ratio I:1 £0.05
Set the HP 3784A Page 2 Tx Setup to Clock [STD RATE][2 MHz]

Repeat steps 4 to 7 for the pulse characteristics given in step 16.

AMI/HDB3 Coding

19.

Set the HP 3784A Page 2 Tx Setup to the tfollowing;

2 Tx Setup: Data Out [120TRMI[ AMI]
Clock [STD RATEI[ 2 MHz] Offset [ +01ppm
Pattern [WORDI[ 51Bit (10000 1
Er Add [ OFF] Clock Out [NORM]
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20. Check that the displayed waveform is as shown in Figure 8-10

—_—
{ .
|
i
“Z.50000 us  ©.00000 = 2.50000 us
Ch. 1 = 1.008 wvolts/div Offset = 4.800 mvolts
Timebase = 580 ns/div Delay = 0.20000 =

Trigger mode : Edge
On Pos. Edge on Chanl
Trigger Levels
Chanl - 1.082 volts
Holdoff = 7@.08@ ns

Figure 8-10 Tx DATA (10000 WORD AMI)
21. Set the HP 3784A Page 2 Tx Setup to Data Out [120 TRM][HDB3]

22. Check that the displayed waveform is as displaved in Figure 8-11

= = == o
—

L - 5——' -
Z5sgees us T T 0. bose s 2.50000 us
Ch. 1 = |.08@ wvolts/div Offset = 4.000 mvolts

Timebase = GS0@ ns/div Delay = Q.00000 s

Trigger mode : Edge
On Pos. Edge on Chanl!
Trigger Levels
Chani = 1.20@ volts
Holdoff = 2.5500@ us

Figure 8-11 Tx DATA (10000 WORD HDB3)

23. Disconnect all test equipment.
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8.17 Bit and Code Error Add

DESCRIPTION

This test verifies the HP 3784A Transmitter Error Add function. Bit or Code Errors can be added at a
specified rate or singly using the Single Error Add kev. When code errors are added to HDB3 ternary data,
bit errors may also be introduced.

The Bit Error Add Facility which allows errors to be added at a confinuous rate or singly using the
ERROR ADD key, is checked using a Universal Counter. Errors are added to a "0000" WORD pattern and
measured at the TX DATA OQUT port,

Code Error Add is checked by injecting single errors to a ternary data stream and looking at the output on
an Oscilloscope. The polarity of the signal changes each time an error is injected.

It is not necessary to check the code error add rates because the circutry which injects the correct number
of errors is the same as for the bit errors.

SPECIFICATION
Bit Error Add "Zeros" are set to "ones" and vice versa.

Code Error Add HDB3: Positive and negative "ones' are set to "zeros' and
"zeros" are set to positive "ones".

AMI: Positive "ones" are set to negative "ones" and vice versa.

Single One error added for each press of the ERROR ADD key.
The led is illuminated when this key is enabled.
Rate Selectable from 1 in 10°, 10%, 10 ” or 10°.
EQUIPMENT
Universal CoumM e e e e HP 5335A
TSR OSEOPIE cnscuin s o5 s sce 15 0 s0d S0 8 W8 o58 s 05 458 0% 00 W4 3 425 03 428 M6 68 W 6 A w6 See Table 8-1
PROCEDURE

I. Connect the HP 3784A., 75 ohm, TX DATA OUT port to Channel A of the Universal Counter (ter-
minated in 75 Ohms, AC coupled ).

2.  Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settlings.
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Bit Error Add

3, Select Page 2 Tx Setup and set as follows:

2 Tx Setup: Data Out [BINARYICLTTL 1]
Clock [STD RATE][ 34MHz] Offset [ +0]lppm
Pattern [WORDII[ &41Bit [0000 ]
Er Add (bit) [RATEI-I[3]1 Clock Out [NORM]

4. For each Er Add(bit)[RATE] shown in Table 8-13, verify the frequency reading on the Universal
Counter.

Table 8-13. Error Add Rate Check

Error Add (bit) Universal
[RATE] Counter Reading
Page 2 (Hz)

-[3] 34368 E3

4] 34368 E3

5] 343.68

-16] 34368

5. To verify the Single or Manual Error Add, select Page 2 Tx Setup and set to Er Add(BIT)}[MAN].
6. Set the Universal Counter to measure absolute count (TOT A function) and press Gate OPEN key.

7. Press the ERROR ADD key a few times and verify the count on the Universal Counter increments
each time the key is pressed.

Code Error Add

8. On Page 2 Tx Setup, set to Data Out [75 TERM][AMI], Pattern[WORD][2][10] and Er
Add[CODE ][MAN].

9.  Connect HP 3784A TX DATA OUT port to Channel A (terminated in 75 ohms) of the Oscilloscope
and the rear panel SELECTABLE port to Channel B (terminated in 50 ohms). Set the Oscilloscope to
trigger on Channel B,

10. Press the ERROR ADD key a few times and check that the polarity of the data wavetform on Channel
A of the Oscilloscope inverts each time.

I1. Disconnect all test equipment,
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8.18 Receiver Binary Data and Clock

DESCRIPTION

The Binary Data and Clock inputs are verified from minimum to maximum clock rates. The interface

TTL/ECL select and Clock Inverse function are checked.

SPECIFICATION
e 1421 S P Clock and NRZ Data
Frequency Range ... .. it i o i et e IkHz to 50MHz
Level - Clock Input .. ... i TTL/ECL linked to Data Selection.
-Datalnput ... User Selectable TTL/ECL linked to Transmitter
BIABIHIE smsicarismmnn an 6 o o iz o6 a6 52 s o a5 55 3 User selectable Normal or Inverted polarity
EQUIPMENT
Frequency Synthesizer ... .o e e HP 3335A
PROCEDURE
.  Connect the Frequency Svnthesizer 75 ohm output to the HP 3784A TX CLOCK IN port.
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NOTE: Option 002 Instruments. Select Page 12 Self Test: and set to Function
REVISION] Instrument Type 3784A [Standard]

Select HP 3784A Page | Preset Panel and set the instrument to its Default Settings.

Connect TX DATA OUT port to RX BIN DATA IN port and TX CLOCK QUT port to RX CLOCK
IN port.

Select Page 2 Tx Setup and set to the following:

2 Tx Setup. Data Out [BINARYI[TTL 1]
Gloek: [EXT] .ou v s Hz Offset [ +0]1ppm
Pattern [PRBS]-[23] Zero Sub [000]
Er Add (bit) [OFF ] Clock Out [NORM]
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5. Set the Frequency Synthesizer amplitude to +5dB and the frequency to the values in Table §-14,
Verify for each setting that the HP 3784A RX CLOCK IN led is on and that the BIT and CODE
ERRORS and SYNC LOSS ALARM leds remain extinguished.

Table 8-14. Received Clock Check

Frequency Synthesizer HP 3784A Page 4
Setting [ERROR RESULTS]
Rx Frequency ..Hz

1.0kHz 1000

10.0kHz 10000

100.0kHz 100 000 *1
1.0OMHz 1000 000 +3
10.0MHz 10000 000 £30
50.0MHz 50000 000 +150

6. Set Page 2 Tx Setup to Data Out [BINARY][ECL] and to Clock Out [INV]. Check that at the
50MHz Frequency Synthesizer setting, the HP3784A BIT ERRORS, CODE ERRORS and SYNC LOSS
ALARM leds remain extinguished.

7. Select Page 3 Rx Setup and set to Clock [INV]. Check that the HP3784A BIT ERRORS, CODE
ERRORS and SYNC LOSS ALARM leds are still extinguished.

8. Disconnect all test equipment.
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8.19 Receiver Clock Recovery

DESCRIPTION

The clock for the coded ternary data is recovered from the incoming data at the RX DATA IN port. This
test verifies the capture range of the clock recovery circuitry at each of the standard bit rates and with 24

zeros substituted into the AMI data. The receiver clock output is monitored.

SPECIFICATION

Bit Rates:

Rate Tolerance: .......
Format: ................
Pulse Width: ...........

EQUIPMENT

Frequency Synthesizer

Universal Counter ....

PROCEDURE

Dedicated clock recovery constrains to one of four fixed
frequencies and is specified for the following codes:

704 kHz AMI with up to 24 zeros together or HDB3,

2048 kHz AMI with up to 24 zeros together or HDB3.

8448 kHz HDB3

34368 kHz HDB3

........................................................ £120 ppm.
......................................... RZ AMI or HDB3 code.

........................................... (50% 6)% of bit period.

HP 3335A
HP 5335A

1. Connect the equipment as shown in Figure 8-12.

HP3784A
FREQUENCY
SYNTHESIZER
TXCLOCK  TX DATA RXTERN
o/IP IN ouT DATA IN
I e o) o B 0 7581

|

Figure 8-12 Receiver Clock Recovery Test Set-up

2. Select HP 3784A Page | Preset Panel and set the instrument to its Default Settings.

3.  Select Page 2 Tx Setup and set to Clock[EXT] and Pattern[PRBS][6].
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4. Select Page 3 Rx Setup and set to the following:

3 Rx Setup [MAN] Data In [75TERM] [HDB3]
Clock Rate [704kHz]

Pattern [AS TXI]

5. Set the Synthesizer output level to + 5 dBm. Set the frequency and Page 3 Clock Rate values as
shown in Table 8-15. Verit'y for each setting that the HP 3784A BIT ERRORS and SYNC LOSS leds

remain extinguished.

Table 8-15. Clock Recovery at Standard Rates

Frequency HP 3784A Page 3
Synthesizer Clock Rate [ ]
Setting (Hz)

703 915 [704kHz]
704 085

2047 754 [2MHz]
2048 246

8446 986 [8MHz]
8449 014

34 363 876 [34MHz]
34 372 124

6. Now select Page 2 Tx Setup and set to Data Out [75 TERM][AMI] and Zerosub[024].

7. Set the Synthesizer frequency to each value in Table 8-16 and verify that for each setting that the HP
3784A BIT ERRORS and SYNC LOSS ALARM leds remain extinguished.

Table 8-16. AMI Data with 24 Zeros Substituted

Frequency HP 3784A Page
Synthesizer 3 Rx Setup
(MHz)

0.704 [704KHz]

2048 [2MHz]

8. Disconnect all test equipment.
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8.20 Ternary Data Input Levels
DESCRIPTION

Automatic equalization is provided at the receiver ternary data input ports. The equalization is checked by
inserting a length of attenuating cable between the Transmitter and Receiver and verifying that the signal
can be detected, For each ternary data input level a "MON" mode is available which provides additional
gain for operation at protected monitor points. This test checks that the additional gain can be provided.

SPECIFICATION
HOFHIAE woi im 5 i s simrsaias 5 05 55 50’ B G oy R S s s e o AMI or HDB3 code, RZ
Prilse WAALH o o msnmmmsnnaeTe i 5 5 5 S o o ge it e 450 00 24, 55 3 (50 £6) Y% of bit period.
Amplitude ....... Automatic root f equalization as per CCITT Rec 703 paras 6, 7 and 8
Table 8-17. Root f Equalisation
Nominal Bit Rate (kbit/s) 704 2048 | 8448 34368
Nominal max peak voltage (75 Q) 237 237 237 1.00
Nominal max peak voltage (120 @) 3.00 3.00 = -
Max loss at 1/2 bit rate (dB) 3 ] §] 12
Table 8-18. Monitor Mode Additional Gain
Nominal Bit Rate (kbit/s) 704 2048 | 8448 | 343068
Additional Gain Provided (dB) 30 30 30 26
EQUIPMENT
N 6 1 0 o 1 P HP 3750A
Cable i 480ft (146.3m) Belden cable
PROCEDURE

I. Connect the equipment as shown in Figure 8-13 below.

HP3784A
RX TERNARY
TX DATA DATA
ouT IN
& O
;o

Figure 8-13 Ternary Data Input Test Set-up

2.  Select Page | Preset Panel on the HP 3784A and set instrument to its Default Settings.
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Select Page 5 Gating Period and set to Gating Type [SINGLE] Period [0]d [0]h [O]m
[5]s. Select Page 4 [ERROR RESULTS] and set to Rx [CODE ERR][COUNT].

Press the MEASURE key to start the measurement gating and at the end of the 5 second
gating period, check the Rx Bit and Code Error count is zero.

Select Page 2 Tx Setup and repeat step 4 at [STD RATE], [8MHz], [2MHz], and [704kHz].
Ensure each clock rate is error free,

Now connect the Attenuator between the Belden cable and the HP 3784A RX TERNARY DATA IN
port.

Select Page 3 Rx Setup and set to the following:

3 Rx Setup [MAN] Data In [75 MONIL[ AMI]
Clock Rate [704kHz]
Pattern [AS TX]

Set the Attenuator to 30dB and check all the front panel ALARMS are extinguished.

Select Page 4 [ERROR RESULTS] and press the MEASURE key. At the end of the gating
period, check on Page 4 that the Rx Bit and Code Error Count is zero.

Repeat step 9 for a clock rate of [2MHz]. Be sure to change the clock rate on both the Tx and Rx
Pages.

Disconnect all test equipment.
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8.21 Reference WORD and Synchronization
DESCRIPTION

The HP 3784A Receiver n-Bit WORD reference pattern generation Sync Loss and Sync Gain criteria are
checked using an output data pattern from the Transmitter.

A binary WORD pattern from the Transmitter is input to the RX BIN DATA IN port. One bit of the
Receiver reference pattern is changed to force loss of synchronization, It is then reset to ensure
synchronization is regained and the SYNC LOSS led goes out.

SPECIFICATION
Reference n-Bit WORD patterns n-Bit programmable WORD pattern. n
selectable between | and 10.
Sync Loss > or = | error in 9 bits over last 100ms.
Sync Gain < | error in 100 bits.
Procedure.

1. Connect HP3784A, 75 ohm, TX DATA OUT port to RX BIN DATA IN port and TX CLOCK OUT
port to RX CLOCK IN port.

2.  Select Page 1 Preset Panel on the HP 3784A and set the instrument to its Default Settings.

3. Select Page 2 Tx Setup and set to the following :

2 Tx Setup: Data Out [BINARYIILTTL J
Clock [STD RATE] [34 MHz]l Offset [ +01ppm
Pattern [WORD][161Bit [10101010101010101
Er Add (bit) [OFF ] Clock Out [NORM]

4. Select Page 3 Rx Setup and set to the following :

3 Rx Setup [MAN] Data In [BINARY][TTL]
Clock [NORM] Clock Rate [34 MHZ]
Pattern [WORDI[161Bit [1010101010101010]
Jitter Display Rate [FAST]

5. Verify the Rx CLOCK IN led is on.
6. Verify all front panel ALARM leds are off.

7. Now on both Page 2 Tx Setup and Page 3 Rx Setup, change the pattern [WORD] to
[0101010101010101]
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8. Verify all front panel ALARM leds are still off.

9. Now change the Page 3 Rx Setup Pattern [WORD] to [1101010101010101].
Verify the front panel SYNC LOSS ALARM led remains extinguished.

10. Now change the Page 3 Rx Setup [WORD] to [1111010101010101]
Verify the SYNC LOSS ALARM led is illuminated.

11. Now change the word back to the setting used in step 9.
Verify the SYNC LOSS ALARM led is once again extinguished.

12. Disconnect all test equipment.

8.22 Receiver Reference PRBS Patterns and Zero
Substitution

DESCRIPTION

This test uses the HP 3784 A Transmitter to verify the seven reference PRBS patterns at the Receiver and to
check the zero substitution function.

SPECIFICATION
PRBS Pl RIS oo s s s i s s e As Transmitter
ZETOSUDETTEION, b g ot oo ot 0, v b e o oy o et e v s o o o v 8 As Transmitter
EQUIPMENT

This test uses the HP 3784A Transmitter to verify the Receiver operation.

PROCEDURE

Reference PRBS Generation

1. Connect the HP 3784A, 75 ohm, TX DATA OUT port to the , 75 ohm, RX BIN DATA IN port and
the TX CLOCK OUT port to the RX CLOCK IN port.

2. Select Page | Preset Panel on the HP 3784A and set the the instrument to its Default Settings.
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3. Select Page 2 Tx Setup and set to the following;

2 Tx Setup: Data Out [BINARYI[TTL 1]
Clock [STD RATE] [34 MHz] Offset [ +0]lppm
Pattern [PRBSI-[6] Zero Sub[000]

Er Add (bit) [OFF 1 Clock Out [NORM]

4. Select Page 3 Rx Setup and set to the following:

3 Rx Setup [MAN] Data In [BINARYII[TTL]
Clock [NORMJ] Clock Rate [34 MHZ]
Pattern [PRBS]-[6] Zero Sub [000]
Jitter Display Rate [FAST]

5. Verify that the front panel ALARM leds are extinguished.
6. Repeat steps 3, 4 and 5 with Pattern [PRBS] settings of 9, L1, 15, 17, 20 and 23.
Zero Substitution

7.  Select Page 2 Tx Setup and set to the following:

2 Tx Setup: Data Out [BINARYIILTTL 1
Clock [STD RATE][34 MHz] Offset [ +01ppm
Pattern [PRBSI]- [6] Zero Sub[032]

Er Add (bit) [OFF 1] Clock Out [NORM]

8. Select Page 3 Rx Setup and set to the following:

3 Rx Setup [MAN] Data In [BINARY](TTL]
Clock [NORM] Clock Rate [34 MHZI
Pattern [PRBS] [6] Zero Sub [032]
Jitter Display Rate [FAST]

9. Verify that all the HP 3784A front panel ALARM leds are extinguished.
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10. Repeat steps 7, 8 and 9 for the Zero Sub [ ] and Pattern [PRBS][ ] values shown in Table
8-19.

Table 8-19. Zero Substitution Check

Pattern [PRBS][ ] Zerosub [ ]
- [9] [ 6]
-[11] [20]
- [15] [100]
-[17] [300]
- [20] [555]
- [23] [999]

11. Disconnect all test Equipment
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8.23 Receiver Autoconfigure and AIS Indication
DESCRIPTION
The HP 3784A has the facility to automatically configure the receiver to the input clock and data signals.
This test uses the transmitter to input different clock and data signals to the receiver to verif'y the function
is operating correctly.
SPECIFICATION
Clock (for Binary operation) .................. 704kHz 2048kHz 8448kHz 34.368MHz
Data, Binary and Ternary
Pﬁttern ................................................................... As Transmitter
Note: Although the Zero Sub field is displayed on Page 3 Rx Setup this is not con-
figured automatically.
TEST EQUIPMENT

This test uses only the HP 3784 A Transmitter to verify the receiver.

PROCEDURE

Coded Ternary Data Input

I. Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settings.

2. Connect the HP 3784A, 75 ohm, TX DATA OUT port to the 75 ohm RX TERNARY DATA IN port,

3. Select Page 3 Rx Setup and set as follows:

3 Rx Setup [AUTO]

Connect test signal(s)...
Then press EXEC. key to start autosetup.

4, Press the key and verify the receiver parameters are set and displayed as follows.

3 Rx Setup [MAN] Data In [75TERM] [HDB3]
Clock Rate [34 MHz]
Pattern [PRBS]- [23] Zero Sub [000]
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5. Now set Page 2 Tx Setup Page to each of the following configurations and verify the corresponding
setup has been achieved on Page 3 Rx Setup (as in steps 3 and 4).
Note: Allow a few seconds each time for the Auto setup function to be completed.

Tx Setup 1

2 Tx Setup: Data Out ([75TERM] [HDB3]
Clock [STD RATEI[ 8 MHz] Offset [ +0lppm
Pattern [WORDI[ 11Bit [0 ]
Er Add (bit)[CFF] Clock Out [NORM]

After Rx Setup [AUTO]

3 Rx Setup [MAN] Dats In [75TERM] [HDB3]

Clock Rate [ 8 MHz]

Pattern [WORDI[ 1]Bit [0 ]

6. Connect the 75 ohm TX DATA OUT to the 75 ohm RX BIN DATA IN and TX CLOCK OUT to RX

After Rx Setup [AUTO]

CLOCK IN.
Tx Setup 2
2 Tx Setup: Data Out [BINARYI([TTL 1]
Clock [STD RATEI[ 2 MHz] Offset [ +01ppm
Pattern [PRBS]-[ 6] Zero Sub [000]
Er Add (bit)[OFF] Clock Out [NORM]

AIS Detection

3 Rx Setup [MAN] Data In [BINARYIITTL 1

Clock [NORM]
Pattern [PRBS]-[ 6]

Zero Sub [000]

7. Disconnect the front panel cables and connect the TX DATA OUT port to the RX TERNARY

DATA IN port.

8. Select the HP 3784A Page | Preset Panel and set the instrument to its Default Settings

9. On Page2 Tx Setup select Pattern [WORD][1]Bit [1].

10. Verify that the front panel AIS ALARM led is illuminated.

11. Select Pattern [WORD][2]Bit [10] and verify the AIS ALARM is now extinguished.

12. Disconnect all test equipment

8-35



Performance Tests

8.24 Measurement Gating and Power Loss Alarm
DESCRIPTION
The Measurement Gating is verified by inputing errors at a fixed rate to the HP 3784A Receiver.
SPECIFICATION
MANUAL Controlled by MEASURE key.
Timed SINGLE Initiated by means of MEASURE key and
terminated at end of selectable
measurement interval.
Timed REPETITIVE Initiated by means of MEASURE key. At
the end of each gating period, a new

one is started until the measurement is
terminated using the MEASURE key.

EQUIPMENT
The HP 3784A Transmitter is used to verif'y the receiver,

PROCEDURE

1.  Connect TX DATA OUT port to RX TERNARY DATA IN port.

2. Select Page | Preset Panel on the HP3784A and set the instrument to its Default Settings.
3. Select Page 2 Tx Setup and set to Er. Add[BIT][RATE]-[3].

4.  Select Page 4 [ERROR RESULTS] and press MEASURE key. Verify the led above the key
illuminates.

5. Check the Rx Bit Error [RATIO] result on Page 4 [ERROR RESULTS] is 1.000E-03.
Press the MEASURE and verif'y the led extinguishes.

6. Select Page 5 Gating Period and set as follows:

5 Gating Period.

Gating type [SINGLE]

Period [ 01d [ 0lJh [ 0lm [ 11s
Errored/Error free intervals [SECONDS]

7. Select Page 4 [ERROR RESULTS] and press MEASURE key.

8. At the end of the gating period, verify the ERROR COUNT result is between 34367 and 34369,
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8.25 Error Out
DESCRIPTION

This test verifies the Receiver BIT and CODE Error Qut as selected on Page 10 Rear Panel Ports

SPECIFICATION
Pulse WIHAEH o i vw i o o siv o 0 a0 a5 o0 a0 00 0in w05 s sin s o8 i S a5 w0 Nominal one clock period
TADEHATICN & 25 v s v w55 g0 b 06 w5 8 o6 5 Wi 0 05 iy 66 W58 66 A0 3 Nominal low unbalanced to GND
QTDUEIAE 55 55 05 550 450 05 505 5 6 VIG5 05 090 5 0% 00 g 1M i o o e 5 Nominal ECL levels
EXHEEAAL LIOAU. .o o 05 53 55 55 25 2 5 o 20 23 i 078 550 508, 0, 058, i .5, 400 05 50 50 ohms to -2V, DC coupled

50 ohms to ground, AC coupled

One pulse per BIT or CODE Error detected by the HP 3784A Receiver.

EQUIPMENT
Universal Colliter e amar s s e s s s e e HP 5335A
I OS5 ey 05,70 Ve 75 0 R R e e . S 0 7 e 0 S0 A 7 0 7 See Table 8-1
PROCEDURE

1. Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settings.
2. Connect the HP 3784A, 75 ohm, TX DATA OUT port to the 75 ohm RX TERNARY DATA IN port.

3. Select Page 2 Tx Setup and set to Pattern [WORD][4] Bit [1000] and Er Add
[BIT][RATE]-[3].

4. Connect Rear Panel RX ERROR OUT port to Universal Counter (terminated in 50 Ohms, AC coupled)
and verify it displays a reading of 34.368 kHz

Verify the HP 3784A front panel BIT ERRORS ALARM led is on.

5. Select Page 10 Rear Panel Ports and set to Error Out[CODE] and verify that no transitions are
detected by the counter.

6. Select Page 2 Tx Setup and set to Er Add[CODE][RATE]-[3].

Verify the Universal Counter reading is now 34.368 kHz
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7. Connect the ERROR OUT port to channel A of the Oscilloscope, 50 ochm termination.

Verif'y the display is as shown below:

-250.900 ns B T - I T

Ch: | = 1.000 wvolts/div Offset = 0.00@ wvolts
Timebhase = 50.0 ns/div Delay = 0.00002 s
Trigger mode : Edge

On Fos. Edge on Chanl
Trigger Levels

Chanl = -1.40@0 volts
Holdoff = 70.00@0 ns

Figure 8-14 Error Qut Port.

8. Disconnect all test equipment
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8.26 Receiver Error Detection and Measurement
DESCRIPTION
The HP 3784A Transmitter is used to check that the Receiver is detecting and measuring errors correctly.

Bit Error Detection is verified by setting the Transmitter and Receiver to different n-Bit WORD patterns
and verifying the Receiver Bit Error Ratio result,

AMI and HDB3 Code Error Detection are verified by inserting errors at the Transmitter and verifying the
Receiver Code Error Ratio.

The Receiver Error Out signal from the rear panel port is also verified. This signal can be selected as either
the BIT or CODE Error Output by setting the appropriate field on Page 10 Rear Panel Ports.

SPECIFICATION
At TERNARY interfaces, bit and code errors can be measured simultaneously.

At BINARY interfaces, only bit errors are measured.

EQUIPMENT

The HP 3784A Transmitter is used to check the Receiver.
PROCEDURE

Bit Error Detection

I. Connect the HP 3784A | 75 ohm, TX DATA OUT port to the 75 ohm RX BIN DATA IN port and
TX CLOCK OUT port to RX CLOCK IN port.

2

Select Page 1 Preset Panel on the HP 3784A and set the instrument to its Default Settings.

3. Select Page 2 Tx Setup and set to Data BINARY][TTL]
and Word[16]Bit[11101010101010101010].

4. Select Page 3 Rx Setup and set to Word [16] Bit [1010101010101010].

5. Select Page 5Gating Period and set to Gating Type [SINGLE] Period [0]d [0]h [O]m
[5]s.

6. Select Page 4 [ERROR RESULTS] and press the MEASURE key.

On completion of the 5 second gating period, verify the Rx Bit Error[ RATIO] result is 6.25E-2.
AMI Code Error Detection
7.  Connect TX DATA OUT port to Rx TERNARY DATA IN port.

8. Select Page 2 Tx Setup and set as follows:
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2 Tx Setup: Data Qut [75TERMI [AMI 1]
Clock [STD RATEI[ 2 MHz]l Offset [ +0]ppm
Pattern [WORDI[ 4]Bit (1000 ]
Er Add [CODE][RATEI-[3]1 Clock Out [NORM]

9. Select Page 3 Rx Setup and set to [AS TX].
10. Select Page 4 [ ERROR RESULTS] and press the MEASURE key.

On completion of the 5 second gating period. verify the CODE ERRORS led is illuminated and the
Rx[CODE ERR][RATIO] is 1.000E-3.

11. Select Page 2 Tx Setup and set to Data Out [75 TERM][HDB3]
12. Select Page 4 [ERROR RESULTS] and press the key.

On completion of the 5 second gating period, verity the CODE ERRORS led is illuminated and the Rx
[CODE ERR][RATIO] is 1.000E-3,

13. Disconnect all cabling.
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8.27 HP-IB Verification

DESCRIPTION
The following program will provide verification of the HP 3784A HP-IB Interface. The program assumes
that the HP-IB is present at interface select code 7 (the default address is 705). If the HP-IB interface is lo-
cated at another select code then alter the value in lines 150, 160 and 180,
SPECIFICATION

See Section 6 for full specification
TEST EQUIPMENT

T T e e e o i ) [ e A e et o s Ll i el s e b e HP Series 200/300
PROCEDURE

I. Enter and run the following program to verif'y that data can be transfered to and from the HP 3784A.

10 ! 3784A HP-IB VERIFICATION PROGRAM

20 PRINT CHR$(12)

3 PRINT TAB(25);"3784A HP-IB VERIFICATION"

40 PRINT

50 FRINT

B@ CALL Hp_ib_add{Address) I find instrument Hp-ib select address
70 CALL Read_reg(Address) | read 3784A Alarm Register
80 LCCAL Address

590 BEEP 402,.5

108 PRINT

11 PRINT "Program complete"

128 END

138 SUB Hp_ib_add(Address)

140 PRINT "Searching for 3784A Address”

158 ON TIMEOUT 7,1 GOTO Next_address

160 FOR Address=7@1 T0 731

170 DISP Address

180 IF Address=721 THEN 60TO Next_address
180 Inst_at=SPOLL{Address)

200 IF Inst_at:@® THEN GOTO Found

218 Next_address: !

22 NEXT Address

230 OFF TIMEOUT

240 IF Address>73@ THEN Noti_found

258 Found: !

26@ PRINT "3784A found at address”;Address

270 60TO Quit

280 Not_found: [

250 PRINT "NO 3784A FOUND, CHECK CONNECTIONS & RERUN PROGRAM"
508 S5TOF

318 Quit:

82 SUBEND

330 SUB Read_reg!Address)

34@ PRINT

350 QUTPUT Address;"1D?"

368 ENTER Address;Names

370 IF Name®< "HP3784A" THEN PRINT "HP-IB date transfer failed"
3880 SUBEXIT

380 SUBEND
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8.28 External Modulation Input (Option 002)

DESCRIPTION

The external jitter modulation capability is checked over the specified frequency range by measuring the
jitter on both the Transmitter Clock and Data Outputs, The jitter is measured on an oscilloscope triggered
from the HP 3784A TX REF CLOCK OUT port.

SPECIFICATION
Frequency Range ......... Meets CCITT Rec O.171 Table 2 for sinusoidal Modulation,
and typically d.c. to 5% of the bit rate (2.5% at 34MHz)
| ¥y <18 4203 Lo - I e g g o Nominal 50 ohms unbalanced to GND
Sensitivity. ..o.ovvin Nominal 10UI/V (p-p figures at 5Hz)
Maximum InPut Voltage. . ..ot e 1.5V p-p
Maximum Jitter Amplitude. ...t 10.10U1 p-p

(As indicated on Tx Jitter Amplitude display)

TEST EQUIPMENT

(0 o 1 (o T el o L= U See Table 8-1
SNIOAL BIIIEEGE wvvss w5 wi 155 w5 w05 555 515 460 G e o2 w5t ps e R, s34 468 s, B W S5 S 458, G S 554 A HP 8165A
PuilserShame NEIWemR: o o o o s s o o v smsmacmamasiss-ss a6 o o5 65 &5 6 5 55 0% o See Figure 8-15
P OWer SUIDI e mmem o i vn 0 v 85 00 o0 e e STy BBV 53 0 5 S g i e By i B HP 6284A
LIRIVETSA ] COMIEEE o 5 o i s i 00 300 S e s arsrar s 55 B35 % B st a 5 o084 455 08 68 & HP 5335A
B2 7 1= 1 1 A HP 3478A
BlocKing Capacitor ..ottt ettt et e e HP 10240B

FROM HP37844A ; TO

OUTPUT T OSCILLOSCOPE
g 10K

Figure 8-15 Pulse Shape Network

PROCEDURE

1. Select Page | Preset Panel on the HP 3784A and set the instrument to its Default Settings.
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2. Connect the test equipment as shown in Figure 8-16.

HP3784A OSCILLOSCOPE
Fosed SEGhT
SUPPLY C|> (REAR PANEL)
EXT MOD | TX CLOCK
. - A CHA CHB
(P | O 1M Q 50 &
’ PULSE SHAPE /
DUAL BANANA w NETWORK
TO BNC ADAPTER BLOCKING
CAPACITOR

Figure 8-16 External Modulation Test Set-up 1 (Clock Qutput)
3. Select Page 2 TX Setup. Set the [STD RATE] to [ 2 MHz]
4. Select Page 4 [JITTER TRANSFER FN] and set to Modulation [EXTERNAL].
5. Slowly increase the Power Supply output voltage from 0V. The waveform on the oscilloscope display
will be displaced as the voltage is increased. Check that the Channel A waveform can be displaced

with respect to Channel B by at least 5.05 cycles as shown in Figure 8-17. (adjust the Pulse Shape
Network to obtain the desired waveshape on Channel A).

5 S@E@E i - o EB@‘E‘@ g s 2 '5@@@ ie A

Ch. 1 = |.000 volts/div Offset = 0.000 wvolts

Ch. 2 = 1.080 volts/div Offset = 0.000 volts

Timebase = 5@@ ns/div Delay = 0.00000 s
Trigger mode : Edge

On Pos. Edge on Chan2
Trigger Levels

Chan2 = 244.0 mvolts
Holdoff = 70.008@ us

Figure 8-17 Pulse Shape Network Adjustment (10 Cycles Clock Qutput)
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6. Reset the power supply to 0V and change over the Power Supply to give a negative output voltage.

7.  Repeat step 5.

8. Select HP 3784A Page 2 Tx Setup and set to Data [STD RATE][8 MHz]

9. Repeat steps 5-7.

10. Select HP 3784A Page 2 Tx Setup and set to Data [STD RATE][34 MHz]

11. Repeat steps 5-7.

12. Now connect the equipment as shown in Figure 8-18.

SIGNAL
SOURCE

O/P
508

HP3784A OSCILLOSCOPE
TX REF
CLK ouT
O (REAR PANEL}
|
EXTMOD 1 TX CLOCK
i
IN | ouT CHA CHB
c]> L 0758 M a 500
PULSE SHAPE /
NETWORK
BLOCKING
CAPACITCR

Figure 8-18 External Modulation Test Set-up 2 (Clock Output)

13. Select Page 2 Tx Setup and set to Clock [STD RATE][2 MHz] and Pattern [WORD][1][1

14. Set the Signal Source output to a 100 kHz Sine Wave at 0 Volts.

15. Adjust the Oscilloscope timebase to calibrate 10 cycles of the Channel B waveform on the display.

Adjust the Pulse Shape Network for a wavetorm as previously shown in Figure 8-17.
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Performance Tests

Increase the Signal Source output level until the jitter on the Channel A waveform is at least one
division wide (0.5 UI p-p) as shown in Figure 8-19.
Ensure that the Signal Source waveform amplitude does not exceed 1.5V p-p.

-2.500060 us TTTTgleeere s 2.50000 us

Ch. 1 = 1.0080 volts/div Offset = 0.00@ wvolts

Ch. 2 = 1.080 wvolts/div Offset = 0.000 wvolts

Timebase = 500 ns/div Delay = 0.00000 s

Delta T = 24@.000 ns

Start = -60.900 ns Stop = 180.000 ns
Trigger mode : Edge

On Pos. Edge on ChanZ
Trigger Levels

Chan2 = 244.0 mvolts
Holdoff = 70.0000 us

Figure 8-19 0.5UI p-p Jitter
Now set the HP 3784A to Data [STD RATE][8MHz] on Page 2 Tx Setup.
Set the Signal Source frequency to 400 kHz at 0 V and repeat steps 15 and 16.

Set the HP 3784A Page 2 Tx Setup to Data [STD RATE][34MHz]. Set the Function Generator
frequency to 800 kHz at 0 V and repeat steps [4 and 15.

Select HP 3784A Page 2 Tx Setup and set to Data [STD RATE][2 MHz].
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21. Connect test equipment as shown in Figure 8-20.

HP3784A OSCILLOSCOPE
TX REF
SIGNAL CLK QUT
SOURCE O{REAR PANEL)
|
EXTMOD | TX DATA
omP N L ouT CH A CHB
500 Q | M 50 Q2
PULSE SHAPE /
NETWORK
BLOCKING
CAPACITOR

Figure 8-20 External NModulation Test Set-up (Data Qutput)
22. Select Page 2 Tx Setup and set to Pattern [WORD][4][1000]
23. Set the Signal Source frequency to 500 Hz and the output level to 0 Volts. Adjust the oscilloscope
timebase for 10 cycles of the Channel B waveform. You may have to adjust the the Trigger Hold-Off

to obtain correct triggering of the TX DATA OQUTPUT.

24, Adjust the Pulse Shape Network for a waveform on Channel A similar to that as shown in Figure 8-21.

-2.50000 us i @.00000 s 2.50000 us

Functionl = 1.25@ wvelts/div Offset = 0.000 wvolts

Ch. 2 = 1.000 volts/div Offset = @.000 volts

Timebase = 5@0@ ns/div Delay = 0.00000 s
Trigger mode : Edge

On Pos. Edge on Chan2
Trigger Levels

Chan2 = 244.0 mvolts
Holdoff = 70.0000 us

Figure 8-21 Pulse Shape Network Adjustment (Data Qutput)
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25. Increase the Signal Source output from 0 Volts until the jitter on the TX DATA QUT waveform is 8
Ul p-p i.e. when the pattern is seen to overlap as in Figure §-22

;{szh;g..”{__gn..g__d L-q L._J. L——JE T L__

-2.80600 us Tgldeced s T2.G0000 us

Functionl = 1,250 velts/div Of fset = 0.002 volts
B, 2 = 1.000 volts/div Offset = 0.000 volts
Timebase = 580 ns/div Delay = 0.00000 s

Trigger mode : Edge
On Pos. Edge on Chan2
Trigger Levels
Chan2 = 244.9 mvolis
Holdoff = 70.0000 us

Figure 8-22 8UI p-p Jitter

26. Continue increasing the Signal Source output level until the jitter is seen to increase beyond the over-
lap point as shown in Figure 8-23 below. This is equivalent to 10 Ul p-p jitter on the TX DATA
OUTPUT. (Disregard the reading on HP 3784A Page 4 [JITTER TRANSFER] for Tx Jitter.

Sz.gBbEE us T Tblgggoe s T Eee U

Functien! = 1,250 wvolts/div Offset = 0.800 volts

Ch. 2 = 1.000 wvalts/div Offset = 0.000 wvolts

Timebase = 5@@ ns/div Delay = 0.00000 s

Delta T = 980.00@ ns

Start = 50.00@¢ ns Stop = 1.0@300@ us
Trigger mode : Edge

On Pos. Edge on ChanZ
Trigger Levels

Chan = 244.0 mvolts
Heldoff = 70.0000 us

Figure 8-23 10UI p-p Jitter
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27. Increase the Signal Source frequency to 2.4 kHz. You may have to adjust the output level to ensure

the jitter shown on Channel A is still 10 Ul p-p.

28. Increase the Signal Source frequency without altering the output level until the observed jitter falls to
8 Ul as shown in Figure 8-22. Check that this occurs at a frequency >3 kHz, typically >10 kHz

29. Continue increasing the Signal Source frequency until the observed jitter falls to 4 Ul p-p as in Figure

8-24. Check that the frequency is >6 kHz, tvpically > 25 kHz
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5! W PEL | PP I G 4 1
| -

i e g e R A e T e )
! B | ; i
| \
-2.5000@ us 0.00020 s
Functionl = 1,250 wvolts/div Offset
Ch. 2 = 1.,00@ wvolts/div Offset
Timebase = G580 ns/div Delay
Delta T = 980.000 ns
Start = 50.002 ns Stop
Trigger mode : Edge

On Pos. Edge on Chan2
Trigger Levels

Chan2 = 244.0 mvolts
Holdoff = 70.0000 us

Figure 8-24 4UI p-p Jitter

2.50002 us

@.200 wvolts
@.98@0 volis
0.00000 s

1.03020 us
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30. Continue increasing the Signal Source frequency until the observed jitter falls to 2 Ul p-p as in Figure
8-25. Check that the frequency is > 12 kHz ( typically this will be >40 kHz).

1
. | '

A W_@ﬂ_ru

I
|
I

-2.50000 us 2.90000 s 2.50000 us
Function! = 1.25@0 wveolis/div 0 et = 2.00@ wvolts
Ch. 2 = 1.00@ wvolts/div Offset = 0.000 wvolts
Timebase = 500 ns/div Dela = 0.00000 s
Delta T = 850.00@ ns
Start = 58.200 ns Stop = 1.01000 us

Trigger mode : Edge

On Pos. Edge on ChanZ
Trigger Levels
Chan -
Holdoff =

244.0 mvolts
70.0000 us

Figure 8-25 2UI p-p Jitter
31. Now set the frequency to 100 kHz and check that the observed jitter is > 0.5 Ul p-p, see Figure 8-19.

32. Repeat steps 23-31 for the Transmitter settings of Clock [STD RATE][8MHz] and [34MHz] respec-
tively, setting the Signal Source to the frequencies shown in Table §-20.

Table 8-20. Minimum Input Frequency (tvpical) v Jitter

Data rate 10(UI) 8(UI) 4(UID) 2(UD 0.5(UD
(Mb/s)
8 10.7kHz 13kHz 26kHz 52kHz 400 kHz
(>60) (>120) (>190)
34 1kHz 1.25kHz 2.5kHz SkHz 800 kHz
(>130) (>425) (>540)
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8.29 Int Mod and Demod Jitter Measurement In (Opt 002)

DESCRIPTION
This test verifies the accuracy of the Tx Internal Modulation facility at a number of different amplitudes
and frequencies. In addition it verifies the Rx Demodulated Jitter Qut port and the Rx Measurement In

port.

The complete range of jitter generation and jitter measurements is verified to specification using the
HP3784A internal Self Test routines.

SPECIFICATION

Internal Modulation .................. P-P jitter amplitude and modulating frequencies
in accordance with CCITT Recomendation Q.171.

Demodulated Jitter Output

Bandwidth.,........ As per Measurement Ranges after measurement filtering is applied.
ACCUTEEY o s on 5 5e o 0 w0 a0 03 6 Ve 005 0 59 V0 B8 5% 05 950 U0 03 050 A% 4 As per measurement accuracy
Amplitude (Range 1).... ... it e 1.OV/UI (p-p values)
Amplitude (Range 10) ... .. i e 0.1V/Ul (p-p values)
D I i wwmousn w5 30 s s s i 0 e e 0 e o e e O S S A nominal voltage source

Measurement In Port
I TR e o 050 55 v 5 06 40 50 o 05 1 000 000 o ¥ o0 50 0 U v 0 0 06 W08 ¥ o 03 nominal lkHz

TEST EQUIPMENT

RIS [ OSERIIRY oremmuman mimmsres o s i o e o o @5 v P G i 46 O GERANR AR 20 B2 S G R 2 See Table 8-1

Elaiversal SCammier: .o o u oo w s on o o o o s 56 a6 o o6 o5 o5 B8 e 60 5% FE SY 08 G S 8 WG HP 5335A

Nl e mvmmmiae s s st o o 34 25 00 00 5 GW BRI 65 86 N 6% S 53 A : S S e W B 0RO B o HP 3478 A

PrilseSIaps NEEROTR . o ox on v on o o5 o5 56 50 5 25 o0 5 o0 V.o 0 55 00 05 030 08 606 15 4 ¢ See Test 4.28

Blocking Capacitor .. ... . HP 10240B
PROCEDURE

I. Connect the test equipment as shown in Figure 8-20

HP3784A OSCILLOSCOPE
Cry Tx REF

UNIVERSAL DEMOD CLK QuT -

COUNTER VOLTMETER J‘ETUER (REAR PANEL) e

O |TXDATA TXCLK DATA
iji i _ REAR : ouT ouT IN CHA CHB
500 PANEL), ‘ o O Q5o ﬁ M ﬁ 5041

DUAL BANANA I
TC BNC ADAPTER | | | L e - - - = 2 2
\

PULSE SHAPE BLOCKING
CAPACITOH
NETWORK

Figure 8-26 Internal Modulation Test Set-up
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Select HP 3784A Page | Preset Panel on the HP 3784A and set the instrument to its Default
Settings.

Select Page 2 Tx Setup and set the [STD RATE] to [ 2 MHz].

Select Page 4 [JITTER TRANSFER FN] and set to Modulation [INTERNAL], Tx Jitter
Amplitude p-p [0 REF].

Set the Oscilloscope to trigger on Channel B and adjust the pulse shape network to obtain a display as
shown in Figure 8-27.

-2.50000 us - T pleoeee s B 51T R

thi 1 = 1,000 wveolts/div Offset = 0.000 volts

Ch. 2 = 1.00@ wvolts/div Offset = 0.000 wvolts

Timebase = 5@0 ns/div Delay = 0.00000 s
Trigger mode : Edge

On Pos. Edge on Chan2
Trigger Levels

Chan2 - 244.0@ mvolts
Holdoff = 7@.0002 us

Figure 8-27 Pulse Shape Network Adjustment
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0.

10.

8-52

Gradually increase the Tx Jitter Amplitude P-P field on Page 4 [JITTER TRANSFER FN] from [0
REF ] until the first overlap point can be seen on the Oscilloscope (this indicates that 1UI p-p of jitter
has been added to the Tx output).

Figure 8-28 shows the pre-overlap point.

EeE e ELp g inses QERE

-2.50000 us 2.00000 s 2.50080 us

Ch. 1 = 1.002 wvolts/div Offset = 2.020 wolts

Gh. 2 = 1.00¢ wvolis/div Gffset = (}.282 wvolts

Timehase = 5§00 nsidiv Delay = @.00000
Trigger mode ! Edge

On Pos. Edge on ChanZ
Trigger Levels

ChanZ = 244.% mvaolts
Holdoff = 70,0000 us

Figure 8-28 1UI p-p Jitter Pre-overlap Point

Check that the Tx Jitter Amplitude p-p field on Page 4 [JITTER TRANSFER FN] indicates a reading
of between 09UI and 1.1UI p-p.

Also check that the Voltmeter reading is between 212 and 495mV AC rms and that the counter
frequency reading is 1.00kHz.

Disconnect the HP 3784A Tx CLOCK OUT port and connect the TX DATA OUT port to Channel A
of the Oscilloscope. Leave the TX DATA OUT connected to RX TERNARY DATA IN.

Select Page 2 Tx Setup and set to Clock Rate [8 MHz] and Pattern [WORD] [4]Bit [1000].
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11. Reselect Page 4 [JITTER TRANSFER FN] and set to Modulation [INTERNAL] . . . . [400HZ]
with the Tx Jitter Amplitude P-P field reset to [0 REF]. Check that the Oscilloscope display is
as shown in Figure 8-29 (adjust the pulse shape network to obtain the desired waveshape on channel A

of the Oscilloscope).

-Z.

Funct
Ch. 2
Timeb

50000 us N 2.00000 s

tonl = 1.25@ wvalts/div Offset =
= 1,000 volts/div Offset -
ase = 50080 ns/div Delay =

Trigger mode @ Edge

On Pos. Edge on ChanZ
Trigger Levels

Chan2

Holdo

Figure 8-29 Pulse Shape Network Adjustment (Data Qutput)

= 244.2 mvolts
ff = 70.000@ us

2.50000 us

2.0

2.200

2.0

2@ volts

eoae

volts

S

12. Adjust the Tx Jitter Amplitude P-P field on Page 4 [JITTER TRANSFER FN] until the Tx
DATA OUT waveform overlaps itself as shown in Figure 8-30

e e S e B e R

; . L. : i

b AR (A ] 3 ) |
-2.56000 us 0.00000 s 2.50000 us

Functionl = 1.250 wvolts/div Offset = 0.000 volts

Ch, 2 = 1.000 volts/div Offset = 0.000 volts

Timebase = G5@0 ns/div Delay = 9.00000 s

Trigger mode : Edge
On Pos. Edge on Chan2

Trigger Levels

Chan2 -
Holdoff =

244.0 mvolts
70.0000 us

Figure 8-30 8UI p-p Jitter
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13.

18.

19.

20.

21.

22,

8-54

Check that the Tx Jitter Amplitude P-P field on Page 4 [JITTER TRANSFER FN] now reads
between 7.5 and 8.5UI p-p, the Voltmeter reading is between 257 and 309mV rms, and the Counter
reading is 400Hz.

Disconnect the Voltmeter, Counter and Oscilloscope.
Connect the HP 3784A Tx REF CLOCK OQUT port to the HP 3784A Rx REF CLOCK IN/OUT port

(Note : both ports are on the rear panel).

Select Page 10 Rear Panel Ports and set to Rx Reference Clock [EXT].
Connect the HP 3784A Tx DATA OUT port to the Rx TERNARY DATA IN port.

Select Page 2 Tx Setup and set to Clock Rate [2MHz].

Select Page 4 [JITTER TRANSFER FN] and set to

Modulation [INTERNAL] . . . . [2.4KHz]

TX JITTER AMPLITUDE P-P [1.00]UI.

Check that the Rx Jitter [PK-PK][OFF] reading is between 0.62 and 1.38UI p-p.

On Page 4 [JITTER TRANSFER FN] set the Rx Range to [1] and the Tx Jitter Amplitude P-P
field to [0.50]UI.

Check that the Rx Jitter [PK-PK][OFF] reading is between 0.435 and 0.565

Select Page 10 Rear Panel Ports and set Measurement In to [ENABLE].

Reselect Page 4 [JITTER TRANSFER FN] and verify that the Rx Jitter [PK-PK][OFF] reading is
< 0.05UL

Connect the DEMOD JITTER OUT port to the MEASUREMENT IN port (both on the rear panel).

On Page 4 [JITTER TRANSFER FN] check that the Rx Jitter [PK-PK][OFF] reading is once
again between 0.435 and 0.565

Disconnect all test equipment.
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8.30 Performing Jitter Self Tests (Option 002)

Description

The Jitter Self Tests are designed to verif'y the operation of the transmitter jitter modulation circuitry and
receiver measurement circuitry, the input filters and the rear panel demodulated jitter output amplitude,

There are four separate Jitter Self’ Tests which may be performed separately or together.

1.

Jitter Range Clock Test

Jitter at 100 Hz is applied to each transmitted clock rate in turn and measured on the received clock
signal. The jitter amplitude is measured with the transmitter set to 0 REF, 3 UL, 6UI and 9 Ul and the
P-P, positive P and negative P values are checked against the specification.

For jitter amplitudes less than or equal to | UlI, the Receiver range is set to [ 1]. For jitter amplitudes
between 1 and 10 UL, the range is set to [10].

The transmitter jitter amplitude is also checked against the value requested by the "operator”
Jitter Range Data Test

Jitter is applied to the transmitted "1000" WORD pattern ternary data signal and measured at the
receiver.

The jitter frequency is set to one value within the range of each one of the five internal jitter
modulation ranges.

Frequency Modulators and Jitter Hit Threshold Test

In this test, the transmitter modulator frequencies are checked for accuracy against the customer
specification.

Jitter is applied to the 34.368 MUb/s clock signal and measured at the receiver. A hit threshold is set at
the receiver and the transmitter amplitude is set above this value so that a single hit is recorded each
time the demodulated signal goes above or below the threshold ie. twice every period. From the
number of hits recorded in a set gating period, the jitter frequency can be calculated.

The second part of the test is designed to check the accuracy of the hits threshold detector. Jitter at
1 kHz is applied to a 34.368 Mb/s signal. At the receiver, hits thresholds of 0.2, 2.0 and 4 Ul are selec-
ted in turn. The transmitter jitter amplitude is varied above and below this threshold and the number
of hits monitored.

Jitter Filters Test

The 3 dB cut-off points of the filters are checked. Jitter of 0.5 Ul p-p is applied to the transmitter at
carefully selected modulation frequencies. Chosen to be the 3 dB point frequencies. First, a
reference reading is taken without any filtering. then with each of LP, HPl and HP2 selected. The
ratios of the first reading to the latter three are then tested to be within limits specified in tables of
constants. This is repeated for each of the instrument clock rates.
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Procedure

1. Connect HP 3784A TX DATA OUT port to RX TERNARY DATA IN port and TX CLOCK QUT
port to RX CLOCK IN port.

2. Select Page | Preset Panel and set the instrument to its default settings.
All Jitter Tests
3. Select Page 12 Self Tests and set to Function[JITTER TESTS]

Ensure front panel connections are correct (as in step 1) and press the key to initiate the self
tests.

The complete routine will take approximately 15 minutes to complete. If any test fails, a FAIL CODE
will be displayed on the instrument front panel. Refer to Appendix F for details of the problem. The
transmitter and receiver settings will remain at the configuration where the self tests failed. This en-
ables you to refer to Page 2 Tx Setup and Page 3 Rx Setup to locate the failure point.
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8.31 Thrudata (Option 002)

Description

Performance Tests

Jitter can be added to a signal applied in the THRUDATA mode. The signal, from an external source, is
input to the RX TERN DATA IN port and jitter is added within the limits specified by CCITT REC Q.171
jitter masks. The signal pattern and coding format are unchanged by the addition of jitter,

This test is in two parts, The first verifies the error free performance of the THRUDATA mode as data is
shifted in and out of the buffer store and the second verifies that the correct levels of' jitter are added to

the jitter free input.

Specification

Jitter can be added to an external signal applied to the receiver data input interface.
The pattern and format of the signal are unchanged by the Thrudata mode.

Equipment

Pattern Generator
Error Detector
Oscilloscope

Note: Suitable Model Numbers are the HP 3781A/3782A,

3764A (OPT 001), or the HP 3784A,

Procedure

1. Connect the equipment as shown in Figure 8-31

PATTERN
GENERATOR

DATA
o/pP

HP3784A
RX TERN
Tx DATA DATA
ouT N
o) o)

.............................................................. See Note:
................................................................. See Note:
................................................................ See Table 8-1

the HP 3780A. the HP

ERROR
DETECTOR

DATA
1P

7
|

Figure 8-31 Thrudata Test Set-up

2. Select Page 1 Preset Panel and set the HP 3784A to its default settings.

3.  Select HP 3784A Page 2 Tx Setup and set to the following:

2 Tx Setup:

Data Qut [75 TERM] [HDB3)
Clock Rate[ 2 MHz]
Pattern [THRUDATA]

Clock Out [NORM]
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4, Set the Pattern Generator to output a HDB3 coded ternary PRBS pattern at 2.048 Mb/s.

5.  Set the Error Detector to measure Bit Errors on the incoming HDB3 coded ternary PRBS pattern at
2.048 Mb/s.

6. Select HP 3784A Page 4 [JITTER TRANSFER FN] and set to the following:

4 [JITTER TRANSFER FN 1 Rx Range [10]
Modulation [ INTERNAL J....... [1.00KHz]
Tx Jitter Amplitude P-P....... [0 REFIUI
Rx Jitter [ PK-PK 1[OFF]l........ 0.01 uUI

7. Start the Error Detector gating and verif'y that no Bit errors are detected.

8. Now connect the equipment as shown in figure 8-32

PATTERN
GENERATOR HP3784A OSCILLOSCOPE
REF DATA TX DATA RX TERNARY
CLOCK O/P ouT DATA IN S & 8
Q O O o) M 50 2
PULSE SHAPE /
NETWORK
BLOCKING
CAPACITOR

Figure 8-32 Thrudata Jitter Application
9.  Set the Pattern Generator to output a 1000 4-bit WORD pattern at 2.048 Mb/s.
10. On Page 4 [JITTER TRANSFER FN] of the HP 3784A, position the cursor on Tx Jitter

Amplitude P-P [0 REF] and slowly increase the level of jitter, observing the output on the oscil-
loscope display.

8-58



Performance Tests

11. When the display is at the overlap point, as shown in Figure 8-33, verify the Tx Jitter Amplitude
reading is between [7.9 UI] and [8.1 UI] p-p.

0 L O 2 W - ! 1 f )
bRl ks ed Ay B Tom L T
-2.50000 us Q.20000 s 2.50000 us
Function! = 1.250 wvolts/div Offset = (.00 wvolis
Ch. 2 = 1.000 volts/div Offset = 0.20@ wvolis
Timebase = 500 ns/div Delay = 0.00000 s
Trigger mode : Edge

On Pos. Edge on ChanZ
Trigger Levels
Chan2 = 244.0 mvolts

Holdeff = 70.0000Q us

Figure 8-33 8UI p-p Jitter

12.  Decrease the level of jitter until the signal on the oscilloscope display is as shown in Figure 8-34,

-2.50000 us 0.00000 s 2.50000 us
= 1.25@ wvolts/div Offset = 0.000 wvolts
= 1.000 wvolts/div Offset = @.000 wvolis
= 5@@ ns/div Delay = Q.00002 s
= 35E0.000 ns
= 50.200 n= Stop = 1.03000 us

Trigger mode : Edge
os. Edge on ChanZ
er Levels
Chanl = 244.0 mvolts
Holdoff = 70.0000 us

Figure 8-34 4UI p-p Jitter
Verify that the Tx Jitter Amplitude reading is between [3.9 UI] and [4.1 UI] p-p.

13. Disconnect all the test equipment
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8.32 64 kbit/s Co-directional Interface (Option 006)
DESCRIPTION

The HP 3784A 64 kbit/s Co-directional Interface QOutput is checked on an Oscilloscope to ensure the
Transmitter pulse shape and coding is correct.

The HP 3784A is then connected back to back to ensure that the Receiver input stage is functioning cor-
rectly and to verify that the instrument is correctly detecting bit errors.

SPECIFICATION
Transmitter Interface........ovviviiiiiiiiiiinns Binary ECL/TTL or Co-directional
Binary Interface ... As standard instrument

Co-directional Interface

POISEESHATIE on rn a o 00 5e 56 65 65 65 06 98 55 55 55 55 5 45 B8 350 BY 0 B3 3 As CCITT G.703 Figure 5
COMINE: o5 50 59 20 50 2 50 20 50 5 45 50 005 50 o0 V0 356 0 450 450 b 55 05 554 534 § As CCITT G.703 Figure 4
Receiver Interface.......c.oviniiriiiranannnnn., Binary ECL/TTL or Co-directional
Receiver Rate Tolerance (Co-directional only).......... ..., +|20ppm
Monitor Meder o aaeassmmmmsammmcems oams Automatic gain control of up to 30 dB

TEST EQUIPMENT

EIECTHIOSCOINGY i sssusormmsimsiviosonssssiiio i sew s, ooy s 8003 AR 5 PSS G o2 See Table 8-1
120¢ Balanced tor Twin BNG Pair. v smniomsmsms s v s See Figure 8-36
1200 Balanieed to 120 Balanced Cable ..o s s v v HPI5512A
Termmation NETWOTK somimmim s o v s v i a5, 55 5 5 3.5 See Figure 8-35
FROM HP3784A 10
OuUTPUT * i = OSCILLOSCOPE
1210 12100 '
(0757-0403) {0757-0403)

Figure 8-35 Termination Network
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PROCEDURE

1. Connect the equipment up as shown in Figure 8-36.

HP3784A OSCILLOSGOPE
TX DATA QUT CHA CHB
o o o 120 MO ™
GND
B0 2 TERMINATION

[ NETWORK

Figure 8-36 64 kbit/s Pulse Shape Test Setup

2.  Select Page 1 Preset Panel on the HP 3784A and press the EXEC key set the instrument to its
Default Settings.

3. Select Page 2 Tx Setup and set to the following (Note: set the Clock [STD RATE] field first).

2 Tx Setup: Data OQut [CO-DIR]IC-OCT]
Clock [STD RATE] [64 KHz]l Offset [ +0]ppm
Pattern [WORD] [ 4]Bit [0000 ]
Er Add [ OFF] Clock Out [NORMI

Pulse Shape

4. Adjust the Oscilloscope to obtain positive pulse as shown in Figure 8-37
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-5.02000 us

Function! = 200.0 mvolts/div

Timebase = 1.00

Tty
CL0E00 A 458606 U
Offset = B24.2 mvolts
us/div Delay = 4,38000 us

Trigger mode : Edge

On Pos. Edge on C
Trigger Levels
Chani = 168,

han!

@ mvelts

Holdoff = 10.2000 ms

Figure 8-37 Isolated Positive Pulse

5. Check the pulse has the following ch

aracteristics.

Pulse Amplitude = 1.0 V + 0.1 V (measured at the center of
the pulse)

Overshoot <02V
Undershoot <« 0.2 V

Pulse Width = 3.9 uS + 0.4 uS (measured at mid amplitude)

OVERSHOOT
I
1 80% — 4 — Lo
PULSE
WIDTH
PULSE
AMPLITUDE
20% — jl- ——————————
ov | —
MID
POINT

PULSE WIDTH

—HALF AMPLITUDE

1 OVERSHOOT

le— TRANSITION —»]
TIME

+VE PULSE

1

Figure 8-38 Pulse Characteristics
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6.  Adjust the Oscilloscope to obtain an isolated negative pulse as shown in Figure 8-39 and repeat step 5.

~17.8808 us ’ © 0 -7.88@8@ us 2.1280@ us

Function! = 208@.0 mvolts/dav Offset = -b623.7 mvolts
Timebase = 2.0@ us/div Oelay = 2.1200@ us
Trigger mode : Edge

On Pos. Edge on Chanl
Trigger Levels

Chani = -250.9 mvolts
Holdoff = 70.00@ ns

Figure 8-39 Isolated Negative Pulse

Coding

7. Re-adjust the Oscilloscope controls and check the display is as shown in Figure 8-40.

A T R B R 1 R R 11
. 190 p i e o L bl
! Ui bl i 11y o i
RS 1 A S | R 6 1
I t 1 i b i i ol 3
i I T | SHN o
iaka Y St ol rindn o E ol Redatad otk at e it
1 i A ! | &4 i
AR T R
AU | A xR B R £ (6 B N
' i ] i TR L
M | SR 5110 A boooHe
-137.882 us -37.880@ us 2.12000 us
Functionl = 5@@8.0 mvelts/div Offset = 2.90@0 wvolts
Timebase = 20.8 us/div Delay = Z.'2000 us
Trigger mode = Edge

On Pos. Edge on Chani
Trigger Levels

Chanl = 376.@ mvolts
Holdoff = 58.8000 us

Figure 8-40 64 kbit/s Coded Qutput

8. On Page 2 Tx Setup set to Data Out [CO-DIR][+OCT] Pattern [WORD][ 4]Bit [1111].
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9.
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Check the Oscilloscope display is now as shown in Figure 8-41.

T 2.12000 us

~197.880 us

-97.8800 us
Function! = 500.0 mvolts/div Offset = 0.800 volts
Timebase = 20.0 us/div Delay = 2,12000 us
Trigger mode : Edge

On Pos. Edge on Chanl
Trigger Levels

Chanl = 376.0 mvolts
Holdoff = 3.00000 ms

Figure 8-41 64 kbit/s Octet Timing
Disconnect the HP 3784A TX DATA OUT 1202 BAL output from the Oscilloscope and connect it to
the RX DATA IN 120& BAL input using a suitable cable.
On Page 2 Tx Setupset to Er Add (bit) [MAN].

Select Page 4 [ERROR RESULTS] and press the MEASURE START/STOP key to start the measure-
ment gating.

On Page 4 [ERROR RESULTS]. check the Rx Bit Error [COUNT] increments by one each time the
front panel ERROR ADD key is pressed.

Press the MEASURE START/STOP key to stop the gating period.

Connect the HP 3784A TX CLOCK OUT port to the RX CLOCK IN port and the TX DATA OUT
port to the RX BIN DATA IN port.

On Page 2 Tx Setup set to Data Out [BINARY] [TTL] and repeat steps 12 to 14.
On Page 2 Tx Setup set to Data Out [BINARY] [ECL] and repeat steps 12 to 14.

Disconnect all cabling.
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Table 8-21 Performance Test Record

Tested By
Hewlett-Packard Model No 37844 L
Serial No
s Result
Pary Test Deseription A chic
No. Min. Actual Max.
8.9 EXTERNAL CLOCK
(4) Tx CLOCK IN led on PASS/FAIL
Counter frequency display 399 1001
Counter duty cycle display 44 56
(3) Tx CLOCK IN led on PASS/FAIL
Counter frequency display 999 1001
(6) Tx CLOCK led on at all frequencies PASS/FAIL
Instrument frequency display correct
at all frequencies PASS/FAIL
Counter frequency display correct at
all frequencies PASS/FAIL
Counter duty cycle correct at all
frequencies PASS/FAIL
(10) Tx CLOCK IN led on at all
frequencies PASS/FAIL
Counter reading correct at all
frequencies PASS/FAIL
8.10 INTERNAL CLOCK AND FREQUENCY OFFSET
(3) puty cycle 44 to 56% at all PASS/FAIL
frequencies
Counter reading at 0.7MHz 703997 704003
2MHz 2047994 2048006
8MHz B4LLTITH 8448024
34MHz 34367898 34368102
(5) Clock frequency accuracy correct at
all frequencies PASS/FAIL
SYNTH UNLOCK Lled gives correct in-
dication at all frequencies PASS/FAIL
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Table 8-21 Performance Test Record (Cont)

Para Test D inti Result
[ eseription
No. ! Min. Actual Max.
(6) Counter reading for offset of -99ppm 34364495 34364701
-20ppm 34367211 34367415
-Sppm 34367726 34368070
Oppm 34367898 34368102
éppm 34368104 34368308
50ppm 34369616 34369820
99ppm 34371300 34371504
8.11 BINARY CLOCK AND DATA OUTPUTS
(4) Signal levels and duty cycle correct PASS/FAIL
(5) Inverted clock output correct PASS/FAIL
Ty Binary ECL clock and data output PASS/FAIL
levels correct
(9) Data output frequency 1.024MHz 1023000 1025000
(10) Duty cycle &4 to 56% at all
frequencies PASS/FAIL
Counter reading for input TMHZ 499998 500002
10MHz 4999985 5000015
50MHz 24999925 25000075
8.12 TRANSMITTER n-BIT PROGRAMMABLE WORD
(4) Counter reading correct for each PASS/FAIL
word
8.13 TRANSMITTER PATTERN TRIGGER
(3) Counter reading (8 bit word) 4295088 4296012
4.296MHz
(4) Counter reading (16 bit word) 2147094 2148006
2.148MHz
(7) Oscilloscope display of 6 bit word PASS/FAIL
correct
(10) Rx REF CLOCK output 2.048MHz 2047994 2048006
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Table 8-21 Performance Test Record (Cont)

Performance Tests

ap Result

Para Test Description - o

No. Min. Actual Max.

8.14 TRANSMITTER PRBS PATTERN
VERIFICATION

(4) Counter ratio reading correct for PASS/FAIL
each PRBS

(6) Counter reading correct for each PASS/FAIL
PRBS

(7) Counter reading correct for all PASS/FAIL
zerosub values

8.15 TRANSMITTER ALTERNATING WORD

(5) Counter readings correct for 1V p-p PASS/FAIL
input

(6) Operation correct with 600mv, 1kHz PASS/FAIL
input

(7 Operation correct with 3V, 1kHz PASS/FAIL
input

8.16 TERNARY DATA OUTPUTS

(5) Positive Pulse amplitude (34MHz) 0.9V 1.1V
Transition time 5ns
Overshoot 0.1V

(6) Negative Pulse amplitude (34MHz) 0.9v - 141V
Transition time S5ns
Overshoot 0.1v

(7) +ve/-ve amplitude ratio 1.05:1 1:0.95

(9 Positive Pulse amplitude (8MHz) 2.4V 2.6V
Transition time 5ns
Overshoot 0.1V
+ve/-ve amplitude ratio 1.05:1 0.95:1
Negative Pulse amplitude (8MHz) ol 2.6V
Transition time S5ns
Overshoot 0.1V
+ve/-ve amplitude ratio 1.05%1 0.95:1
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Table 8-21 Performance Test Record (Cont)

Para Test D> - Resull
5 b seriplion

No. R Min. Actual Max.

(11) Positive Pulse amplitude (2MHz) 2.14V 2.6V
Transition time S5ns
Overshoot 0.1v
+ve/-ve amplitude ratio 1.05:1 0.95:1
Negative Pulse amplitude (2MHz) - 2.14V - 2.6V
Transition time S5ns
Overshoot 0.1V
+ve/-ve amplitude ratio 10521 0.95:1

t13) Positive Pulse amplitude (704kHz) 2.14V 2.6V
Transition time S5ns
Overshoot 0.1v
+ve/-ve amplitude ratio 1.05:1 0.95:1
Negative Pulse amplitude (704kHz) - 2.14V - 2.6V
Transition time 5ns
Overshoot OV
+ve/-ve amplitude ratio 140531 0.95:1

(16) Positive Pulse amplitude (120 ohms) 2.14V 2.6V
Transition time 10ns
Overshoot 0.1V
+ve/-ve amplitude ratio 15855 1 SIEE L
Negative Pulse amplitude (120 ohms) - 2.14V 2.6V
Transition time 10ns
Overshoot 0.1V
+ve/-ve amplitude ratio 1.05:1 DLE

(18) Positive Pulse amplitude (2MHz,120 2.14V 2.6V
ohms)
Transition time 10ns
Overshoot 0.1v
+ve/-ve amplitude ratio 10521 0.95:1
Negative Pulse amplitude (2MHz,6 120 2.14V 2.6V
ohms)
Transition time 10ns
Overshoot 0.1v
+ve/-ve amplitude ratio 10521 0.95% 1

(20) AM1 Waveform correct PASS/FAILL

(22) HDB3 Waveform correct PASS/FAIL
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Table 8-21 Performance Test Record (Cont)

Performance Tests

Para & 5 Result
i Test Description -

No. Min. Actual Max.

A AT BIT AND CODE ERROR ADD

(4) Counter reading correct for each PASS/FAIL
rate

7 ERROR ADD key produces errors PASS/FAIL

(10) Code error add operates correctly PASS/FAIL

8.18 RECEIVER BINARY DATA AND CLOCK

(5) Rx CLOCK IN led ON at all PASS/FAIL
frequencies
BIT ERRORS, CODE ERRORS, and SYNC PASS/FAIL
LOSS , leds OFF at all frequencies

(6) BIT ERRORS, CODE ERRORS, and SYNC PASS/FAIL
LOSS , leds OFF

(7) BIT ERRORS, CODE ERRORS, and SYNC PASS/FAIL
LOSS , leds OFF

8.19 RECEIVER CLOCK RECOVERY

(5) BIT ERRORS and SYNC LOSS leds OFF at PASS/FAIL
all frequencies

(7) BIT ERRORS and SYNC LOSS leds OFF at PASS/FAIL
all frequencies

8.20 TERNARY DATA INPUT LEVELS

(4) Rx Bit and Code Error count zero at PASS/FAIL
34MHz

(5) Rx Bit and Code Error count zero at PASS/FAIL
8MHz, 2MHz and 704kllz

(8) Alarm leds extinguished with 30dB PASS/FAIL
attenuation

(9) Rx Bit and Code Error count zero at PASS/FAIL
704kHz with 30dB attenuation

(10) Rx Bit and Code Error count zero at PASS/FAIL

34MHz, B8MHz and 2MHz with 30dB
attenuation
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Table 8-21 Performance Test Record (Cont)

Para e o Result
¢S esceription
No. ' Min. Actual Max,
8.21 REFERENCE WORD AND SYNCHRONIZATION
(5) Rx CLOCK IN led is ON PASS/FAIL
(6) ALl alarm leds are OFF PASS/FAIL
(8 All alarm leds are OFF PASS/FAIL
(?) SYNC LOSS led is OfFF PASS/FAIL
(10) SYNC LOSS led is ON PASS/FAIL
(11) SYNC LOSS led is OFF PASS/FAIL
8.22 RECEIVER REFERENCE PRBS PATTERNS AND
ZEROSUBSTITUTION
5 Front Panel ALARM leds OFF PASS/FAIL
(6) Front Panel ALARM leds OFF for all PASS/FAIL
PRBS patterns
(9) Front Panel ALARM leds OFF for [032] PASS/FAIL
zerosub settings
(10) Front Panel ALARM Lleds OFF for all PASS/FAIL
PRBS/zerosub settings
328 RECEIVER AUTOCONF I GURE AND ALS
INDICATION
5) Receiver autoconfigures to all data PASS/FAIL
configurations
(10) AIS led is ON PASS/FAIL
110 AIS led is OFF PASS/FAIL
8.24 MEASUREMENT GATING AND POWER LOSS
ALARM
(4) START/STOP indicator led comes ON PASS/FAIL
(5) Error result displayed correctly. PASS/FAIL
START/STOP indicator OFF PASS/FAIL
(8) Period count operates correctly 34367 34369
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Table 8-21 Performance Test Record (Cont)

i Result
Para Test Deseription o
No. Min. Actual Max.
8.25 ERROR OUT
(4) BIT ERROR alarm led ON. PASS/FAIL
Bit error freqguency correct PASS/FAIL
(5) No code error output with no code PASS/FAIL
errors
(6) Code error frequency correct PASS/FAIL
(7) Error output waveform correct PASS/FAIL
8.26 RECEIVER ERROR DETECTION AND
MEASUREMENT
(6) Bit error ratio measured correctly PASS/FAIL
(10) Code error ratio measured correctly PASS/FAIL
(12) CODE ERRORS led illuminated PASS/FAIL
Code error ratio measured correctly PASS/FAIL
8.27 HP-1B VERIFICATION
n Data transfer sucessful PASS/FAIL
8.28 EXTERNAL MODULATION INPUT
(5) Positive input shifts clock output 5.05 cycles
7y Negative input shifts clock output 5.05 cycles
(9) Positive input shifts 8MHz clock 5.05 cycles
output
Negative input shifts 8MHz clock 5.05 cycles
output
(11) Positive input shifts 34MHz clock 5.05 cycles
output 5.05 cycles
Negative input shifts 34MHz clock
output
(16) Input level for 0.5Ul p-p jitter at 1.55%
100kHz
(18) Input level for 0.5UI p-p jitter at 1.5¢
400kHz
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Table 8-21 Performance T'est Record (Cont)

Para Tesi D skl Result
y ] scriplion
No, ¢ el Min. Actual Max,
QL)) Input level for 0.5U1 p-p jitter at 1.5V
800kHz
2MHz RATE
(28) Input frequency for 8UI 3kHz
(29) Input frequency for &4UI 6kHz
(30) Input frequency for 2UI 12kHz
(31) Jitter with 100kHz input 0.5U1
8MHz RATE
(32) Input  frequency = for  8UI Input 13kHz
frequency for 4UI Input frequency 26kHz
for 2U1 Jitter with 400kHz input 52kHz
0.5U1
34MHz RATE
(32) Input frequency for 8Ul Input 1.25kHz
frequency for 4UI Input frequency 2.5kHz
for 2Ul Jitter with 800kHz input SkHz
0.5U1
8.29 INT MOD AND DEMOD JITTER/MEASUREMENT
IN (OPTION 002)
(7) Clock output jitter amplitude 0.9u1 1.1
(8) Demod jitter amplitude 21.2mvVrms 49.5mVrms
Demod jitter frequency 1kHz PASS/FAIL
(13) Data output jitter amplitude 7.5U1 8.5U1
Demod jitter amplitude 257mVrms 309mVrms
Demod jitter frequency 400Hz PASS/FAIL
(17 Rx jitter OFF reading for 1.0UI 0.62u1 1.38ul
(18) Rx jitter measurement 0.5Ul 0.435U1 0.565U1
(19 Jitter measurement 0.05U1
21) Jitter measurement 0.435U1 0.565U1
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Table 8-21 Performance Test Record (Cont)

Para . . Result
e Test Deseription .

No. Min, Actual Max.

8.30 JITTER SELF TESTS PASS/FAIL

834 THROUGHDATA

€7 No bit errors PASS/FAIL

(12) Tx jitter amplitude for 8UI p-p 7.9Ul 8.1U1
jitter

(13) Jitter amplitude for 4Ul p-p jitter 3.9U1 4,101

8.32 64 kbit/s CO-DIRECTIIONAL INTERFACE

59 Positive pulse amplitude 0.9v 1.1V
Overshoot 0.2v
Undershoot . 0.2v
Pulse width (mid amplitude) 3.5us 4.3us

(6) Negative pulse amplitude 0.9v 1.1V
Overshootn time 0.2v
Undershoot 0.2v
Pulse width (mid amplitude) 3.5us 4.,3us

(7) Coded output display correct PASS/FAIL

(€D)] Octet timing display correct PASS/FAIL

(13) Error Add operates correctly PASS/FAIL

(16) Error Add (binary TTL o/p) operates PASS/FAIL
correctly

¢17) Error Add (binary ECL o/p) operates PASS/FAIL
correctly
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Measurement Definitions A

Introduction

Measurement definitions for both standard and option 002 instruments are given in this appendix.

Measurements:

Four distinct classes of measurement can be performed, namely errors, error analysis, losses and frequency.
For the analysis a simple GO / NO GO facility is also provided.

Error Measurements:
When measuring at ternary interfaces bit and code errors can be simultaneously measured. When measur-
ing at binary interfaces only bit errors can be measured. Error measurements be thev bit or code can be

displayed as any one of four different formats. All four are calculated throughout a measurement al-
though only one result can be displaved at any time. The formats are as follows:

Error Count:

The number of errors counted is totalised during the measurement interval. The result is displaved in in-
teger form to a maximum of 15 digits (ie 10*15-1).

Error Ratio:
The number of errors counted is divided by the maximum number of possible errors for the measurement
interval. Receiving the ternary signals the error ratio is based on the selected nominal clock recovery rate.

For binary the ratio is based on the measured rx clock frequency.

__No._of_Errors
Error Ratio = Max. Possible No. of Errors

The result is displayed in floating point format and is updated every second.
N.N E*-NN for | to 100 errors

N.NNE*-NN for 101 to 1000 errors

N.NNN E*NN for >1000 errors.

Error Intervals:

These can be either Error Seconds or Error Deciseconds (selected prior to measurement). The measurement
is asynchronous, that is to say, the Error interval of the real time clock in which one or more errors
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occurred. The result is expressed in integer format with a maximum of 5 integers and is updated every
time an error interval occurs.

Error Free Intervals:

These can be Error Free seconds or Error Free Deciseconds (selection common with Error Intervals). The
measurement is asvnchronous, that is to say. the Error Free Interval is the interval of the real time clock in
which no errors occurred. The result is expressed in integer format with a maximum of 15 integers and is
updated every time an error free interval occurs.

Error Analysis:

Eight different classes of analysis are provided. Those based on CCITT Rec. G.821 are marked with an as-
terisk thus * and are measured for "Available" time. All the analvsis is derived from the Bit error results,

Availability*

The percentage & count of | second time intervals in the measurement period for which the error ratio
was better than a 1.10"-3 threshold. The result is expressed as a percentage & count to the following
formats;

N.NNNN for 0 to 9.9999%
NN.NNN for 10 to 99.999%
NNN.NN for 100%
NNNNNNN for count.

Note:

a) A time hysteresis of 10 consecutive seconds is applied, ie periods of Unavailability start after 10 con-
secutive seconds with an error ratio worse than 1.10°3. These 10 second time intervals are considered to
be part of the unavailable time. Similarly. available time starts after the receipt of 10 consecutive
seconds with an error ratio better than 1.1073. These 10 second time intervals are considered to be part
of available time.

b) If the 3784A is flagging any of the following conditions:

AlS

Data Loss (ternary operation)

Rx Clock Loss (binary operation)

Pattern Sync. Loss

then the same criteria will be applied as for error ratio exceeding the 1.107-3 threshold.

Unavailability:

This is the converse of Availability and the results are displaved in a similar manner.
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Error Seconds*

Calculates the number of errored seconds during the "Available" time and expresses this as a percentage &
count of the total "Available" seconds. The result is expressed as a percentage to 2 decimal places or as
count in exponent format and is updated every second.

% Severely Errored Seconds*

Calculates the number of seconds during the "Available" time that the error ratio was worse than the
Availability threshold (ie 1.10"-3) and expresses the answer as a percentage of the total "Available" seconds.
The result is expressed in a percentage format to 2 decimal places or as count in exponent format and is
updated every second.

A Severely Errored Second can also be caused by any of the following conditions:

AlS

Data Loss (ternary operation)

Rx Clock Loss (binary operation)
Pattern Sync. Loss

Note: By definition only 9 consecutive Severelv Errored secs can occur since 10 consecutive SESs crosses
the Unavailability threshold.

Degraded Minutes*

The "Degraded Minute" is the ratio of the number of Degraded Minutes to the total "Available" time (ex-
cluding "Severely Errored Secs") expressed in whole minutes and as a percentage. Degraded Minutes are
computed as follows: The CPU firstly discards all Unavailable time. It then looks at the remaining time
and discards all Severely Errored Seconds (ie seconds with a mean BER worse than 1.10%-3). The time
which is now left is inspected in blocks of sixty | second periods and if the overall mean BER of a block is
worse than 1.107-6 it is deemed a "Degraded Minute".

Error Distribution:

This measurement partitions error seconds (or deciseconds) into those containing:

| error
2 to 10 errors
>10 errors.

These results are valid for all measurement time, not just "Available" time.

Error Bursts:
This measurement records the total number of error bursts during the gating period. An Error Burst is

defined as a group of >100 errors (not necessarily consecutive) occurring in a particular time frame within
the gating period. This time frame is defined as starting at the first error in the burst and ending 10 error
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free intervals after the last error in the burst. The error free intervals can be selected as seconds or
deciseconds prior to the measurement.

Long Term Mean Error Ratio:
The L.T. Mean E.R. is the error ratio for available time after excluding the severely errored seconds.

__No._of_Errors_E
L.T. Mean Error Ratio = Bit Rate * No. Of Non S.ES.

Where E are the errors recorded during the non S.ESs. and S.ES are severlv errored seconds.

GO/NO GO Tests:

For each of the measurements in the analysis section the user can set a threshold against which the end of
measurement result can be compared. (Thresholds not required can be turned off.) The results are com-
pared with threshold values and if worse flags a FAIL. An overall PASS/FAIL result is also provided.

Threshold Ranges:

% Availability

9% Unavailability

% Errored Seconds

% Severly Errored Secs

% Degraded Minutes All 0.00 to 100.0%

No. of Error Secs with

N errors & Count results &

No. of Error Bursts 0.0¥1070.0 to 9.9*10"9

LTM.ER 99*%10°-1 to 1.0*10"-19

Loss Measurements:

The duration of several alarm conditions can be monitored simultaneously with other measurements. These
durations with the exception of power loss are displaved to the nearest 0.1 second and in integer format
with 9 digits of resolution and for up to 100 davs. Power loss is resolved to the nearest second.

Power Loss

This measurement totalises the number of seconds that the power was lost during the gating period. The
built-in non-volatile clock provides the means of performing this measurement.

AIS

This measurement counts the number seconds during the gating period that AIS was detected in the
receiver.

This detector conforms to CCITT 0.162 ie. it flags AIS if in 2200 clocks there are less than 3 zeroes.
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Sync. Loss:

This measurement counts the number of seconds during the gating period that pattern synchronization was
lost. :

Criteria:
Sync Gain: Error Ratio </= 1/100

Sync Loss: Error Ratio >/=1/9

Data Loss: (Ternary Mode)

This measurement counts the number of seconds during the gating period that the Data Transitions detec-
tion registered no transitions.

Criterion:

Loss = No transitions detected in last 100mS.

Note: No data transitions detection is provided for the Binary Data Input. The RX Clock Loss should be
used for Binary applications,

Rx Clock Loss: (Binary & Thrudata only)

This measurement counts the number of seconds during the gating period that the Rx Clock Transitions
detection registered no transitions.

Criterion:

Loss = No transitions detected in last 100mS.

Tx Clock Loss:

This management counts the number of seconds during the gating period that the Tx Clock Transitions
detection registered no transitions.

Criterion:

Loss = No transitions detected in last 200mS.

Slip Count

This measurement is available when the receiver is configured to receive a PRBS pattern. For a slip to be
recorded, N + 64 consecutive clock periods must pass during which the resulting error signal is of the form
of any part of the PRBS pattern, i.e. the received signal has time shifted. If one or more slips occurs during
a measurement interval (secs or decisecs) then this will be recorded as one slip (deci)second. (N is the PRBS
radix number.) Slips are not counted during periods of signal loss.
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Frequency and Offset:
When the 3784A is supplied with a ternary input signal the user can choose to measure frequency offset
with respect to the standard bit rate instead of code errors. For binary input signals the 3784A will
measure absolute frequency.

Offset Measurement Range:

+/- 999 p.p.m.

Offset Measurement Resolution:

1 p.p.m.

Frequency Measurement Resolution:

1 Hz, (see Binary Input frequency range.)

Accuracy: (Binary or Ternary)

+/-3 p.p.m.

Options

Option 002:

This option adds jitter generation and measurement. It can not be fitted when Option 006 (64 kbit inter-
faces) is fitted. In addition to the various manual measurements provided by this option the 3784A opt 002
can perform automated tolerance and jitter gain plotting.

If there is a requirement to use the 3784A opt 002 for error testing only, then the jitter option can be
deselected on the front panel.

The following specifications should be used in conjunction with the specifications of the standard instru-

ment. Certain restrictions and additions apply to the use of the jitter generation and measurement which
do not apply for the pattern generation and error detection and these will be highlighted by the symbol ~~.

Automatic Tolerance Plotting:
The 3784A steps through a range of modulation frequencies and at each progressively steps up the jitter

amplitude up until the onset of errors is found. The jitter amplitude is then stepped back for no errors and
this value plotted.
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Automatic Jitter Transfer Function Plotting:

Two functions are provided to achieve the jitter transfer function plotting. The first is a calibration
routine which records the the received jitter reading for a particular transmitted amplitude and records
these values for each frequency in the plot. The second, the plot function, use the same transmitted
amplitude values as the calibration and computes the gain value as a ratio of the received values from the
two routines for each frequency. The plotted result is the ratio of Tx and Rx amplitude quoted in dBs.
The user can select a scale factor of 1dB/division or 10dB/division. The calibration routine need not be
run for every plot but will reduce the effects of drift and ageing from the results. The accuracy of this
measurement can be assessed by running the calibration routine with the 3784A connected back to back for
the chosen interface and then running the plot function. The flatness of the resulting straight line plot
represents the error in the measurement.

Standard Tolerance Masks:

Five hard programmed jitter masks are provided covering the three jittered bit rates with high and low Q
systems catered for. The masks can be swept transient-free, automatically and their peak to peak jitter
amplitudes and modulating frequencies are in accordance with CCITT Rec. G.703 Figures 16, 18 and 20.
The masks can be used to control the amplitude at spot frequencies (SPOT MASK) or can be swept auto-
matically in 20% frequency increments and decrements (SWEPT MASK),

Table A-1 Standard Toleraﬁce Masks

Nominal Bit 704 2048 8448 34368
Rate (kHz)

Al (Ul p-p) - 1.5 1.5 1.5
A2 (Ul p-p) - 0.2 02 0.15
F1 (Hz) - 20 20 100
F2 (kHz) - 2.4(0.093) 10.7(0.4) 1.0
F3 (kHz) - 18(0.7) 80(3) 10
F4 (kHz) - 100 400 800

High Q figures shown in ().
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Programmable Tolerance Masks:
The user can program masks with any number of reak points from 2 to 6. lﬁterpolation of frequencies be-
tween break points is assumed to be linear, (ie. When shown on a log-log plot, straight lines are produced.)

The upper and lower frequency limits are given by the values FO and F4 in the Transmitter Modulation
table. The maximum amplitude is also shown in this table.

Receiver Display Rates:
The receiver display rate is always controlled by the display rate selection on the front panel display. For

measurements using the internal reference clock the FAST setting is always appropriate. For measurements
using an externally applied reference clock the lowest measurable frequency can be extended down to

0.1Hz.

Lowest Frequency:
Fast >/=10Mz
Med. >/=1Hz

Slow >/=0.1Hz

Note: This control is shared with the transmitter when the transmitter is modulated externally.

Internal Filtering:

The internal filters, three for each hit rate, are those specified in CCITT Rec. 0.171 and the appropriate
G.700 series recommendations. The filters pre-shape the demodulated jitter before measurement of
amplitude or hits analysis and before providing a demodulated jitter output at the rear panel connector.
Selection choices are:

OFF/LP/HPI + LP/HP2 + LP

Note: All filters have a nominal 20dB/decade slope asymptote.

Table A-2 Nominal 3dB Corner Frequencies

Nominal Bit 704 2048 8448 34368
Rate (kHz)

High Pass HP1 - 20Hz 20Hz 100Hz
High Pass HP2 - 18kHz 80kHz 10kHz
Low Pass LP - 100kHz 400kHz 800kHz

Max. Peak-Peak:

The maximum peak to peak result records the maximum peak to peak value registered in the gating inter-
val. Note: peak-peak measurements are intended for repetitive waveforms only.

A-8



Measurement Definitions

Hit Count:

The hit count totalises the number of occurrences when the received jitter amplitude exceeds a user set-
table threshold.

Sensitivity:

Typically >/+100nS pulse width to count.

Threshold Range:
Range 1: 0.05 to 0.5 Ul pk

Range 10: 0.5 to 5.0 Ul pk.

Hit Intervals:

The hit count registers the number intervals in which one or more hits occurred. The intervals can be
seconds or deciseconds as selected on Gating Period page.

Hit Free Intervals:

The hit free interval count totalises the number of intervals in which no hits occurred. The intervals can
be seconds or deciseconds as selected on the Gating Period page.

Measurement In:

The Measurement in port is selected on the Rear Panel Ports page. Selecting Measurement in [ENABLE]
disconnects the jitter measurement and hit counting circuitry from the internal demodulated jitter source
and connects them to the Measurement in port. This facilitv allows the user to insert external filters be-

tween the Demodulated Jitter Out port and the measurement circuits. Note: Filters with zero insertion loss
are assumed when this facility is used.

Warning/Indicator Lamps:

Jitter Unlock

This lamp is illuminated when the jitter measurement reference clock tor the receiver has lost svnchronism
with the applied signal.
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Measurement Definitions

Hits

This lamp is illuminated when the demodulated jitter amplitude is greater than he user selected Hit
threshold.

Bounds Indicators

When the transmitted or received jitter amplitude exceeds the bounds of the measurement circuits then the

display is prefixed by the indication: > BOUNDS. In the receiver measurement the indication will be dis-
plaved if any of the conditions, positive peak, negative peak or peak to peak exceeds their bounds.
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Glossary Of Terms B

Alrm Dur.

AMI

Analysis

Audio

CCITT

Data Log

Gating Period

H CNT EXP

: Alarm Durations.

Alternate Mark Inversion (often called "bi-polar" coding) is a form of
ternary data in which data "marks" (normally representing "l"s) are alter-
natively positive and negative, The main advantages of this basic code
are that the average dc potential on the line is zero and, that this code
can be used to detect if one data bit has been changed during transmis-
sion (as two consecutive bits would then have the same polarity). (See
Figure B-1).

Figure B-1 AMI Data/Clock

A set of results which are derived from the bit error measurement of
the HP 3784A and further processed, as per CCITT Rec. G821,

An audible tone generated by the HP 3784A in response to measured er-
rors, jitter hits or alarms.

The International Telegraph and Telephone Consultative Committee - an
international organization concerned with devising and proposing
recommendations for international telecommunications.

A record of the results of measurements performed by the HP 3784A.

The time interval over which a set of measurements is to be performed.

Hit count exponent.
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Glossary Of Terms

HDB3

HELP

HIT SEC

HPI

HP2

HPI + HP2

HT. FREE 5.

S

High Density Bipolar 3 (HDB3) is a code in which a pattern is sub-
stituted for each block of four consecutive zeros in the data stream.
The substitution contains a bipolar violation which can be recognised at
the receive terminal decoder and the substitution removed. (See Figure
B-2).

|—-|-—|—n--|—|—I-—-o—[—o—|-—o-—|—-o—i—|—|—h-—|—|——[
1

1 [ I | 1
| i 1 I | |
AMI DATAJ:—l e ﬂ_i—l_.rL
. B Lo iy b

HDB3 DATA _I_l !} 1 SUBSTITUTED | [
OF MARKS SINCE | U o [ |
LAST VIOLATION | Co !
I 2 |

| [

|

|

HDB3 DATA | |
EVEN NUMBER =

OF MARKS SINCE
LAST VIOLATION

CLOCK

Figure B-2 HDB3 Data

A set of screen messages which offer advice for the operator of an HP
3784A.

A second of real-time during which jitter hits occurred.

A high pass filter with corner frequency corresponding to f1 of the
standard tolerance mask.

As above for frequency 2.

A measurement of jitter using HPI and HP2 simultaneously such that
the complete tolerance mask shape is used as the hit threshold.

A second of real time during which no jitter hits occurred. (Hit Free
econd)



Jitter

Unit Intervals (UI)

Jitter Measurement
{Peak-to-Peak)

Glossary Of Terms

: Jitter, or to be more exact "Timing Jitter", is defined as short term varia-

tions of the significant instants of a digital signal from their ideal posi-
tions in time (see Figure B-3).

- e
Refummass ® ©, ®
Reference Signal
i\ +pk |
] 1
i Wem
Maximum @ @ @
Phase Lead u
1 1
1 —dpk |
1] ]
Maximum @ @
Phase Lag

Note: The Maximum Phase Lead and Maximum Phase Lag diagrams
show a jittered signal with a jitter amplitude of 1.0UI p-p.

Figure B-3 Jitter

: Jitter amplitude is measured in quantities of unit intervals. A unit inter-

val is the time allocated for the transmission of one bit of information.

1
I Ul = -
Symbol Rate

Therefore, for the 3784A bit rates, consult the following table.

Bit Rate (kHz) 1 UI (ns)
2048 488.28
8448 118.37
34368 29,09

: Jitter measurement p-p (J p-p) is a measurement of the maximum total

Jitter Measurement (Positive or:

Negative Peak)

Internal Filtering - High
(HP) and Low Pass (LP)

Pass:

excursion in the time position of a particular jittered bit relative to the
time position of that particular bit when unjittered. (See Figure 1-3.)

Jitter measurement (+Jpk or -Jpk) is a measurement of the maximum ex-
cursion, either leading or lagging. in the time position of a particular jit-
tered bit relative to its long-term mean position. (See Figure B-3.)

The HP1/LP, HP2/LP and LP filters (which are used to pre-shape the
demodulated jitter betfore measurement of jitter amplitude) are those
specified as High Pass Filter No. | and High Pass Filter No. 2 in CCITT
Recommendation 0.171 - two for each bit rate.



Glossary Of Terms

Internal Jitter Tolerance Masks

Jitter Hit Threshold

Jitter Hit

Jitter Hit Second

Jitter Hit-Free Second

JITTER LOSS

Keyboard Lock

Results

Rx Setup

SAVE

Self Test

SIGNAL LOSS
Squelch

SYNC. LOSS

Trigger

Tx Setup

UIP

B-4

: The internal hard-programmed jitter tolerance masks, one for each in-

ternal clock rate, are the "Lower Limit of Maximum Tolerance Input
Jitter" masks specified in CCITT Rec. G703.

: The jitter hit threshold is the peak jitter amplitude, both positive and

negative, which the user defines to allow the instrument to analvze the
received jitter in terms of jitter amplitude.

A jitter hit is defined as an occurence when the received jitter has ex-
ceeded the jitter hit threshold.

A jitter hit second is defined as a second (in real time) which contains
one or more jitter hits.

A jitter hit-free second is defined as a second (in real time) which con-
tains zero jitter hits.

: The condition when the HP 3784A has lost synchronisation of the jitter

free reference used for jitter measurements.

Function for disabling all keys except PAGE and CURSOR POSITION
keys.

The basic or primary measurement results performed by the HP 3784A.

The primary parameters required for setting up the receiver for basic
measurements.

EXEC, function for recording current HP 3784A settings in a preset
panel.

A series of internal functional tests which the HP 3784A can perform
on its own circuitry and firmware.

: The state where no signal transitions are seen at the Rx Data Input.

A mechanism for inhibiting logging from repeated triggers.

: The state where the locally generated reference pattern cannot be

synchronised to the input data. (BIT errors only),

A device which initiates the logging of a result.

: A set of parameters which control the HP 3784A transmitter. (Note:

The transmitter pattern is linked to the pattern of the receiver.)

Unit intervals peak. (Unit interval = Clock period).



Operating Notes C

Introduction

This section brings together important operating notes included in other sections.

Selecting Jitter Measurements

If you have an Option 002 instrument but are unable to select any Jitter measurements on Page 4, or can
only select [QOUTPUT JITTER], check the following:

- Option 002 is selected on Page 12 Option/Self Test.

- A standard clock frequency of 2, 8 or 34 MHz is selected on Page 2 Tx Setup or the external clock
frequency is within 10 % of one of these standard rates.

Selecting Thrudata

Select Page 2 Tx Setup and set the Pattern field to [THRUDATA]

Note It is not possible to select [THRUDATA] if a [STD RATE] [704kHz] or [EXT] Clock is selected on

Page 2 Tx Setup.

Selecting Codirectional Interface

When selecting the codirectional interface on Option 006 64 kbit/s Measurements, parameters on Page 2 Tx
Setup should be set in the following order:

|. First set the Clock field to [STD RATE] [64kHz], before attempting to set the Data Out field.

2. Set the Data Qut field to [CO-DIR] and [-OCT] or [+OCT].

Monitor Code Errors Alarm Led

When making measurements on coded ternary data, you have a choice of measuring either code errors or
frequency offset in addition to bit errors. You must ensure that Rx [CODE ERR.] is selected on Page 4
[ERROR RESULTS] when you want to monitor the HP 3784A Code Error Alarm Led on the front panel,
as this led and code error measurement are disabled when Rx[ FREQUENCY OFFSET] is selected.
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Operating Notes

Measuring Received Jitter in Thrudata Mode

In Option 002 instruments, when in THRUDATA mode, the received jitter is measure on the RX CLOCK
IN port independent of the “thrudata’ intertfaces selected. Receiver Bit/Code measurements operate on the
receiver signal as normal.

Interface Choices

When the transmitter clock is set to [STD RATE], the interface choices are restricted as described in the in-
strument specifications. If the transmitter clock is set to [VAR] or [EXT], the interface choices at the
transmitter are free, although measurements at the receiver on ternary data are restricted to within = 120
ppm or the standard rates.

Tx Jitter Amplitude p-p (option 002)

If the Transmitter Clock frequency is set to [VAR] or [EXT] with a bit rate £10% of the STD rate, (2,8.34
MHz) the appropriate jitter modulator will automatically be selected to correspond with the bit rate.

If the Transmitter Clock frequency is outwith £10% of the STD rates then TX Jitter Amplitude p-p will be
deselected on Page 4 Measurements.

In the case of [EXT] clock the measured Tx Clock frequency is checked for correct modulator selection
every 3 seconds.

Optimum Jitter Intrinsic Performance

For optimum intrinsic jitter performance, the HP 3784A transmitter and receiver should either be used at
identical bit rates, i.e. from the same clock source, or at rates differing by more than 10 %. ie >1%
different.

Avoiding Timing Problems

When using the receiver in binary mode, it is important that the correct phase reletionship between the
clock and data signals is maintained at the receiver interface. Two methods can be used to ensure that they
are in phase. The first is to alter the relative length off the two cables connecting the signals to the
receiver inputs. The second is to invert the clock signal at either the transmitter or receiver by setting the
Clock Out field on Page 2 Tx Setup or the Clock field on Page 3 Rx Setup respectively to [INV].

Selecting Jitter Masks
The selection of STD or PROG jitter masks in option 002 instruments can be made either on Page |

Preset or Page 4 Measurements. The selected mask will be printed in dashed form on the automatic
tolerance plot.



Operating Notes

RX REF CLOCK IN

Using this input and Measurement Range 1 (on Page 4 RESULTS) it may be necessary to compensate for
static phase offset between the reference clock and jittered clock. Incorrect phasing can be seen on the
DEMOD JITTER O/P port as abrupt 1UI steps in phase.
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Operator Selectable Switches In The
HP 3784A D

CAUTION

Note that for the operator to set the switches listed here necessitates removing protec-
tive covers. It is imperative therefore that the line cord be disconnected from the HP
3784 A before attempting to remove these covers and set internal switches.

A. There is an 8 bit switch on the All Assembly, which when viewed from above looks as follows:

ON
QFF

[ Al ASSEMBLY (TOP VIEW) |

The function of these switches is as follows:

SWITCH 1I:- Allows selection of DTR operation.
When OFF the DTR is forced high.
When ON the DTR polaritv is made selectable (ie. it appears as a field on Page 8
Remote Control).

SWITCH 2. This switch allows basic tests to be carried out. It switches the instrument into diagnos-
tic mode. The switch must be OFF for normal operation.

SWITCH 3: This switch induces the instrument to execute all re-initialisation procedures on power-
up, including;

« recalibration of svnthesiser curve tables in RAM.
« re-initialisation of all RAM based values.
e resetting instrument (including real time clock) to initial default values. The

switch must be OFF for normial operation.

SWITCHES 4-6 These three switches define the instrument option as follows:
They must be placed in the correct setting for the correct hardware configuration.



Operator Selectable Switches In The HP 3784A

Table D-1. Option Configuration

Switch Number Instrument Option
6 5 4
ON OFF ON 002 (BER plus Jitter at 2.8 and 34 MHz BER only at 704kHz)
ON ON OFF 006 (BER onlv at 64kHz.704kHz. 2MHz.8MHz and 34MHz)
SWITCH 7: DEBUG and TEST ONLY. Switch must be OFF.
SWITCH 8: Kernal Diagnostics. Refer to Service Manual.

Must be OFF for normal operation.
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Panel Memory Record Sheet E

Introduction

Table E-1 is provided to allow users to keep a record of the measurement configurations stored in each
Panel Memory.

Table E-I.

PRESET PANEL MEASUREMENT

)




Error Codes F

Introduction

The following information highlights the area most likelv at fault when an error code is displaved. Detailed
lists and explanations of error codes are given in the HP 3784 A Service Manual (part number 03784-90002).

There are six seperate selftests for the HP 3784A, all of which can be invoked by selecting the appropriate
selftest and hitting the 'EXEC’ kev. All except three of the selftests will disable the operation of the in-
strument until the selftest is complete. These are the CPU, Modem port and Printer port selftests. The other
tests require the instrument to be operating normally with all of its functions running. Here. the lJitter.
Svnthesiser and the BER:Interface selftests can be considered as background routines controlling the in-
struments settings and testing the results of various operations.

All of the selftests will run until either the test passes or the test fails. In the case of the Jitter Synthesiser

and BER tests a fail will result in the instrument settings being left as thev were at the time of failure as a
clue to the mode of failure. otherwise the settings will revoke to what thev were just before selftest started.

CPU Selftest

This tests both the RAM and the ROM of the HP 3784A Processor card (All).

RS-232 Modem Port Selftest
The special loopback connector (5060-4462) must be fitted in the RS232 MODEM port in order to run this

test correctly. This test locks out all other instrument functions such as remote communications and
kevboard functions, so it should not be disturbed for fifteen seconds.

RS-232 Printer Port Selftest

The special loopback connector (5060-4462) must be fitted in the RS232 PRINTER port in order to run this
test correctly. This test locks out all other instrument functions such as remote communications and
kevboard functions, so it should not be disturbed for fifteen seconds.

Clock Synthesiser Selftest

This program executes the procedures necessarv to check the operation of the Clock Synthesiser. A cable
must be connected between the TX CLOCK OUT AND RX CLOCK IN ports.
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Error Codes

Jitter Selftest

This program checks the jitter measurement circuitry contained in option 002 instruments. At the start of
the test it is assumed that both TX CLOCK OUT and RX CLOCK IN, and TX DATA OUT and RX
TERNARY IN are connected back to back. An error will result if they are not. Note that it is also possible
to connect only ternary data back to back and run the 'DATA IO’ jitter subtest, (selected on Page 12 Self
Test). Alternatively, connect just the Tx and Rx clock signals back to back and run either of the 'CLOCK
[0 ’FREQ/HIT or 'FILTERS’ subtests.

During the test it is possible to change the instruments display page, remembering that keyboard lock is en-
abled to prevent unwanted parameter disturbance which would result in selftest failure. Thus it is possible
to view the jitter results page as the test progresses.

BER Self Test

This program checks the HP 3784A BER and Interface circuitry. At the start of the test it is assumed that
one of four interfaces is connected back to back. An error will result if it is not.

During the test, it is possible to change the displayed page of the instrument. Keyboard lock being enabled

prevents unwanted parameter disturbance which would result in selftest failure. Thus it is possible to view
the Transmitter or Receiver setup page as the test progresses.

Table of Error Codes

Table F-1. Synthesiser Error Codes

Error Codes Reason
10 No transitions at binary clock input.
11 unable to obtain synthesiser lock.
20-29, 40-58 incorrect frequency generated.




Table F-2. Error Codes for Jitter Range Clock Test

Error Code Clock Rate Tx Amplitude Failed On
(Ulp-p)
100 704kHz. 0.00 Tx Amp.
100-103 Rx Amp.
104 3.00 Tx Amp.
105-107 Rx Amp.
108 6.00 Tx Amp.
109-111 Rx Amp
112 9.00 Tx Amp.
113-115 Rx Amp.
120 2048kHz 0.00 Tx Amp.
121-123 Rx Amp.
124 3.00 Tx Amp.
125:127 Rx Amp.
128 6.00 Tx Amp.
129-131 Rx Amp.
132 9.00 Tx Amp.
133-135 Rx Amp.
140 8.448kHz 0.00 Tx Amp.
141-143 Rx Amp.
144 3.00 Tx Amp.
145-147 Rx Amp.
148 6.00 Tx Amp.
149-151 Rx Amp.
152 9.00

Error Codes
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Error Codes

Table F-2. Error Codes for Jitter Range Clock Test (continued)

153-155 8.448kHz 9.00 Rx Amp.
180 34.368MHz 0.00 Tx Amp
181-183 Rx Amp.
184 3.00 Tx Amp.
185-187 Rx Amp.
188 6.00 Tx Amp.
189-191 Rx Amp
192 9.00 Tx Amp.
193-195 Rx Amp.
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Error Codes

Table F-3. Error Codes for Jitter Range Test Data

Error Code Reason
200-214 All of the failures are due to
220-225 incorrectly received pk-pk jitter
amplitude.

Table F-4. Frequency Modulators/Hits Threshold Error Codes.

Error Codes Reason
230-239 Internal Frequency Modulators incorrect.
240-245 Hit Threshold Detector faulty.

Table F-5. Error Codes for HP 3784A lJitter Filters

Error Codes Reason
260-268 Fails 3db cut-of points of the
270-278 instrument jitter filters.
290-298

Table F-6. Miscellaneous Jitter Error Codes

Error Code Reason
269 No svnth lock
279 No Receiver clock input signal.
289 No ternary data input signal.
299 Jitter svnc not achieved.
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Error Codes

F-6

Table F-7. Error Codes for Bit Error Add Test
Error Codes Reason

350 no pattern sync when Rx word =Tx word
351 expected 10 single bit errors.
352 expected 0 code errors during bit error add.
353 bit errors alarm not received when rate 10E-3.
354 bit error ratio not 10E-3.
355 code error ratio not 0.
356 bit errors alarm not received when rate 10E-4
357 bit error ratio not 10E-4.
358 code error ratio not 0.
359 bit errors alarm not received when rate 10E-5.
360 bit error ratio not 10E-5.
361 code error ratio not 0,
362 bit errors alarm not received when rate 10E-6.
363 bit error ratio not 10E-6.
304 code error ratio not 0.




Table F-8. Error Codes for Code Error Add Sub-Test

Error Codes

Error Code Reason
370 Tx=HDB3, Rx=AMI, Rx not detecting.BPV’s or Tx not HDB3.
371 Tx=AMI, Rx=HDB3. Rx detecting BPV’s (should be none).
372 Tx=Rx=AMLI. Errors detected when same coding.
373 expected 10 single code errors (AMI).
374 expected 0 bit errors during code error add (AMI).
375 code errors alarm not received when rate 10E-3.
376 code error ratio not 10E-3.
2 T bit error ratio not 0 during code error add 10E-3.
378 code errors alarm not received when rate 10E-4
379 code error ratio not 10E-4.
380 bit error ratio not 0 during code error add 10E-4,
381 code errors alarm not received when rate 10E-5.
382 code error ratio not 10E-5.
383 bit error ratio not 0 during code error add 10E-5.
384 code errors alarm not received when rate 10E-0.
385 code error ratio not 10E-6.
386 bit error ratio not 0 during code error add 10E-6.
387 no code errors when Tx=Rx=HDB3 and code error rate 10E-3.
388 no code errors when Tx=Rx=HDB3 and code error rate 10E-4.
389 no code errors when Tx=Rx=HDB3 and code error rate 10E-5.
390 no code errors when TX=Rx=HDB3 and code error rate 10E-6.

Note: BPV’s= Bipolar Violations.

F-7



Error Codes

F-8

Table F-9. Miscellaneous BER Error Codes

Error Code

Reason

399

no loopback signal present.

Table F-10. Error Codes for CPU Selt Test

Error Code

Reason

400

410

411

RAM at address 0000 - 7FFFH fails R/W test.
ROM at address QEQ000I - OFFFFFH fails crc test.
ROM at address 0C0000H - ODFFFFH fails crec test.

ROM at address 0AO000H - OBFFFFH fails crc test.

Table F-11. Error Codes for RS-232 Modem Port Test

Error Code Reason
500 Missing loopback connector or worse,
501 Fault suspected in DUART chip.
502 CTS line failed.
503 RTS line failed.
504 DTR line failed.
505 DSR line failed.
506 DCD line failed.
507 RI line failed.
508 Tx/Rx transmission errors




Table F-12. Error Codes for R5-232 Printer Port Test
Error Code Reason

510 Missing loopback connector or worse.

511 CTS line failing. holding oft transmissions.

512 Tx/Rx transmission errors.

Error Codes
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Additional measurements, 3-16

AIS pattern generation and detection, 3-18
AlS, 2-15, A4

Alarm Durations, 4-15

Alarms, 2-15

Alternating Word External Input Port, 2-13
ALT WORD, 4-5

AMI, B-1

Analvsis pass/fail thresholds, 3-14

Applications of Data Logging. 5-1

Audio Source, 4-15

Auto Setup, 4-7

Automatic Jitter Transfer Function Plotting. A-7
Automatic Tolerance Plotting, A-6

AUDIO key, 2-12

AUTO JITTER TRANSFER FUNCTION, 4-11
AUTO TOLERANCE PLOT. 4-11

Availability, A-2

Avoiding timing problems, C-2

Battery Failure, 7-3
Battery Replacement, 7-4
BER Self Test, F-2
Binary, 4-7

Bit errors, 2-15

Bounds Indicators, A-10

C

CCITT, B-1

Changing User Selectable Functions/Parameters, 2-10

Clock Generation, 4-4

Clock Out. 4-6

Clock svnthesizer selftest, F-I

Clock, 4-5

Code error injection and measurement, 3-8
Code errors, 2-15

Code Error Triggers, 5-20

Configure an HP RS-232-C ThinklJet Printer, 5-3
Configure an HP-1B ThinkJet Printer, 5-3
Connecting the HP 3784A to a Printer, 5-2
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Connection To The HP-IB, 7-8
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Controlling the cursor, 2-9
Cumulative Slip Deciseconds. 4-15
Cursor position keys, 2-11

D

Data Log, 4-16

Data Loss, A-5

Default settings, 2-18
Default Settings, 4-27
Degraded Minutes, A-3
Description, 1-1

DEMOD JITTER OUT, 2-16
Display Backlight, 2-12
Display Contrast Adjustment, 7-3
DTR, 4-24

Duplex, 4-23

E

Enabling Self Test, 2-18

End of Period Results Summary Explained, 5-17
Eng/Ack. 4-23

Environment, 7-4

Error analysis example, 3-15

Error analysis measurements, 3-14

Error Add, 4-6

Error Analysis, A-2

Error Bursts, A-3

Error Count, A-|

Error Distribution, A-3

Error Field Choices, 5-17

Error Free Intervals, A-2

Error Intervals, A-1

Error Measurements, A-1

Error out, 8-37

Error Out Port, 4-29
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ERROR ADD key, 2-12

ERROR ANALYSIS, 4-11

External Jitter Modulation Input Port (Option 002). 2-13
External modulation input (option 002), §-42
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External Triggering, 5-24

EXEC key, 2-12

EXT MOD/ALT WORD. 2-13
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Finding the Index Page, 2-4
Frequency and Offset, A-6
Frequency offset measurements, 3-17
Front panel input/output ports, 2-13
Front panel operating features, 2-11
Fuses, 2-1, 7-2

G

Gating Period, 4-13, B-1
Gating type, 4-13
GO/NO GO Tests, A-4
Graphics Mode, 5-10
Graphics, 4-16

H

HDB3, B-2

Help, 4-10

HELP key, 2-12

Hit Count, A-9

Hit Free Intervals, A-9

Hit Intervals, A-9

Hits, 2-15, A-10

How to log measurement results, 5-25

HP 3784A display at switch-on, 2-3

HP 3784A Display, 2-12

HP 3784A jitter tolerance measurements, 3-29
HP 3784A opt 006 - 64 kbit/s measurements, 3-37
HP ThinkJet printer, 4-16

HP-IB Cables, 7-9

HP-IB Installation, 7-8

HP-1B Modes, 4-22

HP-IB verification, 8-41

HP3784A display contrast adjustment, 7-3

In-service output jitter measurements, 3-28

Instrument turn on, 2-1

Instrument Turn On, 2-1

Int Mod and Demod lJitter Measurement In (opt 002), 8-50
Interface choices, C-2

Internal Battery, 7-3

Internal Filtering, A-8. B-3

Internal Jitter Tolerance Masks, B-4

Interval Counts Explained, 5-15
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Intrinsic jitter performance, 3-25
Introduction, 2-1

J

Jitter analysis measurement, 3-28

Jitter Display Rate, 4-9

Jitter Hit Threshold. B-4

Jitter Hit, B-4

Jitter loss, 2-15

Jitter measurement display update rates, 3-25
Jitter self'test, F-2

Jitter Tolerance Standard and Programmable Masks, 4-2
Jitter Unlock, A-9

Jitter, 4-18, B-3

JITTER GENERATION, 3-22

JITTER MEASUREMENT, 3-25

JITTER MEASUREMENTS - OPTION 002, 3-20
JITTER TOLERANCE MEASUREMENT, 3-30
JITTER TOLERANCE, 4-12

JITTER TRANSFER FUNCTION, 4-12

K

Keyboard Lock, 4-2

L

Line Voltage Selection, 7-2

Liquid crystal display (L.C.D.), 2-12

Log Code Error Results Graphically, 5-13
Log on Demand, 5-22

Log results in a summary, 5-17

Log Results via HP-IB to Printer, 5-2

Log Results via RS-232-C to a Printer, 5-2
Log, 4-17

Logging Bit Error Measurement Results, 5-7
Logging Port, 4-28

Logging Trigger during Real Time, 5-20
Logging Trigger for End of Period Summary. 5-21
Long Term Mean Error Ratio, A-4

Loss Measurements, 3-2, A-4

LOCAL key, 2-11

LOG ON DEMAND key. 2-11

LOG ON DEMAND, 5-20
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Making a Bit Error Count Measurement, 2-6
Making a measurement, 3-4

Making in-service code error measurements, 3-12
Making out-of-service error measurements, 3-7
Making vour first measurement, 2-3
Measurement filters, 3-25

Measurement gating, 8-30

Measurement In, 4-29, A-9

Measurements, A-1

Measuring code errors on live traffic, 3-12
Measuring received jitter in thrudata mode, C-2
MEASUREMENT IN, 2-17

Modulation, 4-12

Monitor code errors alarm led, C-1

N

Need help?, 4-1

o

Operating Environment, 7-4

Operating The HP 3784A, 2-1, 2-3
Optimum jitter intrinsic performance, C-2
Option 002, A-6

Option instruments, 2-18

Qutput jitter measurement, 3-27
OUTPUT JITTER, 4-12

P

Page 4 Results explained, 5-16
Panel Memory, 4-2

Parity, 4-25

Pattern, 4-5

PAGE keys, 2-11

PAGE Keys, 2-8

PAGE 4 Results, 5-16

Performing jitter self tests (option 002), 8-55
Plotted Results, 5-10

Power Cable, 7-2

Power loss, 2-15

Power Loss, A-4

Power Requirements, 7-2
Powering Up, 2-3

POWER key, 2-11

Practical jitter measurements, 3-20

Practical measurements at 64 kbit/s codirectional interfaces, 3-38
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Preset Panel, 4-1
Programmable Tolerance Masks, 4-3, A-8
PRBS, 4-5

R

Rack Mounting, 7-4

Rear panel input/output ports, 2-16

Rear Panel Ports, 4-29

Receiver autoconfigure, 8-34

Receiver clock recovery, 8-20

Receiver Clock rate, 4-8

Receiver Display Rates, A-8

Receiver Pattern, 4-8

Receiver reference PRBS patterns and zero substitution, 8-31
Recommended Printers, 5-1

Reference word and synchronization, 8-30
Result Formats, 4-10

Results logged for Manual/Single gating periods, 5-15
Results logged for Repeat gating period, 5-15
Results printed in Real Time, 5-15

REAL TIME, 4-17

RS-232 modem port selftest, -1

RS-232 printer port selftest, F-1

RS-232-C Interface Installation. 7-9, 7-10
RS-232-C Remote Control, 7-10

RS5232 Modem port, 4-22

RS232 (Asynchronous), 4-22

Rx Clock Loss, A-5

Rx Reference Clock, 4-30

RX BIN DATA IN, 2-15

RX CLOCK IN, 2-15

RX ERROR OUT, 2-17

RX REF CLOCK IN/OUT (Option 002), 2-17
RX TERNARY DATA IN, 2-15

S

Safety Considerations, 6-1

Selectable Port, 4-30

Selecting an index or page, 2-8
Selecting codirectional interface, C-1
Selecting jitter masks, C-2

Selecting jitter measurements, C-1
Selecting thrudata, C-1

Self test features, 2-18

Self test, 4-32

Set-up Field. 4-16

Setting Instrument Default State, 2-4
Severely Errored Seconds, A-3
SELECTABLE PORT, 2-16

Index-0



Slip Count. A-5

Specifications, 6-1

SPOT MASK, 4-2

Squelch, 4-17, 5-23

Standard Tolerance Mask, 4-2
Standard Tolerance Masks, A-7
Status, 4-26

Storing measurement configuration, 3-5
START/STOP key, 2-12

STOP, 2-11

Subpage [SETUP BJ, 4-24
SUMMARY, 4-20

Summary, 5-17

SWEPT MASK. 4-2

Svnc loss, 2-15

Sync Loss, A-5

Svynth loss, 2-15

y

Table of error codes, F-2

Ternary data input levels, 8-28

Ternary data outputs, 8-18

Ternary, 4-8

Thrudata (option 002), 8-57
THRUDATA. 4-6

To recall set-up from panel memory, 3-19
To store configuration in preset panel, 3-19
To Select A Page, 2-8

To Select An Index, 2-8

Transmitter alternating word. 8-16
Transmitter Interface. 4-4

Transmitter jitter modulation, 3-23
Transmitter n-bit programmable word. 8-10
Transmitter pattern trigger. 8-12
Transmitter prbs pattern verification. 8-14
Trigger, 4-19, 4-21

Tx Clock Loss, A-5

Tx Data Output Amplitude, 2-14

Tx Jitter Amplitude p-p. C-2

TX CLOCK IN, 2-14

TX CLOCK OUT, 2-14

TX DATA OUT, 2-14

TX REF CLOCK OUT, 2-16

U

Unavailability, A-2
Unbalanced 75 ohms, 2-14
Unit Intervals, B-3
Update keys, 2-10
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UPDATE keys, 2-12
Using zero substitution, 3-16

w

Warning/Indicator Lamps, A-9
What Stops Logging?, 5-23
What Triggers Logging?, 5-20
Word, 4-5

X

Xon/Xoff, 4-23

Z

Zero Sub, 4-5
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HEADQUARTERS OFFICES

If there is no sales office listed for your area, contact one of these

headquarters offices.

ASIA

Hewleti-Packard Asia Ltd.
22/F Bond Centre, West Tower
89 Queensway, Central

HONG KONG

G.P.0. Box 863, Hong Kong
Tel: 5-8487777

Telex: 76793 HPA HX

Cable: HPASIAL TD

CANADA

Hewlett-Packard (Canada) Ltd.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1M8
Tel: (416) 678-9430

Telex: 069-8644

EASTERN EUROPE
Hewlett-Packard Ges.m.b.h.
Lieblgasse 1

P.0.Box 72

A-1222 VIENNA, Austria

Tel: (222) 2500-0

Telex: 13 4425 HEPA A

NORTHERN EUROPE
Hewlett-Packard S.A.

V. D. Hooplaan 241

P.0.Box 999

NL-118 LN 15 AMSTELVEEN
The Netherlands

Tel: 20 5479999

Telex: 18919 hpner

SOUTH EAST EUROPE
Hewlett-Packard S.A.

World Trade Center

110 Avenue Louis-Casai

1215 Cointrin, GENEVA, Switzerland
Tel: (022) 98 96 51

Telex: 27225 hpser

Mail Address:

P.0. Box

CH-1217 Meyrin 1

GENEVA

Switzerland

MIDDLE EAST
AND CENTRAL AFRICA
Hewlett-Packard S.A.
Middle East/Central
Africa Sales H.Q.

7, rue du Bois-du-Lan
P.0. Box 364

CH-1217 Meyrin 1
GENEVA

Switzerland

Tel: (022) 83 12 12
Telex: 27835 hmea ch
Telefax: (022) 83 15 35

European Operations
Hewlett-Packard S.A,

150, Route du Nant d'Avril
1217 Meyrin 2

GENEVA, Switzerland

Tel: 41 22/838111

UNITED KINGDOM
Hewlett-Packard Ltd.

Nine Mile Ride

WOKINGHAM

Berkshire, RG113LL

Tel: 0344 773100

Telex: 848805/848814/848912

UNITED STATES OF
AMERICA

Customer Information Center
(800) 752-0900
6:00 AM to 5 PM Pacific Time

EASTERN USA
Hewlett-Packard Co.

4 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: (301) 670-4300

MIDWESTERN USA
Hewlett-Packard Co,

5201 Tallview Drive

ROLLING MEADOWS, |L 60008
Tel: (312) 255-9800

SOUTHERN USA
Hewlett-Packard Co.

2015 South Park Place
ATLANTA, GA 30339

Tel: (404) 955-1500

WESTERN USA
Hewlett-Packard Co.

5161 Lankershim Bivd.

NORTH HOLLYWOOD, CA 91601
Tel: (818) 505-5600

OTHER
INTERNATIONAL
AREAS

Hewlett-Packard Co.
Intercontinental Headquarters
3495 Deer Creek Road

PALO ALTO, CA 94304

Tel: (415) 857-5027

Telex: 034-8300

Cable: HEWPACK

ALGERIA
Hewlett-Packard Trading S.A.
Bureau de Liaison Alger

Villa des Lions

9, Hai Galloul

DZ-BORDJ EL BAHRI

Tel: 76 03 36

Telex: 63343 dlion dz

ANGOLA

Telectra Angola LDA

Empresa Técnica de Equipamentos
16 rue Cons. Julio de Vilhema
LUANDA

Tel: 35515,35516

Telex: 3134

ARGENTINA
Hewlett-Packard Argentina S.A.
Montaneses 2140750

1428 BUENOS AIRES

Tel: 541-11-1441

Telex: 22796 HEW PAC-AR

Biotron S.A.C.I.M.e.l.

Av. Paso Colon 221, Piso 9

1399 BUENOS AIRES

Tel: 541-333-490,
541-322-587

Telex: 17595 BIONAR

Laboratorio Rodriguez
Corswant S.R.L.
Misiones, 1156 - 1876
Bernal, Oeste

BUENOS AIRES

Tel: 252-3958, 252-4991

Intermaco S.R.L.

Florida 537/71

Galeria Jardin - Local 28
1005 BUENOS AIRES

Tel: 393-4471/1928

Telex: 22796 HEW PAC-AR

Argentina Esanco S.R.L.
A/ASCO 2328

1416 BUENOS AIRES

Tel: 541-58-1981, 541-59-2767
Telex: 22796 HEW PAC-AR

All Computers S.A.
Montaneses 2140/50 5 Piso
1428 BUENOS AIRES

Tel: 781-4030/4039/783-4886
Telex: 18148 Ocme

AUSTRALIA

Customer Information Centre
Tel: (008) 033821

Adelaide, South
Australia Office
Hewlett-Packard Australia Ltd.
153 Greenhill Road
PARKSIDE, S.A. 5063

Tel: 61-8-272-5911

Telex: 82536

Cable: HEWPARD Adelaide

Brisbane, Queensland
Office

Hewlett-Packard Australia Ltd.

10 Payne Road

THE GAP, Queensland 4061

Tel: 61-7-300-4133

Telex: 42133

Cable: HEWPARD Brisbane

Canberra, Australia
Capital Territory
Office

Hewlett-Packard Australia Ltd.
Thynne Street, Fern Hill Park
BRUCE, A.C.T. 2617

P.0. Box 257,

JAMISON, A.C.T. 2614

Tel: 61-62-80-4244

Telex: 62650

Cable: HEWPARD Canberra

Meibourne, Victoria
Office

Hewlett-Packard Australia Ltd.
31-41 Joseph Street

P.0. Box 221

BLACKBURN, Victoria 3130
Tel: (03) 895-2895

Telex: 31-024

Cable: HEWPARD Melbourne

SALES OFFICES

Perth,

Western Australia
Office

'awlett-Packard Australia Ltd.
Herdsman Business Park
CLAREMONT, W.A. 6010

Tel: 61-9-383-2188

Telex: 93859

Cable: HEWPARD Perth

Sydney, New South
Wales Office
Hewlett-Packard Australia Ltd.
17-23 Talavera Road

P.0. Box 308

NORTH RYDE, N.S.W. 2113
Tel: 61-2-888-4444

Telex: 21561

Cable: HEWPARD Sydney

AUSTRIA
Hewlett-Packard Ges.m.b.h.
Verkaufsbuero Graz
Grottenhofstrasse 94
A-8052 GRAZ

Tel: 43-316-291-5660
Telex: 312375

Hewlett-Packard Ges.m.b.h.
Lieblgasse 1

P.O.Box 72

A-1222 YIENNA

Tel: 43-222-2500

Telex: 134425 HEPA A

BAHRAIN
Green Salon

P.O. Box 557
MANAMA

Tel: 255503-250950
Telex: 84419

Wael Pharmacy

P.0. Box 648
MANAMA

Tel: 256123

Telex: 8550 WAEL BN

Zayani Computer Systems
218 Shaik Mubarak Building
Government Avenue
P.0O.Box 5918

MANAMA

Tel: 276278

Telex: 9015 plans bn

BELGIUM

Hewlett-Packard Belgium S.A./N.V.
Blvd de la Woluwe, 100

Woluwedal

B-1200 BRUSSELS

Tel: (02) 32-2-761-31-11

Telex: 23494 hewpac

BERMUDA

Applied Computer Technologies
Atlantic House Building

P.0. Box HM 2091

Par-La-Ville Road

HAMILTON 5

Tel: 295-1616

Telex: 380 3589/ACT BA

BOLIVIA

Arrellano Ltda

Av. 20 de Octubre #2125
Casilla 1383

LA PAZ

Tel: 368541

Arranged alphabetically by country

BRAZIL

Tesis Informatica S.A.

Alameda Rio Negro, 750-1. AND.
ALPHAYILLE

06400 Barueri SP

Tel: (011) 421.1311

Telex: (011) 71351 HPBR BR
Cable: HEWPACK Sao Paulo

Hewlett-Packard do Brasil S.A.
Praia de Botafago 228-A-614

6. AND.-CONJ. 601

Edificio Argentina - Ala A

22250 RIO DE JANEIRO, RJ

Tel: (021) 552-6422

Telex: 21905 HPBR BR

Cable: HEWPACK Rio de Janeiro

Van Den Cientifica Ltda.
Rua Jose Bonifacio, 458
Todos os Santos

20771 RIO DE JANEIRO, RJ
Tel: (021) 593-8223

Telex: 33487 EGLB BR

ANAMED |.C.El. Ltda.
Rua Vergueiro, 360
04012 SAQ PAULO, 5P
Tel: (011) 572-1106
Telex: 1124740 AMED BR

BRUNEI

Komputer Wisman Sdn Bhd
G6, Chandrawaseh Cmplx,
Jalan Tutong

P.0. Box 1297,

BANDAR SERI BEGAWAN
NEGARA BRUNI DARUSSALAM
Tel: 673-2-2000-70/26711

CAMEROON
Beriac

B.P.23

DOUALA

Tel: 420153

Telex: 5351

CANADA

Alberta

Hewlett-Packard (Canada) Ltd.
3030 3rd Avenue N.E.
CALGARY, Alberta T2A 677
Tel: (403) 235-3100

Hewleti-Packard (Canada) Ltd.
11120-178th Street
EDMONTON, Alberta T5S 1P2
Tel: (403) 486-6666

British Columbia
Hewlett-Packard (Canada) Ltd.
10691 Shellbridge Way
RICHMOND,

British Columbia V6X 2W8

Tel: (604) 270-2277

Telex: 610-922-5059

Hewilett-Packard (Canada) Ltd.

121 - 3350 Douglas Street
VICTORIA, British Columbia V8Z 3L1
Tel: (604) 381-6616

Manitoba
Hewlett-Packard (Canada) Ltd.
1825 Inkster Blvd.

WINNIPEG, Manitoba R2X 1R3
Tel: (204) 694-2777




SALES OFFICES

Arranged alphabetically by country (cont’d)

CANADA (Cont'd)

New Brunswick
Hewlett-Packard (Canada) Ltd.
814 Main Street

MONCTON, New Brunswick E1C 1E6

Tel: (506) 855-2841

Nova Scotia
Hewlett-Packard (Canada) Ltd.
Suite 111

900 Windmill Road

DARTMOUTH, Nova Scotia B3B 1P7
Tel: (802) 469-7820

Ontario

Hewlett-Packard (Canada) Lid.
3325 N. Service Rd., Unit W03

BURLINGTON, Ontario L7N 3G2
Tel: (416) 335-8644

Hewlett-Packard (Canada) Ltd.
552 Newbold Street

LONDON, Ontario N6E 255
Tel: {519) 686-9181

Hewlett-Packard (Canada) Lid.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1M8
Tel: (416) 678-9430

Telex: 069-83644

Hewlett-Packard (Canada Ltd.
2670 Queensview Dr.
OTTAWA, Ontario K2B 8K1
Tel: (613) 820-6483

Hewlett-Packard (Canada) Ltd.
3790 Victoria Park Ave.
WILLOWDALE, Ontario M2H 3H7
Tel: {416) 499-2550

Quebec

Hewlett-Packard (Canada) Ltd.
17500 Trans Canada Highway
South Service Road
KIRKLAND, Quebec H3J 2X8
Tel: (514) 697-4232

Telex: 058-21521

Hewlett-Packard (Canada) Ltd.
1150 rue Claire Fontaine
QUEBEC CITY, Quebec G1R 5G4
Tel: (418) 648-0726

Saskatchewan
Hewlett-Packard (Canada) Ltd.
130 Robin Crescent

SASKATOON, Saskatchewan STL 6M7

Tel: (306) 242-3702

CHILE

ASC Ltda.

Austria 2041

SANTIAGO

Tel: 223-5946, 223-6148
Telex: 392-340192 ASC CK

Jorge Calcagni y Cia

Av. Italia 634 Santiago
Casilla 16475

SANTIAGO 9

Tel: 9-011-562-222-0222
Telex: 392440283 JCYCL CZ

Metrolab S.A.

Monijitas 454 of. 206
SANTIAGO

Tel: 395752, 398286

Telex: 340866 METLAB CK

Olympia (Chile) Ltda.

Av. Rodrigo de Araya 1045
Casilla 256-V

SANTIAGO 21

Tel: 225-5044

Telex: 340892 OLYMP

Cable: Qlympiachile Santiagochile

CHINA, People’s
Republic of

China Hewlett-Packard Co., Lid.
22/F Bond Centre, West Tower
89 Queensway, Central

HONG KONG

Tel: 5-8487777

Telex: 76793 HPA HX

Cable: HP ASIA LTD

China Hewlett-Packard Co., L1d.
P.0. Box 9610, Beijing
4th Floor, 2nd Watch Factory Main

Shuang Yu Shou, Bei San Huan Road

Hai Dian District
BENING

Tel: 33-1947 33-7426
Telex: 22601 CTSHP CN
Cable: 1920 Beijing

China Hewlett-Packard Co., Ltd.
CHP Shanghai Branch

23/F Shanghai Union Building
100 Yan An Rd. East
SHANG-HAI

Tel: 265550

Telex: 33571 CHPSB CN

Cable: 3416 Shanghai

COLOMBIA
Instrumentacion

H. A. Langebaek & Kier S.A.
Carrerra 4A No. 52A-26
Apartado Aereo 6287
BOGOTA 1, D.E.

Tel: 212-1466

Telex: 44400 INST CO
Cable: AARIS Bogota

Nefromedicas Lida.
Calle 123 No. 9B-31
Apartado Aereo 100-958
BOGOTAD.E., 10

Tel: 213-5267, 213-1615
Telex: 43415 HEGAS CO

Compumundo

Avenida 15 # 107-80
BOGOTAD.E.

Tel: 57-214-4458

Telex: 39642450 COMPU CO

Carvajal, S.A.

Calle 29 Norte No. 6A-40
Apartado Aereo 46

CALI

Tel: 9-011-57-3-621888
Telex: 39655650 CUJCL CO

CONGO
Seric-Congo
B.P. 2105
BRAZZAVILLE
Tel: 815034
Telex: 5262

COSTARICA
Cientifica Costarricense S.A,
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

SAN JOSE

Tel: 9-011-506-243-820
Telex: 3032367 GALGUR CR

0. Fischel R. Y. Gia. S.A.
Apartados 434-10174
SAN JOSE

Tel: 23-72-44

Telex: 2379

Cable: OFIR

CYPRUS
Telerexa Ltd.

P.0. Box 1162
Valentine House

8 Stassandrou St.
NICOSIA

Tel: 45 628, 62 698
Telex: 5845 tirx cy

DENMARK
Hewlett-Packard A/S
Kongevejen 25
DK-3460 BIRKEROD
Tel: 45-02-81-6640
Telex: 37409 hpas dk

Hewlett-Packard A/S
Rolighedsvej 32

DK-8240 RISSKOV, Aarhus
Tel: 45-06-17-6000

Telex: 37409 hpas dk

DOMINICAN REPUBLIC

Microprog S.A.

Juan Tomas Mejia y Cotes No. 60
Arroyo Hondo

SANTO DOMINGO

Tel: 565-6268

Telex: 4510 ARENTA DR (RCA)

ECUADOR

CYEDE Cia. Ltda.

Avenida Eloy Alfaro 1749

y Belgica

Casilla 6423 CCI

Quito

Tel: 9-011-593-2-450975
Telex: 39322548 CYEDE ED

Medtronics

Valladolid 524 Madrid
P.0. 9171, QUITO

Tel: 2-238-951

Telex: 2298 ECUAME ED

Hospitalar S.A.

Robles 625

Casilla 3590

auiTo

Tel: 545-250, 545-122
Telex: 2485 HOSPTL ED
Cable: HOSPITALAR-Quito

Ecuador Overseas Agencies C.A.
Calle 9 de Octubre #818

P.0. Box 1296, Guayaquil
auiTo

Tel: 39343873 ECUOVE ED
Telex: 3361 PBCGYE ED

EGYPT

Sakrco Enterprises

P.0. Box 259

ALEXANDRIA

Tel: 802908, 808020, 805302
Telex: 54333

International Engineering Associates

6 El Gamea Street
Agouza

CAIRO

Tel: 71-21-68134-80-940
Telex: 93830 IEA UN
Cable: INTEGASSO

Sakrco Enterprises
70 Mossadak Street
Dokki, Giza

CAIRO

Tel: 706 440, 701087
Telex: 9337

5.8.C. Medical

40 Gezerat El Arab Street
Mohandessin

CAIRO

Tel: 803844, 805998, 810263
Telex: 20503 SSC UN

EL SALVADOR
IPESA de El Salvador S.A.
29 Avenida Norte 1223

SAN SALVADOR

Tel: 9-011-503-266-858
Telex: 30120539 IPESA SAL

ETHIOPIA
Seric-Ethiopia
P.O. Box 2764
ADDIS ABABA
Tel: 185114

Telex: 21150

FINLAND
Hewlett-Packard Finland
Field Oy

Niittylanpolku 10

00620 HELSINKI

Tel: (90) 757-1011

Telex: 122022 Field SF

Hewlett-Packard Oy
Piispankalliontie 17
02200 ESPOO

Tel: {90) 887-21

Telex: 121563 HEWPA SF

FRANCE
Hewleit-Packard France
Z.l. Mercure B

Rue Berthelot

13763 Les Milles Cedex
AIX-EN-PROVENCE

Tel: 33-42-59-4102
Telex: 410770F

Hewlett-Packard France
64, Rue Marchand Saillant
F-61000 ALENCON

Tel: (33) 29 04 42

Hewlett-Packard France
Batiment Levitan

2585, route de Grasse
Bretelle Autoroute
06600 ANTIBES

Tel: (93) 74-59-19

Hewlett-Packard France

28 Rue de la République

Boite Postale 503

25026 BESANCON CEDEX, FRANCE
Tel: (81) 83-16-22

Telex: 361157

Hewlett-Packard France
ZA Kergaradec

Rue Fernand Forest
F-29239 GOUEESNOU
Tel: (98) 41-87-30

Hewlett-Packard France
Chemin des Mouilles

Boite Postale 162

69131 ECULLY Cedex (Lyon)
Tel: 33-78-33-8125

Telex: 310617F

Hewlett-Packard France

Parc d'activités du Bois Briard
2 Avenue du Lac

F-91040 EVRY Cedex

Tel: 01/60 77-83-83

Telex: 6923 15F

Hewlett-Packard France
Application Center

5, avenue Raymond Chanas
38320 EYBENS (Grenoble)

Tel: (76) 62-57-98

Telex: 980124 HP GRENOB EYBE

Hewlett-Packard France
Parc Club des Tanneries
Batiment B4

4, Rue de la Faisanderie
67381 LINCOLSHEIM
(Strasbourg)

Tel: (88) 76-15-00

Telex: 890141F

Hewlett-Packard France
Centre d'affaires Paris-Nord
Batiment Ampére

Rue de la Commune de Paris
Boite Postale 300

93153 LE BLANC-MESNIL
Tel: (1) 865-44-52

Telex: 211032F

Hewlett-Packard France

Parc d'activités Cadéra

Quartier Jean-Mermoz

Avenue du Président JF Kennedy
33700 MERIGNAC (Bordeaux)
Tel: 33-56-34-0084

Telex: 550105F

Hewlett-Packard France
3, Rue Graham Bell

BP 5149

57074 METZ Cedex

Tel: (87) 36-13-31

Telex: 860602F

Hewlett-Packard France
Miniparc-ZIRST

Chemin du Vieux Chéne
38240 MEYLAN (Grenoble)
Tel: (76) 90-38-40

980124 HP Grenobe

Hewlett-Packard France
Bureau vert du Bois Briand
Cheman de la Garde
-CP212212

44085 NANTES Cedex

Tel: (40) 50-32-22

Telex: 711085F



Hewlett-Packard France

125, Rue du Faubourg Bannier
45000 ORLEANS

Tel: 33-38-62-2031

Hewlett-Packard France

Zone Industrielle de Courtaboeuf
Avenue des Tropigues

91947 LES ULIS Cedex (Orsay)
Tel: 33-6-907 7825

Telex: 600048F

Hewlett-Packard France

15, Avenue de L'Amiral-Bruix
75782 PARIS Cedex 16

Tel: 33-15-02-1220

Telex: 613663F

Hewlett-Packard France
242 Ter, Ave J Mermoz
64000 PAU

Tel: 33-59-80-3802
Telex: 550365F

Hewlett-Packard France
6, Place Sainte Croix
86000 POITIERS

Tel: 33-49-41-2707
Telex: 792335F

Hewlett-Packard France
47, Rue de Chativesle
51100 REIMS

Tel: 33-26-88-6919

Hewlett-Packard France
Parc d'activités de la Poterie
Rue Louis Kerautel-Botmel
35000 RENNES

Tel: 33-99-51-4244

Telex: 740912F

Hewlett-Packard France
98 Avenue de Bretagne
76100 ROUEN

Tel: 33-35-63-5766
Telex: 770035F

Hewlett-Packard France

4, Rue Thomas-Mann

Boite Postale 56

67033 STRASBOURG Cedex
Tel: (88) 28-56-46

Telex: 89014 1F

Hewlett-Packard France
Le Péripole Il

3, Chemin du Pigeonnier de la Cépiére

31081 TOULOUSE Cedex
Tel: 33-61-40-1112
Telex: 531639F

Hewlett-Packard France
Les Cardoulines

Batiment B2

Route des Dolines

Parc d'activite de Valbonne
Sophia Antipolis

06560 YALBONNE (Nice)
Tel: (93) 65-39-40

Hewlett-Packard France
9, Rue Baudin

26000 VALENCE

Tel: 33-75-42-7616

Hewlett-Packard France
Carolor

ZAC de Bois Briand
57640 VIGY (Metz)

Tel: (8) 77120 22

Hewlett-Packard France
Parc d'activité des Prés

1, Rue Papin Cedex

59658 VILLENEUVE D'ASCQ
Tel: 33-20-91-4125

Telex: 160124F

Hewlett-Packard France

Parc d'activités Paris-Nord 11
Boite Postale 60020

95971 Roissy Charles de Gaulle
YILLEPINTE

Tel: (1) 48 63 80 80

Telex: 211032F

GABON
Sho Gabon
P.0. Box 89
LIBREVILLE
Tel: 721 484
Telex: 5230

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebzentrale Deutschland
Hewlett-Packard-Strasse
Postfach 1641

D-6380 BAD HOMBURG v.d.H
Tel: (06172) 400-0

Telex: 410 844 hpbhg

Hewlett-Packard GmbH
Geschaftsstelle
Keithstrasse 2-4
D-1000 BERLIN 30

Tel: (030) 2199 04-0
Telex: 018 3405 hpbin d

Hewlett-Packard GmbH
Verbindungsstelle Bonn
Friedrich-Ebert-Allee 26
5300 BONN

Tel: (0228) 234001
Telex: 8869421

Hewlett-Packard GmbH
Vertriebszentrun Slidwest
Schickardstrasse 2
D-7030 BOBLINGEN
Postfach 1427

Tel: (07031) 645-0

Telex: 7265 743 hep

Hewlett-Packard GmbH
Zeneralbereich Mktg
Herrenberger Strasse 130
D-7030 BOBLINGEN

Tel: (07031) 14-0

Telex: 7265739 hep

Hewlett-Packard GmbH
Geschdftsstelle
Schleefstr, 28a

D-4600 DORTMUND-41
Tel: (0231) 45001

Telex: 822858 hepdod

Hewlett-Packard gmbH
Reparaturzentrum Frankfurt
Berner Strasse 117

6000 FRANKFURT/MAIN 60
Tel: (069) 500001-0

Telex: 413249 hpfim

Hewlett-Packard GmbH
Vertriebszentrum Nord
Kapstadtring 5

D-2000 HAMBURG 60
Tel: 49-40-63-804-0
Telex: 02163 032 hphh d

Hewlett-Packard GmbH
Geschiftsstelle
Heidering 37-39
D-3000 HANNOVER 61
Tel: (0511) 5706-0
Telex: 092 3259 hphan

Hewlett-Packard GmbH
Geschéftsstelle
Rosslauer Weg 2-4
D-6800 MANNHEIM

Tel: 49-0621-70-05-0
Telex: 0462105 hpmhm

Hewlett-Packard GmbH
Geschiftsstelle
Messerschmittstrasse 7
D-7910 NEU ULM

Tel: 49-0731-70-73-0
Telex: 0712816 HP ULM-D

Hewlett-Packard GmbH
Geschaftsstelle
Emmericher Strasse 13
D-8500 NURNBERG 10
Tel: (0911) 5205-0
Telex: 0623 860 hpnbg

Hewlett-Packard GmbH
Vertriebszentrum Ratingen
Berliner Strasse 111
D-4030 RATINGEN 4
Postfach 31 12

Tel: (02102) 494-0

Telex: 589 070 hprad

Hewlett-Packard GmbH
Vertriebszentrum Muchen
Eschenstrasse 5

D-8028 TAUFKIRCHEN
Tel: 49-89-61-2070

Telex: 0524985 hpmch

Hewlett-Packard GmbH
Geschéftsstelle
Ermlisallee

7517 WALDBRONN 2
Postfach 1251

Tel: (07243) 602-0
Telex: 782 838 hepk

GREAT BRITAIN
See United Kingdom

GREECE
Hewlett-Packard A.E.
178, Kifissias Avenue
6th Floor
Halandri-ATHENS
Greece

Tel: 301116473 360, 301116726 090

Telex: 221286 HPHLGR

Kostas Karaynnis S.A.
8, Omirou Street
ATHENS 133

Tel: 32 30 303, 32 37 371
Telex: 215962 RKAR GR

Impexin
Intelect Div.
209 Mesogion
11525 ATHENS
Tel: 6474481/2
Telex: 216286

Haril Company

38, Mihalakopoulou
ATHENS 612

Tel: 7236071

Telex: 218767

Hellamco

P.0. Box 87528
18507 PIRAEUS
Tel: 4827049
Telex: 241441

GUATEMALA

IPESA DE GUATEMALA
Avenida Reforma 3-48, Zona 9
GUATEMALA CITY

Tel: 316627, 317853,66471/5
9-011-502-2-316627

Telex: 3055765 IPESA GU

HONG KONG
Hewlett-Packard Asia, Ltd.
22/F Bond Centre, West Tower
89 Queensway Central

HONG KONG

Tel: 5848 7777

Telex: 76793 HPA HX

Cable: HEWPACK HONG KONG

CET Ltd.

10th Floor, Hua Asia Bidg.
64-66 Gloucester Road
HONG KONG

Tel: (5) 200922

Telex: 85148 CET HX

Schmidt & Co. (Hong Kong) Ltd.
18th Floor, Great Eagle Centre
23 Harbour Road, Wanchai
HONG KONG

Tel: 5-8330222

Telex: 74766 SCHMC HX

ICELAND
Hewlett-Packard Iceland
Hoefdabakka 9

112 REYKJAVIK

Tel: 354-1-67-1000
Telex: 37409

INDIA

Computer products are sold through
Blue Star Ltd. All computer repairs
and maintenance service is done
through Computer Maintenance Corp.

Blue Star Lid.

B. D. Patel House

Near Sardar Patel Colony
AHMEDABAD 380 014
Tel: 403531, 403532
Telex: 0121-234

Cable: BLUE FROST

Blue Star Ltd.

40/4 Lavelle Road
BANGALORE 560 001
Tel: 57881, 867780
Telex: 0845-430 BSLBIN
Cable: BLUESTAR

Blue Star Ltd.

Band Box House
Prabhadevi

BOMBAY 400 025

Tel: 4933101, 4933222
Telex: 011-71051
Cable: BLUESTAR

Blue Star Ltd.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400 025

Tel: 422-6155

Telex: 011-71193 BSSS IN
Cable: FROSTBLUE

Blue Star Ltd.

Kalyan, 19 Vishwas Colony
Alkapuri, BARODA, 390 005
Tel: 65235, 65236

Cable: BLUE STAR

Blue Star Ltd.

7 Hare Street

P.0. Box 506

CALCUTTA 700 001

Tel: 230131, 230132
Telex: 031-61120 BSNF IN
Cable: BLUESTAR

Blue Star Ltd.

133 Kodambakkam High Road
MADRAS 600 034

Tel: 472056, 470238

Telex: 041-379

Cable: BLUESTAR

Blue Star Lid.

13 Community Center
New Friends Colony
NEW DELHI 110 065
Tel: 682547

Telex: 031-2463
Cable: BLUEFROST

Blue Star Ltd.

15/16 C Wellesley Rd.
PUNE 411011

Tel: 22775

Cable: BLUE STAR

Blue Star Ltd.
2-2-47/1108 Bolarum Rd.
SECUNDERABAD 500 003
Tel: 72057, 72058

Telex: 0155-459

Cable: BLUEFROST

Blue Star Ltd.

T.C. 7/603 Poornima
Maruthunkuzhi
TRIVANDRUM 695 013
Tel: 65799, 65820
Telex: 0884-259
Cable: BLUESTAR

Computer Maintenance Corporation

Ltd.

115, Sarojini Devi Road
SECUNDERABAD 500 003
Tel: 310-184, 345-774
Telex: 031-2960

Hewlett-Packard India
Meridian Commercial Complex
6th Floor

8 Windsor Place

Janpath

NEW DELHI 110 001

INDIA

Tel: 91-11384811

Telex: 31-4935 HPNDIN




SALES OFFICES

Arranged alphabetically by country (cont’d)

INDONESIA
BERCA Indonesia P.T.
P.0.Box 496/Jkt.

JI. Abdul Muis 62
JAKARTA

Tel: 21-373009

Telex: 46748 BERSAL 1A
Cable: BERSAL JAKARTA

BERCA Indonesia P.T.
P.0.Box 2497/Jkt

Antara Bidg., 12th Floor

JI. Medan Merdeka Selatan 17
JAKARTA-PUSAT

Tel: 21-340417

Telex: 46748 BERSAL IA

BERCA Indonesia P.T.
Jalan Kutai 24

SURABAYA

Tel: 67118

Telex: 31146 BERSAL SB
Cable: BERSAL-SURABAYA

IRAQ

Hewlett-Packard Trading S.A.
Service Operation

Al Mansoor City 98/3/7
BAGHDAD

Tel: 551-49-73

Telex: 212-455 HEPAIRAQ IK

IRELAND
Hewlett-Packard Ireland Ltd.
Temple House, Temple Road
Blackrock, Co. DUBLIN

Tel: 88/333/99

Telex: 30439

Hewlett-Packard Ltd.

75 Belfast Rd, Carrickfergus
Beifast BT38 8PH
NORTHERN IRELAND

Tel: 09603-67333

Telex: 747626

ISRAEL

Eldan Electronic Instrument Ltd.

P.0.Box 1270

JERUSALEM 81000

16, Ohaliav St.
JERUSALEM 94467

Tel: 533 221, 553 242
Telex: 25231 AB/PAKRD IL

Computation and Measurement
Systems (CMS) Ltd.

11 Masad Street

67060

TEL-AVIV

Tel: 388 388

Telex: 33569 Motil IL

ITALY

Hewlett-Packard Italiana S.p.A
Traversa 99C

Via Giulio Petroni, 19

|-70124 BARI

Tel: (080) 41-07-44

Hewlett-Packard Italiana S.p.A.
Via Emilia, 51/C

1-40011 BOLOGNA Anzola Dell'Emilia

Tel: 33-051-731061
Telex: 511630

Hewlett-Packard Raliana S.p.A.
Via Principe Nicola 43G/C
1-95126 CATANIA

Tel: (095) 37-10-87

Telex: 970291

Hewlett-Packard Italiana S.p.A.
Via G. di Vittorio 10

20094 CORSICO (Milano)

Tel: 39-02-4408351

Hewilett-Packard Italiana S.p.A.
Viale Brigata Bisagno 2

16129 GENOYA

Tel: 39-10-541141

Telex: 215238

Hewlett-Packard ltaliana S.p.A.
Viale G. Modugno 33

1-16156 GENOVA PEGLI

Tel: (010) 68-37-07

Telex: 215238

Hewlett-Packard Htaliana S.p.A.
Via G. di Vittorio 9

20063 Cernusco Sul

Naviglio

MILANO

Tel: (02) 923691

Telex: 334632

Hewlett-Packard Italiana S.p.A.
Via Nuova Rivoltana 95

20090 LIMITO (Milano)

Tel: 02-92761

Hewlett-Packard Italiana S.p.A.
Via Nuova San Rocco a
Capodimonte, 62/A

1-80131 NAPOLI

Tel: (081) 7413544

Telex: 710698

Hewlett-Packard Italiana S.p.A.
Via Orazio 16

80122 NAPOLI

Tel: (081) 7611444

Telex: 710698

Hewiett-Packard Italiana S.p.A.
Via Pellizzo 15

35128 PADOVA

Tel: 39-49-664-888

Telex: 430315

Hewlett-Packard Italiana S.p.A.
Viale C. Pavese 340

1-00144 ROMA EUR

Tel: 39-65-48-31

Telex: 610514

Hewleti-Packard Htaliana S.p.A.
Via di Caseffina 57/C

500518 SCANDICCHFIRENZE
Tel: 39-55-753863

Hewlett-Packard Italiana S.p.A.
Corso Svizzera, 185

|-10144 TORINO

Tel: 39-11-74-4044

Telex: 221079

IVORY COAST
S.IT.EL

Societe Ivoirienne de
Telecommunications
Bd. Giscard d'Estaing
Carrefour Marcory
Zone 4.A.

Boite postale 2580
ABIDJAN 01

Tel: 353600

Telex: 43175

SLTL

Immeuble “Le General"
Av. du General de Gaulle
01BP 161

ABIDJAN 01

Tel: 321227

Telex: 22149

JAPAN
Yokogawa-Hewlelt-Packard Lid.
152-1, Onna

ATSUGI, Kanagawa, 243

Tel: (0462) 25-0031

Yokogawa-Hewlett-Packard Lid.
Meiji-Seimei Bldg. 6F

3-1 Motochiba-Cho

CHIBA, 280

Tel: (0472) 25 7701

Yokogawa-Hewlett-Packard Ltd.
Yasuda-Seimei Hiroshima Bldg.
6-11, Hon-dori, Naka-ku
HIROSHIMA, 730

Tel: (082) 241-0611

Yokogawa-Hewlett-Packard Ltd.
Towa Building

2-2-3 Kaigan-dori, Chuo-ku
KOBE, 650

Tel: (078) 392-4791

Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi 82 Bldg.

3-4 Tsukuba

KUMAGAYA, Saitama 360

Tel: (0485) 24-6563

Yokogawa-Hewlett-Packard Ltd.

Asahi Shinbun Daiichi Seimei Bidg.

4-7, Hanabala-cho
KUMAMOTO, 860
Tel: 96-354-7311

Yokogawa-Hewlett-Packard Ltd.
Shin-Kyoto Center Bidg.

614, Higashi-Shiokoji-cho
Karasuma-Nishiiry

KYOTO, 600

Tel: 075-343-0921

Yokogawa-Hewlett-Packard Ltd.
Mito Mitsui Bldg.

1-4-73, Sanno-maru

MITO, Ibaraki 310

Tel: (0292) 25-7470

Yokogawa-Hewlett-Packard Ltd.
Meiji-Seimei Kokubun Bldg.

7-8 Kokubun, 1 Chome, Sendai
MIYAG, 580

Tel: (0222) 25-1011

Yokogawa-Hewlett-Packard Ltd.
Gohda Bldg. 2F

1-2-10 Gohda Okaya-Shi
Okaya-Shi

NAGANO, 394

Tel: (0266) 23 0851

Yokogawa-Hewlett-Packard Ltd.
Nagoya Kokusai Center Building
1-47-1, Nagono, Nakamura-ku

- NAGOYA, AICHI 450

Tel: (052) 571-5171

Yokogawa-Hewlett-Packard Ltd.
Sai-Kyo-Ren Building

1-2 Dote-cho

OOMIYA-SHI SAITAMA 330

Tel: (0486) 45-8031

Yokogawa-Hewlett-Packard Ltd.
Chuo Bldg., 5-4-20 Nishi-Nakajima
4-20 Nishinakajima, 5 Chome,
Yodogawa-ku

OSAKA, 532

Tel: (06) 304-6021

Telex: YHPOSA 523-3624

Yokogawa-Hewlett-Packard Lid.
1-27-15, Yabe

SAGAMIHARA Kanagawa, 229
Tel: 0427 59-1311

Yokogawa-Hewlett-Packard Ltd.
Hamamtsu Motoshiro-Cho Daichi
Seimei Bidg 219-21, Motoshiro-Cho
Hamamatsu-shi

SHIZUOKA, 430

Tel: (0534) 56 1771

Yokogawa-Hewlett-Packard Ltd.
Shinjuku Daiichi Seimei Bldg.
2-7-1, Nishi Shinjuku
Shinjuku-ku, TOKYO 163

Tel: 03-348-4611

Yokogawa Hewlett-Packard Lid,
9-1, Takakura-cho

Hachioji-shi, TOKYO, 192

Tel: 81-426-42-1231

Yokogawa-Hewlett-Packard Ltd.

. 29-21 Takaido-Higashi, 3-chome

Suginami-ku TOKYO 168
Tel: (03) 331-6111
Telex: 232-2024 YHPTOK

Yokogawa Hokushin Electric Corp.

(YEW)

Shinjuku-NS Bidg. 10F
9-32 Nokacho 2 Chome
Shinjuku-ku

TOKYO, 163

Tel: (03) 348-1858
Telex: J27584

Yokogawa-Hewlett-Packard Ltd.
Meiji-Seimei

Utsunomiya Odori Building

1-5 Odori, 2 Chome
UTSUNOMIYA, Tochigi 320

Tel: (0286) 33-1153

Yokogawa-Hewlett-Packard Ltd.
Yasuda Seimei Nishiguchi Bidg.
30-4 Tsuruya-cho, 3 Chome
Kanagawa-ku, YOKOHAMA 221
Tel: (045) 312-1252

JORDAN

Scientific and Medical Supplies Co.
P.0. Box 1387

AMMAN

Tel: 24307, 39907

Telex: 21456 SABCO JO

KENYA

ADCOM Ltd., Inc., Kenya
P.0.Box 30070

NAIROBI

Tel: 331955

Telex: 22639

KOREA

Samsung Hewlett-Packard Co. Ltd.
Dongbang Yeoeuido Building
12-16th Floors

36-1 Yeoeuido-Dong
Youngdeungpo-Ku

SEOUL

Tel: 784-4666, 784-2666

Telex: 25166 SAMSAN K

Young In Scientific Co., Ltd.
Youngwha Building

547 Shinsa Dong, Kangnam-Ku
SEOUL 135

Tel: 546-7771

Telex: K23457 GINSCO

Dongbang Healthcare

Products Co. Ltd.

Suite 301 Medical Supply Center
Bldg. 1-31 Dengsungdong

Jong Ro-gu, SEQUL

Tel: 764-1171, 741-1641

Telex: K25706 TKBKO

Cable: TKBEEPKO

KUWAIT

Al-Khaldiya Trading & Contracting
P.0. Box 830

SAFAT

Tel: 424910, 411726

Telex: 22481 AREEG KT

Cable: VISCOUNT

Gulf Computing Systems
P.0. Box 25125

SAFAT

Tel: 435969

Telex: 23648

Photo & Cine Equipment
P.0. Box 270

SAFAT

Tel: 2445111

Telex: 22247 MATIN KT
Cable: MATIN KUWAIT

W.J. Towell Computer Services
P.0. Box 5897

SAFAT

Tel: 2462640/1

Telex: 30336 TOWELL KT

LEBANON

Computer Information Systems S.A.L.
Chammas Building

P.0. Box 11-6274 Dora

BEIRUT

Tel: 894073

Telex: 42309 chacis le

LIBERIA
Unichemicals Inc.
P.0. Box 4509
MONROVIA

Tel: 224282
Telex: 4509



LUXEMBOURG
Hewlett-Packard Belgium S.A./N.V.
Bivd de la Woluwe, 100

Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru

MADAGASCAR
Technigue et Precision
12, rue de Nice

P.0. Box 1227

101 ANTANANARIYO
Tel: 22090

Telex: 22255

MALAYSIA
Hewlett-Packard Sales (Malaysia)
Sdn. Bhd.

9th Floor

Chung Khiaw Bank Building

46, Jalan Raja Laut

50736 KUALA LUMPUR, MALAYSIA
Tel: 03-2986555

Telex: 31011 HPSM MA

Protel Engineering

P.0.Box 1917

Lot 6624, Section 64

23/4 Pending Road

Kuching, SARAWAK

Tel: 36299

Telex: 70904 PROMAL MA
Cable: PROTELENG

MALTA

Philip Toledo Ltd.

Kirkirkara P.0. Box 11
Notabile Rd.

MRIEHEL

Tel: 447 47, 455 66, 4915 25
Telex: Media MW 649

MAURITIUS
Blanche Birger Co. Ltd.
18, Jules Koenig Street
PORT LOUIS

Tel: 20828 AL
Telex: 4296 AL

O%sIs 2
MEXICO
Hewlett-Packard/de Mexico,
S.A. de C.V:2 solismesl v
Rio Nio No. 4049 Despi 12 "
Fracc. Cordoba .
JUAREZ, Mexico
Tel: 161-3-15-62 | e

Hewlett-Packard de Mexico,
S.A.deCV. A
Condominio Kadereyta

Circuito del Mezon No. 186 Desp. 6
Col. Del Prado - 76030

QRO, Mexico

Tel: 463-6-02-71

Hewlett-Packard de Mexico,
S.A.deCV.

Monti Morelos No. 299
Fraccionamiento Loma Bonita 45060
GUADALAJARA, Jalisco

Tel: 36-31-48-00

Telex: 0684 186 ECOME

Hewlett-Packard de Mexico,
S.A.deC.V.

Monte Pelvoux No. 111

Lomas de Chapultepec

11000 MEXICO, D.F.

Tel: (905) 596-79-33

Telex: 17-74-507 HEWPACK MEX

Hewlett-Packard de Mexico,
SA.deCV.

Czda. del Valle

409 Ote. 4th Piso

Colonia del Valle

Municipio de Garcia

66220 NUEYO LEON

Tel: 83-78-42-40

Telex: 382410 HPMY

Infograficas y Sistemas
del Noreste, S.A.

Rio Orinoco #171 Oriente
Despacho 2001

Colonia Del Valle
MONTERREY

Tel: 559-4415, 575-3837
Telex: 483164

Hewlett-Packard de Mexico,
S.A.deC.V.

Bivd. Independencia No. 2000 Ote.
Col. Estrella

TORREON, COAH.

Tel: 171-8 2201

MOROCCO

Etablissement Hubert Dolbeau & Fils
81 rue Karatchi

BP. 11133

CASABLANCA

Tel: 3041-82, 3068-38

Telex: 23051, 22822

Gerep

2, rue Agadir

Boite Postale 156
CASABLANCA 01
Tel: 272093, 272095
Telex: 23 739

Sema-Maroc
Dept. Seric

6, rue Lapebie
CASABLANCA
Tel: 260980
Telex: 21641

NETHERLANDS
Hewlett-Packard Nederland B.V.
Startbaan 16

NL-1187 XR AMSTELVEEN

P.0. Box 667

NL-1180 AR AMSTELVEEN

Tel: (020) 547-6911

Telex: 13 216 HEPA NL

Hewlett-Packard Nederland B.V.
Bongerd 2

P.0. Box 41

NL 2900AA CAPELLE A/D WSSEL
Tel: 31-20-51-6444

Telex: 21261 HEPAC NL

Hewlett-Packard Nederland B.V.
Pastoor Petersstraat 134-136
P.0. Box 2342

NL 5600 CH EINDHOVEN

Tel: 31-40-32-6911

Telex: 51484 hepae nl

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
§ Owens Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: 64-9-687-159

Cable: HEWPAK Auckland

Hewlett-Packard (N.Z.) Ltd.
184-190 Willis Street
WELLINGTON

P.O. Box 9443

Courtenay Place, WELLINGTON 3
Tel: 877 199

Cable: HEWPACK Wellington

Northrop Instruments & Systems Ltd.

131 Khyber Pass Road
Northrup House - 2nd Floor
Private Bag

Newmarket, AUCKLAND
Tel: 794-091

Telex: 60605

Northrop Instruments & Systems Ltd.

110 Mandeville St.
P.0. Box 8388
CHRISTCHURCH
Tel: 488-873
Telex: 4203

Northrop Instruments & Systems Ltd.

Sturdee House

85-87 Ghuznee Street
P.0. Box 2406
WELLINGTON

Tel: 850-091

Telex: NZ 3380

NIGERIA
Eimeco Nigeria Ltd.
45 Saka Tirubu St.
Victoria Istand
LAGOS

Tel: 61-98-94
Telex: 20-117

NORTHERN IRELAND
See United Kingdom

NORWAY
Hewlett-Packard Norway A/S
Oesterndalen 16-18

P.0. Box 34

N-1345 OESTERAAS

Tel: 47-2-24-6090

Telex: 76621 hpnas n

Hewlett-Packard Norway A/S
Boemergt. 42

Box 2470

N-5037 SOLHEIMSVIK

Tel: 0047/5/29 00 90

Hewlett-Packard Norway A/S
Baadegt. 2

N-4006 STAVANGER

Tel: 47-4-52-29-03

Telex: 47-4-52-09-39

Hewlett-Packard Norway A/S
Sluppenvn. 5

P.0. Box 1508, Nidarvoll
N-7002 TRONDHEIM

Tel: 47-7-96-47-75

Telex: 47-7-96-47-76

OMAN

Khimijil Ramdas

P.0. Box 19

MUSCAT/SULTANATE OF OMAN
Tel: 795 901

Telex: 3489 BROKER MB MUSCAT

Suhail & Saud Bahwan

P.0.Box 169
MUSCAT/SULTANATE OF OMAN
Tel: 734 201-3

Telex: 5274 BAHWAN MB

Imtac LLC

P.0. Box 9196

MINA AL FAHAL/SULTANATE
OF OMAN

Tel: 70-77-27, 70-77-23
Telex: 3865 Tawoos On

PAKISTAN

Mushko & Company Ltd.
House No. 16, Street No. 16
Sector F-6/3

ISLAMABAD

Tel: 824545

Telex: 54001 Muski Pk
Cable: FEMUS Islamabad

Mushko & Company Ltd.
Oosman Chambers

Abdullah Haroon Road
KARACHI 0302

Tel: 524131, 524132

Telex: 2894 MUSKO PK
Cable: COOPERATOR Karachi

PANAMA

Electronico Balboa, S.A.

Calle Samuel Lewis, Ed. Alfa
Apartado 4929

PANAMA CITY

Tel: 9-011-507-636613

Telex: 368 3483 ELECTRON PG

PERU

Cia Electro Médica S.A. (ERMED)
Los Flamencos 145, Ofc. 301/2
San Isidro

Casilla 1030

LIMA 1 Peru

Tel: 9-011-511-4-414325, 41-3705
Telex: 39425257 PE PB SIS

SAMS S.A.

Arenida Republica de Panama 3534
San Isidro, LIMA

Tek 9-011-511-4-229332/413984/
413226

Telex: 39420450 PE LIBERTAD

PHILIPPINES

The Online Advanced Systems Corp.

2nd Floor. Electra House
115-117 Esteban Street
P.0.Box 1510

Legaspi Village, Makati
Metro MANILA

Tel: 815-38-10 (up to 16)
Telex: 63274 ONLINE PN

PORTUGAL

Mundinter Intercambio
Mundial de Comércio S.A.R.L.
Av, Antonio Augusto Aguiar 138
Apartado 2761

LISBON

Tel: (19) 53-21-31, 53-21-37
Telex: 16691 munter p
Soquimica

Av. da Liberdade, 220-2

1298 LISBOA Codex

Tel: 56-21-82

Telex: 13316 SABASA

Telectra-Empresa Técnica de
Equipmentos Eléctricos S.A.R.L.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

LISBON 1

Tel: {19) 68-60-72

Telex: 12598

CPLCS.

Rua de Costa Cabral 575
4200 PORTO

Tel: 499174/495173
Telex: 26054

PUERTO RICO
Hewlett-Packard Puerto Rico
101 Munoz Rivera Av

Esu. Calle Ochoa

HATO REY, Puerto Rico 00918
Tel: (809) 754-7800

QATAR
Computer Arabia
P.0. Box 2750

DOHA

Tel: 428555

Telex: 4806 CHPARB

Nasser Trading & Contracting
P.0.Box 1563

DOHA

Tel: 422170

Telex: 4439 NASSER DH

SAUDI ARABIA

Modern Electronics Establishment
Hewlett-Packard Division

P.0. Box 281

Thuobah

AL-KHOBAR 31952

Tel: 895-1760, 895-1764

Telex: 671 106 HPMEEK SJ
Cable: ELECTA AL-KHOBAR

Modern Electronics Establishment
Hewlett-Packard Division

P.0. Box 1228

Redec Plaza, 6th Floor

JEDDAH

Tel: 644 96 28

Telex: 4027 12 FARNAS SJ
Cable: ELECTA JEDDAH

Modern Electronics Establishment
Hewilett-Packard Division
P.0.Box 22015

RIYADH 11495

Tel: 491-97 15, 491-63 87

Telex: 202049 MEERYD SJ




SALES OFFICES

Arranged alphabetically by country (cont’d)

SAUDI ARABIA
(Cont’d)

Abdul Ghani El Ajou Corp.
P.0.Box 78

RIYADH

Tel: 40 41 717

Telex: 200 932 EL AJOU

SCOTLAND
See United Kingdom

SENEGAL

Societe Hussein Ayad & Cie.
76, Avenue Georges Pompidou
B.P. 305

DAKAR

Tel: 32339

Cable: AYAD-Dakar

Moneger Distribution S.A.
1, Rue Parent

B.P. 148

DAKAR

Tel: 215 671

Telex: 587

Systeme Service Conseil (SSC)
14, Avenue du Parachois
DAKAR ETOILE

Tel: 219976

Telex: 577

SINGAPORE
Hewlett-Packard Singapore (Sales)
Pte. Ltd.

1150 Depot Road

SINGAPORE, 0410

Tel: 273 7388

Telex: 34209 HPSGSO RS

Cable: HEWPACK, Singapore

Dynamar International Ltd.
Unit 05-11 Block 6

Kolam Ayer Industrial Estate
SINGAPORE 1334

Tel: 747-6188

Telex: 26283 RS

SOUTH AFRICA

Hewlett-Packard So Africa (Pty.) Ltd.

P.0. Box 120

Howard Place, CAPE PROVINCE
7450 South Africa

Tel: 27 121153-7954

Telex: 57-20006

Hewlett-Packard So Africa (Pty.) Ltd.

2nd Floor Juniper House
92 Overport Drive
DURBAN 4067

Tel: 27-31-28-4178
Telex: 6-22954

Hewlett-Packard So Africa (Pty.) Ltd.

Shop 6 Linton Arcade
511 Cape Road

Linton Grange

PORT ELIZABETH 6001
Tel: 27141130 1201
Telex: 24-2916

Hewlett-Packard So Africa (Pty.) Ltd.

Fountain Center
Kalkoen Str,
Monument Park Ext 2
PRETORIA 0105

Tel: (012) 45 5725
Telex: 32163

Hewlett-Packard So Africa (Pty.) Ltd.
Private Bag Wendywood

SANDTON 2144

Tel: 27-11-802-5111, 27-11-802-5125
Telex: 4-20877 SA

Cable: HEWPACK Johannesburg

SPAIN

Hewlett-Packard Espafiola, S.A.
Calle Entenza, 321
E-BARCELONA 29

Tel: 3/322 24 51,32173 54
Telex: 52603 hpbee

Hewlett-Packard Espafiola, S.A.
Calle San Vicente S/N

Edificio Albid 1I-7B

48001 BILBAO

Tel: 4/423 83 06

Hewlett-Packard Espafiola, S.A.
Crta. N-VI, Km. 16, 400

Las Rozas

E-MADRID

Tel: (1) 637.00.11

Telex: 23515 HPE

Hewleti-Packard Espafiola, S.A.
Avda. S. Francisco Javier, S/N
Planta 10, Edificio Sevilla 2
E-SEVILLA 5, SPAIN

Tel: 54/64 44 54

Telex: 72933

Hewlett-Packard Espaiiola, S.A.
Isabel La Catolica, 8

E-46004 VALENCIA

Tel: 34-6-361 1354

Telex: 63435

Hewlett-Packard Espafiola, S.A.
Av. de Zugazarte, 8

Las Arenas-Guecho

E-48930 VIZCAYA

VIZCAYA

Tel: 34-423-83 06

Telex: 33032

SWEDEN

Hewlett-Packard Sverige AB
Ostra Tullgatan 3

§-20011 MALMG

Box 6132

Tel: 46-40-702-70

Telex: (854) 17886 (via Spanga
office)

Hewlett-Packard Sverige AB
Elementvagen 16

§-7022 7 OREBRO

Tel: 49-019-10-4820

Telex: (854) 17886 (via Spanga office)

Hewlett-Packard Sverige AB
Skalholtsgatan 9, Kista

P.0. Box 19

$-16393 SPANGA

Tel: (08) 750-2000

Telex: (854) 17886

Telefax: (08) 7527781

Hewlett-Packard Sverige AB
Box 266

Topasgatan 1A

5-42123 VASTRA-FROLUNDA
(Gothenburg)

Tel: 46-031-89-1000

Telex: (854) 17886 (via Spanga
office)

SUDAN
Mediterranean Engineering
& Trading Co. Ltd.

P.0. Box 1025
KHARTOUM

Tel: 41184

Telex: 24052

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Clarastrasse 12

CH-4058 BASEL

Tel: 41-61-33-5920

Hewlett-Packard (Schweiz) AG
7, rue du Bois-du-Lan

Case postale 365-1366
CH-1217 MEYRIN 1

Tel: (0041) 22-83-8-11
Telex:27333 HPAG CH

Hewlett-Packard {Schweiz) AG
Allmend 2

CH-8967 WIDEN

Tel: 41-57-31-2111

Telex: 53933 hpag ch

Cable: HPAG CH

Hewlett-Packard (Schweiz) AG
Schwamendingenstrasse 10
CH-8050 ZURICH

Tel: 41-1-315-8181

Telex: 823 537 HPAG CH

SYRIA

General Electronic Inc.

Nuri Basha Ahnaf Ebn Kays Street
P.0. Box 5781

DAMASCUS

Tel: 33-24-87

Telex: 44-19-88

Cable: ELECTROBOR DAMASCUS

Middle East Electronics
P.0.Box 2308

Abu Rumaneh
DAMASCUS

Tel: 33 4592

Telex: 411771 Meesy

TAIWAN
Hewlett-Packard Taiwan Ltd.
THM Office

2, Huan Nan Road

CHUNG LI, Taoyuan

Tel: (034) 929-666

Hewlett-Packard Taiwan Ltd.
Kaohsiung Office

11/F, 456, Chung Hsiao 1st Road
KAOHSIUNG

Tel: (07) 2412318

Hewlett-Packard Taiwan Ltd.

8th Floor, Hewlett-Packard Building
337 Fu Hsing North Road

TAIPEI

Tel: (02) 712-0404

Telex: 24439 HEWPACK
Cable:HEWPACK Taipei

Ing Lih Trading Co.

3rd Floor, Nn. 7, Sect. 2
Jen Ai Road

TAIPE| 100

Tel: (02) 394-8191

Telex: 22894 SANKWANG

THAILAND
Unimesa Co. Ltd.

2540 Sukumwit Avenue
Bangna

BANGKOK 10260

Tel: 662-398-6953

Telex: 84439 Simonco TH
Cable: UNIMESA Bangkok

Bangkok Business Equipment Ltd,
5/5-6 Dejo Road

BANGKOK

Tel: 234-8670, 234-8671

Tolex: 87639-BEQUIPT TH

Cable: BUSIQUIPT Bangkok

TOGO

Societe Africaine De Promotion
Immeuble Sageb

Rue d'Atakpame

P.0. Box 4150

LOME

Tel: 21-62-88

Telex: 5357

TRINIDAD & TOBAGO
Caribbean Telecoms Ltd.

Corner McAllister Street &

Eastern Main Road, Laventille

P.O. Box 732

PORT-OF-SPAIN

Tel: 624-4213

Telex: 22561 CARTEL WG

Cable; CARTEL, PORT OF SPAIN

Computer and Controls Ltd.
P.0. Box 51

1 Taylor Street
PORT-OF-SPAIN

Tel: (809) 622-7719/622-7985
Telex: 38722798 COMCON WG
LOOGO AGENCY 1264

Feral Assoc.

8 Fitzgerald Lane
PORT-OF-SPAIN

Tel: 62-36864, 62-39255
Telex: 22432 FERALCO
Cable: FERALCO

TUNISIA

Tunisie Electronique S.A.R.L.
31 Avenue de la Liberte
TUNIS

Tel: 280-144

Tunisie Electronique S.A.R.L.
94, Av. Jugurtha, Mutuelleville

Telex: 13238

Corema S.A.

1 ter. Av. de Carthage
TUNIS

Tel: 253-821

Telex: 12319 CABAM TN

TURKEY

EM.A

Mediha Eldem Sokak No. 41/6
Yenisehir

ANKARA

Tel: 319175

Telex: 42321 KTX TR

Cable: EMATRADE ANKARA

Teknim Company Ltd.
Iran Caddesi No. 7
Karaklidere

ANKARA

Tel: 275800

Telex: 42155 TKNM TR

Kurt & Kurt A.S.
Mithatpasa Caddesi No. 75
Kat 4 Kizilay

ANKKARA

Tel: 318875/6/7/8

Telex: 42490 MESR TR

Saniva Bilgisayar Sistemleri A.S.

Buyukdere Caddesi 103/6
Gayrettape

ISTANBUL

Tel: 1673180

Telex; 26345 SANI TR

Best Inc.

Esentepe, Gazeteciler Sitesi
Keskin Kalem

Sokak 6/3, Gayrettepe
ISTANBUL

Tel: 172 1328, 173 3344
Telex: 42480

UNITED ARAB
EMIRATES

Emitac Ltd.

P.0. Box 1641

SHARJAH

Tel: 591181

Telex: 68136 EMITAC EM
Cable: EMITAC SHARJAH

Emitac Ltd.

P.0. Box 2711

ABU DHABI

Tel: 820419-20

Cable: EMITACH ABUDHABI

Emitac Ltd.
P.0. Box 8391
DUBAL,

Tel: 377591

Emitac Ltd.

P.O. Box 473
RAS AL KHAIMAH
Tel: 28133, 21270

UNITED KINGDOM
Customer Information Centre
Tel: 0734 777828 |

ENGLAND

Hewlett-Packard Ltd.
Miller House, .

The Ring, BRACKNELL
Berks RG12 XN .
Tol: 44/344/424-898
Telex: 848733

Hewlett-Packard Ltd.
Customer Sales & Support
Building 1

Filton Road

Stoke Gifford

BRISTOL, BS12 6Q2

Hewlett-Packard Lid,
Oakfield House, Oakfield Grove

Clifton BRISTOL, Avon BS8 2BN

Tel: 44-272-736 806
Telax: 444302
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