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Warranty, Service,
and Support PEEE

0.1 Scope

This document details the product specifications, describes the soft-
ware and hardware functionality, and contains user operating instruc-
tions and calibration procedures for the HP 37741A DS1 tester. This
manual covers the features of version 3 of the instrument firmware.!

WARNING

This instrument may be used to test span powered re-
peatered T1 lines. Voltages of 135 Vdc may be present
on these lines. Ensure the span power is switched off
before inserting aor removing the bantam connectors.

This manual covers the two products in the family:

® The standard product (HP 37741A) is a handheld instrument,
intended for portable applications.

® The second product (HP 37741A option HO1) is a rackmount-
able product, intended for semi-permanent, or permanent
installation.

The measurement capabilities of the two products are identical. The
standard product can be operated from the front panel, or externally
over a serial port. The rackmountable product can be operated only
over the serial port.

1 Section 0.7 describes the product revisions.
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0.2 Limited Warranty

0.2.1 One year Limited Warranty

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

0.2.2 Exclusions

The foregoing warranty shall not apply to defects resulting from im-
proper or inadequate maintenance by the customer, customer supplied
software or interfacing, unauthorized modification or misuse, opera-
tion outside of the environmental specifications for the products, or
improper site preparation or maintenance.

Hewlett-Packard assumes no responsibility for the use or reliability of
interconnected equipment that is not furnished by Hewlett-Packard.

0.2.3 Obtaining Warranty Service

For warranty service or repair, this product must be returned to a ser-
vice facility designated by HP. HP may repair on-site at the option of
the customer. The customer is then responsible for travel charges
when on-site repair is requested.

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.

Information on how to return hardware to HP is in section 1 of this
User’'s Manual.

0.2.4 Software and Firmware

HP warrants that its software and firmware designated by HF for use
with an instrument will execute its programming instructions when
properly installed on that instrument. HP does not warrant that the
operation of the instrument, or software, or firmware will be uninter-
rupted or error free.
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0.2.5 Limitation on Warranty

HP makes no other warranty, either expressed or implied, concerning
this product. HP specifically disclaims the implied warranties of mer-
chantability and fitness for a particular purpose. Some states or prov-
inces do not allow limitations on how long an implied warranty lasts,
so the above limitation or exclusion may not apply to you. However,
any implied warranty of merchantability or fitness is limited to the one
year duration of this written warranty.

This warranty gives you specific legal rights, and you may also have
other rights which vary from state to state, or province to province.

0.2.6 Exclusive Remedies

The remedies provided herein are the customer’s sole and exclusive
remedies. HP shall not be liable for any direct, indirect, special inci-
dental, or consequential damages, whether based on contract, tort, or
any other legal theory.

0.3 Document Accuracy

The information contained in this document is subject to change with-
out notice.

Hewlett-Packard shall not be liable for errors contained herein or for
incidental or consequential damages in connection with the furnish-
ing, performance, or use of this material.

0.4 Centification

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 traceable
to the United States National Institute of Science and Technology, to
the extent allowed by the Institute’s calibration facility, and to the cal-
ibration facilities of other International Standards Organization

members.
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0.5 Assistance

Product maintenance agreements and other customer assistance agree-
ments are available for Hewlett-Packard products.

For any assistance, contact your local Hewlett-Packard Sales or Service
Office. Addresses are provided in appendix F of this manual.

0.6 Servicing Your HP 37741A

0.6.1 Calibration

You can ask HP to calibrate your instrument. Contact your local HP
sales office for current prices and lead times. You can calibrate the in-
strument yourself. The calibration procedure is detailed in section 17.

0.6.2 Electrostatic Discharge (ESD) Precautions

Almost all electronic components can be damaged by ESD during han-
dling. Component damage can occur at ESD voltages as low as 50 V. A
person walking across a nylon carpet can easily generate voltages in
excess of 5000V,

Observe the following guidelines to help prevent ESD damage when
servicing this or any other electronic device.

¢ Disassemble instruments only in a static free work area.

® Use a conductive work area (such as an antistatic mat) to
dissipate static charge.

e Use a conductive wrist strap to dissipate static charge
accumulation.

® Minimize handling of assemblies and components.
® Keep replacement parts in their original static free packaging.

¢ Remove all plastic, styrofoam, vinyl, paper, and other static
generating materials from the immediate work area.

® Use tools only which do not themselves create ESD.

In additon to these precautions, do not handle connector pins, to
avoid contamination.
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0.6.3 Battery Replacement

The battery has a finite life, and it may need to be replaced during the
instrument’s lifetime.! HP can do this for you, or you can follow the
steps outlined here.

CAUTION

Observe the precautions for ESD in the preceding
section,

. Obtain a new battery from HP. Ordering information is given in

appendix D.

. Connect the ac adapter, and verify that the instrument is charg-

ing the battery (see section 6.1.3).

CAUTION

Ensure that the ac adapter remains connected while you
change the battery. Otherwise, you may lose data, and
your instrument may need to be re-calibrated.

. Turn the unit off.
. Remove the four screws on the bottom of the case. Do not let the

bottom become separated from the unit.

. Turn the unit over, so the LCD window is on the top. Lift up the

top part of the case. Gently disconnect the top membrane
switch. Put the top of the case to one side.

. Lift up the old battery, and disconnect it from the instrument,

IMPORTANT

Do not pull on the wires of the battery. Grasp the con-
nector body.

. Connect the new battery. The connector is polarized to prevent

it being connected backwards. Ensure all four pins are seated
properly.

. Gently push the battery into the cavity. Squeeze the shock ab-

sorbent foam down the sides of the instrument case.

1

Section 14 discusses the battery lifetime in detail.
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9. Push the battery wires into the recess between the case and the
battery, to ensure that they are not trapped by the lid of the
case.

10.If you have touched the LCD panel or the inside of the LCD
window, you should clean it before proceeding. Use a special
lens cleaning solution (generally formulated with isopropyl al-
cohol), and a soft, lint free, tissue.

11. Remove all dust particles from inside the case. If you use an air
hose, ensure it does not generate ESD.

12. Connect the front panel membrane switch. This requires some
patience, but do not use any tools because you may damage the
unit. Ensure the connector is fully seated.

13. Seat the instrument lid. Ensure you have not trapped the battery
cable, or the shock absorbent foam.

14. Turn the instrument over, and replace the four screws which
hold the case together. Do not overtighten these — they are
screwed into plastic.

15. With the ac adapter still connected, turn on the unit. If the in-
strument reports that calibration is invalid, you lost power
while replacing the battery. You will need to re-calibrate the
instrument.

16. Verify that the unit is still being charged.

17. Remove the ac adapter, and verify that the unit remains pow-
ered on. If it does not, you have not connected the battery
correctiy.

18. Replace the ac adapter, and verify operation of all the keys. If
they do not all work, you have incorrectly connected the front
panel membrane switch.

19. Verify complete operation of the unit by conducting the per-
formance verification tests outlined in section 16.

20. Dispose of the battery properly. See section 14.1.4.

0.6.4 Exchange Program

If your HP 37741A DS1 tester fails within one year of original pur-
chase, HP will repair or replace it free of charge.” If your unit fails after
your one year warranty expires, HP will repair or replace it at a very
competitive price.

1 Read section 0.2 for complete warranty details.
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The standard repair policy is to replace a faulty instrument with a re-
stored exchange instrument. Follow these instructions whether your
instrument is still covered by warranty or not.

1.

Verify that the instrument is faulty by conducting the perform-
ance verification tests outlined in section 16.

Contact your local HP sales office, and order an exchange unit.
A list of sales offices is given in appendix F. The part number of
a replacement unit is given in appendix D.

HP will send you the replacement unit within three business
days.

On receipt of the replacement unit, peel off the serial number
from the back of your unit, and fix it to the rear of the replace-
ment unit. Included with the shipment is a blank serial number
plate. If you destroy the old serial number label when removing
it, write the serial number on the blank label, and stick it to the
rear of the replacement instrument.

Verify that the replacement instrument is functional by conduct-
ing the performance verification tests outlined in section 16.
Configure the unit ID on your replacement instrument. The pro-
cedure is described in 6.3.11.

Complete the Exchange Failure Report which accompanied the
replacement unit. Return it to HP with your faulty unit.

Return the faulty unit to HP using the packaging from the ex-
change unit. HP will provide a shipping label for you to send
the instrument to a designated HP service center. HP will notify
you when your failed unit has been reccived.!

If you do not return the faulty unit within 30 days, you may be
billed the fee for a new HP 37741A.

If your instrument was in warranty, the replacement unit will continue
the warranty to the end of the original one year standard warranty.

If your one year warranty had expired, HP will bill you for the
HP 37741A exchange price, which is less than a new unit price. HP
warrants the exchanged unit against defects for 90 days.

1

See section 1.3.6 for other shipping information.
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0.7

Product Revisions

You can identify the revision of your instrument by looking at screen
1000. This is described in section 3.3.1.

The new features added with hardware and software revisions 2.00
were as follows. These were introduced in November 1992.

® user programmable operating modes (preconfigured settings)
e separate results screen for loopbacks, with the ability to send

codes from that screen

decoding the SL.C-96 data link

use of icons to indicate the transmit status
measurement of the amplitude of a tone in a channel

indication on the results screens of the input frame setting
and the termination mode

measurement of resync milliseconds

inclusion of 4-bit loop code

The new features added with hardware and software revisions 3.00
were: as follows. These were introduced in November 1993,

e fractional T1 (FT1), both n x 56 kb/s and n x 64 kb/s
® pattern sequence testing — bridge tap, multipattern, and user

programmable

results summary screen

1 to 24 bit user programmable, bi-directional, patterns
CRC error injection

211—1 PRBS test pattern (2047)

help screens

increased information on results screens, including
bandwidth of a test pattern and timeslot map

improved test time display screen for continuous tests

On instruments with serial numbers before xooo(0485, the RTS lead
on the 9-pin serial port connector was used to turn the instrument on.
The DTR lead is now used: this is described in section 14.2.
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0.8 Colophon

This document was produced on HP Vectra personal computers, using
Ami Pro software running under the HP NewWave Operating System.
The camera ready copy was printed at actual size on an HP LaserJet
printer.

The headings are set in Swiss 721, Bitstream’s version of the Helveti-
ca™ typeface; the copy is set in Zapf Calligraphic, Bitstream’s version
of the Palatino™ typeface; notices are set in Swiss 721 or News Gothic,
Bitstream’s version of the Kingsley-ATF Type Corporation typeface.
Other characters were produced using the SoftCraft font editor. The
drawings were produced using CorelDRAW.

0.9 Trademarks

Hewlett-Packard, and the Hewlett-Packard logo are registered trade-
marks of Hewlett-Packard Company. HP 37741A is a trademark of
Hewlett-Packard.

Helvetica™ and Palatino™ are trademarks of Linotype AG and/or its
subsidiaries in the U.5. and other countries. MS-DOS® is a U.S. regis-
tered trademark of Microsoft Corporation.

Other trademarks used in this document are the property of their re-
spective owners.
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1.1 Product Description, HP 37741A

1.1.1 Functions

The HP 37741A DS1 tester is a handheld, full duplex T1 and FT1 test
set. The unit has two DS1 inputs, one DS1 output, and a serial port.

The instrument identifies the signal type and format of the main
(primary) input, and switches its internal electronics accordingly. The
signal type, format, and error conditions are displayed to the user in
an easy to understand manner.

The second input accepts a DS1 signal that is used as a timing refer-
ence for the primary input. When a signal is present on this input, tim-
ing slips can be measured between the two sides of a T1 line pair or
between the main input and a reference timing source.

The DS1 output can be independent of the inputs, or can use them to
derive its framing, payload, loopback status, line code, timing, or any
combination of these features.

The unit is compatible with virtually all D51 and T1 systems in use in
the world today (including fractional T1). It can (without operator in-
tervention) identify the format of a received signal, frame to that for-
mat, and lock onto any test signals that may be present. The HP 37741A
acts as a full-function BERT, counting the errors on the line, and pres-
enting the information in a clear, unambiguous format.

11
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The instrument has a variety of channel access features including the
ability to send a channel to an internal speaker and inject an internally
generated tone into a channel.

Results and setups can be saved and recalled using the instrument’s
memory. The HP 37741A is equipped with an EIA-232 serial port,
which allows the instrument to be externally controlled, and which
can be used to obtain a hard copy printout of the results and

configuration.

1.1.2 Features

The instrument can generate a wide variety of signal patterns and
frame formats. It can regenerate a received signal, and respond to loop-
back commands. Errors can be injected on the transmitted signal if
desired.

The HP 37741A is unusual in that the transmitted line code, bandwidth
usage, frame format, and test pattern do not have to be same as those
received.

In addition to the factory default instrument configuration, five user
defined and user named configurations can be stored. These are avail-
able for recall at any time,

A minimal amount of intervention is required from the user to get an
accurate, sensible reading, The results may be stored in the unit’s inter-
nal memory for later comparison, analysis, or printing. This ease of use,
coupled with the unit’s small size and weight, makes it a perfect tool
for the unskilled craftsperson and seasoned professional alike.

The HP 37741A, besides meeting the specifications of ESF and B8ZS,
also meets the newer requirement of ZBTSI. The compliance with the
latest specifications, along with a wide feature set, helps to ensure that:

® in most cases the HP 37741A will be the only instrument you
will need
® the HP 37741A will have a long service life
The HP 37741A is a truly handheld unit and may be carried in a pouch
tied to the user’s waist. Despite its small size and weight, the unit does
not compromise on measurement performance.

12
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1.1.3 User Interface
A unique user interface is used on the HP 37741A. This has resulted in:

e a minimum number of keys on the front panel - a total of
nine excluding the power switch

e a totally menu driven unit, that lets you see all possible
combinations before you select one

® a style that is very similar to that used for window and
mouse driven user interfaces running on personal computers

1.2 Product Description, HP 37741A
Option HO1

This instrument has all the functionality and measurement capabilities
of the standard handheld instrument. It is packaged in a metal chassis,
and is intended for semi-permanent, or permanent, installations. It can
be controlled only through the serial port. The commands used to con-
trol the instrument are identical to those used for the standard

product.

When mounted in an equipment rack, the instrument consumes very
little rack height, and can be fitted within a depth of 300 mm (12 in-
ches). Multiple instruments can be mounted side by side if dense pack-
ing is required.

Optional software (described in appendix D) is available to control the

instrument. Alternatively, you can write your own software - all cf the
commands are documented in section 13.

1.3 Shipments

1.3.1 Initial Inspection

Inspect the shipping container for damages. Save the box and packing
material in case you need to ship the instrument in future. Always re-
tain the packing materials if you suspect that the instrument is dam-
aged — the carrier may need to inspect them.

13
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WARNING

Do not attempt to use the HP 37741A or the ac adapter if
either appears damaged.

1.3.2 Shipment Contents: HP 37741A

Items that are shipped are:

a. the HP 37741A DS1 tester

b. ablack cordura carrying pouch

¢. ashoulder strap for the carrying pouch

d. this book, the HP 37741A User’s Manual

e. afoldout card, the HP 37741A Instruction Guide
f. an acplug-in adapter and battery charger

&

- asingle grey bantam cable (300 mm long), or a single red bantam
cable (1.5 m}) long

h. a dual bantam cable (300 mm long), or a single yellow bantam
cable (1.5 m) long

Ensure that all items are present. Satisfy yourself that the instrument is
functional. Complete performance tests are given in section 16.

1.3.3 Shipment Contents: HP 37741A Option HO1

Items that are shipped are:

the HP 37741A DS1 option HO1 tester

this book, the HP 37741A User's Manual

a foldout card, the HP 37741A Instruction Guide

an ac plug-in adapter and battery charger

2 15 pin male to 15 pin female shielded cable, 750 mm long

o poogow

Ensure that all items are present. Satisfy yourself that the instrument is
functional. Complete performance tests are given in section 16.

1.3.4 Accessories

You can order some of the shipped items as spare parts. These, and
other accessories, are listed in appendix D.

14
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IMPORTANT

When you have finished unpacking the instrument, write
the instrument’s serial number on the title page of this
book, and on the cover of the HP 37741A Instruction
Guide.

1.3.5 In case of Damage or Malfunction

Notify your Hewlett-Packard Sales or Service Representative under
any of the following conditions:

® if the shipping container or any of the contents appear
damaged

® if any item is missing

® if the instrument does not function correctly

Your local HP office will arrange for repair or replacement, at HP’s op-
tion, without waiting for any claim settlement that might be required.

1.3.6 Returning to HP

1.3.6.1 Detailing the Problem

If the instrument is being returned to HP for service, attach a label to
the instrument giving the following details:

¢ Your company or institution’s name, address, and phone
number.

® The main person to contact, an alternative contact, and these
persons’ phone numbers if different from the main phone
number.

® The return shipping address, and any special shipping
instructions.
The model number and serial number of the unit being sent.

¢ What the problem is. If failure is intermittent, describe its
frequency, and whether any special conditions initiate the
failure,

® Any additional comments.

15
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1.3.6.2 Out of Warranty Repairs

If the instrument is no longer covered by warranty, and if you do not
have an HP maintenance contract, you will have to pay for the repairs.
Contact your Hewlett-Packard Sales or Service Representative to ob-
tain the current repair prices and payment terms.

1.3.6.3 Accessorles

Do not return any of the accessories with the instrument, unless you
suspect that one of them is faulty. If you do refurn an accessory, place
a tag on it that clearly identifies it as yours, and that briefly explains
the problem.

1.3.6.4 Packing

Wherever possible, use the original packing materials to ship the in-
strument. If these are not available, containers and cushioning material
similar to those originally used are available from HP.

If it is inconvenient to obtain supplies from HP, use a strong, double-
walled shipping carton. Place about 70 mm (3 in) of cushioning materi-
al around all sides of the instrument.

Place the sheet detailing the problem in the container, and securely
seal the shipping container.

Obtain the correct address for returning the instrument from your
nearest HP Sales or Service office. Clearly mark the container with
HP’s address, and your own address. Insure the package before send-
ing it to HP.

In any subsequent correspondence, always refer to the instrument by
model number and serial number.

16
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1.4 Document Overview

1.4.1 Organization

In essence, this book tells you:

oo

how to use the HP 37741A to get results
how to interpret those results
how to be sure that those results are correct

d. what to do when you are convinced there is a problem

To accomplish this, this book is logically divided into three sub-books:

Operation

Reference

Maintenance

Sections 2 to 7 tell you how to use the instru-
ment. The sections describe the functions of the
keys, and the screens that you will see.

Sections 8 to 15 detail the features and capabili-
ties of the instrument. These sections describe
the instrument’s specifications and limitations.
There is also some background information
about why a feature is necessary, and how the
HP 37741A performs its measurement.

Section 16 details tests that you can perform to
ensure that the HP 37741A is meeting its specifi-
cations. Section 17 describes how you can cali-
brate the instrument, and the recommended
calibration interval. Section 0 describes how you
can service the unit, either by yourself, or by
sending it to HP for repair.

In addition, this book has a number of appendices, with information
that does not logically fit into any one section.

1.4.2 Manual Usage for HP 37741A Option HO1
Owners

This manual is primarily written for the standard handheld product.

Sections 2 to 7 inclusive describe how the instrument can be operated

from the front panel. This information is not irrelevant to owners of

the rackmountable product, because it gives you a feel for how the in-

strument performs its measurement:?,.1

1 If you have purchased the HP 15725A software to control the instrument, the soft-
ware is organized in a similar manner to the screens on the handheld instrument.
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The remainder of the book describes the instrument’s capabilities, and
as such is equally relevant to both the handheld instrument and the
rackmountable instrument.

Installing the HP 37741A option HO1 is described in section 1.5.

1.4.3 Nomenclature

1.4.3.1 Jargon

Many technical terms are used throughout this book. The use of very
specialized terms has been kept to a minimum, and, where used, their
meaning is explained.

1.4.3.2 Acronyms

Acronyms are widely used throughout the book. Because the sections
(and, to a certain extent, the subsections also) can be read in any se-
quence, acronyms are not defined in the text.

A complete list of acronyms can be found in appendix B - this is the
only place that they are defined.

1.4.3.3 Line and Path, T1 and DS1

The term “line” refers to things like voltage, frequency, and line code -
that is, properties of the transmission medium. The term “path” refers
to things like frame format, payload and DS0 channels - that is, prop-
erties of the data content and structure of the signal.

In this book, the term “T1” is used when referring to line properties,
for example: The voltage on the Tl line is 6.0 V. The term “DS1” is used
when referring to path properties, for example: The frame format of the
DS1 signal is ZBTSL This distinction cannot always be made, for exam-
ple: The received DS1 signal has both BPV errors and CRC ertors.

18
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1.4.4 Notices
The following notices are used to set text off from the main body of the
manual:

IMPORTANT

This notice contains special information that should not
be ignored.

CAUTION

This notice calls attention to a condition or procedure
which, if not observed, could result in damage to the
HP 37741A or could result in loss of data.

WARNING

This notice indicates that if a specific procedure or prac-
tice is not correctly followed, personal injury could occur.

DANGER

This notice warns you of imminent hazard not only to
yourself, but also to others, if proper procedures are not
followed.

1.5 Care and Handling, Standard Produrt

The handheld unit is not intended for permanent installations. It can,
however be used for temporary installations, and operated remotely
using the optional control software. For longer term installations, it is
preferable to use the rackmountable unit. Section 1.6 describes how
that unit is installed.

Your HP 37741A instrument has been designed and manufactured to
high quality levels. [t is a portable unit, but nonetheless an instrument
with delicate electronics. Care should be taken in the usage and stor-
age of the test set.

When not in use, keep the instrument in the pouch, and store in a cool
environment. Never store the unit in direct sunlight, or on the dash

19
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board of a car. Elevated temperatures will reduce the life of the display
and the battery.

The case is made of high impact ABS; the membrane switch flat panel
is made of polyester. Both are fairly impervious to most chemicals.
However, you should never immerse the unit in any liquid, or allow
rain to seep in. Always wipe the unit clean and dry if it becomes dirty
or wet, to prevent any long term damage.

1.6 Installation of Option HO1

1.6.1 Rackmounting

The instrument may be placed on an equipment tray, but it is prefer-
able to bolt it to the equipment rack. HP supplies an optional panel for
this purpose. Appendix D lists the optional accessories. Figure 1-1 indi-
cates the position of the mounting holes, so that you can supply your
own panel if desired.

Mount the panel in the rack and use the 3 mm screws provided to hold
the instrument to the panel. Do not overtighten these, and do not sub-
stitute with longer screws. The maximum allowable protrusion of a
screw into the case is 10 mm.

Ensure that you can see the yellow LED on the instrument through
the hole in the mounting panel. This LED indicates that the instrument
is on, not that power is applied.

80
) o]
LED
20 T4 o
07
mounting nuts, M3 A
& (4 places) '
E ot
12
[ 103
all dimensions in mm

Figure 1-1 Mounting Holes for Option HO1
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1.6.2 Connecting Power and Control

Connect the ac adapter as described in section 3.2.5. Put the plastic clip
over the connector body to hold the cable in place.

Connect the communications interface to the instrument’s 9 pin female
connector. The interface is described in detail in section 13, and cables

are listed in appendix D.

The HP 37741A option HO1's serial port is permanently configured for
external control, 9600 b/s, no parity, 8 data bits, 1 stop bit, and CTS/RTS
handshake. You must ensure that your communications interface is
compatible.

1.6.3 Connecting the T1 Lines
A 15 pin male D type connector is provided for the T1 connections.

You can use the cable supplied to connect to most types of equipment.
If you need to break out the connections to bantam connectors or to an

RJ45 connector, HP supplies an accessory to permit this.

The pin assignment of the DB15 is shown in figure 1-2. The instrument
is wired as a piece of equipment (DTE) as defined by the ANSI stan-
dards. The test set can therefore connect to an NCTE (such as a CSU}
with a straight (one to one) cable. A crossover cable is required to con-
nect to another DTE (such as a multiplexer). You can use two Bantam
Telecom Adapters (BTA) wired back to back to create a crossover cable.
The BTA is described in section D.3.9.
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Circuit  Source Pin Description Function in HP 37741A
AA common 2 Shield (Frame Ground) connected to chassis
AA common 4 Shield (Frame Ground) connected to chassis
AA commen 6 Shield (Frame Ground) connacted to chassis
AA common 8 Shield {Frame Ground) connected to chassis
BAa HP37741A 1 Transmitted Data, Tip output
BAbh HP37741A 9 Transmitted Data, Ring output
BBa NCTE 3 Received Data, Tip main input
BBb NCTE 11 Received Data, Ring main input

SBAa - 5 2nd Transmitted Data no connection

SBAb - 13 2nd Transmitted Data ne connection

S$BBa NCTE 7 2nd Received Data, Tip reference input
SBBb NCTE 15 2nd Received Data, Ring reference input
- - 10 unassigned -
- - 12 unassigned -
- - 14 unassigned -

Figure 1-2 T1 Signals, and DB15 Pin Assignments
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2.1 General

If you are familiar with DS1 testing, and feel comfortable with new
products, then this section may be for you. If not, skip this section, and
read sections 3, 4, 5, and 6 instead. Those sections describe in greater
detail how to operate the HP 37741A.

Once you have become familiar with operating the test set, use this
section to refresh your memory. This section should be read as a tuto-
rial. Get the instrument, the instruction guide, and the single bantam
cable all of which came with the original shipment.

Follow the steps in this section in sequence. You will need about 45
minutes to read this section, and perform the examples. When you
have finished you will have a good understanding of the instrument’s
capabilities and how to use those capabilities.

22 Screen Numbers
Turn on the test set by pressing [POWER). A copyright notice is dis-

played followed by a screen showing the current time and manufac-
turing revision numbers.! Look at the HP 37741A Instruction Guide
that was shipped with the product. On the first page inside, you will
see a box (labelled “Product identify”) depicting that screen. Above itis
the number 1000.

LIS you see a different screen, your battery needs recharging. Turn off the instru-
ment, connect the ac adapter, and turn the instrument on again.
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Each screen is assigned a number. This is for documentation purposes
only - the screen numbers are never displayed by the test set.

The unit ID is an alphanumeric string (of at most 13 characters), which
identifies your test set. When shipped from the factory, the unit ID is
set to the instrument’s serial number. You can program this string to
be your name if you wish. Details on how to do so are given in section

6.3.

All screens that display the date and time do so in the same formats.
You can select these formats to be other than that programmed at the
factory. Again, this is described in section 6.3.

Press to turn the power off.

2.3 Setting to the Default Configuration

In the absence of an input signal, the factory default configuration
sends an AIS.! The AIS is used in the subsequent procedures.

The instrument’s present condition is:

e Power is off.

. Remove any T1 connections from the instrument.
2. Press to turn on the instrument.
3. Press[_SET _}.

» Screen 2000 is displayed.

5. Press| SET |.
» Screen 2600 is displayed.

Press [ SET ).

» The factory default instrument settings are used.
» Screen 2000 is displayed.

8.  We will need to terminate the T1 receiver inputs. Move = to point

The default configurations are described in section 5.
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9. Press three times.

» Screen 2210 is displayed.
» Move=to tie rminate.

10. Press the key five times.
» Screen 2000 is displayed.
» You may hear the line relay click as the change takes place.

2.4 Returning to a Top Level Screen

The instrument’s present condition is:

® Screen 2000 is displayed.
® = ispointingtoreceiver.

1.
2. DPress three times.

» Screen 2420 is displayed, in the middle of the SET menu system.
3. Press and hold the key.

» Screen 2000 is once again displayed.

» If you press and hold any of the function {or menu)} keys
(CTEST j, {_SET J, {_ LINE |, or [_PATH }}, the test set displays the
first screen for that function key.

» For example, when you terminated the line (in the previous
section), you could have pressed and held to return {o
the top menu.

2.5 Starting and Stopping a Test

The instrument’s present condition is:

e Screen 2000 is displayed.
e No test is running,
1. Press .
» Screen 3000 is displayed.
» = s pointing to sta f_:t:_.
2. Press again.
» The test starts running.
» Screen 6000 (results summary) is displayed.
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» The hour glass, X, on the top line indicates that the test is
running.

3. Press .
» Screen 5000 is displayed; the & is displayed on this screen also.

4. Press|_TEST ).
» Screen 3001 is displayed.

5. Press [TEST ) again.

» The test stops.

» Screen 3000 is displayed.

» The stop sign (the flashing %) indicates that a test is not running.
6. Press{ PATH ).

» Screen 5000 is again displayed; the (‘fp is displayed on this screen
also.

» = is pointing to ‘Es-.'t:f:dpi.

IMPORTANT

The instrument is making measurements and updating
the results only when a test is running. When a test is
running, the hour glass, X is displayed on each of the

results screens. When the flashing f is displayed, the
results do not change.

2.6 Viewing the Results

The instrument’s present condition is:

® Screen 5000 is displayed.
¢ No test is running.

1. Connect the main T1 input of the HP 37741A to its output.

» These connections are identified by the solid triangles printed on
the top of the front panel.

» The other input is the reference input.
2. Start a test.
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» Screen 6000 is displayed.

» RSL T is flashing, indicating that an alarm is being received.

» A 'S is also flashing, to indicate that the alarm is AlS.

» The alarm bell, &, on the top line indicates that the unit is
sending an alarm.

» The hour glass, X, is on the top line, indicating that the test is
running.

» The test set is receiving a valid signal, at about O dBdsx.

» This results summary screen gives an overview of the circuit
conditions. Detailed information is seen on the five line results
screens and the six path results screens.

Press (_UNE ).

» Screen 4000 is displayed.

» 1:/5 is displayed, indicating that this is the first of five line
results screens.

» L.LNE is flashing to indicate the unit is receiving an alarm.

» On this screen, the level is also indicated in Vpp — it is reading
about 6.0.

Pressi_a_ Jor(_¥ _J.
» Screen 6000 is again displayed.

Press | PATH ).

» Screen 5000 is displayed.

» P ATH: is flashing, to indicate there is an alarm.

» The AIS counter is increasing; other counters are zero.

Press six times.

» Screens 4000, 4100, 4200, 4300, 4400 and then 4000
{again) are displayed.

» As you continue to press a function key ((_TEST ), [_SET },
{LNE |, or { PATH |), the displayed screen is replaced by its
successor screen, as shown on the instruction guide.

» After the last screen in a sequence is displayed, the next press of
the same function key returns you to the first screen of the
sequence.

Press seven times.
» All six of the path results screens are displayed, followed by
screen 5000 again.
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8.

2.7

Press_ A Jor[_ ¥ |
» Screen 6000 is displayed.

» This results summary screen is available from most line and path
results screens by pressing _a_Jor(_ ¥ ).

Configuring the Transmitter

The instrument’s present condition is:

® The test set is in its factory default condition (except that the
receiver is terminated).

® A testis running.
® The output signal is connected to the main input.

Press to display screen 2000.

Press [_SET ).

» Screen 2100 is displayed.

» = is pointing to ¢'h:an'ge, by default assuming that you
want to change the configuration.

» When making selections in the SET menu system, |_S
used as the “enter” key to activate your selection.

» Screen 2100 is a summary screen, telling you how the
transmitter is currently configured.

» You can go back to the first SET screen by choosing ‘@ X i t.

Press [_SET_J.

» Screen 2110 is displayed.

Move =» to P A T:H and press [_SET .

» Screen 2130 is displayed.

» = ispointingtonone.

» All the alarms that the HP 3774 1A can transmit are displayed.

Press[_SET ).

» Screen 2131 is displayed.

» You have “passed through” screen 2130 without making any
change to the alarms — n-o™n°e is still selected.

Move = to E'S'F and press [_SET ).
» The test set is now transmitting an ESF signal,

28



2. Quick Start

10.

11.
12

13.

2.8

» Screen 2132 is displayed.

» Pressing not only made your choice effective, but also
took you to the next screen.

Later, you will see other ways of making a choice effective.

Move = to QRW and press (_SET },

» The test set is now transmitting a QRW test pattern.

Leave the data link set to its default state by pressing (CsET).

» Screen 2000 is displayed.

Press again, to display the transmit summary screen.

» The test set is now configured to transmit a ESF framed QRW test
pattern, with no alarms,

Move % to @ X"i- t:, and press to return to screen 2000.

Press [PATH J and then_4A Jor[_¥ ).

» Verify that no alarms are being received, that the received frame
format is ESF (and there are no frame errors), the received test
pattern is QRW (and there are no logic errors), the received line
code is AMI {and there are no BPVs).

Press [ UNE_} and [ PATH ] repeatedly to view the results in detail.

» PATH 1/ 6 shows noalarms.

» PATH- 2/:86 shows no frame errors.

» PATH: 376 shows no CRC erors (the count of EFS is

increasing).

» PATH 476 shows no logic errors (the count of EFS is
increasing).

» LI'NE 275 shows no BPVs (the count of EFS is
increasing).

Configuring the Receiver

The instrument’s present condition is:

1

o The test set is transmitting an ESF framed, QRW test pattern.
® A testis running.
e The output signal is connected to the main input.

Display screen 2000, move = to re-<ce i ver, and press

[CsET ).
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» Screen 2200, the receiver configuration summary screen, is
displayed.

» The instrument's input circuits are shown to be in terminate
mode.

Press twice.

» Screen 2210 is displayed.

» = ispointingto terminate.

> -b always points to the currently selected option on screens that
have an option, or the safest, or most probable choice.

Press [_SET_).

» Screen 2220 is displayed.

» You have “passed through” screen 2210 without making any
change to the T1 input termination state.

Press again to display screen 2230.

» The receiver of the HP 37741A is currently in auto frame mode,
This is the default setting — the test set will automatically identify
the incoming frame format.

Move = to D3 7D 4, but do not press [_SET_).

» The test set is still in auto identify mode. The change that you
want to make does not take effect until you activate the change.
As you have seen, you can activate the change by pressing
*SET

» You can also activate a change to a [_SET_} menu by pressing

[LLINE ) or (_PATH ).
Press and hold [_PATH J), and look at screen 5000.

» There is a frame loss because the instrument is transmitting ESF
frame format, and you have configured the receiver to synchronize
only to a D4 frame format.

Press |__SET

» Screen 2230 is again displayed.

» When you move from any screen in the SET menu to a results
screen {by pressing (_LINE_)) or [_PATH |}}, you do the following two
things:
® any changes made in the SET screen take effect
# you can return to the same SET screen after viewing the

resufts

Leave the receiver in D4 mode.
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2.9 Setting the Test Time

The instrument’s present condition is:

® A testis running.

1. Press|_TEST J.
» Screen 3001 is displayed.
» Whenever you leave the TEST menu screens and return, you
always return to the first screen (either 3000 or 3001).
» Also, whenever you get to one of the first TEST screens, =
always pointsto 's't'ar t or s top.
2. Press| _TEST |.
» The test stops, and the display changes to show screen 3000.

Move#toc fig tst time andpress.
Move = to fixed .time in $seconds in
screen 3500.

5. Press [JEST ), and in screen 3520 select the test time to be
1:0.0 0 (seconds).

6. Press twice to start the test.
» The screen changes to 6000.

7. Press | TEST |, move -b to ;é'hiO-Wfi;-jtj-i-m"e"'S: and press

er

decreasing.

8. DPress twice to stop the test.
» Look at the test times again. The test time left is zero. The
elapsed time indicates how long the test actually ran.

2.10 Accessing a Channel

The instrument’s present condition is:

e A test is not running (idle).

¢ The output is connected to the main input, and the inputs
are terminated.

® The receiver is configured to frame to a D4 frame format.
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10.

11.

12,
13.

and the TmS l t. payload (screen 2132)

» You will need to move = to mor eV, to access the
TmS It pattemn.

Set the test time for continuous (screen 3500, m fg

tsit. ot |me) and start the test (_TEST J/ s t'a rt)

Press and hold (-} .

» The big triangle displayed on the screen lets you know that you
are increasing the volume.

Release the key when the volume is at level 5 (don’t worry if you
overshoot}.

Press and hold again.
» This time the big arrow on the screen is pointing down, indicating

that the volume is decreasing.
» Each time that you press you reverse the direction of the
big arrow.

Adjust the volume to be at level 5.
» You are listening to channel 1 of the signal. Because the signal is
a repeating pattern, there is no sound.

Use (SET_) , move = to t ransmi't ter, press {_SET |
twice, move =+ to CHANNEL ACCS, and press [_SET
once to display screen 2140.

Use[ a Jor[ ¥ | toselect channel 19.

Press to activate your choice and display screen 2141.

Move = to —6: .dBmO0,and press{_SET ).
» Again, you cannot hear the tone, because you are listening to
channel 1,

Move = to 820 Hz and press [_LPATH | (not [_SET_J)
» Pressing [(PATH } initiated the frequency change.

» The quaver, &, on the top line lets you know you are sending a
tone.

Use{ A& Jand[ ¥ ) toselect channel 19.
» You can now hear the tone,
» The measured tone level is about —6 dBmQ.
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14.

15.

16.

17.

18.

19.

» The signaling bits are changing. These are not really signaling
bits, but are bits created by the transmitted tone,

Press to return to screen 2142, transmit tone frequency

selection.

Move =+ to s w'e e p and press ((PATH ).

» The tone change took effect when you pressed [(PATH ).

Press twice to display screen 2143, the transmit signaling

screen.

Use(__A_J)and [_¥ ] tosetthe signaling bits to ABCD = 1010.

» The HP 37741A allows you ta toggle the signaling bits in SF
frame format. That is, in D4 mode, ABCD is equivalent to ABAB.

Press to display screen 5501.
» The signaling bits on channel 19 are now static, at ABAB =
1010.

Turn the speaker volume off.

2.11 Loop Codes

The instrument’s present condition is:

® A testis running (active).

® The output is connected to the main input, and the inputs
are terminated.

® The instrument is configured to transmit and receive a D4
frame format.

Set the transmitter to send a D4 QRW (screens 2131 and 2132).

Display the loopbacks results screen L' N-E= -4 75,

» The instrument is neither send:ng nor receiving any alarms
(L I'NE is not flashing, and & is not displayed).

Press .

» The instrument indicates it is sending the NI loop up signal
(N 119

» The instrument then momentarily displays that the far end is
looped up.!
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Look at the logic results screen, PATH 4./ 6.

» The EFS count is small, indicating the test has just restarted.

» The HP 37741A always automatically restarts a test if the frame
format or test pattern changes. Any errors that were in existence
before the loop up are not relevant. You can immediately get the
results, without having to restart the test manually.

Press and hold .
Move = to t'r ansmi t t er, and press{_SET_) twice.

Move = to L I NE :, and press three times to display
screen 2122, the transmit loop code type screen.

Move @ to | ifi'e ,and press (_SET_).

» You have selected the loopback type to be line {or CSU) loopback.

» You can activate a loopback from this screen, also. This screen
allows you to send the loop code continuously (c on.t), orfor
8 seconds (87§ )

Again display the loopbacks results screen LT NE:. _4_/_ 5_

» Now, when you press [__a J or {__¥_J, you will send a line
loopback code rather than an NI loopback code.

212 Error Injection

The instrument’s present condition is:

91 Wb

® A testis running (active).

e The output is connected to the main input, and the inputs
are terminated.

® The instrument is configured to transmit a D4 framed QRW
test pattern.

Press and hold [_SET_J.

Move =% to t.ransmi tter, and presstwice.
Move = to ERROR S, and press [_SET J.

Press again. This will leave BPV errors turned off.

Press [_¥_), until the instrument is set to transmit 8 logic errors.
» You can send just a few errors, or turn errors on continuously.

Press ), and display the screen 5300, P ATH 4 76.

The test set does not respond to the received loopeode, but remains unlooped. See
section 9.3.8 for details.
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» The @ is displayed on the top line, to indicate that you are

injecting errors into the transmitted signal.

» The error count is increasing, and stops increasing when it

213

reaches 8.

Conclusion

This brief tour of the HP 37741A has taught you:

e how to start and stop a test
® how to configure the instrument’s transmitter and receiver
® how to view the results, and switch between viewing the

results and configuring the test set

how to identify whether a test is running, and whether there
are any alarms, from any results screen

how to inject a tone and access a channel
how to send a loopback code

how to inject errors

how to interpret displayed icons

This section has not told you all about the HP 37741A. More detailed
operational instructions are contained in sections 3 to 6. Saving, recall-
ing, and printing results are covered in section 7.
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Basic Instrument
Functions BEOE

3.1 General
The external elements of the HP 37741A are shown in figure 3-1. These

are as follows:

Output

Main Input

Reference Input

Serial Port

DC power

LCD

Used to transmit the T1 signal, which may be de-
pendent on or independent of the input signals.
Used to connect the primary T1 signal for timing
extraction, framing, pattern identification, and er-
ror analysis

Used to connect a T1 signal that can be used as a
timing source to clock the transmitted signal, and
as a reference to measure timing (bit} slips on the
main input.

Used to connect to a computer (for external ~on-
trol) or to a printer (to permit a hard copy of the
results). The port is configured as a DCE.

Used to recharge the internal batteries. The unit
can be operated at the same time as the batteries are
being charged.

Used to display signal analysis results, and to dis-
play or alter the test set configuration. The display
is normally organized as 8 lines of 13 characters per
line,

Used to turn the test set on or off.

Used to adjust the volume of the test set’s speaker
when listening to a D50 channel.
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Main Reference Serial
Output Input Input Port
A Y v -
b DA paliann  oer tesres
Power LCD
e
\éolumt: \ / lél':l]
ontro ontrast
N v
Power
LCD
Onof ™ _~ Backiight
™ ]
[on (=] [0 ) [%]
Configure View Line
est | [F CONFIGURE L) (T RESULTS I /—/ Results
|
Configure View Path
Unit ™~ " Results

Cursor Controls

Figure 3-1 HP 37741A Layout
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:

SET

:

PATH

NN

Used to adjust the LCD viewability. The contrast is
altered to suit the ambient temperature and light-
ing conditions, and the viewing angle.

Used to turn the display illumination (LCD back-
light) on or off. Automatically turned off if you
don't use the test set.

Used to configure the test time, print, save, and
recall test results, and to start or stop a test. Also
used to initiate an instrument self test.

Used to configure the T1 input and output signals,
the EIA-232 serial port, and other parameters asso-
ciated with the instrument.

Used to point to a choice in a menu. Moves the dis-
played arrow, =, up or down.

Used to view the received signal line results — volt-
age, frequency, line code, BPVs, and slips.

Used to view the received signal path results —
frame format, test pattern, alarms, and errors.

. 3.2 Laying the Groundwork

a 3.2.1 The Screens and Screen Numbers

2100

rece.iver 2200
ElA=232 2300
miscelltanea 2400
=+$ys summary 2500
“to precontig 2600

show outputs 2700

By This screen is a memnu screen. The [_SET_J and [_TEST ) keys lead you
through a sequence of menus. The screen shown above is the top level

SET menu.
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An arrow character, =, appears on the screen to the left of the current-
ly selected item in the menu. The item pointed to is that which will be

selected.

[CONE_) and [(PATH ) cause results screens to be displayed - ordinarily,
there is no =¥ on these screens. A sample results screen is shown
below:

5400
5500 or 5501

CSES 751

%SES  17.62%
%a vl 88 .49%
DM B

Each screen has been assigned a unique four digit number (0000 to
9999). This number is used for documentation purposes only — it is
never shown on the display of the HP 37741A. The screen number is
shown just above the picture of the screen. Shown above are screens

2000 (for {_SET ), and screen 5400 (for [_PATH J).

The numbers to the right of the screen picture indicate the follow on
screens. For example, if is pressed when - is pointing to
roe:c-e i'v e r (on screen 2000), the next screen to be displayed is
screen 2200. It is pressed when screen 5400 is displayed, either
screen 5500 or screen 5501 is displayed.

All the screens are shown on the HP 37741A Instruction Guide. There,
arrows are used to indicate the follow on screens. Conversely, you can
find a screen on the guide, and follow back through the menu struc-
ture, to find out how to access any function.

As the guide clearly indicates, the functions are broken down by ke
type. Thus, to see the line results, you only ever have to press
and no other key. To configure a test, you only ever have to press
[ TEST ), in conjunction with {__& Jand{[ ¥ _J, and no other keys.
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3.2.2 The Maijor icons

Icons are used so that you can more easily assess the status of the in-
strument. Their use is divided among three categories, described in the
following sections. Appendix E contains a summary of all the icons
and special characters.

3.2.2.1 Test Status — ™, 2- BT, M, Ug
On all results screens, and some configuration screens, is shown an

icon to indicate whether the test is running (active) or not (idle). These
two states are described in more detail in sections 4.1.2 and 4.1.3.

When a standard (non-special) test is running, an hour glass, 2, is dis-
played on the top line. The & is removed when the test ends, and is
replaced with a flashing . The displayed values are then frozen.

When a sequential test is running, one of the following icons is used
instead of &:

Br to indicate bridge tap
M to indicate multipattern
Yg to indicate user programmable sequence

When the icon flashes, the HP 37741A is waiting to synchronize on the
received pattern, and resuits are not being accumulated. When the
icon is displayed steadily, the instrument is accumulating errors, and
the results can change. These indications are summarized in figure 3-2.

leon Steady Flashing
) never steady Testis idle
o All results are frozen
o Standard (not sequential) never flashes
i test is running
3_1'- Bridge tap running — Bridge tap running -
synchronized to pattern waiting to get into sync
My Multipattern running — Multipattern running —
synchronized to pattern waiting to get into syne
Ug User sequence running — | User sequence running —
) synchronized to pattern waiting to get into sync

Figure 3-2 Summary of Test Status Icons
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3.222  Transmit Status -3, 2, &, &, &, &

The following icons are also displayed on the top line of the results
screens and some configuration screens. These are used to indicate the
current fransmit status:

= the instrument is injecting errors

bu the instrument is looped back

& the instrument is sending a fractional T1 signal
(n x 56 kb/s)

@;’a‘i the instrument is sending a fractional T1 signal
(n x 64 kb/s)

F 3 the instrument is sending an alarm

by the instrument is modifying a channel (sending a tone
or changing signaling bits)

For example, the top line of the first line results screen looks like this
when the transmit signal is not being disturbed, and a non-sequential
test is running:

The top line looks like this when errors are injected into the trans-
mitted signal, an alarm is being sent, and a tone is being injected:

IMPORTANT

These icons always represent the current state of the
transmitted signal. The results are frozen at the end of a
test, but the icons are not,

The displayed icons may appear to contradict the displayed line or
path results when a test is not running. See section 4.1.3 for an
explanation.
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3.2.23 Miscellaneous - %, 0, ©, B, +, ¢
The following icons are also used. Each is discussed in more detail in
the section describing the screen in which the icon appears:

to indicate a full T1 signal

to indicate the source of the timing for the transmitted
T1 signal

to mean good, or no error

to mean loss or corruption of data

< GG O

-

1 to mean up and down

3.23 The Keys

Each of the keys operates by momentary action. Therefore, you need
only to press the key briefly. However, depending on the key, pressing
and holding the key will initiate secondary functions. Those second-
ary functions are dealt with in the relevant sections that follow.

Each time you press a key, the instrument’s internal speaker can emit a

tone or click. You can program this “key beep” to be ‘tone,

€.l i.ck,or0.f t.When shipped from the factory, the key beep is
setto-t-0:ne.

3.2.4 The T1 Connections and Cables

Bantam connectors are used for the T1 connections. The transmit and
receive signals are grouped together so that the dual bantam cable sup-
plied with the test set can be used to perform tests at the DSX bay.

The portability of the HP 37741A allows you to take the test set to the
problem, rather than to have to use a long cable to take the problem to
the test set. The cables provided with the unit are designed with this
in mind, and they also fit neatly into the envelope of the carrying
pouch. Longer cables may be ordered as accessories. These are listed in

appendix D.

The HP 37741A option HO1 uses a DB15 connector to connect to the T1
lines. The pin assignment is given in section 1.6.3.
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3.2.5 The Serial Port
You can configure the serial port (EIA-232) to function in one of two
modes:

® As a control port, permitting a computer to control the
instrument externally. Remote control over modems is
possible.

® As a printer port, permitting hard copy printout of results.
This is compatible with most serial printers.

The serial port is configured as a DCE, so that a straight cable is used
to connect to a DTE (such as a computer), and a null-terminal (cross-
over) cable is used to connect to a DCE (such as a modem). Some serial
printers have DCE interfaces, others have DTE interfaces.

3.2.6 The DC Power Jack

Use the supplied ac adapter to recharge the instrument’s batteries.
Connect the 2 mm dc power jack, and then plug the adapter into a
110 Vac outlet. Do not use any adapter other than that supplied with
the instrument.

WARNING

Using a non-approved adapter may void your warranty,
damage the instrument, or result in personal injury.

For maximum battery life, it is advisable to let the batteries discharge
each time before charging them. This is not always possible, and no
damage will be done to the instrument by leaving it permanently on
charge. After the unit has become fully charged, it may get warm. This
is normal.

When the batteries are nearly discharged, the test set will beep every
minute. The battery state can be checked on screen 2500.
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3.3 Using the Top Row of Keys
3.3.1 Power,

The HP 37741A is turned on by pressing [POWER). A copyright screen is
displayed followed by the unit ID screen. This is screen 1000:

1000
Unit 1D
ni1nr1Ar1nr1nr1

Now: F
Cyy/mm/d
H/W ver
S/wW

The instrument beeps when this screen is displayed. If screen 1001 or
1002 is displayed instead (see below), the instrument does not beep.

You can press to obtain basic information on the usage of the
instrument’s keys.

The unit ID is intended to distinguish your instrument from others.
When it leaves the factory, the unit ID is programmed with the serial
number assigned by HP. You can program the unit ID to be any 13
character alphanumeric string, such as your name. The procedure is
explained in section 6.3.11.

Following N o'w is the current date and time. On the pictures of the
screens shown in this manual, h: hrmm:-s.$ indicates the hours,
minutes, and seconds; y y./ mm-/ d d represents the year, month,
and day; and Www represents the weekday Your HP 37741A will dis-
play the appropriate values. You can configure the display format for
both the date and the time. How to do so is described in section 6.

The hardware and software versions of the instrument are displayed
on the last two lines.

If the battery is too low to operate the instrument, you will see screen
1001 instead:
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Battery
too  low:
operate

You should charge the batteries soon, or you may lose saved data, in-
strument configuration, and instrument calibration. The HP 37741A

turns itself off after five seconds.

If the batteries have discharged totally, the stored data may have been
corrupted, so that screen 1002 is displayed:

1002
Saved data

&
By )
&)

The status of six different areas of battery backed memory is shown

here. A @ indicates that the corresponding memory has been
corrupted.

To make accurate measurements you should re-calibrate the test set if
the calibration is lost. Calibration is discussed in section 17. You will
need to set the test set’s real time (time of day) clock if the sad face is
on the line with the date and time.

If you press (__4__) or [__¥__) when this screen is displayed, you can
see the unit ID and revision numbers. Pressing any other key will have
its normal effect.
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3.3.2 Volume,
There is a speaker built in to the HP 37741A. This is used for three
purposes:
® To beep with each key press. You can turn this function on
or off. The volume control has no effect on the sound level of
the beep.
® To beep under certain alarm conditions. You cannot disable
this function. The volume control has no effect on the sound
level of the beep.
¢ To output a DSO channel of a received DSI signal. You use
the volume control to adjust the sound level, or to turn the
sound off completely.

To adjust the volume, press and hold . One of the following
screens is displayed:

decreasing increasing

The big arrow symbol shown on the screen indicates whether the vol-

ume is increasing or decreasing. The volume has 16 steps. As you con-
tinue to press , the volume is adjusted at a rate of about two
steps per second for the first two seconds, and thereafter at a rate of

four steps per second.

47



HP 37741A User's Manual

The number in the top right corner of the screen indicates the volume
setting. 0 is off, and 15 is loudest. When at these limits, the following

screens are displayed:

Vo lume:.: R

OFF

release an .
Té-press. . to. pres
Cincirease decrease

minimum maximum

The volume is always off immediately after power on. Therefore, the

first time you press after power on, the volume increases. To
reduce the volume, release , and press it again. Each time you

press the volume changes in the opposite direction from the
Jast time that it was adjusted, regardless of when the volume was last

adjusted.

3.3.3 Contrast,

You will need to adjust the contrast to suit the ambient conditions.
When the instrument is turned on, the contrast is set to the value it
had before being turned off.

To adjust the contrast, press and hold {9 _). One of the following
screens is displayed:

Contrast: 4

release and
re—-press. to

decreasing increasing
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The big arrow symbol shown on the screen indicates whether the con-

trast is increasing or decreasing. The contrast has 16 steps. As you con-
h

tinue to press | , the contrast is adjusted at a rate of about two
steps per second for the first two seconds, and thereafter at a rate of
four steps per second.

The number in the top right corner of the screen indicates the contrast
setting. 0 is lightest, and 15 is darkest. When at these limits, the screens

below are displayed:

idBcre:

ase o

minimum maximum

The first time you adjust the contrast after power on, the contrast in-
creases. To reduce the contrast, release [__0® ), and press it again.
Each time you press the contrast changes in the opposite

direction from the last time that it was adjusted, regardless of when
the contrast was last adjusted.

3.3.4  LCD Backlight,

Press (__© ) to turn on or off the light behind the LCD. In a brightly
lit room or in sunlight you will not notice any difference — use the

backlight in dimly lit environments.

The light is an EL type, and consumes much power. Therefore, the
light is automatically turned off if you have not used the instrument
for about two minutes. The light is also turned off when the instru-
ment’s power is turned off.

When you press the displayed screen does not change — the

key serves as a true on and off switch, and has no effect on any other
instrument function.

49



b

Y

HP 37741A User's Manual

3.4

The Condition After Power on

The HP 37741A is powered by a rechargeable battery. When the power
is turned off, the battery continues to power the instrument’s memory
and real time (time of day) clock. When you turn the main instrument
power back on, some of the settings that the instrument had before

power off are restored. !

Under normal circumstances, the following describes the condition of
the HP 37741A after power on:

a.

Screen 0000 (the copyright notice) is briefly displayed. Screen
1000 is then displayed, and will remain displayed until you
press any key except [__&_J.

The current time and date are displayed.

c. All the keys are functional, even if they had been disabied be-

m.

n.

fore power off by an external command.

The status of the key beep (tone, click, or off) is restored to the
value that it had before power off.

The first screen displayed when you press is screen
3000, except if a test resumes as described in paragraph (p).

The first screen displayed when you press (_SET_J is screen
2000.

The first screen displayed when you press [ UNE ) is screen
4000.

The first screen displayed when you press [PATH } is screen
5000.

The volume is turned off, so that irrespective of whether a test
had been running or a DS0 channel had been accessed, the In-
strument is quiet.

The first time you press [, the volume will turn on, and
start to increase when you hold =)

The contrast is restored to the setting it had at power off.

The first time you press (@), the contrast will increase (get

darker), unless it had been left at maximum, in which case it will
decrease.

The backlight remains off.

The first time you press , the backlight will turn on.

1 If the battery becomes discharged to the point where it cannot maintain the
memory and clock, data will be fost.
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. If a sequential test (for example, multipattern or bridge tap) was

running when the instrument was last turned off, that sequen-
tial test is not resumed when power is turned on.

. If a non-sequential test had been running, and you turned the

test set off by pressing (POWER), the test was terminated when
was pressed, and will not restart. However, if the batter-
ies had become discharged so that the test set turned itself off,
any test that was running was suspended, and will be resumed
when power is restored.

. The results of the previous test, whether that test continues to

run or not, are restored, and are available for viewing. If the test
is resumed, error counts will be updated as if there had been no
power loss interruption.

If a sequential test had been running, the errors which are dis-
played on the results screens are the aggregate errors from the
sequential test. The individual counts of bit errors and errored
seconds are displayed on screen 5600.

All previously saved test results are unaltered.

The configuration of test duration and print frequency
are unchanged.

. The configuration of T1 transmitter (output), T1 receiv-

ers (main and reference inputs), EIA-232 (serial port), and miscel-
lanea (date and time format, and unit ID) are all unchanged.

. The T1 transmitter (output) will be restored to the condition it

had before power off, with the following exceptions

If the test set had been looped (by an externally generated
loopback command), and a test had been running at the time
of power off, but is not running now, the loopback will not
be restored. The output will instead transmit the signal that
was being transmitted before the loopback command was
received.

If a sequential test had been running, the payload of the
transmitted signal is restored to the payload set prior to the
start of the sequential test.
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How to Run a Test and

View the Results EEEE
=&
BE

4.1 Test Configuration Screens, 3xxx

selections are made within this menu system by using {_4 J and
to select a choice, and to activate that choice.

The configure test menu system is accessed by pressing . All

411 How to Display the Main TEST Menu,

Screen 3000 or 3001
There are two top level (main) TEST screens. Screen 3000 is displayed
if there is presently no test running, and screen 3001 is displayed if a
test is in progress (these are shown on the next page). The test time
cannot be altered while a test is in progress, and you cannot save re-
sults to, or recall results from, the memory while a test is in progress.

To access the top level TEST menu, press [ TEST }. If another test menu

screen is displayed you can do one of three things:

® Press and hold . Screen 3000 or 3001 will be displayed
after one second.

® Press repeatedly until its top level screen is
displayed. Each menu system returns to its top level screen,

after reaching the last screen in that menu branch.

o Press [ ), [0 ) (CSET J, ((LNE ), or [PATH J, and
then press [ TEST ). Each of those keys causes the TEST

menu system to return to the top level screen.

In addition, the top level TEST menu is always the first that can be
accessed after turning on the instrument power.
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3000
TEST IDLE @
-bstart' 8000
S0 3100 or 3101
3200 or 3201
3300 or 3310
3400 or 3410
_c_._f__g_ _t..sﬁt.:-:-’t':i-:m;éf 3500
speciaf - 3010
3001
TEST ACTIVE ¥
+sto p - 3000

3100 or 3101
3200 or 3201

» By default, = points to s.t-a'r't or 8'tiop.

4,1.2 How to Start or Stop a Non-Sequential Test
1. Display the top level TEST screen.

2. Press (_a ] or[_¥ ] to move = to point to start or

3. Press{ TEST ).
» Normally, to start or stop a test, you would press twice.
This applies whenever a SET, LINE, or PATH screen is being

displayed.
You can tell whether a test is running by either looking at the top level
TEST screen, or by looking at any of the LINE or PATH results screens.

When a test is not running, the flashing hand, ®, is dlsplayed on these
screens. The f is replaced by a different icon when a test is running.

1 The icons are described in section 3.2.2
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4. How 10 Run a Test and View the Results

4.1.3 Test Active vs Test Idie
The transmitter and receiver of the HP 37741A are always active.

When the test is started, the HP 37741A resets all the error counters,
and monitors the received signal for errors. All LINE and PATH results
are frozen when a test is stopped. No matter what happens to the in-
put signal, none of the results displayed by the test set is updated
when the test is idle {not running).

The output signal is what you have configured it to be, regardless of
whether a test is running or not. If you have configured the test set so
that the output is dependent upon the input, that dependence is main-
tained regardless of whether a test is running or not.

The displayed transmit icons reflect the current transmitted signal.
Any interdependence between the transmitted and received signal will

t i ve.lfthe testis i d’l.e , this interdependence may appear to
be lost, simply because the icons show current status, while the dis-
played resuits then show historical status.

4.1.4 How to Configure the Test Time,
Screens 35xx

For non-sequential tests, the test time is completely configurable from
one second to 24 hours, or a test can run continuously. You can adjust
the test time only when a test is not running,

1. Ifatestis running, stop the test.
2. Choose c.f g tst time from screen 3000, and press

(resT).

» Screen 3500 is displayed:
3500

+CO

in hh:mm:ss

fixed time = 3520
in. se conds
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» = always points to the current configuration.

3. Move=to pomt to your ch01ce S
» fixed time in_ seconds allows you to
choose from 10 pre- -selected tlme penods
» fixed time in. hhimm: 88 allows you to

choose any period from 1 second to 24 hours.
4. Press to activate your selection.
5 If you selected fixed time .iniseconds,
screen 3520 is displayed.
3520

3 -10 ......
5 +300
1060 5000

10000 50000 3000
Totl 00:05:00
300 .8

A4

= always points to the current configuration.
Choose the desired time and press [ TEST J.
The main test menu, screen 3000, is displayed.

v

A4

6. If you selected i x ed time
screen 3510 is displayed.

3510
Test duration
hours:

+00 v 351

Tot | 00 05 00

» The hour that is displayed is the last that was selected.

7. Press(_a Jor(_ ¥ Jtochange the hour, and press (_TEST ).
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8.

9.

» The = does not move — the number changes. The number rolls
from 24 to O and vice versa.

» Screen 3511 is displayed:

-:_o:o;fs__:; -~ 3512

Totil 00:05:00

» The minutes that are displayed are the last that were selected.

Press[_ & ) or(__¥_)to change the minute and press (TEsT).
> -b does not move — the number changes. The number rolls from
60 to 0 and vice versa.

» Screen 3512 is displayed:
3512
Test duration
secondsi .

»00 3000

Totl 00:05:00
300 s

» The seconds that are displayed are the last that were selected.

Press[_ A Jor[_¥_Jtochange the second and press (3EsT).

» The = does not move — the number changes. The number rolls
from 60 to O and vice versa.

In screens 3510, 3511, 3512, and 3520, the configured test duration is
shown in both hours:minutes:seconds, and total seconds. If you contfi-
gure the test time in seconds, the HP 37741A will display and print the
test times (duration, elapsed, and remaining) in seconds. If you
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configured the times in hours:minutes:seconds, that format is dis-
played and printed.

If you set the hours:minutes:seconds to all zeroes (screens 3510, 3511,
and 3512), you will not be able to start a test. When instrument power
is turned off and then on, the test time will be set to five minutes.

4.1.5 How to Run a Special Test

The special tests are suites of tests which the HP 37741A automatically
runs for you. There are two types of special tests:

® self test (which is described in section 16.6)

® sequential tests — bridge tap, multipattern, and user
programmable

1. If you are going to run a sequential test, configure the frame for-
mat for the line under test. Also, turn off any transmitted tones or
signaling, and stop any error insertion.

Display the top level TEST screen.

Stop the test, if one is running,

Press(_4 Jor{_¥_ )tomove=+topointtospecial.
Press |_TEST |.
» Screen 3010 is displayed:

3010

Vo o

self test - - 3600

+bridge tap 3700
multipattersn 3700
user 1 - 3710
user?2 R 74 [0

» = always points to the current configuration.

» user it and user2 are programmable test sequences.
When the test sequence is programmed, the name can also be
changed, so that your screen may not look like that shown.

A quick way to achieve such a state is to use a preconfigured setting, as described in
section 5.2,
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»

The defauit sequences are described in section 9.

Press A _J or [_Y_) to move = to point to the required test
sequence. Self test is discussed in section 16.6.

Press .

>

If you selected a user programmable sequence, you cannot adjust
the test time for the individual patterns, and screen 3710 is
displayed.

Screen 3700 is displayed if you selected bridge tap or
muitipattern:

3700
.
time for each
pattern: -

+23 _seconds. 8710

Normal: 23

3 always points to the last selected test time for the sequence.
The factory defaults are 23 seconds for bridge tap and 175
seconds for multipattern. These values are compatible with older
style equipment and are indicated on the bottom of the screen.
The time for each sequence of patterns is approximately equal to
the number of patterns in the sequence muitiplied by the test
time for each pattern.

Use [_a ) and [C_¥_) to change the test time, and then press

»

»

»

TEST ) to select that choice.
= does not move, the time changes.
The time wraps round from 2'5.5 to 1 and vice versa.
Screen 3710 is displayed:
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9.

3710

Select number
of iterations
of special

then press {_TEST ) to select that choice,

Use(_4a Jand [_ ¥ J to change the number of iterations, and

another selection, screen 5600 is displayed and the test starts.

» The total test time (for one to nine iterations), is approximately
equal to the sequence test time multiplied by the number of
iterations.

When a sequential test is running, the instrument changes only the
test patterns, and displays aggregate results for all the patterns in the
test sequence on the standard results screens. In addition, a supple-
mentary special purpose screen (5600) displays selected results for the
individual patterns which make up the sequence.

4.1.6

How to View the Test Times, Screens 320x

You can view the test times regardless of whether a test is running or
not. The displayed information is dependent on whether the test peri-
od is fixed or continuous.

4.1.6.1

L
2.

Non-Sequentiaj Test
Display the top level test screen.

Choose s'ho'w.. 't i me s and press [_TEST J.
» If the test duration is fixed, screen 3200 is displayed:
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Ctg

Strit

Left

E lps

Stop

3200

TEST TIMES: “® 3000 or 3001
Cfg hh:mm:ss
Strt hhiomm:iss

yy /mm/dd Www

This is the test duration that you have confi-
gured. If the time was configured in seconds,

the value is displayed in seconds; otherwise, the
time is displayed in hours:minutes:seconds.

This is the date and time when the last test was
started, irrespective of whether a test is running
or not. Both the date and time are displayed in
the currently configured format.

This is the amount of test time remaining. If a
test is not running, the time is zero.

If a test is running, the time is decremented ev-
ery second; the value is displayed in seconds, or
hours:minutes:seconds.

This is the elapsed test time for the current, or
most recent test. If a test is running, the time is
incremented every second.

The value is displayed in seconds, or hours:
minutes:seconds.

If a test is running, this is the estimated date
and time when the test will end. If a test is not
running, this is the date and time when the last
test ended. Both the date and time are displayed
in the currently configured format.

» |If the test duration is continuous, screen 3201 is displayed:
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3201 (test running)
TEST’ ST MES 2 3001

rS'trt “hhrmm: ss_
yy/mm/dd Www
Elps nn days

hh:mm:ss

TEST'TTMES @ 3000

Strit h_h .m_m ._._s s
yy/mm/dd Www
Elps nn days
~ hh:mm:ss
Stop ‘hh: mm 8’8
_yy/mm/dd Www_

» The $trt, Elps,and Stop times are interpreted as
above,

4.1.6.2 Sequential Test

When a sequential test runs, the instrument starts and stops the test
automatically for you as each pattern changes. The dates and times
indicated on these screens take on slightly different meanings. While
running the sequential test, the instrument alternates between a fixed
test, and a continuous test.

The St r t time is the time the sequential test started. The Elps
time is the sum of the times for which all of the patterns in the se-
quence have been tested, which is not the same as the time since the
test was started. For example, a multipattern test which has been run-
ning for 12 minutes may show an elapsed time of 8 minutes 45 seconds.
The remaining time is consumed in pattern synchronization and other
overhead. Error accumulation is inhibited during this overhead time.

At the end of the sequential test, the test period for a non-sequential
test is restored to that which was selected prior to the sequential test.
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4.2 How to View the Results Summary,
Screen 6000
4.2.1 General

When you start a non-sequential test, the results summary screen is
automatically displayed.

When most of the results screens are displayed you can press
or to view the results summary screen.!

6000
RSLT sum %
Ful IT1 NoAlrm

D3/D4
3ingd

B8zsS . 162
sl ips. =1:;190
Chm03  .+0.6dB

As with all results screens, the results on this screen are frozen at the
end of the test, This summary screen then indicates the status of the
received signal at the end of the last test.

Pressing ((SET_), (CUNE ), or [PATH] causes the last viewed SET
screen, line results screen, or path results screen to be displayed.
Therefore, you can concentrate on some detailed results, casily see the
overall summary of the received signal, and return to the detziled

results.

This is shown in figure 4-1. For example, if you are viewing a particular

SET screen, and you press (_[PATH ), a path results screen is shown. If
you then press , the results summary screen is shown. When

you press [_SET_J, the original SET screen is shown.

1 While a test is running, these keys are used for different purposes on screens 4300,
5500, and 5501, When the test is stopped, the up and down arrow keys aliow you to
access the results summary from these screens.
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configure
set
screen

path

resLits
screen

Figure 4-1 Accessing the Results Summary Screen

4.2.2 Screen Title , Line 1

The title line indicates this is the results summary screen. The top right
position contains the test status icon; adjacent to it are the three posi-
tions for the transmit icons.

When an alarm is being received, the word R S L T flashes. The alarm
type (on line 2) also flashes. If the alarm is a frame loss, the frame type
(on line 3) flashes. If the alarm is a pattern loss, the pattern type {(on
line 4) flashes,

Pressing {_TEST J causes screen 3000 or 3001 to be shown.
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423 T1 Mode, Line 2
The mode of the received T1 signal is shown in the left field on line 2.
This is one of:

Full1TH receiving a full T1 signal
FT1/56 receiving an N x 56 signal
FT1/’64 receiving an N X 64 signal
4.2.4 Alarm Indications, Line 2

Any alarm conditions currently being received are shown in the right
field of line 2. This is one of:

~NoAl m no alarms being received
L OS receiving LOS (no input signal present)
ALS receiving AIS
receiving frame loss
Panl receiving pattern loss
Yellow receiving yellow alarm

If a pattern loss exists at the same time as a yellow alarm (as is typical
when the frame format is D3/D4), this summary screen indicates that a
yellow alarm is being received.

4.2.5 Frame Type and Error Count, Line 3

This indicates the received frame type and frame error count. Examples
of this line are:

SLC—-9 6 L 0 SLC-96 frame (no frame errors)

ESF T 123 ESF frame (123 frame errors)

D3/D4& o -0 D4 frame (no frame errors)

Frm=7? 0 frame format has not yet been
identified

Unfrmd: . o0 receiving an unframed signal
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4.2.6 Pattern Type and Error Count, or CRC Error
Count, Line 4

When the HP 37741A receives a recognized test pattern, this line indi-
cates the received pattern type and logic error count.

If the payload is unrecognized, and the frame format is ESF, the line
indicates the CRC error count. Otherwise, the pattern type indicates

Ptin=7.

427 Line Code Type and BPV Count, Line 5
This indicates the received line code type (AM'l' or B8 ZS) and
BPV error count,

If the line code_ has not yet been positively identified, the line code
type indicates C ode=7.

428 Input Signal Level, Line 6
This is the same as that indicated in screen 4000. The measurement
units are dBdsx, but for brevity are indicated simply as-d B.

4.2.9 Slip Counter, Line 7

This is similar to line 3 of screen 4200. When slips are being received,
the number changes. When the two inputs have the same frequency,
the number is steady.

When there is no signal at the reference input, the number is replaced

4.2.10 Channel Access, Line 8

When a test is running, the = is displayed next to the channel number.
You can monitor a different channel by pressing__ 4 Jor{_¥_).

The level of the amplitude in the channel is indicated. This is identical
to the value shown on line 6 of screen 5500 or 5501. The measurement

units are dBm0, but for brevity are indicated simply as d B.
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4.3 How to View the Line Results,
Screens 4xxx

4.3.1 Identifying the Screens and the Icons

The line results are viewed by pressing (CUNE_). There are five screens
of results, each viewed by successive pressings of [LmE .

On each of the line results screens, the word L'} NE is on the top
line. On the same line, the position of the current screen in the line

result screen sequence is given. For example, 375 means the third of
five screens.

When a test is running, a test icon, =, Br, M, orYs, is also displayed on
the top line. The test icon is removed when the test ends, and replaced

with a flashing @. The displayed values are then frozen.

Thus, the displayed values reflect the current state of the input signal
only when a test is running, If a test is not running, they represent the
state when the test was stopped.

The transmit icons are also displayed on the first line. The icons are
described in section 3.2.2.

At the start of a test, all error counts and error rates are set to zero, and
availabilities are set to 100%.

Whenever any input alarm condition is currently active (the instru-
ment is receiving an alarm and a test is running), the word LINE
flashes once per second.

4.3.2 How to Display the Top Level Screen, 4000

To access the top level LINE screen, press (CUNE). If a screen other
than 4000 is displayed you can do one of two things:

® Press and hold . Screen 4000 will be displayed after

one second.

® Press repeatedly until its top level screen is

displayed. Each sequence of results screens returns to its top
level screen after reaching the last screen in that sequence.

In addition, the top level screen is always the first that can be accessed
after turning the power on.
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4.3.3 Signal Screen, 4000

4000
LINE 1/5 =2 4100

Smpl x current
128 mA

Next to the screen title is displayed the configuration of the receiver
input. This is one of:

{mony monitor

Ctorimey terminate

(brg}) bridge
IMPORTANT

This indication changes only when a test is running.
When the test has stopped (the ® is displayed), the in-
dication is frozen, and may not represent the current
state. Like the results, it then represents the status of the
signal at the end of the last test.

L.v'l. indicates the signal level of the main input. The absolute level
and the level relative to the nominal level of 6.0 Vpp at the cross-
connect bay are given. In monitor mode, the level indication is the
same as that which would be read if bridged across the line. When no
signal is present, the test set will indicate a low value for the level.

F.r q indicates the frequency of the clock recovered from the main
input, and the offset in ppm from the nominal frequency of 1.544 MHz.

When no signal is present, these numbers are zero.

Smp I x cir rent indicates the simplex current flowing be-
tween the main input and the output. The current direction is not indi-
cated. When no current is flowing, the test set will indicate a low
value,
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4.3.4 Line Code, Screen 4100
4100

! The received code indicates what has been identified by the test set,
and can be one of:

AM | No B8ZS signatures have been received, or
strings of eight or more zeroes have been
received.

B8ZS B8ZS signatures are being received, and strings

! of eight or more zeros are not being received.
3 N.o-ne No signal has yet been received, so the line code

‘ has not been identified.

If, having received a signal and identified the line code, the signal is
removed (LOS), the received line code indication of AM1 orBBZS
will not be replaced by N o'n’e.

IMPORTANT

A T1 line may be configured for B8ZS, and not sending
any B8ZS signatures, because there is a high ones den-
sity (for example AIS). In these cases, the HP 37741A
may indicate that the signal is AMI.

ceablb
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4.3.5 Bit Slips, Screen 4200

4200
LINE 3/5 -Z- 4300

'_'s"--!-'i';p-'_s‘--._ 2

= The T.o0 t-a | bitslips are the difference between the total number of
bits received (since the start of the current test) on the main input and
the reference input. The sign is + if, on average, more bits have been
received on the main input than the reference input, and ~ if the con-
verse is true. The number is displayed modulo 193, the number to the
left of the -} being the more significant number (effectively, therefore,
a count of frames)

: spect to the reference input. This will show t 2 st if the main input
: frequency is currently higher than the reference mput frequency, and

* s | ow if the converse is true. When the two 51gnals have the same
- frequency the line wm show s, y nc. If no SIgnal is being received on

Thus, the words §-4'0 w or.{:a's:t indicate the instantaneous differ-
ence between the bit rates of the two inputs, and the signs # or = in-
dicate the long term difference.

frame sl ip's counter is incremented, and the R .e..l a =

tive bit s1lips counterissettozero. As bit slips con-
. tinue to occur, the relative bit slips will increase until again they total
3 193.

- The counter values are not reset by LOS on either input. They are reset
only at the start of a test.
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4.3.6 Loopbacks, Screen 4300

4300

LINE 4/5

. LOOPBACKS
tnstrument

4300
2 LINE - 4/5 - 6 4400
LOOPBACKS

tnstrument

not

small size. See below
for details.

when atest is not running

when atest is running

4.3.6.1 Active and Passive Functions

This screen allows you to transmit loopback codes.! Loopback codes
that are received are displayed. The instrument will tell you whether
the loopback command was successful or not. When the test is not run-
ning, the screen indicates the status of any received loopback codes at
the end of the last test.

4.3.6.2 Instrument Status, Line 4

This line indicates whether the test set is currently sending any loop-
back code, or whether the test set is looped in response to a received
loopback code.

When not looped, and not receiving a code, the status is
no't - 1 00 ped. When sending a loopback code, the status is
one of:

snding liinet line up
snding lined line down
snding 4bit?t 4 bit up
snding 4bitd 4 bit down

network interface up
network interface down

snding NIt
snding NI$

snding pyldt payload up
snding pyl dd payload down
1 You can therefore actively change the transmitted signal from this screen. All other

results screens are passive, in that you cannot affect the transmitted signal.
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When the test set has responded to a loopback code, the status is one
of:

Line Ilooped

4bit looped

Pytd 1ooped

4.3.6.3 Far End Status, Line 5§

This line indicates the receive status, and the status of the device at the
far end. The line is normally blank, and the status is normally dis-
played only momentarily.

When receiving a loopback code, the status is one of:

rcving |linet line up

ey ing. Line line down

reovi 4 bitup

r.cV i 4 bit down

rcoviin network interface up
reving network interface down
reving p payload up

rewv i payload down

After sending a loopback command, one of the following is displayed
for a short time:

FarEnd looped when a loop up command is
successful, or a loop down
command is unsuccessful

FarEnd un-=1Tpd when a loop down command is
successful, or a loop up command
is unsuccessful

4.3.6.4 Sending Loopback Commands, Lines 7 and 8
You can use this screen to send a loopback code.
When you press the loop up command is sent for 8 seconds;

when you press , the loop down command is sent for 8 sec-
onds. The type of loopback code that is transmitted is pre-selected in
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screen 2122.! The display changes to reflect the loopback type that will
be transmitted.

Loopback code transmission is inhibited when any of the following is
true:

a test is not running?
the instrument has been remotely looped back
the loopback code type is selected to be “as input”

you have selected the loopback type to be “payload”, but the
instrument is not transmitting an ESF or ZBTSI signal

e. you have set the instrument to send an alarm

e o oop

If any of these conditions holds, the bottom half of the screen indicates
(in small text) what operations must be performed to enable loopcode
transmission from this screen.

4.3.7 Miscellaneous Data, Screen 4400
4400
LIENE 575 0 Z 4000
XsDs 76
De 0132'3 638

chronlzahon was lost durmg the last sngnal disturbance. This is used to
measure APS switchover time, or other momentary periods of signal
interruption.

; Described in section 5.3.5.

This function is inhibited when a test is not running because none of the results is
then updated. You would not be able to tell whether the loopback command had
been successful or not.
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4.4 How to View the Path Results,
Screens 5xxx

4.4.1 Identifying the Screens and the lcons

The path results are viewed by pressing ((PATH . There are six screens
of results, each viewed by successive pressings of (_PATH }.

line. On the same line, the position of the current screen in the path
result screen sequence is given. For example 3 /:6' means the third of
six screens.

When a test is running, a test icon, X, By M or -US, is also displayed on
the top line. The test icon is removed when the test ends, and replaced

with a flashing @ The displayed values are then frozen.

Thus, the displayed values reflect the current state of the input signal
only when a test is running. If a test is not running, they represent the
state when the test was stopped.

At the start of a test, all error counts and error rates are set to zero, and
availabilities are set to 100%.

Whenever any input alarm condition is currently active (the instru-
ment is receiving an alarm and a test is running) the word P-ATH
flashes once per second.

The transmit status icons are also displayed on the top line of all re-
sults screens. Refer to section 3.2.2 for details.

442 How to Display the Top Level Screen, 5000

To access the top level PATH screen, press . If a screen other
than 5000 is displayed you can do one of two things:

® Press and hold ((PATH]. Screen 5000 will be displayed after
one second.

® DPress repeatedly until its top level screen is
displayed. Each sequence of results screens returns to its top
level screen after reaching the last screen in that sequence.

In addition, the top level screen is always the first that can be accessed
after turning the power on.
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4.4.3 Alarm Seconds Screen, 5000

5000
PATH 176 . . ® 5100

ALAHM-SEQQNﬁ$

Los. .o
AlS 44

The following alarms are displayed:

LOS loss of signal

Al S - alarm indication signal
F rmLOS frame loss

PtnLOS pattern loss

Yol low yellow, or remote, alarm

Associated with each alarm is a count of the number of seconds during
which the alarm occurred.

If the alarm is currently active the alarm label will flash synchronously

with the word P-ATH.

If an alarm is currently not active, a non-zero value for the alarm sec-
onds count indicates that the alarm has occurred (alarm history).

4.4.4 Frame Screen, 5100

5100
PATH 2/6 . & 5200o0r5201
_FHAME(Q. :
ZBTS 1 = FuliT: -
EC 1234
ES 97
OOF c¢nt 2
COF'Acnt S |
avgER TE;ds
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Next to the screen title is displayed the configuration of the receiver
frame mode. Examples of this are:

{autod) auto frame (the factory default condition)
(D3 /rDa) D4 frame
(ESF ) ESF frame

If you have not set the receiver to auto frame, and the receiver has not
framed to the received signal, you are reminded that you have explicit-
ly set the receiver frame format.

IMPORTANT

This indication changes only when a test is running.
When the test has stopped (the ®is displayed), the in-
dication is frozen, and may not represent the current
state. Like the results, it then represents the status of the
signal at the end of the last test.

Line 3 shows the received frame format, and received mode.

If you have configured the received frame format to autodetect the
incoming frame type (screen 2230), the received frame format indica-
tion is dependent on the input superframe D50 channel sequence that
you have configured (screen 2240). This is indicated in figure 4-2. The
receive DS0 setting does not affect the instrument’s ability to frame.

For example, if you are working on an older channel bank, you can set
the receiver DS0 sequence to be D2. When the test set receives a D4
frame, it will indicate that the frame format is D2, which allows you to
correctly access the DSO channels. If you have set the HP 37741A’s re-
ceive DS0 sequence to SLC-96, and a D4 frame is received, the test set

displays D L:C again allowing you to access the channels correctly.!

If, at the start of a test, no signal or no frame was received, the indica-

tion F rm=7 is displayed. If the frame format of a signal was identi-
fied, and framing is subsequently lost, the frame format indication is

not changed.

If you have explicitly specified the receive frame format type in screen
2230, the specified format will be displayed.

1 This is explained further in sections 8.3, 8.4, and 12.1.
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If framing is lost, the frame format type flashes synchronously with the
word PA TH, and the frame loss seconds (on screen 5000) increases.

Recelved Receive Super Frame DSO Sequence Set by User
Frame [ b2 | bwyps | sicse
D4 D2 D3/D4 DLC
SLC-96 SLC96
ESF ESF
ZB7Sl ZBTS|
no frame UnFrmd
no signal None

Figure 4-2 Frame Format Displayed for Different Channel Sequence

Settings

4.4.5 CRC Screen, 5200

PATH 376 ¥ 5300
CRC

If the received frame format is not ESF or ZBTS], all the numbers re-
main fixed at zero. If the received frame format is SLC-96, screen 5201 is

displayed instead.

Y
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4.4.6 SLC-96 Data Link Screen, 5201
5201
PATH 3/6 - & 5300
8LC=-96 DL

This screen indicates the status of the SLC-96 data link. The two bit
alarm field (A1 and A2) is demultiplexed, and the various messages are
indicated on the lines labelled ‘A‘t'a r'm and F. EP When no
alarm messages are being received (all are mactlve) a = is indicated, as
shown in the screen above.

The active state of each of the messages is indicated by a character.
When all the alarms are active, the alarm line reads:

A B, C and D represent the mdlv1duaj she]f alarms. M and m are
the major and minor alarms, and P is the power and miscellaneous
alarm.

If all the far end loop messages were active, the FELP line would read:
FELF;JABGQFﬁJ
A, B, C,D,and P represent the individual lines.

The C bits (concentrator field), the ‘§' bits (protection switch field),
and the M bits (maintenance field) are shown on a bit by bit basis. Bit 1
is the MSB.

The § bits are decoded, and follow the bits after the = sign. The de-
coded value is one of:

idile no activity

AR x switch line A receive
BTx - switch line B transmit
CTix switch line C transmit
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4. How to Run a Test and View the Results

DTx switch line D transmit

BT&R switch line B transmit and receive
CT&R switch line C transmit and receive
DT&R switch line D transmit and receive
inwvd invalid

On the bottom right of the screen (13 } or {1 6 ) is shown. This

indicates the length of the received alarm message frame.

4.4.7 Logic Screen, 5300

BER  2.8E-06
Line 2 indicates the setting of the receive mode (screen 2205).!

Line 3 indicates the received test signal, and its bandwidth. Examples
are:

Ptn=7% 15 44kb test pattern is unrecognized

3in24 T 1536kb 3 in 24 pattern being received, at
1536 kb/s

2m -1 64kb PRBS being received with a single
channel active (64 kb/s)

If, at the start of the test, the test signal is not recognized by the instru-

screen 5000) does not increment. All the numbers on screen 5300 re-
main fixed at zero.

However, if a recognizable test pattern has been received, and is now
lost, the PLS count increments, and the instrument continues to dis-
play the pattern type that had been received. At the same time, the

1 This is described in section 5.4.2.
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received pattern indication flashes synchronously with the word
When a recognizable pattern is being received, and logic errors are
received, the error counts and rates will change accordingly. The

HP 37741A cannot detect a received channel word pattern (unless that
pattern is the same as one of the eleven standard or four user defined

transmitted patterns).
4.4.8 G.821 Logic Analysis Screen, 5400

5500 or 5501

The numbers on this screen are displayed according to the rules out-
lined for screen 5300,

4.4.9 Channel Screens, 5500 and 5501

Screen 5500 is displayed when the received frame format is ESF or
ZBTSI; screen 5501 is displayed when the received frame format is SF
(D1D, D2, D3/D4, SLC-96).

5500
PATH 6/6 _2

CHANNEL
ZBTS I “FullT 1 : RTS8 6
Ch=01 Timeslotmap, Ch 01 Time slot map,
TS 01 seebelow T S 01 see below

Lvl -6.0 dBm LvI -12.9 dBm
Hi +102 ABCD Hi - ABAB
Lo =102 ..0161 Lo

ZBTSI, test running D4, test not running
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The frame format displayed is the same as that displayed in screen
5100.

When a test is running, the = is displayed next to the channel number.

You can select another channel number by pressing or

L vil indicates the amplitude of the signal in the channel. When a
test pattern (or other signal) is being received which does not change

the code in the channel, the instrument displays = ———~—.

H i and L 0 indicate the largest digital number received and the low-
est digital number received during the last second.! Some instruments
have flashing lights to indicate activity. This scheme gives more in-
formation — if the high value is different from the low value there is
activity in the channel. If the high value equals the low value, the
word in the channel is not changing,.

The signaling bits are shown as A BAB (for SF) or ABCD (for ESF).
For SF frame formats, this indicates whether signaling bits are tog-
gling. For example, if A'B AB is 0'1:0 0, the B bit is toggling.?

The timeslot map is in small characters, and indicates which timeslots
are in use. Examples are:

TS MAP TS MAP
Forkkokokkok outotot S
**’_*?}#Q**** e
******** :.:._.-._:.: SRIIERUR
All time slots used Only time slots 1 to 6 used

The timeslot map is relevant whether the signal is full T1 or FT1. The

. character indicates that a channel is idle. This can help, for example,
with the diagnosis of problems on a multiplexer. If a channel card has

failed, the timeslot map will easily allow you to pinpoint the problem.

When an unframed signal is received, screen 5501 is displayed, and the
channet and time slot numbers are set to — —.

Appendix G lists tables that translate the Hi and Lo figures into binary words.
If the frame format is SLC-96, this indicates a positive coin check sequence for a
payphone.
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5501
PATH 6/6.

CHANN E L
HnFrmd FuIIT1
Ch == Time slot map,
TS ~—  allslotsused
Lvl ——mm SdBMm
Hi --- ABAB
Bodu s === e i

4.5 Sequential Test Results, Screen 5600

When you start a sequential test, the special test results summary
screen (5600) is automatically displayed.

You can view screen 5600 when a sequential test is running, or when it
has just stopped, by pressing [_PATH } when screen 5500 (channel re-
sults) is displayed. Screen 5600 is not available at other times.

For a multipattern test, the results are contained on a single screen. For
a bridge tap test, there are two pages of results. These separate pages
are viewed by pressing(_4__jor [_¥ ). One or two pages of results
are required for a user programmable test sequence, depending on the
number of patterns in that sequence.

The screens are shown in small characters. The screen for a multipat-
tern test is shown here:

5600
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The number of iterations is indicated on the second line. This is set to

1 for the first loop. For example, the screen above would be shown
when the instrument has completed two loops and is on its third

iteration.

The pattern name flashes when that pattern is currently being trans-
mitted. On that line are shown the logic error counts and logic sync
seconds for that particular pattern. This is an accumulated total for ali
iterations of the sequence. The other results screens show aggregate
errors for all of the patterns.

The test status icon is steady when the received pattern matches that
being transmitted. The icon flashes when the instrument is waiting to
synchronize to the transmitted pattern. This is explained in more detail
in section 8.
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How to Configure the
Transmitter and Receiver PEBE

5.1 General

This section describes the keys you will use, and the displays you will
see, when configuring the transmitter and receiver. See sections 8 to 12
for detailed information on the capabilities of the transmitter and

receiver.

5.1.1 What Configuring the Transmitter Does
When you configure the transmitter, you configure:

o the T1 output line code and timing

the operating mode (full T1 or FT1)

the frame format and payload of the transmitted DS1 signal
the loopback codes that are to be transmitted

the tone and signaling to be injected on a DS0 channel

® © & o ¢

the generation of any alarms or errors

5.1.2 What Configuring the Receiver Does

When you configure the receiver, you configure:

e the operating mode (full T1 or F11)

e the termination impedances of the main and reference inputs

e the expected frame format of the DS1 signal on the main
input

e the reaction to a received loopback code
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® the received DS0 channel to be accessed
® the reaction to any received alarms

5.1.3  The Keys You Will Use

The set transmitter and set receiver menu systems are accessed from
the main SET menu (screen 2000} by pressing [_SET_J. All selections
are made within this menu system by using [_ 4 Jand [_¥_Jto
move the arrow, =, to point to a choice, and [_SET_j, [_LNE ), or

to select that choice.

51.4 The Difference Between Configured and
Actual

The HP 37741A has a very large number of operating configurations.

You can configure the output signal to be dependent on, or indepen-

dent of, the input signal. You can configure the test set so that alarms

are automatically inserted in the output signal when alarms are re-

ceived at the input.

Some of these various configurations do not, therefore, explicitly speci-
fy what the transmitted signal actually is. The HP 37741A has a screen

(accessed by pressing ) that lets you know at any instant exact-

ly what is being transmitted. This is screen 2700, and is described in
section 5.5. In addition, the transmit status icons which are displayed
on many screens also reflect the current transmit status. The transmit
status icons are described in section 3.2.2.

5.1.5 How to Display the Main SET Menu,
Screen 2000

To access the top level SET menu, press ((SET_J. If a screen other than
2000 is then displayed, you can do one of three things:

® Press and hold . Screen 2000 will be displayed after

one second.

® Press fpgif_i repeatedly until the top level screen is
displayed. Each menu system returns to its top level screen,
after reaching the last screen in that menu branch.

® Press {TEST ), and then press [_SET_J. Pressing the (JEST
key when the SET menu system is displayed causes the SET
menu system to return to its top level screen.
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In addition, the top level SET menu is always the first that can be ac-
cessed after turning on the instrument power.

2100
2200
2300
2400
2500
Lo pr : ig 2600
show output 2700

» = always points to the current conflguratlon except after power
on, when it points to 1 r an:sm ititer.

» The top line has icons to indicate the transmit status.

| 5.2 How to Set the Transmitter and
) Receiver to a Preconfigured Setting,
Screen 2600
: 1. Select t-0° p'r e onfig fromthe main SET menu, screen
; 2000.
: » Screen 2600 is displayed:

2600

->no change_;-'-i-
_"factory df It

:ftermlnatem '
-through
eamulate

cabldos

» = always pointsto no. change.

2. Move = to the pre- -defined configuration that you want, and

press ((SELJ.
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The factory default setting cannot be modified. The other settings can
be modified over the serial port.] When the settings are modified, the
name can also be modified. Therefore, your screen may not look like
that shown above.?

Any of the settings can modify the programmable bit patterns (channel
words and user words), and the SLC-96 data link bits.

The factory default setting not only resets the configuration of the
transmitter and receiver, but also the test duration and print frequen-
cy. The special factory default configurations are:

® The test duration is set to continuous.

® The printing of results is turned off,

® [f the instrument had been looped (by an external loopback
command), the loop will be removed (un-looped).

None of the following is disturbed by the factory default setting:

® the EIA-232 usage, parity, word length, flow control, and bit
rate

the key beep status

the format used to display the date and time

the current date and time

¢ the unit ID
The other (user programmable) settings can modify only the transmit
and receive settings (including the user words, channel words, and
data link). In addition to the parameters that are not disturbed by the
factory default setting, none of the following is disturbed by any of
the user programmable settings:

® the test duration

¢ the printing of results

® the instrument’s looped state (if it had been looped, it will
remain looped)

If you want to affect these parameters, first set the HP 37741A to the
factory default setting, and then set it to the setting you require.

The procedure is described in section 13. Alternatively, you can purchase software
from HE — detailed in appendix D - which will allow you'to modify these seltings.

2 From the front panel, you can save a configuration with results, See section 7 for
details,
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5. How to Configure the Transmitter and Receiver

The settings programmed at the factory are shown in figure 5-1. These
are described in the following sections. None of the factory pro-
grammed settings alters the SLC-96 data link - it is always set to idle.

5.2.1

Factory Default

This is a safe setting which will work most of the time when the test
set is receiving a signal from the network, and is sending the same sig-
nal back to the network.

The transmit mode is set to full TL

When transmit FT1 is subsequently enabled, all channels are
active.

The transmit line codeissettoas i nput.

The transmit timing is set to internal.

The transmit loopback code is set to NI, and no code is sent.
The transmit alarms are setto n on'e.

The transmit frame formatis setto a 8% i np ut.

The transmit payload is setto a:8: i.n.pu t.

The user words are set to 1:in8 o, tinits,
{1in16,and i-die.t . '

The channel words are set to TmS:1' t and L'O Dns.?
The transmit DS0 tone injection is set to off. -

e When a DS0 tone is subsequently enabled, the default

frequency is 1004 Hz, and the default channel is 1.

¢ Transmitted signaling bits are unmodified.
e No errors are injected in the transmitted signal.
e The SLC-96 data link is reset to the default values described

in section 8.4.
The transmit signaling reinsertion is disabled (0. f- f).

® The transmitted data link is set to be the default (idle).
® The receive mode is set for full T1, which speeds up

operation of the instrument because it is not hunting for the
mode type.

When receive FT1 is subsequently enabled, all channels are
active.

1 The pre-defined user words are described in section 9.2.8.
2 The pre-defined channel words are described in section 9.29.
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® The receive T1 inputs are set to b r-i-d ge: mode so that
tapping into a line with live traffic wiil not disturb it.

® The receive loopback code status is such that received codes
will not be acted on.
® The receive frame format is set to @ 'u t 0. This is the most
useful setting, but might not work with very noisy circuits.!
® The receive DSO channel sequence is set to D3/D4, and
channel 1 is selected.
Alarms will be sent at the output when there is no signal at the input.2
This is because the transmitter is set to mimic the receiver, and cannot
do so when nothing is being received.

5.2.2 Originate D4

Use this mode when you have split a D4 circuit, and want to verify the
circuit functionality. You can immediately go to the loopback results
screen, send a loopback, and then check for errors.

5.2.3 Originate ESF

Use this just as you would use the originate D4 setup, but for ESF cir-
cuits. B8ZS line encoding is selected.

The “Originate D4” and “Originate ESF” setups will cover most re-
quirements for day to day intrusive testing by an operating company’s
craftsperson,

5.2.4 Terminate

This is used when the test set is receiving a signal for testing, but it is
not necessarily that which it is generating.

5.2.5 Through

This is used when the test set is placed in series with the circuit under
test. The HP 37741A acts as a repeater, passing through all essential
signals, including signaling and the facility data link. The test set can
then be used to modify any or all of these parameters, including the
ability to perform drop and insert testing,

1 See section 8.1.1 for more information.

See section 11.5 for more information.
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emulate ¥
through 4-4‘
terminate ¥
originate ESF ¥
originate D4 ¥
factory default ¥

Transmit

B mode, channels {full T1, alllfull T1, all [ full T1, all{fulk T1, all |[full T1, all | full T1, all
line code asin AMI B8ZS as in asin as in
timing internal | internal | internal |reference| main reference
loop code type NI NI NI line as in NI
loop code time off off off off off off
alarms none none none none as in none
frame asin D4 ESF asin as in as in
payload as in QRW QRW asin through | TmSit
signal reinsertion oft oft off off on off
FDL default | default | default | default through | default
DS0 channel 1 1 1 1 1 19
tone amplitude off oft off off off -6 dBm0
tone frequency 1004 Hz | 1004 Hz | 1004 Hz | 3tone | 1004 Hz | sweep
signaling unmodfd | unmeodfd [ unmodid | unmodfd unmodfd | 11 T
BPV arrors off off off oft off off
logic errors off off off off off off

Recalve

| mode, channels | full T1, ali|full T1, all|full T1, all[full T1, ali | full T1, all | full T1, all
inputs bridge |terminate|terminate terminate tei'minam' terminate
loopback no rspnd | no rspnd | no tspnd | ne rspnd | no rsprd auir
frame auto auto auto auto auto aut‘;_
DS0 sequence D3/D4 D3/D4 ESF D3/D4 D3/D4 D3/D4
D50 channet 1 1 1 1 1 19

User Patterns ]

| userword 1 1in8old[1inBeld|tin8oidl1in8old| in8old|1in B old
user word 2 1in15 | 1in15 | 1in15 | 1int5 | 1in13 1in13
user word 3 1in16 1in16 1in 16 1in 16 1in16 {in16
userwoerd 4 idle idle idle idle idle idle
channel word 1 TmSHt TmSht TmSH TmSit TmSh TraSh
channel word 2 LoDns LoDns LoDns LoDns LoDns LoDns

Tx SLC96 data link idle idle idle idle idle idle

Figure 5-1 Factory Preconfigured Settings
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5.2.6 Emulate

This configures the HP 37741A to emulate an NI device or a CSU. It
will automatically respond to received loop up or loop down com-
mands, returning the signal to the source.

A tone is transmitted in channel 19, and the signaling bits in that chan-
nel are set to the idle state. The payload is set to the timeslot identifica-
tion pattern, so that you can easily verify correct operation of a circuit.

5.3 How to Configure the Transmitter,
Screens 21xx

5.3.1 How to View the Transmitter Summary,
Screen 2100

5.3.1.1 Tester Looped or Special (Sequential) Test

When the instrument has been looped by an external loopback com-
mand, or you are running a sequential test, you cannot access any of
the transmit configuration screens, and you cannot therefore modify
the transmit status.

To indicate these states, either the transmit status loopback icon, #2, or
a special test icon is displayed on screen 2000:

SET PR
SET 8
SET R
SET Ys

Theword t r-an sm’i t tie.r on screen 2000 is replaced by text in
small characters indicating why you are unable to change the transmit

configuration.

If you are displaying a transmit configuration screen when the instru-
ment becomes looped back, screen 2000 is automatically displayed.

A loopback can be deactivated by:

® receipt of a loop down code on the main T1 input

1 The transmit status icons are described in section 3.2.2.
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e selecting un | 0°0p from the receiver setup screen 2220
e an external command on the serial port

The sequential (special) test can be stopped from screen 3001.

5.3.1.2 Tester Not Looped or Not a Sequential Test

1. Display screen 2000
2. Move=tot ransmit t'e 1, and press CSE)

2100

SET TXx
5%;9'.'4;3 : ) i
ch:o1 ‘No.
Sig ABCD:

» - always points to .¢-h-a.ng ©.

» If you press with 4 pointing to .¢-h anyge, you can

modify any of the parameters.
» |If you choose ex it screen 2000 is displayed.

5.3.1.3 Status vs Configuration, Line 1

The transmit icons displayed on the top line indicate the current status
of the transmitted signal. This screen summarizes the current configura-
tion.. The two are not necessarily the same.

For example, if you configure the transmitter to retransmit the input,
and yet there is no input connected, the unit will transmit an AIS
alarm. The status icon will indicate this, but you have not directly con-
figured the unit to send an alarm.

5.3.1.4 Frame Format and Line Code, Line 2

Examples of the frame format are:

EiUn Fr m d configured to transmit an unframed signal

8 F rm= L n: transmit frame format equals the input frame format
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MESFE. transmitting an ESF frame format, in FT1 mode
(n x 64 kb/s)

%D 3 /D4 transmitting a D4 frame format, in FT1 mode
(n x 56 kbys)

23S L'C—9 6 transmitting a SLC-96 frame format, in full T1 mode
The line code is cne of:

Cd=1n equal to the input code format
53.1.5 DS0 Tone Injection, Line 3

Examples of this line are:

Ch:01 No tone channel 1 is selected, but no tone is
being injected

Ch:17 1004 Hz 1004 Hz tone is being injected on
channel] 17

Ch:18 - sweep a swept tone is being injected on
channel 19

5.3.1.6 Signaling, Line 4

Examples of this line are:

the signaling bits are not being
modified

Sig ABCD:----

the signaling bits are set to 1011

5.3.1.7
Examples of this line are:

Payload, Line 5

Payload: =in

equal to input payload

Payload: 2zm-1
5.3.1.8

Examples of this line are:
Loop :.;-l:-';i'_'ni'é.- ;'.'_c')';:.f-j-f

transmit QRW test signal
transmit 221 test signal

Loopback Code, Line 6

line loop back code is selected, but

the code is not being transmitted
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Loopi “NLD t . 8s NI loop up code is being
transmitted for 8 seconds

Ltoop:pyltd 4 Oon payload loop down code is being
transmitted continuously

When a loopback code is transmitted for eight geconds, the code being
sent will be indicated during that period. At the end of that time, the

display will revert to oft.

5.3.1.9 Timing Source, Line 7

This will be one of:

@: intnd internal timing
®: main from main input
(ON ref from reference input

5.3.1.10 Alarms, Line 7

Examples are:

A no not transmitting any alarms
A:ALS transmitting AIS
A cybw transmitting yellow alarm

There are cases when the HP 37741A automatically transmits an alarm
because of LOS at the input.] This will be indicated in the transmit sta-
tus icons on Screen 2100, but not in the body of the screen, which is
ased to indicate the current configuration. The actual transmit status is

displayed in screen 2700.

5.3.2 How to Access the Transmitter Main Menu,
Screen 2110

1. From screen 2100, choose ¢’hange and press (CsET ).
» Screen 2110 is displayed:

- ———
1 More details can be found in section 11.5.

-
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2110
MODE: T1,FT1 2115
LINE: ‘cod e, 2120
2130
2140
2150
2. To access one of the sub-menus, move = to that choice, and press
et |
.
—
5.3.3 How to Change the Transmitted Mode,
Screen 2115
1. Display screen 2115:
2115
_ |
. as receiver 2000
. =tull T4 " 2000
> > always points to the current configuration.,
2. Press{_SET_), ((INE J, or (PATH } when = points to your choice.
When as re ceiver isselected, the transmitted mode will
be the same as that identified on the input when the input mode is set
to ‘@'u"t-0, or will be the same as that set for the input otherwise. If
. there is no input, the mode will be ful] T1.
E When either of the fractional T1 modes is selected, you can then confi-
- gure the timeslots which are active.
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534 How to Select the Active Timeslots,
Screen 2116
1. Display screen 2116:
2116

Tx time: slots 2000
* (instructions are in
small characters —
~ see below)
TS&O}ﬁfHSAVEﬂ
e

» = always points to the first timesiot.

» The bottom three lines represent a timesiot map, with a X (to
indicate active) or “.: {to indicate idle) representing the state of
the timestot. The first line of the map is for timeslots 1 to 8, the
second for timesiots 9 to 16, and the third for timeslots 17 to 24,

» The timeslot that is going to be changed is marked by a .
character. The I alternates with the % or . representing the

state of the timeslot.

» The instructions are given in smaller than normal characters, as

follows:

2. Use and to change the state of the timeslot indi-

cated by the number following TSt

» The following choices are displayed in sequence:
off(:),0n(*) BACK SAVE.
The sequence then repeats.

3. When the = points to the action that you want, press @
» The timeslot map is updated where the flashing l was, and the

flashing JJ] is advanced one character.

-
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» The character pointed to by = is then set to be the same as that
which is now marked by the flashing [J.

4. Continue to set each of the timeslots in turn.

5. If you need to go back and change a timeslot, choose BACK,
and press (_SET .

6. When you have finished all the characters, use and
X Jtopoint»at SAVE, and then press {_SET )

7. The new timeslot map is saved in memory, and screen 2000 is
displayed.

5.3.5 How to Change the Transmitted Line Code,
Screen 2120

1. Display screen 2120:
2120

2121

» > always points to the current configuration.

2. Press LSET Ji( LNE ), or ( PATH J when : = points to your choice.

When & s dnput is selected, the transmitted line code will be
the same as that identified on the input. If there is no input, the code
will be AML
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5.3.6 How to Change the Transmitter Timing,
Screen 2121

1. Display screen 2121.

2121
Tx timing: . 2122

-nnternal

» = always points to the current configuration.

2. Press{_SET_), (CUNE ), or [_PATH ) when = points to your choice.

5.3.7 How to Select the Loopback Code Type,
Screen 2122

1. Display screen 2122

2122
walbop type

castoin p ut - 2000

line (CSU) L2123
4 bit 2123
NI (smrt;k) 2123
payload (for 2123
ESF/ZBTSl)

5 Press [ Se1_), ((ONE), or (PATH j when = points to your choice.
» The loopcode type selected in this screen is the one that you can
transmit from the loopback results screen 4300.

When you choose a8 i.mput,any received loopback code is
re-transmitted. 1f necessary, frame format conversion will be

performed.

-
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5.3.8 How to Send a Loopback Code, Screen 2123
You can send a loopback code by either using this screen, or by using
the loopback results screen 4300.! This screen (2123) allows you to send
a loopback code regardless of whether a test is running, and it also al-
lows you to send a loopback code continuously.

1. Display screen 2123.

» You cannot access this screen if sending an alarm. That is, if in
screen 2130, you have selected L 08, AILS, or
ye 1 1-ow. The transmit alarm icon, &, is dlsplayed in the
high level menu screens and in all results screens.

2000

dn cont

2. Press(_SET_J, [ LINE J, or (_PATH J when = points to your choice.

When you choose 8§, the loopback code is transmitted for eight sec-
onds. At the end of that period, # automatically points to 1 0 '

When you choose c o n t the loopback code is transmitted continu-

When the loopback code is no longer transmitted, the signal is re-
stored to what it was before transmitting the loopback code.

If you return to this screen, after initiating the transmission of a loop-
back code, and initiate another loopback code, or select N6 .n @, the
new command immediately supersedes the old command.

I This is described in section 4.2.6.
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5.3.9 How to Transmit an Alarm, Screen 2130
1. Display screen 2130.

2130
Tx alarm:

snone . 2131
Cas input. . 2181
LOS. S 2000
CALS . 2000

» = always points to the current configuration.

2 Press([(SEL_), [_(LNE ), or (FATH ) when = points to your choice

When you choose & 8 i'nput,any alarm received on the main
input will be reproduced at the output. In the case of yellow alarm,
this may involve frame format translation, which the HP 37741A will

perform automatically for you.

When you transmit an LOS, this is the same as an unframed all zeroes
signal, with AMI line coding. The simplex current continues to pass

through the instrument. When you select L 0§, you cannot then
change the transmit frame format or payload.

The DS1 AlS signal is all ones, with no framing. When you select
A} S, you cannot then change the transmit frame format or payload.

Under certain conditions, the test set automatically transmits alarms on
the basis of an input signal condition. This is discussed in section 11.
You can see whether any alarms are being transmitted by displaying
the transmit status icons, or viewing screen 2700.

101

"



HE 97 741A User's Manual

5.3.10  How to Configure the Transmit Frame
Format, Screen 2131
1. Display screen 2131.
2131
Tx trame: 7 213

=]
> -b always points to the current configuration.
2. Press {(SET ), (CONE ), or [PATH ) when - points to your choice.
When you select a's i nput, the transmitted frame format will
be the same as that received on the input.
-

Although D1D, D2, and D3/D4 all have the same frame format, the
channel sequences differ. The channel assignment is important when
injecting a tone onto a channel.

=. 5.3.11 How to Configure the Transmit Payload,
‘f Screen 2132

1. Display screen 2132 (there are two “pages” to this screen):
2132 (1 0f 2)

2000 or 2133 (see
below)

combdon
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2132 (2 0f 2)

Tx paytoad:y 2000 or 2133 (see
" motroA ‘user:1 below

thru user?2

Chwd1 =user3
chwdz userd

» @ always points to the current configuration, on the correct page.
5 Press [ SET_), [_LNE_}, or _{rﬁTﬂJ] when = points to your choice.
» When you move the = 10 mor e or mor eV the next
page is displayed.

When you celect & & I.0, the transmitted payload will be similar to
that received on the input. If 2 recognized test pattern is received, the

HP 37741A retransmits it (regenerates it) error free.

When you select 1 ‘hr u, the transmitted payload will be the same as

that received on the input. If a recognized test pattern is then received,
errors will be passed through..

Use the all zeroes pattern with care. This is normally used only when
the frame format is ZBTSI, or the line code is BBZS.

The channel words and user words are programmable only from the
external control port.l The names are also user programmable, so that
the second page will probably not look like that shown above. The
default patterns are described in section 9.2. The default names are:

chwd 1 TmS Lt to verify correct timeslots

chwd?2 LoD ns no excess zeroes, but low density

user1 2in8o 2 in 8 compatible with older
equipment

user?a 1inth stress test

user3 1in16 stress test

useré idle idle code for FT1

1

The command is described in section 13.4. External control software is available {see
appendix D) which allows you to view and edit the user words.
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The channel words should be sent only when the transmit signal is
framed.

Some of the time, screen 2000 is displayed when you press [_ 1.
When the payload is @8 i n or t hru, and the transmit frame
format (screen 2131) is not ‘un f r:ame’d, screen 2133 will be dis-
played. When the transmit frame is a's -‘input, SLCZg8,
ESF,orZBTS |,screen 2134 is displayed.

5.3.12 How to Enable Signaling Reinsertion,
Screen 2133

1. Display screen 2133.

2000 or 2134

» = always points to the current configuration,
2. Press|_SET _J,[ LNE ], or [ PATH ) to select your choice,
When you select 0 f f, signaling reinsertion is disabled. This setting
is normally used when carrying data traffic. When the instrument is in
through mode, and carrying voice traffic, you should normally leave
the signaling reinsertion 0 n. This is explained in detail in section
12.4.

5.3.13 How to Select the Transmit Data Link,
Screen 2134

1. Display screen 2134
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2134
+d efau R e
o (normal)

» = always points to the current configuration.
2. Press(SET_J, [_UNE j, or (PATH ) to select your choice.

When you select d e ‘au It the data link sent on SLC-96, ESF, or
ZBTSI signals will be set to the instrument’s default setting. When the
instrument leaves the factory, the default setting is set to the idle code,
but the SLC-96 default setting can be modified over the serial port.

When you select thr ough,and the received frame format is the
same as the transmitted frame format, the received data link will be
copied to the transmitted data link. This setting is normally used when
the instrument is being used in a through mode.

5.3.14 How to Configure the DS0 Channel for
Injected Tones or Signaling, Screen 2140

1. Display screen 2140.
2140
c'h:a'n-_hefl' e
(1 to 2 4):
=01 _ : 2144

Fr 'a:"rh'_e .: F _'.r_-_'rn._'=_"_l'_fn
Time ‘sloti .27

» = always points to the current configuration.

2. Use__a Jand v __Jtochange the channel number, and then
press SET |, [ LINE ), or [[PATH ) to select that choice.

» « does not move, the channel number changes.
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» The channel number rolis from 2.4 to 1: and vice versa,

The bottom line indicates the time slot of the channel number current-
ly being used for tone injection.

When the transmit frame format is set to .u n :f:¢: ame:d, the bottom
line always shows — —, to indicate that no tone is being injected. You
can still configure the frequency and level, because it is assumed that
you will subsequently configure a valid frame format.

When the transmit frame format is asunput, the bottom line
shows ? 7, to indicate that the time slot is undefined. The HP 37741A
will use the correct time slot when a signal is received. When the input
frame format is D1D, D2, D3/D4 or SLC-96, you can view the time slot
number in screen 5501; for ESF and ZBTSI frame formats, the time slot
number is the same as the channel number, which is displayed in
screen S500.

If you do not want to disturb the DS0 channel, set the injected tone
amplitude to 'p'::_'_f_i_:f (screen 2141), and set the signaling bits to u'n -
modi fied (screen 2143).

5.3.15 How to Configure the Iinjected Tone
Amplitude, Screen 2141
1. Display screen 2141.
2141
Tx injec't
tone (dBmOj:.

SOt f i oy
S0 =3 2142
-3 o —16 2142
-6 ~24 2142
-10 idle 2142

» = always points to the current configuration.

2. Press [_SET |, (_LNE J, or (PATH ] when the = points to your
choice.
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5.3.16 How to Configure the Injected Tone
Frequency, Screen 2142

1. Display screen 2142.

2142
Tx ‘tone (Hz): 2143
804 2280
404
. ._:45:2.__0:: R ]

> - always pomts to the current configuration.

2. Press{ SET ), ( UNE }, or _PATH | when = points to your choice.

5.3.17 How to Configure the Transmitted Signaling
Bits, Screen 2143

1. Display screen 2143.

2143
Tx signaling: 2000

Frame: Frm=ln
Channel : 01
Time slot: 01

» = always points to the current configuration.

2. Use(_a_J)and([__¥_Jtomodify the bits.

» The bits rofl over from 1111 to unmodified to
0:000:0, and vice versa.

» The bits are labelled ABCD.

» In SF frame formats, the ‘A bit alternates with the C: bit, and the

B bit alternates with the D bit.
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» Therefore, if the instrument is transmitting a D4 frame, and
ABCD are set to 0100, the A bit is constantly O, and the B bit
toggles O/1

3. Press{ SET J, [ UNE |, or (PATH } when -b points to your choice.

5.3.18 How to Inject BPV Errors, Screen 2150
1. Display screen 2150.

2000

One error
per second.

: 2 Usel_a and to change the m]ected errors, and then
| press J or m to select that choice.

> -b does not move; the dlsplayed values are o f f, 1

3. Ifyouselect 1to9, and then return to this screen after all the er-

rors have been transmitted, the setting will be 0 f f. If you re-
i' turn to this screen before all the errors have been transmlt'ted the
number that you chose earlier will still be displayed.

5.3.19  How to Inject Logic Errors, Screen 2151
1. Display screen 2151. '

2151

TX """ i n ] g3 c t

logic.
o
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J and ¥ ) to change the injected errors, and then
ET ), [_LME ], or to select that choice.

turn to this screen before all the errors have been transmitted, the
number that you chose earlier will still be displayed.

5.3.20 How to Inject CRC Errors, Screen 2152

1

Display screen 2152.

2152
Tx inject 2000

soff =

Use(_ A Jand{ ¥ Jto change the injected errors, and then
press _SET _J, [ LINE } or [ PATH ) to select that choice.

» = does not move; the displa_yed values are bﬁ'-lf{ffj, i :_3251, e

If you select 1 to 9, and then return to this screen after all the er-
rors have been transmitted, the setting will be o fif If you re-
turn to this screen before all the errors have been transmitted, the
number that you chose earlier will still be displayed.

CRC errors are injected only on an ESF format signal (ESF or ZBTSI).
[f, when the errors are set, the HP 37741A is not transmitting an ESF
signal, the errors will be sent once that frame format is selected.
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5.4 How to Configure the Receiver,
Screens 22xx

5.4.1 How to View the Receiver Summary,
Screen 2200

1. Display screen 2000

2. Move=torecei ver andpress [ SET ).

» Screen 2200 is drsplayed

2200
SET: Rx S R

Mo‘-d-'e_ P Ful T

» If you press (_ ] W|th - pomtmg to change, you can
modify any of the parameters

» If you select &°x i ., screen 2000 is displayed.

5.4.1.1 Transmit Status, Line 1

The icons displayed on the top line reflect the current transmit status.
They do not directly reflect the receive configuration or status. The
icons are described in section 3.2.2.

5.4.1.2 Receive Mode, Line 2

This is one of:

Mo de cFuh 1T
Mode ° :FT1/64
Mode = :FT1/56
Mode rM=Auto automatically identify the mode
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5.4.1.3 Input Impedances, Line 3

This is one of:

tnputs;: term terminate

Inputs S MO monitor

5.4.1.4 Loopback Response, Line 4

This is one of:

Loop : ot f do not auto respond to loopcodes
crespnd auto respond

5.4.1.5 Frame Format, Line 5
Examples of this line are:

Frame auto

Frame :umnfrmd unframed

Frame 1 ZBTS I

5.4.1.6 SF Channel Sequence, Line 6

This is one of:

Segnce: D2
Segqnce: SLCHOS6
Seqnce: n/a not applicable
» The value is set to n/ia if the receive frame format is
configured to be u:n f-r-ame:d.
The value is meaningless unless the received frame format is confi-

gured to be a u-t-0. For explicitly specified frame formats, the frame
type is used to select the channel sequence.

54.1.7 DSO0 Channel, Line 7

This indicates which receive channel you have currently selected. You
can monitor the signaling bits of, and listen to, the specified channel.
When a test is running, you can modify the channel number from the
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path results screen 6./ 6 (screen 5500 or 5501), or the results summary
screen (screen 6000).

The received channel number does not need to be the same as the
transmitted channel number.

The indication is set to ‘n:7-a if the receiver frame format is set for
unframed.

5.4.2 How to Change the Received Mode,
Screen 2205

1. Display screen 2205:

2205

R X
-of al I 2210
'F' T"l' 2206
FTH 2206
U 2210

» = always points to the current configuration.

2. Press(_SET_J, [ LNE ), or (PATH ] when = points to your choice.

When f u 1 T 1 is selected, the HP 37741A identifies a test pattern
only if it occupies all of the channels of the received signal.

which you specify (with screen 2206).

When a:u t:0.is selected, the HP 37741A searches all of the channels,
looking for those which are idle, and identifies a test pattern in those
channels of the received signal which are not idle. The instrument au-
tomatically identifies whether the signal is being serit in N x 56 or N
x 64 mode.

The mode setting does not alter the instrument’s ability to frame, and
does not restrict you from viewing any channel’s status, or from listen-
ing to a channel. When a test is running, this setting is shown on the

path results 4:%: 6: (screen 5300).
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5.4.3 How to Select the Active Timeslots,
Screen 2206
Display screen 2206:
2206

H:X:-Z:':-Qtj--jji_;m-iéf'3j:-j_3:.;;lj:f_51_t_::§ 2210
(instructions are in
small characters —
_ see below)
T301 'PSAVE
Erokkskkr

» = always points to the first timeslot.

» The bottom three lines represent a timeslot map, with a > (to
indicate active) or .- (to indicate idle) representing the state of
the timeslot. The first line of the map is for timeslots 1 to 8, the
second for timeslots 9 to 16, and the third for timesiots 17 to 24.

» The timeslot that is going to be changed is marked by a |
character. The l alternates with the 3k or . representing the
state of the timeslot. '

» The instructions are given in smaller than normal characters, as
follows:

av o
SET to
Choose “SAVE®" =

. when .done

Use {_a_) and [_¥ ) to change the state of the timeslot indi-
cated by the number following T BN

off(.) on (%) BACK, SAVE.
The sequence then repeats.

When the = points to the action that you want, press .

» The timeslot map is updated where the flashing l was, and the
flashing [ is advanced one character.
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» The character pointed to by = is then set to be the same as that
which is now marked by the flashing l

4. Continue to set each of the timeslots in turn.

5. If you need to go back and change a timeslot, choose BACK,
and press {_SET ).

6. When you have finished all the characters, use and
to point # at SAV E, and then press [_SET_).

7. The new timeslot map is saved in memory, and screen 2210 is
displayed.

5.4.4 How to Configure the Input Impedances,

Screen 2210

1. Display screen 2210.
» = always points to the current configuration.

2. Press(_SET_),[_LNE ), or [_PATH ) when % points to your choice.

When a test is running, this setting is shown on the line results screen
1./.5 (screen 4000).
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5.4.5 How to Configure the Response to a
Received Loopback, Screen 2220

1. Display screen 2220.

2220

2. Pressi[ SET_), (UNE ), or {_PATH ) when = points to your choice.
If the test set receives a loopback code when the auto response is not
selected, the test will indicate in screen 4300 that the loopback code is
being received, but will not act on the loopback code.

None of the results screens is updated when a test is not running. To
check for a received loopback code you must start a test.

If you configure the test set to respond automatically to a received
loopback command, it will act on that command, and will return the
signal to the sender. This looped back condition will be shown in

screen 4300, and on the transmit status icons as D

when the test set is not looped has no effect.
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5.4.6 How to Configure the Received Frame
Format, Screen 2230

1. Display screen 2230.

2000
2240
2250
2250
2250

» =» always points to the current configuration.

2. Press{ SET |,[ UNE J, or [ PATH | when = points to your choice.

ayto is the factory defauit selection, and is the safest. The
HP 37741A automatically identifies the received frame format, and ad-

justs its electronics accordingly.

With any other selection, the test set will try to frame to only the se-
lected frame format. Use this method to improve the operating speed
of the test set, and to synchronize in the presence of high errors.

does not attempt to obtain frame synchromzatlon

When a test is running, this setting is shown on the path results screen

5.4.7 How to Configure the Received DS0 SF
Channel Sequence, Screen 2240
You can configure the channel sequence only if the received frame

format is configured to be @ u t: 0 (screen 2230). Otherwise, the frame
format that you have selected implicitly specifies the channel
sequence.

1. Display screen 2240.
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5.4.8

»

2250

= always points to the current configuration.

Press [_SET_J), (LNE ), or ([PATH j when = points to your choice.

How to Select the DS0 Channel to be
Monitored, Screen 2250

When a test is running, you can look at different DSO channels from
the results summary screen or the channel results screen (6000, 5500 or

5501).! This screen allows you to select a channel number before a test

is started.

1. Display screen 2250.

* x. 2000
;_(__1_ to 24.). .
->0‘| S
¢ r'a';a-'e' ;?{fﬁj.;:éau;;t;;a
Time: ‘i

» = always points to the current configuration.

coambib

»

As you press |__ A Jand [ ¥ ), the channel number changes,
but =» does not move.
The number rolls from 2 4 to 0-1 and vice versa.

Press [_SET_), (CONE ), or [_PATH ) when = points to your choice.

This is described in sections 4.2 and 4.4.9.
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The time slot indicates the translation that the test set will do, to en-
sure that you access the correct channel. This is relevant only in SF
mode. The HP 37741A uses the channel sequence that you selected in
screen 2230 or 2240. For ESF and ZBTSI signals, the channel number
and time slot number are identical.

When the instrument is set to & u. 10 frame mode, the time slot num-
ber is replaced by 7.7

5.5 How to View What is Currently Being
Transmitted, Screen 2700
1. Display screen 2000.

2. Move=toshow ‘output,andpress(_SET).
» Screen 2700 is dlsplayed

2700
SIGOUT - XE 2000
'D“4" R

BPVOL gcO©CRCO

» = is not displayed. Pressing [LSET_J, [ 4 ) or{ ¥ ) will
display screen 2000. Pressing [ ), > _J 2 )

[LTEST ), {_ LINE ||, or [_PATH ) will have their normal effect.

This screen has a format similar to that of screen 2100. The meaning of
each item is similar. However, this screen shows what is actually being
transmitted, screen 2100 shows how the transmitter is configured.

The payload will indicate either 7+ 35 i:g or _'7'_’—— $ i g when the
transmit payload is configured to be the same as the 1nput payload,

and the test set cannot identify the received payload. The # indicates
that signaling is preserved in the transmitted payload (reinserted); the

— indicates that signaling reinsertion is disabled.

118



' 9

. LM

ceabd

2. oW 10 Lonngure the Iransmitier and Recelver

The timing icon, ®, flashes when the timing source that is being used
is not that which you have specified. This happens, for example, when
you have specified the source of the transmit timing to be derived from
the main input, but that there is no signal connected to the main input.

The alarm icon, &, flashes when the lnstrument is transmitting smart
alarms, which are not as you have specified.! This happens, for exam-
ple, when you have specified that the transmitted frame format mimic
that being received, and yet there is no signal connected to the main
input.

not being 1n]ected A sad face @ .lS displayed when errors are being
added to the transmitted signal.

1 Smart alarms are discussed in detail in section 11.5.
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6.1 General

This section describes the keys you will use, and the displays you will
see, when configuring the interfaces. See sections 13 to 15 for detailed
information on the capabilities of the interfaces.

6.1.1 What Configuring the Interfaces Does
When you configure the interfaces, you configure:

® the key beep to be on or off

® the usage and transmission parameters of the serial port

¢ the format in which the date and time are displayed and
printed

® the current date and time

® the unitID

6.1.2 The Keys You Will Use

The set EIA-232 and set miscellanea menu systems are accessed from
the main SET menu (screen 2000) by pressing {_SET ). All selections
are made within this menu system by using (_4A_ ) and to
move the arrow, =, to point to a choice, and [_SET |, [LNE ), or
to select that choice.

The main SET menu is described in section 5.1.
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6.1.3 How to View the System Summary,
Screen 2500
Display screen 2000.
2. Move=to Sy S SUmMMATY,and press (seT ).

2500
SYS SUMMA'RY' 2000

'yy¢mmwﬂd~wWﬁ

No = is displayed.

Pressing any key other than exits this screen. Pressing
Ca ) (¥ ) E=a
displayed. The keys
are treated normally.

You cannot directly modify any of these values. When the battery
needs recharging, the internal speaker beeps every minute, and the
word L-OW appears on line 2. When the battery is charging, the word
CHRG appears on line 2.

You should calibrate the instrument periodically. The recommended
period, and details on how to calibrate the instrument, are given in

section 17.

6.2 How to Configure the EIA-232,
Screens 23xx

6.2.1 How to View the EIA-232 Summary,

Screen 2300

1. Display screen 2000.
2. Move=to E |'A~=2.32,and press [ _SET_J.
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: 'f, you can

4

A discussion of the serial port parameters, and recommended settings,
are in section 13.

6.2.1.1 Usage, Line 2
The usage is one of:

f not used
configured for external control
: N' configured asa printer port, to output to narrow paper

6.2.1.2 Bit Rate, Line 3

The bit rate is one of:

6.2.1.3 Parity, Line 4
The parityisoneof non-e, e v.ien,orodd
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6.2.14 Data Bits, Line 5
The data bits setting is either 7 or 8.

6.2.1.5 Stop Bits, Line &

The stop bits setting is always 1. This parameter is not user
configurable.

6.2.1.6 Flow Control, Line 7

The flow control is one of:

ENQ/ACK
XON/ XOFF

6.2.2 How to Change the EIA-232 Usage,
Screen 2310

1. Display screen 2310.

+off . . ... 2000
ext control = 2350
2320

2320

» = always points to the last selection.

2. Press[ SeT_J, (CUNE ), or { PATH ) when = points to your choice.
When you are not using the serial port, you should turn it off, to save
power.

If you are configuring the port to be used for printing, you can also
configure the parity, data bits, and flow control. These are all fixed if
the port is used for external control. Sample printouts (both narrow
and wide) are shown in section 13.

124



6. How to Configure the Interfaces

6.2.3 How to Change the EIA-232 Parity,
Screen 2320

1. Display screen 2320 (possible only for printer configuration).
2320

2330

» = always points to the last selection.

2. Press{_SET ), [ LNE ), or [_PATH | when = points to your choice.

6.2.4 How to Change the EIA-232 Data Bits,

¥ Screen 2330
, 1. Display screen 2330 (possible only for printer configuration).
: 2330
1
» = always points to the last selection.
= 2. Press ((SEL), (CUNE ), or {PATH ) when = points to your choice.

125



HP 37741A User's Manual

6.2.5 How to Change the EIA-232 Fiow Control,
Screen 2340

1. Display screen 2340 (possible only for printer configuration).
2340

2350

» = always points to the last selection.

when = points to your choice.

6.2.6 How to Change the EIA-232 Bit Rate,
Screen 2350

1. Display screen 2350.
2350
: E1A=232 . ... 2000

» = always points to the last selection.

2. Press{ €1 ), [DNE ), or (PATH } when = points to your choice.
» 9600 bfs is strongly recommended for remote control.

YT W
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6.3 - How to Configure the Miscellaneous
Interface Settings, Screens 24xx

6.3.1 How to View the Miscellanea Summary,
Screen 2400

1. Display screen 2000.

2410 2000

» If you press [SET_ ) with -} pomting to ¢hange, screen
2410 1is displayed and you can modify any of the parameters.

6.3.1.1 Date and Time Formats

resents the current year, month zmd day; Www represents the current
weekday. All the screen pictures in this book and on the HP 37741A

Instruction Guide are shown in these formats.

You can modify the formats in which the date and time are displayed
and printed, as described later. When you do so, ail the screens will
display the date and time in the formats that you have chosen. In 12
hour time mode, @m or pm follows the seconds. On some screens,
there is insufficient room, and]ust a or p is shown instead.
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6.3.2 How to Change the Key Beep, Screen 2410
1. Display screen 2410.

L1k

» = always points to the |ast selection.

2. Press{_Ser_), (CONE ), or (PATH } when -v points to your choice.
When on, the beep is made with each key that is pressed. The volume
control affects neither whether the beep is on or off, nor the volume of
the beep.

6.3.3 How to Change the Format for Date Display,
Screen 2420

1. Display screen 2420.

a1 L

2421

combd

» = always points to the last selection.
2. Press[_SET_J, [ UNE ), or (PATH ) when = points to your choice.
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6.3.4 How to Change the Current Year,
Screen 2421

1. Display screen 2421.
2421
Set year. 2422

» = always points to the current year.

» Use{_a Jand (¥ _) as normal to change the choice. =+
does not move, but the year changes. The year rolls from year
2091 to 1992 and vice versa.

2. Press(_SET ), ((UNE }, or (PATH ) when =+ points to your choice.

6.3.5 How to Change the Current Month,
Screen 2422

1. Display screen 2422.

2422
Set month: . - 2423

sdanuary o

» =¥ aiways points to the current month.

» Use[_4 Jand [_¥_} as normal to change the choice. =
does not move, but the month changes. The month rolls from
December to January and vice versa.

2. Press(CSET ), (CONE ), or [(PATH ] when = points to your choice.
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6.3.6 How to Change the Current Day,
Screen 2423

1. Display screen 2423.

2424

2

» = always points to the current day.

» Use and as normal to change the choice. =

does not move, but the day changes. The day rolls from the last

. of the month to the first of the month and vice versa.
! 2. Press(_SET_), (ONE), or (PATH ) when = points to your choice.
© 637  Howto Change the Current Weekday,
: Screen 2424
=. 1. Display screen 2424,

2424

sald

» = always points to the current weekday.

» Use (_a ) and {Z"¥_) as normal to change the choice. =
does not move, but the weekday changes. The weekday rolls from
Sunday to Monday and vice versa.

2. Press(_SET_),(CUNE), or (PATH } when = points to your choice.
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6.3.8 How to Change the Format for Time Display,
Screen 2430

1. Display screen 2430.

2430
Format: for - 2431
time display.:

=
» = always points to the last selection.
2. Pressf{ SET ), CLNE ), or (PATH ) when -b points to your choice.

o 6.3.9 How to Change the Current Hour,
= Screen 2431

= 1. Display screen 2431.

f 2431

Set hou 2432

= R

» = always points to the current hour.
2 > In 12 hour format, the hour is followed by am or pm.
» Use _4 ) and (_¥_J as normal to change the choice. =

= does not move, but the hour changes. The hour rolls from the
24th hour to the first and vice versa.

2. Press|_SET_J, [ LNE_J, or { PATH ] when = points to your choice.
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6.3.10 How to Change the Current Minute,
Screen 2432

1. Display screen 2432.
2432

> -lv always points to the current minute.

» Use (&) and (¥_J as normal to change the choice. &
does not move, but the minute changes. The minute rolis from 59
to O and vice versa.

o Press[ 82T ), (TR ), or (PATH ) when = points to your choice.
» You cannot change the current seconds.

6.3.11 How to Change the Unit ID, Screen 2440

The unit ID is a 13 character alphanumeric string, intended to distin-
guish your HP 37741A from others. When the test set leaves the facto-
ry, the unit ID is programmed to be the serial number assigned by HP.
This serial number comprises four numerals, followed by the letter A,
followed by five numerals. The string is preceded by three space char-
acters, to give the impression that the string is right justified.

You can change the unit ID to be any other string — for example, your
name. The unit ID is displayed at power on, and is also printed with
the test results.

1. Display screen 2440.
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2440
Set unit ID: . 2000
. (instructions are in
small characters -
. see below)

B nnnnAnnnnn
» = always points to the first character of the unit ID.

» The character that is going to be changed is marked by a .
character. The . alternates with the actual character.

» The instructions are given in smaller than normal characters, as
follows:

Use(_4_Jand (_¥_Jto change the character pointed to by =.
» The following characters are displayed in sequence:

BACK, SAVE.

The sequence then repeats.

When the = points to the character that you want, press [_SET ).

» That character is placed on the bottom line where the fiashing .
was, and the flashing JJ] is advanced one character.

» The character pointed to by = is then set to be the same as that
which is now marked by the flashing JJj.

Continue to set each of the characters in turn.

If you need to go back and change a character, choose BACK,

and press .

When you have finished all the characters, use and

to point # at 'S A V E', and then press (_SET ).

» The new unit 1D is saved in memory, and screen 2000 is
displayed,
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How to Save, Recall, 7

and Print Results E2EE
EB6|E
©)
7.1 General

The HP 37741A is capable of storing for future reference the results
from five previous tests. In addition, the HP 37741A automatically
saves the results of the most recent test (if a test is not running), or the
current test (if a test is running), in temporary storage.

All of these results are retained during power off. On power on, the
results in temporary storage are displayed.

Results that have been saved can be recalled from the long term stor-
age. The temporary storage for results is overwritten when results are
recalled, or when a new test is started.

7.1.1 Saved Configuration

Besides saving the LINE and PATH results, the instrument configura-
tion is saved. When results are recalled, you have the option of recall-
ing only the test results, or both the test results and the instrument
configuration. When the instrument configuration is recalled, it re-
places the current instrument configuration. Therefore, you can use
the save and recall capability to memorize test setups instead of, or as
well as, results.

The configuration that is saved is that which existed at the end of the

last test. This ensures that the exact configuration that was used to
obtain a set of results is saved with those results. If you change the
configuration while a test is running, only the final configuration is
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saved. If you change the configuration and want to save the instru-
ment setup, run a brief (dummy) test before saving the results.

This feature is similar to the capability to recall predefined configura-
tions, as described in section 5.2. The differences are that this type of
stored configuration

® is referenced by date and time, not by name
& can be saved from the front panel

® is always stored together with a set of test results

e does not save or recall the user words or SLC-96 DL

You can therefore have as many as 11 stored instrument configurations
available for recall at any time:

a. the factory default
b. five named configurations
¢. five time stamped configurations

71.2 Printing

Results that are displayed (either from a current test, recent test, or re-
called results) can be printed. When results are recalled from memory
for printing, you do not need to recall the saved configuration if you
do not want to. If you recall results without the configuration, and you
then print the results, the HP 37741A always prints the configuration
that was saved in memory with those results.

7.1.3 Values Recalled
When you recall only the results, you recall:

e the test start time, elapsed time, remaining (left) time, and
stop time

¢ all of the line results

e all of the path results’

When you recall the results and configuration, you recall in addition:

® the print frequency
® the configured test duration
® all of the transmit configuration

1 The results of a sequential test (such as multipattern or bridge tap) cannot be saved,
and are therefore not recalled.

136



kb

7. How to Save, Recall, and Print Results

® all of the receive configuration
® the calibration date
® the power off and power on time

The following configurations are never overwritten by a recall of the
results:

the EIA-232 serial port

the key beep

the format for date and time

the current date and time

the unit ID

the display of the transmit status icons

the bit patterns and names of the user words
the instrument calibration

7.1.4 Displayed Values

Sections 4, 5, and 6 of this manual have described how results and con-
figurations can be viewed. When you have recalled these from
memory, they overwrite the existing values, and can be viewed as de-
scribed in the earlier sections.

7.1.5 Power On, Power Off, and Calibration Dates
and Times

When you recall the configuration, the power on and power off dates

and times and the calibration date are also recalled. These are the dates

and times that were associated with the test. When you view or print

the results, these values (which were meaningful when the test was

run) are displayed.

As soon as a new test is run, the true dates and times of power on and
power off will be displayed once more. If power is turned off while the
recalled values were displayed, the true values will be used when
power is restored.
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7.2

1.
2.

How to Save the Results,
Screens 3300 and 3310

If a test is running, stop the test.

Select s a v e from the main TEST menu, screen 3000.
» |f the results have not previously been saved, screen 3300 is

displayed. If the results have already been saved, screen 3310 is
displayed (the HP 37741A will not allow you to save the same
results more than once).

3310
3310
3310
3310
cganeed o Y 3000

The mm./ d -d- represents the month and day that the test was

date format configured with the conﬁgure set selection. The
h h -mm represents the hour and minute that the test was
stopped If 12 hour format had been configured, an a or p will
follow the time. The year and seconds that the results were saved
are not shown.

The results are ordered chronologically — with the most recent
results on line 3, and the oldest results on line 7. Even though
the year is not displayed, the year is considered when displaying
the dates. Thus, a date of November 1991 might be on line 5,
and a date of January 1992 could appear on line 4.

= always points to the results indicated on line 7, assuming that
you will want to overwrite the oldest results.

You can exit the save function by pointing -b to ca n c e I
and pressing or by pressing any other key except
L& )

Move = to

press ﬂ TEST

point to the results that you want to overwrite, and

)

» Screen 3310 is displayed.
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3310

Current 3000

yy/mm/dd 'Www

rP_.r.-e_-s--s a n y k e y

» No = is displayed, Pressmg an ke other than [ & ) exits this

— screen, Pressing ("4 ) , or | T ) causes screen

- 3000 to be dlsplayed. The keys ) ), (CSET ),

(LNE_}, and ((PATH ) are treated normally,
7.3 How to Recall the Results,
_ Screens 34xx

ot 1. If atest is running, stop the test.

= 2. Select:r @ ¢al i’ from the main TEST menu, screen 3000.

- » If you have not saved the current test resuits, screen 3400 is
s displayed. If you have saved the current results, screen 3410 is
: displayed.

=
’ 3400

Current’ t'éé"t:
res: u I t s h a v e
not bg.e: n
saved.. OK_. “tio

-by e 8 '_ SO 340

~alh

» = always points to y &'s, assuming that you do indeed want to
recall resuits. You can cancel the recall procedure by selecting
n:o:.
3. Press(_TEST).
» Screen 3410 is displayed:
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3410

3410
3410
3410
3410
3410
3000

were stored in the memory. This may be shown as : m
dependlng on the date format configured with the conflgure set

the_results were stored If 12 hour format had been configured,
an a or ‘p. will follow the time. The year and seconds that the
results were saved are not shown.

The results are ordered chronologically — with the most recent
results on line 3, and the oldest results on line 7. Even though
the year is not displayed, the year is considered when displaying
the dates. Thus, a date of November 1991 might be on line 5,
and a date of January 1992 could appear on line 4.

= always points to the most recent results that have not been
recalled. When all the results have been recalled, the instrument
behaves as if none has been recalled, and will therefore point to
the most recent results. This allows you easily to recall different
results one after the other, for possible comparison or printing

You can exit the recall function by pointing = to € & necelt,
and pressrng E or by pressing any other key except

> Screen 3420 is displayed.
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»
» You can exit without recalling the results by selecting
cangel,

5. If you want to recall the setup as well as the results, move + to

resulits and config.

6. Press .

7.4 How to Print the Results,
Screens 31xx

7.4.1 General

Test results can be printed irrespective of whether a test is running.’
The results that are printed are those which are currently displayed.
The instrument configuration associated with the results is always
printed. To print results that have been saved, you must first recall the
results.

You can configure the instrument to print the results:

periodically during a test
when high errors are received
at the end of the test

e immediately, or “on demand”

The configuration can be modified while a test is running.

main TEST menu, screen 3000 or 3001.
1

Complete details about printing, including pictures of sample printouts, are given in
section 13.3.
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7.4.2 Serial Port Not Configured, Screen 3100
If the EIA-232 port is not configured to be a printer port, screen 3100 is
displayed.!

3000 or 3001

» No = is displayed. . Pressing an key other than [ %) exits this
screen. Pressing [ (v ), or [TEST ) causes screen
3000 to be displayed. The keys [_SET ] , and [(PATH]}

are treated normally.

7.43 Already Printing, Screen 3101

If the EIA-232 serial port is configured for printing, screen 3101 is dis-
played if the test set is currently printing, and screen 3102 is displayed
if the test set is not printing.

3101

cancel _
+cont:nue

O always pomts tocontinue.

1. Choose _c ontinue to allow the print job to complete.
Choose :¢:a n:¢-e:1 if you want the job stopped.
» You can also terminate a print job by setting the instrument to the

factory default settings, as described in section 5.2.

1 See section 6.2 for details on how to configure the port for printing.
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7.4.4 Not Currently Printing, Screen 3102

When the instrument is not printing, screen 3101 is displayed, and you
can select the conditions under which a printout will occur:

3102
3000 or 3001
3110
3000 or 3001
3000 or 3001
3000 or 3001
= 3000 or 3001
3000 or 3001
» = points to the last setup, except that it does not point to
N-0'w) on screen entry.
1. Move = to point to the print condition that you want, and press
u (=),
B » If you selected ‘0.0 ‘e vent, screen 3110 is displayed. If
= you selected any other possibility, screen 3000 is displayed if the
_: test is idle, and screen 3001 is displayed if the test is running.
5 » If the print frequency is adjusted when a test is running, the
- results are printed at the new time interval starting from the time
: that you made the change.
3110
Print if: 3000 or 3001

RN S

» The HP 37741A can print when error thresholds are exceeded or
removed. Alternatively, the instrument can print when an alarm
condition is recognized or when it retires. The third option causes
the instrument to print if either of these conditions is satisfied.
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» If a condition exists that satisfies the © : t criteria
when screen 3110 is exited, the results are immediately printed.
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Frame Format

Capabilities OEEE
SISl
8.1 General

The HP 37741A is compatible with all standard D51 frame formats in
use. These are listed in figure 8-1. In addition the instrument can oper-
ate with unframed signals.

Any of these frame formats can be detected and generated. Unlike the
majority of DSI test instruments that you may have used in the past,
the generation of any one frame format by the HP 37741A is not asso-
ciated with (or coupled to) the receiver of the test set. Therefore, the
transmitted frame format need not match the received frame format.
Further, either or both could be unframed.

This subsection (8.1) describes capabilities common to all types of
frame formats. Later subsections describe features unique to each sup-
ported frame format. FT1 is dealt with in sections 9 and 12.

frame Format | Frames per CRC Data Link | Clear Channel
Superframe | Error Check

Unframed nfa O &] @]
D1D 12 @] O @]

D2 12 Q O O
D3/D4 12 O (@] @]
SLC-96 12 O ® ]
ESF 24 ® ¢ 0]
ZBTSI 24 ® ® L

Figure 8-1 Supported Frame Formats
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8.1.1 Received Frame

You can set the HP 37741A to synchronize automatically to whichever
frame format is received, or to synchronize to a specific format of your
choosing.

When the instrument is configured to find automatically the receive
frame format, it will generally do so within 250 ms. In the presence of
errors, this may take longer. When high error rates are present (above
10-4), the HP 37741A may not be able to find automatically the frame
format. If this condition exists, it is better to force the HP 37741A to
frame to a specific format. You can also pre-select the receive frame
format when you are sure of the format (for example, if you are work-
ing at the DSX bay, and there is only D4 present).

Pre-selecting the frame format also will speed the process of locking to
the incoming frame. When the incoming signal is framed with a differ-
ent format from that selected, the test set may erroneously frame to the
pre-selected format. This is because the framing criterion is deliberate-
ly loosened compared with the autoframe selection.

8.1.2 Transmit Frame
The transmitter operates independently of the receiver. You can set the
frame format to replicate that of the received signal, or to be a prede-
termined format irrespective of the received frame format. When the
transmit frame format is set to mimic that received, the signal is trans-
mitted without any frame errors.

Regardless of whether the transmit frame format is the same as or dif-
ferent from the received signal, there is no relationship between frame
bit positions or signaling bit positions.

8.1.3 Transmit Payload

The payload of a framed DS1 signal comprises the 192 bits between the
framing bits. This represents an available bandwidth of 1536 kb/s. On
an unframed signal, each bit is considered to be part of the payload.
You can set the entire payload of a DS1 signal transmitted by the
HP 37741A to be one of the following:

® an internally generated test signal
e aninternally generated loopback code pattern
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¢ the payload of the received signal

The test signal, and the payload, are configured as path parameters.
The loopback code is configured as a line parameter.! You can cause a
loopback code to be transmitted temporarily. In this case, and when
the loopback code is in-band,? the payload will revert to that which
was transmitted before the loopback code.

8.1.4 Test time

A test period will commence after the unit has achieved both frame
and pattern synchronization. If the incoming signal is not framed, or
there is no recognizable pattern (or both), the test period will start
within one second after you have initiated the test by pressing

(TEsT).

If, having started a test, the HP 37741A loses frame or pattern synchro-
nization, the instrument will initially try to regain synchronization.
After a period of 250 ms, if the instrument has not successfully re-
gained synchronization, it will search for an alternative frame format
or pattern format.?

If the HP 37741A succeeds in synchronizing to a different frame or pat-
tern format, the test period will be restarted, and any accumulated er-

rors are zeroed.

The test period is derived from the instrument’s real time clock. There-
fore, the test time accuracy is governed by the clock accuracy, which is
detailed in section 14.5. In addition, any test interval is timed to within
+ 5 ms of the configured time.

8.2 Unframed Format

With the exception of the user words, the HP 37741A will recognize
any of the patterns described in section 9, and shown in screen 2132,
when the DS1 signal is framed or unframed. Further, the instrument
can transmit any pattern framed or unframed.

1 Although the loopback code is generally transmitted in the payload of a signal (the
DS1 path), its effect is to alter the T1 line characteristics. This distinction is dealt
with in sections 9.2.2 and 9.3.2.

2 In-band and out-of-band codes are discussed in section 9.3.4.

3 you have forced the HP 37741A to lock to a specific frame format, the instrument
will not hunt for an aiternative frame format.
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8.3 D4 Frame Format

8.3.1 Overview

The abbreviations D1, D2, D3, and D4 originally referred to the chan-
nel banks manufactured by Western Electric. D1 stood for Digital, first
generation, and ushered in a new era of telephone communications
when it was introduced in 1962.

Subsequent generations of channel banks (D2, D3, and D4) maintained
frame format compatibility with the original design, although the
channel sequencing within the frame differed.! The first three genera-
tions offered a relatively modest set of features. For example, toll quali-
ty transmission started with D2.2

The D4 channel bank was introduced in late 1976. It was designed to
offer a broad complement of functions and features through the use of
plug-in circuit packs. In time, the D4 bank grew to include:

® integrated interfaces for direct connection to T1, TIC, and T2
® integrated interfaces for special service connections
o direct access for DDS3, with, for the first time, error correction
® an expanded carrier system, SLC-96, to extend the T-carrier
technology to the loop
The flexibility and cost effectiveness of the D4 channel bank led to its

widespread use. The frame format used has subsequently been pop-
ularly referred to as the D4 frame format.

8.3.2 Frame Structure

Twelve frames (each of 193 bits} are grouped together to create a super-
frame. Six of the frame bits are used to identify the frame positions.
These bits alternate between 1 and 0, and are called the terminal frame,
or FT, bits.? The other six frame bits are called the signaling frame, or
Fs, bits, and identify the sixth and twelfth frames that have the signal-
ing information. This is shown in figure 8-2.

Channel sequencing is discussed in Section 12.1.

It was later offered as an option for the D1 bank as the D1D bank.

3 They are also referred to as the channel framing bits, because they identify the posi-
tion of channel number one.
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The twelve frame format is also referred to as the SF format, and the
term applies not only to D1 to D4 frame formats, but also to the SLC-96
frame format. This term is used to distinguish the frame format from
the ESF format.

«—— Superirame, 12 Frames
1.5 ms

(Ll el e el
ASl'_[_JI' BS'L'_II'

Frame, 24 Channels »
125 ps
Payload, 192 Bits »

frrra—

H1]2]a]4]5]6]7 8] 10l11]12]13]14]15]16]17]18]19]20[21]22]23]24]

«— Channel, 8 Bits

648 ns —»]

(tjzfaf4]s[el7]e]

L LSB
Signaling on Frames 6, 12
MSB {(Used for Yellow Alarm)

Sign

Figure 8-2 D4 Frame Format
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8.4 SLC-96 Frame Format

8.4.1 Overview

The original T-carrier systems served the purpose of trunk communica-
tions (central office to central office). The SLC-96 system was intro-
duced in the spring of 1979 to capitalize on the advantages of T-carrier
within the local loop. The system provides for 96 subscriber channels
to be transmitted over multiple T1 lines between a remote terminal and
the central office. Thus was the acronym derived, meaning subscriber
loop carrier for 96 channels.

The SLC-96 system was an extension of the D4 channel bank family,
and initially used many of the same plug-in circuit packs and mechan-
ics. The D4 family was unsuitable for local loop use, and the SLC-96
system was implemented to:

® integrate the T1 line interface and span powering into the
same shelf in order to save physical space

® provide single ended system maintenance, because crafts
people would not be available at both ends of the link

e provide subscriber line concentration, so that 96 subscribers
could share six metallic pairs (3 in each direction)

There are three operational modes for SLC-96:

Mode 1 Four T1 lines each carry signals from 24 subscribers without
concentration. A fifth T1 line is use for protection switching
(redundancy).

Mode 2 Two T1 lines are used for main communications, with a third
being used for protection switching. 48 subscribers share
each main T1 line on a first come first served basis.

Mode 3 There are two main T1 lines and a third for redundancy. The
system is used for special services (nailed-up connections) or
pay phone use, and is limited to a maximum of 48 channels
(24 on each T1 line).

Since 1986, the Series 5 Digital Loop Carrier system has gained pop-
ularity as an alternative to SLC-96 for new installations. Of the total
SLC-96 systems installed, approximately two thirds are mode 1, with
the remainder split between mode 2 and mode 3.
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8.4.2 Frame Structure; Data Link

Information between the remote terminal and the central office termi-
nal regarding the status of the system is carried in the data link.! This
2.2 kb/s link is obtained by partially overwriting the FS bits of the D4
frame format, and is synchronous with the superframe. The FT bits are
retained, and as before alternate 1, 0.

The DL and remaining Fs bits carry the following status information:

¢ Identification of frames 6 and 12, so that signaling may still
be extracted.

e Alarms and circuit loopbacks, carried in a 2 bit alarm field (Al
and A2). Alarms include circuit alarms, power alarms, and
miscellaneous alarms (for example, a smoke detector).

e Channel testing, carried in a 3 bit maintenance field (M1 to
M3).

® T1 line protection switching, carried in a 4 bit field (51 to 54).

e Concentration of subscriber lines, carried in an 11 bit
concentrator field (C1 to C11).

The format for this information is shown in figure 8-3. When receiving

a SLC-96 framed signal, the HP 37741A correctly frames to the FT fram-
ing bits, and then synchronizes to the FS bits. The data link bits can be

viewed under path results.

Whereas the C, M, and S fields are held constant over many frames,
the A field has a further framing sequence of its own. The sequence

||< 9 ms >{

00011100011 1[1[2]3]4[5[317]3[9}1(}‘11]0 1 oFIzTaT J2]1]2]a]4[1]

L I
Signaling + L f
Frame Bits C1 to C11 Spailer ?:19. M3
10
Al, A2
S1 to S4

Spoiler Bit

Figure 8-3 SLC-96 Data Link

1 This data link is not present on all the T1 lines between the COT and the RT. This
fact is important when accessing a channel on a SLC-9 circuit, as described in sec-

tien 12
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repeats every 13 or 16 frames of the overall SLC-96 data link.! The start
of the A field sequence is indicated by Al and A2 both being 1. For the
remaining frames of the sequence, Al is set to 0. A2 is normally 1, and
is reset to 0 to indicate that an individual alarm message is active.
There are 12 defined messages, so that 3 positions are not used on the

16 frame sequence.

The HP 37741A will automatically synchronize to either a 13 frame or
16 frame format. The test set displays the status of the alarm messages
{and the received sequence length) in screen 5201, described in section

4.3.6.

On transmit, all the data link bits are set to the current default state
when normal mode is selected. You can modify the default state from
the serial port, and save it in one of the instrument’s predefined con-
figurations. In each of the predefined configurations set at the factory,
the data link default state is set as follows:

C field (concentrator) Idle - octal 3760 (7F0 hex)
M field (maintenance) No test— octal 7
A field (alarm) No alarm messages, 16 frame

S field (protection switch) No switch — octal 17 (OF hex)

The alarm sequence is set to the repeating 16 block sequence. Thns de-
fault sequence length can be programmed over the serial port. 2 When
the HP 37741A is currently receiving a SLC-96 signal with a frame se-
quence length different from that programmed, it automatically ad-
justs the transmit alarm frame length to conform to that received. If
you change the sequence length while the instrument is receiving a
SLC-96 signal, the change takes effect only after the received SLC-96
signal is removed.

When the sequence length is modified by the HP 37741A, none of the
alarm messages is modified.

In summary, you can access all the received data link information from
either the front panel or over the serial port. You can control the

1 If the two A bits are left at a constant 10, no receiver will be able to frame reliably on
the signal. The data link information is updated on the screen only when Al and A2
are both set to 1. If the signal is received in errot, such that the 11 condition does
not happen, the screen is never updated.

2 Software is available from HP which allows you easily to configure the length. This
is described in appendix D. The commands needed to change the length are de-
seribed in section 13.
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transmitted data link information from the front panel by configuring
the transmitter to be as follows:

® through mode (transmitted data link is as received)
® factory default (as indicated in the table above)

e one of the five default states (each derived from a named
unit predefined configuration)

8.5 ESF Frame Format

8.5.1 Overview

The ESF format was introduced in 1979 to provide the following fea-
tures not found in the D4 format:

¢ error detection by using a CRC
® afacility data link for operations
e four signaling bits (the D4 format has two)

Since the divestiture of the Bell System in 1983, the first two of these
features have become more significant. They permit carriers to check
the quality of a transmitted DS1 signal (by using the CRC), and to re-
turn that information (over the FDL) to the originator of the signal.

The use of the FDL was not defined when the ESF format was original-
ly specified, and there now exist two standards for its use:

¢ A message oriented protocol (MOP), based upon the CCITT
LAPD protocol. This was originally proposed by AT&T, and
is popularly referred to as “54016”".

® A bit oriented protocol (BOP), with fixed positions for status
and error information. This was originally proposed by the
ANSI accredited T1 committee, and is popularly referred to
as “T1E1".

8.5.2 Frame Structure

The individual frames are the same as those in D4 — a frame bit pre-
cedes twenty-four eight-bit channels. The channels are placed con-
secutively within the frame so that channel one is in time slot one,
channel two is in time slot two, and so on.

153



HP 37741A User's Manual

Twenty-four frames are grouped to form an extended superframe (the
superframe is extended because it contains twice as many frames as the
D4 superframe). The twenty-four frame bits are divided among three
functions:

o the frame alignment sequence (FAS) - 6 bits, 2kb/s
e the error detection sum check (CRC) - 6 bits, 2 kb/s
® the facility data link (FDL) - 12 bits, 4 kb/s

The locations of these bits are shown in figure 8-4.

The FAS serves the function that both the FT bits and the Fs bits serve
in the D4 frame format. That is, these bits not only permit the identifi-
cation of the framing bits but also identify the frames that carry the
signaling information. As with the D4 format, signaling bits can be car-
ried in every sixth frame, which therefore permits four bits. These are
labelled A, B, C, and D, and appear in the frames 6, 12, 18, and 24.
Many applications duplicate the A and B bits in frames 18 and 24.
When signaling is carried in a separate data stream (CCS), no bits are
robbed from the traffic. Whatever signaling scheme is in use, the
HP 37741A always shows the signaling as four separate bits.

When receiving an ESF signal, the HP 37741A will calculate the CRC
on each received superframe. It will check the calculated CRC with
that transmitted in the following superframe, and declare a CRC error
if the numbers differ.

The test set does not permit you to manipulate directly the bits of the
FDL, nor can you view the received bits. On transmit, the HP 37741A
sets the FDL to an idle code of all ones if you have selected the default
setting in screen 2134. Through mode of the data link is discussed in
section 8.7.7.

The instrument monitors the FDL for the yellow alarm signal as dis-
cussed in section 11.2.
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Frame F Bit Assighments, ESF | F Bit Assignments, ZBTSI
Number E2s | FOL | cRC | FAS | FDL | CRC
1 Z M Z R z Z
2 - - c1 - - ct
3 - M2 . - M1 -
a4 |Fi=0| - - |F=0] - -
5 Z M3 N - z N
6 . - c2 - - c2
7 - M4 - - M2 -
8 |F2=0| - - |F=0]| - -
9 Z M5 Z _ |z Z
10 - - c3 - - c3
11 - M6 - - M3 -
12 | Fe=1| - - |r=1] - -
13 - M7 N N z N
14 - - ca - - ca
15 - M8 - - M4 -
16 |Fa=o| - - |Fa=0]| - -
17 N Mo Z Z z Z
18 - - cs - - cs
19 - M10 - - M5 -
20 |F5=1] - - =1 - -
21 Z M11 - _ z Z
22 - - Ce - - 6
23 - M12 - - M6 -
28 | Fe=1 | - - =1 - -

Figure 84 ESF and ZBTSI Frame Overhead Structures

8.6 ZBTSI Frame Format

8.6.1 Overview

The ZBTSI frame format was introduced in 1987 as an extension of the
ESF format. It was developed to permit the transmission of strings of
zeroes in the payload without the need for B8ZS line codirlg.1 This bit

B8ZS encoding, and the transmit capabilities of lines without this coding scheme
are discussed in section 10.5.
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sequence independence permits network operators to obtain clear
channel capability without having to replace line equipment.

The ZBTSI frame format still provides the advantages of ESF. The 6-bit
CRC remains, and there can be four signaling bits. There are, however,
disadvantages with the frame format, which have impeded its wide-

spread use:

e Itis complex to encode and decode.

e The signal incurs a delay of four frames when encoded and
then decoded. Speech traffic may be noticeably impaired if
the signal passes through many DACSs.

e The FDL is reduced from 4 kb/s to 2 kb/s.

8.6.2 Frame Structure

The ZBTSI frame format identifies strings of zeroes that would cause a
signal to violate the pulse density requirement. Those octets so identi-
fied are replaced with non-zero octets. Half of the FDL bits contain
flags (referred to as Z-bits), used to indicate whether a substitution has
taken place.

Four consecutive frames of an ESF formatted signal are used to encode
and decode ZBTSL There are thus 96 octets in each ZBTSI encoded
block, numbered 1 to 96. These blocks are indicated by the horizontal
lines shown in figure 8-4. The Z-bits replace the odd numbered FDL
bits, that is M1, M3, M5, and so on. The other F-bits of the ESF for-
matted signal are unaltered.

The payload data is scrambled, and then octet number 96 is moved to
the front, so that the sequence is now 96, 1, 2, ... , 94, 95. This data is
now examined for octets that violate the pulse density and excess ze-
roes requirements of a T1 line.! If there is not a VAZO (violating all-
zero octet) in the block, the Z-bit is set to a one, and the block
transmitted.

If there is a VAZO in the block, the octet number of the VAZO (its ad-
dress) is inserted into the first octet (immediately following the Z-bit),
where octet 96 had been placed. If there are no more VAZOs, the MSB
of the VAZO address is set to one. Octet 96 replaces the VAZO, the
Z-bit is set to zero, and the block is transmitted.

T The criteria are not exactly the same, but close enough for the purposes of this
discussion,
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If there are more VAZOs, each is sequentially replaced by the address
of the next VAZO, to create a linked list. The MSB of each address is
set to zero, except the last address, where the MSB is set to one. Octet
96 is placed in the last VAZO. The Z-bit is set to zero, and the block is
transmitted.

Decoding the signal is performed in the reverse sequence.

8.6.3 The FDL and CRC

Only a 2 kb/s data link exists in the ZBTSI frame format. When con-
verting from ESF to ZBTSI, some MOP messages may be discarded.
This rarely happens in practice however, because the FDL is not nor-
mally fully utilized. When converting from ZBTSI to ESF, MOP mes-
sages are buffered, so that they retain the same format. Unused
message bandwidth is filled with the FDL idle code.

The CRC is calculated prior to scrambling and ZBTSI encoding. The
HP 37741A therefore decodes the received signal before calculating
CRC errors.

8.7 Through Mode

8.7.1 General

When you connect the test set in series with the DS1 signal, the set is
said to be in through mode. In most instances, the received signal for-
mat will be the same as the transmitted frame format, so that the test
set acts like a piece of wire. You can then modify certain parameters of
the signal to test the circuit. The HP 37741A allows you to set the trans-
mitter differently from the receiver, so that various parameters are con-
verted from one format to another.

8.7.2 Frame As Input

Frame format conversion takes place when the transmit frame format
of the HP 37741A is different from that received. If you select the trans-
mit frame format to be the same as that received (as input), frame for-
mat conversion never takes place, because the test set ensures that the
transmit and receive formats are the same. With this setting, the trans-
mitted frame is error free, even when there are frame errors on the in-

put signal.
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8.7.3 Time Delays When As Input

When you set the transmitted frame format to be as input, the set iden-
tifies the received frame format, then adjusts its output accordingly.
The instrument then assumes that the received signal will continue to
be the same, and will ignore minor disturbances in the received signal.

Specifically, when the input loses frame synchronization, the receiver
remains locked to the same frame format. The transmit frame format is
not disturbed. After 250 ms of OOF, the receiver hunts for a different
frame format. It still continues to try to find the original format as well.
This continues for two seconds, during which time the transmit frame
format is preserved. After that time, the transmitter is set to unframed

mode.

If a new frame format is received, the transmitter is instantly set to the
new frame format.

8.7.4 Frame Format Conversion

When you explicitly specify the transmit frame format, and the re-
ceived format is not the same, the test set automatically performs frame
format conversion.

Frame format conversion is usually relevant only when you want the
payload of the transmitted signal to be the same as that of the received
signal, so that the instrument is indeed passing the bulk of the signal
through.

For example, suppose you have set the transmitter to D4 format, and
you receive an ESF format signal. Assume the payload of the ESF sig-
nal is carrying 24 speech channels. The output will be a D4 signal with
the speech channels correctly preserved. You can optionally choose to
preserve the siqnaling in the transmitted signal by turning on signal-
ing reinsertion.

Because the instrument’s receiver operates independently of its trans-
mitter, it is quite an easy matter to make the frame formats different.
However, when you do not want the payloads to be the same, this
would not be described as format conversion.

1 See section 12.4.4 for details.
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8.7.5 Unframed to Framed Conversion

When the input signal is unframed, the output signal is framed, and
the output payload is the same as that received, bits of the original
payload may be lost.

When the payload is set to a's in, the HP 37741A will transmit an
error free version of a test pattern if it recognizes the received pattern.
For example, suppose the test set is receiving an unframed QRW, and
is set to transmit the payload as input with D4 framing. The instrument
will generate an error free D4 QRW signal.

If the signal is not recognized (for example, when a unique test pattern
or computer data is sent), the payload will be copied to the output, and
every 193rd bit will be overwritten with a framing bit. This is what will
happen when the payload is set to 1t h.r u. In the earlier example, the
signal transmitted would be a D4 signal with an errored QRW.

8.7.6 Framed to Unframed Conversion

Again, when the instrument’s payload is set to ‘@'s ' i'11, and the
payload is recognized, an error free version of the signal is transmitted.
If the payload is not recognized, or if it is set to ‘t'hir u, all the re-
ceived bits will be transmitted without modification. This will include
the framing bits that were in the original signal, because they are not
now overwritten,

It will therefore appear as if no conversion had been done on the sig-
nal, because a framed signal can still be detected at the output of the
HP 37741A.

This mode can be used if you have an unusual signal, and want the
test set to regenerate it free of line coding violations.

8.7.7 Data Link

For ESF, ZBTSI, and SLC-96 formats, you can select whether the data
link is passed through, or set to a default value. When set to a default
value, the ESF and ZBTSI FDLs are set to the idle code. The SLC-96 DL
is set to the default value. When shipped from the factory, this is an
idle code, but it can be modified over the test set’s serial port.
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Through mode is applicable only when the receive and transmit frame
formats are the same. Then, the data received on the data link is copied
to the transmit data link. For ESF and ZBTSI, only BOP is supported.

8.7.8 Timing

Whenever the test set is in a through mode, you should set the trans-
mitter timing to be derived from the input signal. If the transmit timing
is obtained from another source, you may see the following errors:

® slips (controlled when both sides are framed)’
e erroneous data link messages, when in SLC-96, ESF, or ZBTSI

8.8 Error Analysis, Frame Errors

The HP 37741A can perform frame error analysis when receiving any
framed signal.2 A single bit frame error occurs when a received F-bit
(excluding data link bits and CRC bits, if the frame format is SLC-96,
ESF, or ZBTSI) does not match that which is expected.

Besides frame bit error analysis, the instrument provides a count of
OOF and COFA events, and frame loss seconds.®

8.8.1 Out of Frame, OOF, Loss of Frame, LOF,
Frame Loss Seconds, FLS, and
Change of Frame Alignment, COFA
When the test set is in frame, and any two of four consecutive frame
bits are received in error, the HP 37741A declares an OOF event. The

test set then searches the incoming bit stream for a better frame posi-
tion. During this search, the test set is declared to be in an LOF

condition.

After the LOF condition has persisted for 2.0 seconds, the test set de-
clares frame loss, and increments the FLS counter. This is considered to
be a CGA inside a telephone central office.

The LOF condition is retired, and frame loss is no longer declared, as
soon as the instrument regains framing. If another LOF condition is
detected within 2.0 seconds of the frame loss being undeclared, it

This is discussed in section 10.2.
No frame error analysis can be performed on an unframed signal.
Frame loss seconds are described in section 11.2.
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needs to persist for only as long as the frame loss was undeclared, to
be recognized again as a frame loss. This integration of the LOF count-
er “smooths” the alarm indication, and prevents an errored signal from
being declared in and out of frame.

Once frame loss is declared, any second in which there existed an LOF
condition causes the FLS counter to increment. Thus, on a noisy line,
which is causing the receiver to jump quickly in and out of frame, the
frame loss is permanently declared.

At the end of the frame search after an OOF event, (when the instru-
ment has received an entire superframe without any frame errors), the
HP 37741A compares the current frame position with the old frame
position. If they are the same, this implies that the frame bits just hap-
pened to be in error. If a different frame position has been found, the
test set declares that a COFA event has occurred.

If the transmit signal has been configured to be dependent on the in-
put signal, the HP 37741A still transmits according to the old frame
position during the search for a new frame position.

A difference between an OOF and a COFA is that an OOF event oc-
curs as soon as the framing bit error condition is met, whereas a COFA
event occurs only after the correct frame bit position has been found.
The QOF count will always be greater than, or equal to, the COFA
count.

The maximum average time taken by the test set to reframe to the vari-
ous frame formats is given in figure 8-5.

Frame Format Reframe Time
D4 10 ms
ESF 15 ms
ZBTSI 20 ms
SLC-96 25 ms

Figure 8-5 Maximum Average Reframe Times

The maximum number of each event that can be accumulated is
999 998. When this number is exceeded, the display will show 999 999,
and thereafter will not change. If there are ten OOF events every min-
ute, this number is reached after 69 days.
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The accumulation of further frame bit errors is inhibited when the test
set is in an LOF condition. Neither the OOF count nor the COFA
count increments when there is no received signal (LOS).

8.8.2 Error Count, EC

This is a count of total frame bit errors received during the test. The
maximum number that can be accumulated is 9 999 998. When this is
exceeded, the display will show 9 999 999, and thereafter will not

change.

The time taken before the counter overflows is dependent on the
frame format being received, as indicated in figure 8-6.

Frame Max Frame Counter
errors per s | overflows after
D4 2000 83 minutes
SLC-96 1000 167 minutes
ESF, ZBTSI 500 5% hours

Figure 8-6 Frame EC Overflow Period

8.8.3 Errored Seconds, ES

This is a count of the number of seconds in which there was at least
one frame bit error and in which there was not an LOS, AIS, or LOF.
Because the one second interval is not necessarily related to either the
time of day, nor to the occurrence of the errors, this value is sometimes
referred to as asynchronous errored seconds. The equation is thus:

ES + EFS + LOF time + LOS time + AIS time = elapsed time

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9 999 999, and thereafter will not change. If
errors are continuously being received, this number is reached after

115 days.

8.8.4 Average Error Rate, avgER

This is the ratio of the frame error count to the total number of frame
bits examined during errored seconds. Because the number of F-bits in
a second differs between the various frame formats, a single F-bit error
will result in a different average error rate for the various frame for-
mats. This is indicated in figure 8-7.
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Frame 1 F-biterrorin | 10 F-bit errors In
Format 10 seconds 1 min
D4 1.2 x 105 21 x10-®
SLC-96 2.5 x 10-% 4.2 x 108
ESF, ZBTS!I 50 x 10-* 83 % 10-8

Figure 8-7 Example of Frame Error Rates for Different Frame Formats

8.9 Error Analysis, CRC Errors

A CRC error occurs when the HP 37741A is receiving an ESF or ZBTSI
frame sequence, and the sum check calculated by the test set does not
match that received in the DS1 path. This error indicates there has
been an error in the 3 ms block of traffic; it does not indicate the num-
ber of errored bits in that block ~ it merely indicates that at least one
bit was received in error.

When an LOS, AIS or LOF is declared by the test set, the accumulation
of CRC errors is inhibited.

As indicated in figure 8-1, no CRC exists for frame formats other than
ESF or ZBTSI. Therefore no analysis is performed if another frame for-
mat type is received.

8.9.1 Error Count, EC

This is a count of total CRC errors received during the test.

The maximum number that can be accumulated is 9 999 998. When this
is exceeded, the display will show 9 999 999, and thereafter will not
change. If errors are continuously being received, this number is
reached after 500 minutes.

8.9.2 Errored Seconds, ES

This is a count of the number of seconds during which there was no
alarm, and in which there was at least one CRC error. The equation is:

ES + EFS + LOF time + LOS time + AIS time = elapsed time

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9 999 999, and thereafter will not change. If
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errors are continuously being received, this number is reached after
115 days.

8.9.3 Error Free Seconds, EFS

This is a count of the number of seconds during which a valid frame
sequence was maintained, and in which no CRC errors or alarms were

received.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. If
no errors are being received, this number is reached after 115 days.

8.9.4 Percent Error Free Seconds, %EFS

The sum of errored seconds, error free seconds, and alarm seconds
equals the currently elapsed test time:

Elapsed test time = ES + EFS + alarm seconds

An alarm second, as used in this context, is one in which there was ei-
ther a frame loss, signal loss, or AlS.

The percent error free seconds is the ratio of EFS to elapsed test time
excluding alarm seconds:

EFS
%EFS = —Em's— x 100

This number can be anywhere from 0 to 100.

8.9.5 Average Error Rate, avgER

This is the ratio of the CRC error count to the total number of ex-
tended superframes examined during the test.

Do not misinterpret this value as a bit error rate. For example, if a
single bit error occurs every second, there would be one CRC error
every second. The bit error rate would be 6.5 x 10-7, and the average
CRC error rate would be 3.0 x 10-3,
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9.1 General

The HP 37741A can detect and generate a wide variety of standard test
signals and loopback codes, collectively referred to as patterns. The
generation of a pattern by the test set is not associated with (or
coupled to) the receiver of the test set. Therefore, the transmitted pat-
tern need not match the received pattern.

Any pattern can be sent framed or unframed. When framed, the pat-
tern can fill the entire payload (full T1), or part of the payload (FT1
n % 56 or n x 64). The instrument can receive the pattern in any of
these modes, and can automatically recognize a pattern in a full or
fractional T1 payload.

This section (section 9.1) describes capabilities common to both types
of patterns (test signals and loopback codes). Section 9.2 describes test
signals in particular. Section 9.3 describes sequential pattern testing,
listing any special patterns used. Section 9.4 describes loopback codes
in particular.

9.1.1 Pattern Reception

9.1.1.1 Synchronization Criteria

You do not need to configure the HP 37741A to receive a pattern. The
instrument automatically synchronizes to any recognized test signal or
loopback code. You cannot force the unit to hunt for only one pattern
~ it always searches for any recognized pattern when it is not in sync.
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The test set requires that there be fewer than 4 errors in 512 consecu-
tive bits of the pattern to synchronize the pattern receiver. Loss of syn-
chronization occurs when 15 or more errors are received in at most
1024 bits. These different criteria make it easier to gain sync than to
lose it. They equate to an average error rate of about 1% (10 x 10-3) to
get into sync, and 1.5% (15 x 10-3) to get out of sync.

The received pattern bits are counted, so that in FT1 (n x 64) these ra-
tios are maintained. In n x 56, the ratios are modified by about 12%.

9.1.1.2 Synchronlzation Time

The maximum time to get into sync for any recognized pattern at the
full T1 rate is less than 400 ms. The average time is 200 ms. These times
increase with the error rate of the signal. At very high errors (about
10-2) synchronization may not be possible.

These times are not modified with an FT1 signal with 12 or more active
channels. When fewer than 12 channels are used, the synchronization
times increase approximately linearly. When only one channel is se-
lected, the maximum sync time is 900 ms for all patterns other than
QRW and 2%-1. For those patterns, it can take 7 seconds to
synchronize.

When synchronization is lost, the HP 37741A assumes that the pattern
will return, and keeps the receiver locked onto the same pattern. Then,
when the pattern is restored, it will synchronize to it within 3 ms. In
this way, short disturbances in the signal are tolerated.

If the pattern does not return within 250 ms, the test set starts to hunt
for a different pattern. Thus, if the pattern changes during a test, the
instrument will synchronize to the new pattern, and restart the test.

9.1.1.3 Measurement of Resync Time

This is a measurement of how long the received signal had been dis-
turbed. The last resync time is displayed - this is not an accumulated
value. This parameter is considered to be a line parameter on the
HP 37741A, because it is typically a measurement of a physical activity
- the toggling of a switch.
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The parameter reflects the time for which the pattern synchronizer of
the HP 37741A was out of sync. Therefore, this measurement can be
made only when a recognized pattern is received.!

When the received signal is unframed, the measurement is accurate to
£3%. The resolution is +3 ms, and the displayed value is a multiple of
3 ms. To attain an accurate value, repeat the measurement a number of
times and take the average value. When the signal is framed, the frame
resync time may add to the time taken for the pattern synchronizer to
regain sync. This may increase the measured value. The additional
time incurred by using a framed pattern depends on the frame format
as follows:

® 0Oto10ms for D4

¢ [ to 15 ms for ESF

e 0to 20 ms for ZBTSI
® () to 25 ms for SLC-96

The maximum value displayed is 250 ms.

This measurement can be used to measure APS switchover times. Use
two test instruments to generate identical test patterns in full T mode.
Slowly increase the errors on the test instrument connected to the ac-
tive circuit of the APS device under test, until the APS device switches
to the spare line. To that line is connected the second pattern genera-
tor. The HP 37741A will record the switchover time.

9.1.2 Pattern Transmission

The HP 37741A can transmit any of the patterns shown in figure 9-1
(test signals) or figure 9-2 (loopback codes). You can pre-select the pat-
tern to be transmitted, or have the test set transmit the same payload as
the received payload.

9.1.2.1 Explicit Selection

When you explicitly decide what the pattern should be, the HP 37741A
immediately transmits that pattern using the frame format that you
have chosen. This is now transmitted until you change the pattern.

1 Because of the special nature of all zeroes, 22—1, and QRW, these patterns are not
recommended to be used for accurate results. You should also set the transmitter
and receiver for full T1 mode.
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9.1.2.2 Through Modes

When you choose the transmitted payload to be the same as that re-
ceived, the transmit signal will depend on the input signal. It is then
possible for the transmitted pattern to be the same as the received pat-
tern, even including errors.

This re-transmission of the received payload is not the same as a loop-
back. Loopbacks are discussed in section 9.4.

There are two modes for which the transmitted pattern depends on the
received pattern - “as input” and “through”. These modes are dealt
with in more detail in section 9.4.

9.1.2.3 Error Injection
You can inject logic errors into the transmitted signal. These are in-

serted randomly in the bit pattern, occurring approximately coinciden-
tally with the instrument’s real time clock.

Errors can be inserted into most test signals and into all in-band loop-
back codes. Logic errors cannot be inserted into the channel words.

The etrors are temporarily stopped when the instrument becomes
looped back, so that no errors are then introduced by the test
instrument.

9.1.2.4 Hierarchy of Patterns

When you set the instrument to send both a loopcode and a test signal,
the loopcode will be transmitted. This is true irrespective of whether
you sent the loopcode first and then configured the instrument to
send the test signal, or vice versa.

If you send a tone, this will be inserted into a framed test signal. Any
tone is inhibited while you are sending a loopcode. If the test set is
transmitting alarms, these may take precedence over the pattern. This
is discussed in detail in section 11.6.

9.1.3 Test Time

A test period starts after the unit has achieved both frame and pattern
synchronization. If the incoming signal is not framed, or there is no
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recognizable pattern (or both), the test period will start within one se-
cond after you have initiated the test by pressing (JEsT ).

If, having started a test, the HP 37741A loses frame or pattern synchro-
nization, the instrument will initially try to regain synchronization to
the same pattern and frame format. After a period of less than 250 ms, if
the instrument has not successfully regained synchronization, it will
search for an alternative frame format or pattern format.!

If the HP 37741A succeeds in synchronizing to a different frame or pat-
tern format, the test period will be restarted, any accumulated errors
are zeroed, and error analysis will restart.

The test period is derived from the instrument’s real time clock. There-
fore, the test time accuracy is governed by the clock accuracy, which is
detailed in section 14.5. In addition, any test interval is timed to within
+ 5 ms of the configured time.

9.2 Test Signals

9.2.1 General

Figure 9-1 lists the properties of the test signals that the HP 37741A can
generate or recognize.? The table shows the repeat period for un-
framed signals.

The user words and channel words listed are those programmed at the
factory. You can create your own user words and channel words. The
bit densities of the user words and channel words are therefore

programmable.

In addition to the patterns shown in figure 9-1, other test signals are
used for the sequential tests. These are described in section 9-3. You
cannot normally select to transmit those test signals.

Each test signal is used to test various aspects of the T1 circuit. It may
be unwise to use some of the test signals that the HP 37741A can gen-
erate. In figure 9-1, those signals that violate the ones density require-
ment or which transmit excess zeroes are identified. You should check
with your transmission carrier before sending any of these signals.

1 1t you have forced the HP 37741A to lock to a specific frame, the instrument will not
hint for an alternative frame format.
The test set cannot recognize the channel word patterns.
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Test Length Repeat Excess Zetoos Violates Density
Signai Period Framed ]Unframed Framed ]Unfnmed
Repeating patterns, fixed
allts 1 648 ns O O QO @]
alt1/0 2 1.3 us O O C @]
1in8 8 52us @] @] O O
3in24 24 15us C C @] O
2ins8 8 5.2 us C @] o C
all 0s 1 648 ns ® L L ]
PRBS patterns, fixed
21— 2047 1.3ms o] @] 0] O
271 32,767 21 ms C o] Q G
2201 1,048,575 680 ms ® o 0] G
251 8,388,607 S54s ® [ o} @]
QRW 1,048,575 | 680ms O O C O
User words, programmabie
2in8old 8 B2us @) O o] C
1in1s 15 9.7 us @] @] ] ®
1in16 16 10 us [ ] O ® ®
idle 8 S5.2us O O ¢ O
Channei words, programmable
TmSit 192 124 us @] O O @]
LoDns 192 124 us O O ® @]

Figure 9-1 Supported Test Signals

The repeat period, excess zeroes, and density conditions shown in fig-
ure 9-1 apply to a full T1 signal, and may not be valid for fractional T1.

9.2.2 Line vs Path

Test signals are strictly associated with the DS1 path characteristics,
and are treated as such on the HP 37741A.

9.2.3 Full T1 and Fractional T1

With the exception of the channel words, you can send any of the pat-
terns shown in figure 9-1 in full T1 mode or in fractional T1 mode.
When the receive mode setting matches that of the pattern being re-
ceived, or when the receive mode is set to automatic, any of these pat-
terns is recognized.

170



. LR

wbd

9. Pattern Capabilities

The mode, frame format, and pattern being transmitted need not
match the mode, frame format, and pattern being received. For exam-
ple, you can send a 1/0 pattern with ESF framing in timeslots 1, 9 and
15in n % 56 mode, and at the same time, receive an unframed QRW.

9.2.4 All Ones

An unframed all ones pattern is used in D51 as the AIS, and may create
alarms if used unintentionally. When transmitted with any frame pat-
tern it is used to verify that a terminating equipment can distinguish
the signal from a true AIS.

The signal also causes equipment to use the maximum transmission
power. This is useful for testing repeatered lines, where a faulty power
supply might not deliver the correct amount of power, which can then

result in bit errors.

9.2.5 Alternating 1/0,2in 8,1in 8, 3in 24

These are basic test signals of decreasing signal density. The aiternat-
ing 1/0 pattern (sometimes called the 1 in 2 pattern) is the minimat
stress test for clock recovery circuits.

The 1in 8 signal is one that has the minimum density permissible with-
out the maximum sequence of zeroes. The 2 in 8 signal is the lowest
density signal that can be transmitted on a B8ZS line, without invok-
ing any B8ZS substitutions. These patterns identify whether a line is
equipped for B8ZS, and whether the B8ZS function is working
correctly.

The 3 in 24 signal not only has the minimum density, but also has the
maximum sequence of zeroes permissible. This pattern is used to stress
the circuit under test, especially older style repeaters.

The bit patterns are as follows, where F represents the framing bit:

alt /0  F 01010101
1in8 F 0100 0000
2in8  F 01000010
3in24  F D100 0100 0000 G000 0000 0100
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When the test signal is sent framed, the frame bit is inserted at pattern
boundaries. This prevents the repeating pattern from being inter-
preted as a yellow alarm when D4 framing is used.

When the signal is transmitted without framing, the pattern is simply
repeated.

9.26 All Zeroes

This is used to verify that a circuit has been properly equipped with
B8ZS or ZBTSI (clear channel) capability. You should not transmit this
test signal unless you have selected one of these coding methods on
the test set, since errors or alarms may be generated.1 When the signal
is sent over a properly equipped circuit, no errors should be received.
On a B8ZS circuit, the pattern is encoded as a 50% ones density signal.

Transmitting an unframed all zeroes with AMI line encoding, or with-
out ZBTSI, is equivalent to transmitting no signal, and will be seen as
an LOS by a receiving device. This is, however, different from simply
disconnecting the test instrument, because simplex current (see section
10.3.4) can still flow through the HP 37741A.

9.2.7 PRBS Signals

These pseudo-random signals test a circuit under typical operating
conditions. They are created by a digital feedback shift register circuit
having defining equations as given below.

Each of the PRBS signals suppresses the occurrence of all zeroes within
the generator. Hence each shift register circuit is capable of generating
the maximum number of combinations minus one. Because the test
sequence length is not a multiple of the frame length, when these test
signals are framed, there is no relationship between the pattern and
the frame bit. The clock to the signal generator is effectively stopped
when the frame bit is sent, so that the signal itself is not corrupted.

1 The HP 37741A does not inhibit you from sending the test signal without having
selected B8ZS or ZBTSI, because you might want to check the alarms.
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The following notation is used in these equations:
~ represents an exclusive OR;
+ represents an OR;
! represents a negation.

9.2.7.1 211-1 (2047)

The 2-1 signal is typically referred to as “2047” by data communica-
tions personnel, because the pattern length is 2047 bits long,. It is the
pattern recommended for testing an individual channel (especially on
international links). It is also used to test FT1 links of more than one
channel, because the pattern is commonly available on data commu-

nications test equipment.

Q. (k+1) Q. (k) for n=2to 11
Q,(k+1) (Qo(k) ™ Quy(k)) + 1Q, (K} + Qu(K) ... +Qy,(K)
Q. (k+1) Q,{K)

nn

8.2.7.2 215-1

The 2'5-1 signal has (with the exception of 15 zeroes) all possible 15 bit
binary combinations. It violates neither the excess zeroes nor the pulse
density requirements (when framed or unframed), and as such it is the
longest “pure” PRBS that can be used on a T1 line.

Q,(k+1) Q,, (k) for n=2t015
Q,(k+1) (Qyk) = Qu(K)) + HQK) + QuK) ... + Qg(K))
Qoulk+1) Q,5(K)

Il

9.2.7.3 220-1

The 2®-1 signal has a maximum of 19 sequential zeroes. It therefore
violates the excess zeroes requirement.! It provides a good stress test
for clock recovery circuits. When the T1 circuit being tested is
equipped for B8ZS or ZBTSI, you should use this test pattern in prefer-
ence to the QRW pattern.

Qk+1) =Q. (K for n=2t020
Qk+1) = QK 7~ QuolK)) + 1Q,(K) + Q) ... + QoK)
Quulk+1) = Qu(K)

1 This signal creates about 11 excess zeroes violations per second.
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9.2.7.4 2231

The 22-1 signal has a maximum of 22 sequential zeroes. It too violates
the excess zeroes requirement but not the minimum ones density re-
quirement. Over long lines, where there is much accumulated jitter,
you can expect to see a large number of errors when using this signal.

Q,k+1) = QK for n=21t023
Q,(k+1) = (Qua(k) ™ Qu(k)) + HQ(K) + Qu(K) ... + Q)
Qoutk+1) = Q(k)

9.2.7.5 QRW

The QRW signal is a “stuffed” 22-1 signal. Selected bits of the signal
are forced to a one to limit the maximum number of sequential zeroes
to be 14. When transmitted as a framed signal, there will be 2 maximum
of 15 consecutive zeroes, which does not violate the excess zeroes

requirement.

It is the most commonly used test signal, and is also used as a “keep
alive” signal on lines that are not in service.

Q,(k+1) = Q, (K for n=2t020
Q,(k+1) = (Quglk) ™ Qu7(K)) + HQ, (K} + Qy(K) ... + Qx(k))
Quuelk+1) = Qu(k) + 1(QulK) + Qp{K) ... + Que(K)

When the HP 37741A receives a QRW or 2°-1 pattern, it automatically
discriminates between them by looking at the stuff opportunities
(places in the bit stream where the pattern could be stuffed). There are
about 10 such opportunities in each repetition of the pattern, so that, at
low bit rates (FT1 with a small number of channels), this process of dis-
crimination takes a relatively long time.

9.2.8 User Words

9.2.8.1 General

The user words are repeating patterns that can be from 3 bits to 24 bits
long. There are four words available. They are called user words to
emphasize that they are user programmable.

The HP 37741A always searches for the presence of a received user
word pattern, just as it searches for any of the fixed patterns. Logic
errors can be injected into a transmitted user word.
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9.2.8.2 Programming the User Words

The user word bit patterns cannot be viewed or programmed from the
instrument’s front panel. These functions are done by sending an ex-
ternal command over the serial port, as detailed in section 13451

You can assign a name to a user word when the word is programmed.

The name can be up to 5 characters long (for example, 7.i'n 1.9 or
My P tn), and is displayed on screens 2100, 2132, 2700, and, when
received, on screens 5300 and 6000.

The user words are saved as part of the pre-defined configurations,?
and when recalled, overwrite the existing user words. When the test
set leaves the factory, four user words are defined, and saved with the
pre-defined configurations.

9.2.8.3 Old2in8
This pattern is compatible with an earlier definition of the 2 in 8 test
pattern, and is provided for compatibility. The bit sequence is:?

2in80 F0110 0000

9.2.8.4 1in15,1in 18

These patterns are stress patterns. The 1in 15 and 1 in 16 violate the
density requirement when sent framed; the 1 in 16 violates the excess
zeroes requirement when sent framed.

The bit patterns are as follows, where F represents the framing bit:
Tin15  F 0100 0000 0000 000
Tin16  F 0100 0000 0000 06000

9.2.8.5 idle

This is sometimes used as the idle code for channels which are not
used on an FT1 sys_ten_'l.4 When all channels contain this pattern, the

1 The external control software available as an accessory allows you to view, edit, and
program the user words and their names. This is liste?lin appendix D.

2 This s described in section 5.2.
This pattern was used on revision 1and revision 2 of the HP 37741A.
In other cases, all ones fills unused timeslots.

[9% ]
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The bit pattern is 7F hex:
idle F 0111 1111

9.2.8.6 Frame Boundary

When any of the old 2 in 8, the 1 in 16, or the idle test signals is sent
framed, the frame bit is inserted at pattern boundaries. This prevents
the repeating pattern from being interpreted as a yellow alarm when
D4 framing is used. When sent framed, the 1 in 15 pattern bears no
relationship to the framing bit positions.

When any of the user words is transmitted without framing, the pat-
tern is simply repeated.

9.2.9 Channel Words

9.2.9.1 General

The channel words are repeating 192 bit patterns that can be trans-
mitted as the payload of a framed signal. By grouping in multiple oc-
tets, the word can appear to be a repeating 3, 4, 6, 8, 12, 16, 24, 32,48, 64,
96, or 192 bit pattern. These words allow you complete control over the
octet sent in any channel — you can set any bit in any channel to beal
ora0.

If a channel word is transmitted as an unframed signal, a 1 is inserted
every 193 bits. The HP 37741A cannot detect the presence of 2 received
channel word pattern. Logic errors cannot be injected into a trans-
mitted channel word.

If the HP 37741A is configured to transmit an FT1 signal, and you then
send a channel word, the channel word is sent in all channels, not just
those which are selected as active.

9.2.9.2 Programming the Channel Words

The channel word bit patterns cannot be viewed or programmed from
the instrument’s front panel. These functions are done by sendin§ an
external command over the serial port, as detailed in section 13.4.5.

You can assign a name to a channel word when the word is pro-
grammed. The name can be up to 5 characters long (for example,

1 The external control software available as an accessory allows you to view, edit, and
program the channel words and their names. This is listed in appendix D.
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24 0ct or5i-n48) andis displayed on screens 2132, 2100, and
2700.

The channel words are saved as part of the pre-defined configura-
tions,! and when recalled, overwrite the existing channel words. When
the test set leaves the factory, two channel words are defined, and
saved with the pre-defined configurations.

9.2.9.3 Timeslot identification, TmS 1

This is a timeslot identification sequence, in that each channel has the
PCM code of the timeslot number. Thus, timeslot one contains'FE hex,
timeslot two contains FD hex, and so on.?

This pattern can be used to verify correct alignment of timeslots
through a multiplexer or DACS, or to check correct assembly of a path
through a fractional Tt network. To do this, send a framed Tm$S |t
Vaattern start a test, and look at screen 5500 or 5501. Use - and
. ) to move through the channels. The high and low values will
be the same, and will indicate the transmitted timeslot number.

9.2.94 Low Density, L'o'D:n's:

This is a pattern that wiil generate the smallest number of pulse densi-
ty violations when sent framed with AMI line codmg There are no
excess zeroes violations. The pattern has 23 ones in the 192 bits. There-
fore, when the framing bit is a zero, there will be instances of 22 ones

in 192 bits.2

The bit pattern is as follows. F represents the frame bit position; the
bytes are given in hex values:

F, 08,08, 04, 04, 04, 062, 02, 02, 01, 01, 01, 00, 80, 80, 80, 40, 40, 40, 20, 20, 20,
10, 10,10

When the HP 37741A is configured to transmit this pattern unframed,
a 1 is substituted for the F bit, so that there are 24 ones in 193 bits. This
is not a violation of the density requirements.

1 This is described in section 5.2

2 Atable of PCM codes is given in appendix G.

3 This generates about 700 density violations per second with D4 framing, and about
500 per second with ESF framing, when using the HP 37741A as a measurement
tool.

4 The pulse density violations will be detected only by a test instrument that has a
sliding window for its density measurement, as specified in the ANSI standard.
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9.3 Sequential Tests
9.3.1 General

The sequential tests are used to semi-automate testing of the span line.
When started, the test set maintains the current frame format, line
code, and channel parameters on the transmitted signal.! The test set
then sequentially tests the line with each of the test patterns in the
pre-defined suite.

When the test runs, the HP 37741A transmits the next test pattern in
the sequence. It then waits until that pattern is being received, and
restarts the test, with the test time fixed to that which you set. When
that test stops (after the assigned duration), the instrument starts a
continuous test, and changes the test pattern. The loop then repeats.

The design allows you to test a span line with two HP 37741As. One
instrument is placed at each end of the line to be tested. One unit gath-
ers results for the transmit path, and the other gathers results for the
receive path. Because the design is robust, there is no need for syn-
chronization between the start times of the tests on the instruments at
each end of the link. In fact, you can set up the HP 37741A to run a se-
quential test, then travel to the other end of the link and set up the
second unit. The results will be automatically gathered.

9.3.2 Error Accumulation

Errors are accumulated only during the times that the fixed test time is
running. Similarly, the elapsed test time increments only during these
times also, and this elapsed time is used to calculate the error rates. The
time for which the test has been running is longer than this elapsed
test time, because it includes synchronization time for each pattern on
the sequence and for the code word (see section 9.3.3).

The results displayed in the five PATH results screens and the six LINE
results screens are the aggregate results for the test. For example, the
bipolar violation error count represents the sum of the BPVs received
during the sequential test with all of the test patterns. If you have set
the instrument to run more than one iteration of the sequence, errors
received during the second and subsequent iterations are added to the
totals.

1 It is therefore important that you set these parameters before running the special
sequential test.
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For each pattern in the test suite, the HP 37741A maintains a separate
count of logic error counts, logic errored seconds, and logic synchro-
nous seconds. When a sequential test is running, or has just ended,
you can access the special test summary screen (5600).1 This shows the
error counts, and synchronous seconds for each of the patterns. When
you initiate a printout of the results, the error counts, errored seconds,
and synchronous seconds for each pattern are printed.2

The maximum displayed value for error counts is 999 999; the maxi-
mum displayed value for errored seconds or synchronous seconds is
999. When these numbers are reached, the number remains fixed, al-
though the test continues to operate.

9.3.3 Code Words

At the start of the sequential test, and between patterns, a special code
word is transmitted. This is used for compatibility with older style
equipment.

The code words are as follows, where F indicates the frame bit
position:

bridge tap F 1111 1010

multipattern  F 1110 1110

user sequence F 0101 0101 0101 0101 0101 010

These patterns are always recognized by the HP 377414, but they are
not available as standard patterns which you can transmit. If you set
the user words to match these patterns, the sequential test may not
work properly. When these patterns are received, the following are
displayed for the received pattern:

bridge tap BrgTap
user sequence Us'rSeq
Unfortunately, the code word for the multipattern test is the same as
the 4-bit loop down code. When this pattern is received, the
HP 37741A initially displays Ml 't P“a‘t' as the received pattern. If
the signal continues to be received for longer than two seconds, the

I There may be two pages to this screen. This is described in section 4.5.
Sample printouts are shown in section 13.3.

3 These patterns are identified regardless of whether the instrument is running a se-
quential test or not.
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instrument then changes the display to read 4 b t& The results
screen showing the received loopcode always indicates that a 4-bit
loopcode is being received.

The HP 37741A does not accumulate errors until the code word has
been received at least once. After it has been received, the instrument
expects to receive the next pattern in the sequence.

The transmitter usually sends the code word for 1.5 seconds before
sending the next pattern in sequence. However, if the code word is
received earlier than expected, the code word is sent for 0.6 seconds.
This situation occurs when two instruments are being used, one at
each end of a T1 circuit, and the test time on one instrument is faster
than the test time on the other.

When there is a disruption to the received signal, the receiver of the
HP 37741A automatically re-synchronizes to the pattern.

9.3.4 Test Time

For bridge tap and the standard multipattern test sequences, you can
adjust the period for which each pattern is tested from the instru-
ment’s front panel. The times which are compatible with older style
equipment are shown as defaults, but the instrument saves the se-
lected time, and shows it the next time that test is run.

For the user programmable test sequences, the test time for each pat-
tern is selected when the sequence is programmed. The times for
which each pattern is tested may be different. That programming is
done by a command over the serial port, and cannot be done from the
instrument’s front panel. Therefore, when you select a user program-
mable test sequence from the front panel, you cannot then control the
test times.

9.3.5 Iteration Counter

Each time all of the patterns have been sent, the iteration counter (loop
counter) is incremented. When the instrument has executed the num-
ber of loops that you programmed, the sequential test terminates.
When two HP 37741As are being used, the instruments terminate the
sequential test approximately simultaneously, so the results are
unambiguous.
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Older style equipment loops endlessly until stopped by the user, and
this mode is also available on the HP 37741A. However, when you stop
the sequential test, the test patterns may not have been tested for the
same period, and errors might be recorded to the pattern which was
being received when you stopped the sequential test.

9.3.6 Test Patterns Used in Bridge Tap

The bridge tap test is a special sequence of 21 pre-defined test patterns.
The sequence comprises signals which are of various lengths and
densities.

This special test is used to identify the presence of unwanted metallic
connections to a span line. Such connections are usually the result of
the metallic circuit having been previously used to provide service to a
different location. When a service is disconnected and its line is re-
used, a stub, or tap, may be left connected to the span line.

Depending on the position of the tap, and the length of the tap, the
signal on the main line may be distorted because of reflections caused
by the tap. Such distortions can result in bipolar violations and logic
errors. Testing the span line with the standard suite of test patterns
may not always indicate that a bridge tap is present.

The sequence of patterns used in the bridge tap is as follows, where F
indicates the frame bit position. The frame bit position is stable only
for patterns whose lengths are divisors of 192. For example, the 2 in 16
pattern repeats 12 times in a frame, but the 2 in 15 pattern has no fixed
relationship to the frame bit position. In this case, the indicated se-
quence shows the alignment in the first frame containing the pattern.

This list also indicates the frequency of the repeating (unframed) sig-
nal is the frequency equivalent to that of an analog tone.

all1 F1 772kHz
alt10  Fo1 386 kHz
lin4 F 0100 193 kHz
liné F 0100 00 129 kHz
1in7  F 0100000 111 kHz
lin8 F 0100 0000 96 kHz
2in 10 F 1100 0000 00 154 kHz
2in 11 F 1100:0000 000 140 kHz
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2in12  F 1100 0000 0000 129 kHz
2in 13 F 1100 0000 0000 0 119 kHz
2in 14  F 1100 0000 0000 00 110 kHz
2in15 F 1100 0000 0000 000 103 kHz
2in16  F 1100 0000 0000 0000 9 kHz
3in18 F 1101 0000 0000 0000 00 43 kHz
3in19 F 1100 1000 0000 0000 000 41 kHz
3in20 F 1100 0100 0000 0000 D000 39 kHz
3in21  F 0100 0100 0000 0000 0000 1 37 kHz
3in22 F 0100 0100 0000 D000 0000 10 35 kHz
3in23 F 0100 0100 0000 0000 0000 100 34 kHz
3in24 F 0100 0100 0000 0000 0000 0100 32kH=z

QRW see section 9.2.6.4

None of these signals has strings of excess zeroes, and none violates
the pulse density requirements. You should set the line code to be AMI
before running this test, because the B8ZS coding greatly reduces the
effectiveness of the patterns.

From the payload selection screen (2132) you can select only some of
these patterns, namely all ones, alternating 1/0, 1 in 8, 3 in 24, and
QRW.

9.3.7 Test Patterns Used in Multipattern

This special test runs a limited number of patterns in sequence, and is
used as a quick indication that the line is satisfactory. It provides no
extra information that running the tests by themselves would not pro-
vide. It is, however, automatic.

The five patterns used are as follows, where again, F represents the F
bit position:

all 1 F 1111 1111

1in8  F 0100 0000

2in 8# F0100 1000

3in24  F 0100 0100 0000 0000 0000 0100

QRW  see section 9.2.6.4

The 2 in 8 pattern used in the multipattern sequence is not the stan-
dard one, which is selectable in screen 2132, It is therefore denoted on
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the screen of the HP 37741A as .2 i n 8 #. This pattern is used to pro-
vide compatibility with older style equipment.!

9.3.8 User Programmable Test Sequences

9.3.8.1 General

The HP 37741A has two user programmable test sequences. These al-
low you to select a sequence of patterns which wiil be sent. The instru-
ment will provide logic error counts for the individual patterns which
you selected, and an aggregate of the total errors received. You can
select the patterns, their sequence, and the time for which each will be
tested. The times can be all different for the patterns in the sequence.

The maximum number of patterns in a sequence is 21, The maximum
test time for a pattern is 255 seconds. You can program the sequence
externally, by a command over the instrument’s serial port.

When the test set leaves the factory, the user sequences are defined,
and saved in memory. They are not saved as part of the pre-defined
configurations.

9.3.8.2 All Except 0

This sequence sends all of the selectable patterns, including the pro-
grammable user words, except the all zeroes pattern.2 Each pattern is
tested for 100 seconds.

The sequence is as follows:

all 1, alt 1/0, 1 in 8, 2 in 8, 3 in 24, userl, user2, user3, userd, 2111,
215—1,220—1,28—-1, QRW

9.3.8.3 All PRBS

This sequence sends all of the PRBS patterns. Each pattern is tested for
60 seconds. The sequence is as follows:

211,251,201, 281, QRW

1 When shipped from the factory, the instrument has three different 2 in 8 patterns.

2 Theall zeroes pattern is excluded so that it is safe to use this sequence with AMI or
B8ZS encoding. The channel words are excluded so that the sequence can be used
for fractional as well as full T1 modes.
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9.3.9 Recommended Settings

You should always ensure that the instrument’s transmitter is correctly
configured before starting a sequential test. It is better to not leave any
transmitter setting to @ s ' i n. You should always ensure that an
active channel is not being disturbed by a tone being inserted or
signaling being modified. You should turn off any error injection.

A quick way to set the instrument to a known state is to use a pre-
defined configuration, as described in section 5.2.

The bridge tap test should be run in full T1 mode, with AMI line cod-
ing. The test can be run framed or unframed. You may get better re-
sults running the test framed. This is because in unframed mode, any
disturbances are repetitive, and therefore typically cause the pattern to
either gain synchronization without errors, or to fail to synchronize.
When framed, the framing bits break the repetitive nature of the er-
rors, and therefore allow the instrument to gain pattern sync.

The other sequential tests can operate in full T1 mode or FT1 mode,
with AMI or B8ZS coding.

9.4 Loopback Codes

9.4.1 General

A loopback code causes the far end equipment to return a signal to the
sender, so that the sender can then verify the signal integrity. Loop-
backs are used by carriers of the T1 signal and users of the transport
medium as a maintenance tool to aid in fault location, error diagnos-
tics, and problem resclution.

The capability to loopback a signal is built in to equipment normally
resident at the end user’s facility. The loopback can be activated manu-
ally (that is, with switches on the equipment) or electronically by send-
ing unique codes in the D51 signal to the far end equipment.

The HP 37741A can respond to loopback codes received in the DS1 sig-
nal. You can manually set a “pseudo-loopback” by configuring the
transmitted signal to reproduce the received signal’s line code, timing,
framing, and payload. This does not emulate a mechanical switch be-
cause coding violations and framing errors are removed.
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9.4.2 Line vs Path

Traditionally, loopbacks have been associated with the T1 line charac-
teristics. A manual switch could have been used to return the signal to
the sender. Loopbacks are treated as a line characteristic on the
HP 37741A.

The payload loopback (see below) is strictly a path characteristic. It is,
however, grouped with the other loopbacks in the HP 37741A for

consistency.

9.4.3 Supported Loopbacks _

Four different types of loopback schemes are supported by the
HP 37741A. The HP 37741A can detect the presence of these codes,
transmit the codes (with or without errors), and, if desired, automati-
cally respond to any of the loopback commands.!

9.4.31 Line

This is resident in a CSU, typically owned by the end user. The D51
signal received from the network is regenerated and transmitted back
to the network. Timing for the transmitted signal is derived from the
received signal. There is no change to the frame format, and BPVs are
not removed. This is sometimes referred to as CSU loopback.?

9.4.3.2 4 bit

This is the forerunner of the network loopback described below. After
initial deployment, it was displaced by the standard NI loopback. This
is because of problems associated with the code. An NTE cannot guar-
antee to frame on a D4 signal sending a 4 bit loopcode. If it does frame,
it may recognize the code as sending a yellow alarm.

This code is the same as that used for the code word of the standard
multipattern test, and can lead to confusion.?

You should therefore use this code with caution.

1 Response to line loopback is sometimes referred to as CSU emulation. This is am-
biguous terminology because modern C5Us also respond to payload loopback.

2 Use of the term CSU loopback is confusing, and is avoided in this document, be-
cause the actual type of loopback is not specified.

3 See section 9.3.2 for details.
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9.4.3.3  Network (NI)

This is resident in the NI connector (smart-jack), and should be used
only by the local T1 carrier. As with line loopback the signal is regener-
ated, but there is no change to the frame format, and BPVs are not re-
moved. Timing for the transmitted signal is derived from the received

signal.

9.4.3.4 Payload

Again resident in a CSU or CPE, but available only with ESF or ZBTSI
frame formats. The payload of the received signal is transmitted back
to the network. Therefore, any logic errors received by the HP 37741A
are returned to the sender. Timing for the transmitted signal is derived
from the received signal.

The framing bits are recreated, and are therefore new and error free.
The FDL is set to the idle code. However, if you have enabled CRC
errors (screen 2152), these will continue to be created by the
instrument.

There are no BPVs on the looped back signal.

9.4.4 Loop Codes: In-Band and Out-of-Band

The loopback commands are in-band (that is, they use the payload
space) for SF type frame formats, and out-of-band (that is, they use the
FDL) for ESF type frame formats. The codes used are indicated in fig-
ure 9-2. Separate codes exist to activate the loop (loop-up), and deacti-
vate the loop (loop-dcown).1

Loopback Activate Deactivate
Type in-Band | Outof-Band | In-Band | Out-of-Band
Line 10000 0000 1110 100 0011 1000
4 bit 1100 0001 0010 1110 00100100
Network, Ni 11000 0001 0010 11100 00100100
Payload nfa 0001 0100 n/a 0011 0010

Figure 9-2 Supported Loopback Codes

1 Equipment exists in service that may prevent the in-band line loopback deactivate
command from reaching its destination. In such cases, the loopback will need to be
de-activated manually.
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In figure 9-2, only eight bits of the out-of-band loop code are shown.
These bits are sent as a BOP message in the FDL, and alternate with
eight ones. The eight ones are transmitted as a synchronization byte.

In the case of in-band codes, the transmitted signal comprises the en-
tire payload of the signal, overwriting whatever signal was there be-
fore. The signal may be framed or unframed. When framed, the
framing bits overwrite the loopback code.! The HP 37741A transmits
in-band codes when the signal is unframed or framed. The in-band
codes are recognized, and can be acted upon, irrespective of the re-
ceived signal frame format.

In the case of codes used with ESF type framing (ESF or ZBTSI), the
code is transmitted in the FDL (out-of-band) in addition to transmitting
the in-band signal in the payload. As with in-band codes, the out-of-
band message normally overwrites any message currently being trans-
mitted in the FDL.

There is not an equivalent in-band code for a payload loopback. When
a payload loopback is sent, the in-band signal is not disturbed.

When the 4 bit loop code is sent with ESF framing, the NI loop code is
sent in the FDL.

9.4.5 Full T1 and Fractional T1

Regardless of whether the transmitter is configured to transmit a sig-
nal in full T1 or FT1 mode, an in-band loop code is always transmitted
in full T1 mode. If the transmit mode was configured for FT1, that
mode is restored after the loop code has been sent.

If you have specifically configured the receiver to an FT1 mode, the
instrument will not recognize a received in-band loop code. This is
because the instrument looks at the specified channels, and the loop
code fills all channels. To recognize a loop code, you must therefore set
the instrumentto f u t | T 1 or @ u:t O on screen 2205.

9.4.6 Loopback Response Times

Network equipment must respond to an in-band loopback code only
after it has been continuously received for no less than five seconds.
The HP 37441A will detect the presence of the pattern within 500 ms. If

1 This is not the same as the transmission of test signals, where the framing bits are
merged into the bit sequence, without overwriting any bits.
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the test set is configured to emulate a piece of network equipment (and
therefore respond to the loopback commands), it will do so only after
the signal has been present for five seconds.

An out-of-band code transmitted in the FDL may be acted on by a
piece of network equipment when it has been repeated no less than 10
times. This equates to a response time of 40 ms for ESF, and 80 ms for
ZBTSL. Equipment typically responds when the pattern is received for
about one second. The HP 37741A recognizes the codes after 10 se-
quences have been received, and will respond immediately.

The HP 37741A can send any loop code either continuously or timed.
When timed, the codes (in-band and out-of-band) are transmitted for
between 7 and 8 seconds. At the end of that period, the signal reverts
to that previously transmitted.

When the instrument receives a loopback command, it displays it on
the loopbacks screen (4300). This is displayed for as long as the code is
received. If a device sends an FDL code for only a short time, this may
be displayed on the screen for a brief moment, or not be displayed at
all. This will not affect whether the instrument responds to the loop-
back command.

9.4.7 Response to Different Loopbacks

Regardless of what type of transmit loopback has been configured,
when the instrument is set to auto respond to loopback commands, it
will do so whatever loopback command is received. For example, if the
transmitter is configured for NI loopbacks, and the receiver is set to
auto respond, the HP 37741A will respond to a received line loopback
command.

When the instrument has responded to one type of loopback (that is,
the instrument is itself looped), it will respond to a new loop up com-
mand. Suppose, for example, the instrument is receiving an ESF signal,
and is currently payload looped. If the instrument now receives a line
loop up command it will respond, and become line looped.

When the instrument is looped, the loop can be dropped only by the
correct type of loop down command. For example, if the instrument is
line looped, and it receives an NI loop down, it will recognize the com-
mand but will not respond to it.
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The instrument will not respond to a received loopcode if any of the
following is true:

® it is set to not respond
® it is transmitting a loopcode

® it is configured to frame to one frame format type, and the
loopcode is carried by a different frame format type

9.4.8 Unloop

When you choose unloop from screen 2220, the loop is dropped irre-
spective of its type, or of the transmit configuration. You can also un-
loop the HP 37741A by setting the instrument to the factory default
settmg

9.4.9 Transmitting and Receiving Loop Codes

When the HP 37741A is transmitting a loop code, it will not respond to
a loopback command. This applies regardless of the loop code types, or
of the instrument configuration. This prevents an instrument from en-
tering an endless loop, if there is a direct connection between the
transmitter and receiver.

When an instrument is looped, the transmit configuration cannot be
altered. In this case, the loop icon is displayed, to alert you to the fact
that the test set is looped.

When the instrument is sending a tone, and you command it to send a
loopcode, transmission of the tone is suspended. However, any signal-
ing which you had previously configured will continue to be sent.

When the instrument is looped, the transmission of logic errors or
BPVs generated by the HP 37741A is suspended. Depending on the
received signal, and the type of loopback, these errors may be seen at
the unit’s output.

9.4.10 Determination of Far End Status

When a loop up command is issued, the HP 37741A looks at the re-
turned payload to determine whether the loop up was successful.

See section 5.2 for complete details.
It cannot be altered from the front panel, but can be altered over the serial port.
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When sending line, 4 bit, or NI loop up codes, the test set sends the
loopback code in the payload regardless of the frame format. The test
set checks whether the code is being returned. If it is, it declares that
the far end device is looped. If the code is not returned after six sec-
onds, the test set declares that the loop up was unsuccessful.

The converse is true when sending a loop down command. When the
test set no longer gets the loop code returned from the far end device,
it declares that the loop down was successful. If it still receives the
loop down code after six seconds, it declares that the loop down was

unsuccessful.

When the HP 37741A sends a payload loop code, it uses a similar algo-
rithm. Because the payload is not disturbed, it checks whether the re-
ceived payload matches the transmitted payload, and displays the far
end status as described above. If the received payload is not recog-
nized, the instrument does not indicate the status of the far end.!

9.4.11 Recommended Instrument Settings

When you are activating a loop on a remote device, you should take
care to set the HP 37741A correctly. The quickest way to do this is to
use a pre-configured setting. You should define the transmitted pay-
load and frame format, and not leave them set to “as in”.

You should time the instrument’s transmitter from the internal clock,
or from the reference input if there is an independent signal there. If it
is timed from the main input (loop timed), the timing will get into an
endless loop. The frequency of the key beep rises to inform you of this
condition.

With ESF, ZBTSI, and SLC-96 frame formats, you should ensure that
the data link is set to transmit the default, and is not in through mode.
If it is in through mode, it will get into an endless loop. For ESF and
ZBTSI, this will circulate the loopcode continuously, regardless of the
setting. For SLC-96, the receiver may periodically misframe.

I The HP 37741A cannot recognize the channel word patterns.
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9.5 As Input and Through Modes

9.5.1 General

There are two main uses of these modes:

® tosimplify instrument configuration
® to be able to pass a DS1 signal through the instrument

Instrument setup is simplified by setting the transmitted signal to be
the same as the input signal (as in). When the receive side of the test
set is connected to a DS1 circuit, the transmit side is automatically ad-
justed to have the same frame format, line code, and payload.! .

if the test set is in series with the T1 line, it is normally essential that
the transmitted signal replicate that received. You can then modify
some parameters to test various aspects of the circuit.

In either case, the transmitted frame format will be that which you
have previously configured. Therefore, a pattern can have framing
added, removed, or changed, depending on the settings, and the trans-
mitted signal will not then be identical to that received.?

When there is no signal at the input, or there are other problems with
the received signal, the transmitted payload is modified. This is dis-
cussed in section 11.5.

9.5.2 As Input

There are different settings to select the payload to be as input, and the
loop codes to be as input. When set, if a pattern is received which the
HP 37741A recognizes, the test set will transmit an error free version of
that pattern. If the test set does not recognize the signal in the re-
ceived payload, it will retransmit the received payload (switch to
through mode).

You can block loopcodes from passing through the test set (to prevent
unknown side effects) by setting the payload to be as input, and not
setting the loopcode to be as input. Now, when the test set receives an
in-band loopcode, it will continue to transmit the previous pattern, or

1 Each of these has a different setting. This section deals only with the payload. See
section 8.7 regarding frame format as in mode, and 105 regarding line code as in
mode.

2 This may cause frame slips. This subject is dealt with in sections 8.7 and 10.2.

3 The transmitted pattern is not necessarily synchronized to the received pattern.
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a QRW if it could not recognize that pattern. Examples of this are
shown in figure 9-3.

The figure shows the four possible combinations of payload and loop-
code as in. On the left is shown a sequence of input signals, and on the
right is shown the corresponding output signais.

9.5.3 Through Mode

When this mode is selected, the received payload is always retrans-
mitted. This is true regardless of the payload, be it a test pattern (error
free or errored), or a loopcode, or an unrecognized signal (such as
speech).

You need to set independently whether you want signaling preserved
in the output signal. This is discussed in section 12.4.4.

Sometimes, when the HP 37741A is set for as input, it will identify a
signal as a test pattern erroneously. For example, if you have a channel
bank, in which nearly all channels are idle, the signal might be recog-
nized as a framed all ones (with errors). When the payload is set to “as
in”, the instrument would set the output to framed all ones. Informa-
tion in the DS1 signal (for example signaling bits) would not then be
passed through.

payload as in payload as in
Rx — — Tx Rx — - Tx
loop as in loop notas in
215_1 215_1 215-1 215.1
3in24 3in24 3in24 3in24
line ¢ line t line 4 3in24
3in24 3in24 3in24 Jin24
payload = 1/0 payload = 1/0
Rx — - Tx Rox — - Tx
locp as in loop not as in
2151 1/0 2151 1/0
3in24 1/0 3in24 1/0
line ¢ line ¢ line ¢ 1/0
3in24 1/0 3in24 1/0

Figure 9-3 Examples of Payload As In and Loop Code As In
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9.6 Error Analysis, Logic Errors and G.821

9.6.1 General

The HP 37741A can perform error analysis when receiving any of the
test signals described in Section 9.2. A single bit logic error occurs
when a received bit (excluding frame bits, if the signal is framed) does
not match that which is expected for the pattern. When a LOS or AlS is
declared by the test set, the accumulation of logic errors is inhibited.

Besides standard logic error analysis, the instrument provides G.821
analysis, as described below. If an unrecognized pattern is received, no
analysis can be performed. '

A one second period (derived from the instrument’s real time clock) is
used as a time base for analysis of all logic errors. This one second peri-
od is synchronous for all result measurement activities and alarm
detection functions, but is not necessarily synchronized to any exter-
nal event (such as loss of signal).

9.6.2 in-Band Loop Codes

When an in-band loop code is received, the HP 37741A treats it similar-
ly to a test pattern, and will accumulate bit errors on the signal.> With
most signal generators (including the HP 37741A), the framing bits
overwrite the bit pattern — these bits will be seen as errors.

If the loopcode pattern is received unframed, no errors will be accumu-
lated on an error free signal.

9.6.3 Bandwidth
The bandwidth of a received pattern (indicated in kb/s) is defined as:

bandwidth = number of channels used by the pattern
X rate of each channel

The rate of each channel is either 56 kb/s or 64 kb/s, When full T1 mode
is selected, all 24 channels are used and the rate is 64 kb/s, so the band-
width is 1536 kb/s. The maximum bandwidth for a test pattern is
achieved with an unframed signal (1544 kby/s).

1 LOS and AIS alarm conditions are discussed in section 11.

Notmally, this will also restart the test when the loop code is received, and again
restart the test when the loop code ceases to be received (see section 9.1).
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9.6.4 Error Count, EC

This is a count of total bit errors received during the test. The maxi-
mum number that can be accumulated is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change.

A full T1 signal having a continuous error rate of 10-3 will reach this
maximum value after 108 minutes of testing. An average error rate of
10-¢ (about 1}4 errors per second) will reach the maximum after 75 days

of testing.

9.6.5 Errored Seconds, ES

This is a count of the number of seconds during which there was no
alarm, and in which there was at least one logic error. Because the one
second interval is not necessarily related to the occurrence of the er-
rors, this value is sometimes referred to as asynchronous errored
seconds.

The maximum count on the HP 37741A is 9 999 998, When this is exce-
eded, the display will show 9 999 999, and thereafter will not change. If
errors are continuously being received, this number is reached after

115 days.

9.6.6 Error Free Seconds, EFS

This is a count of the number of seconds during which there was no
alarm, and in which pattern synchronization was maintained, and in
which no errors were received.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. If
no errors are being received, this number is reached after 115 days.

9.6.7 Percent Error Free Seconds, %EFS

The sum of errored seconds, error free seconds, and alarm seconds
equals the currently elapsed test time:

Elapsed test time = ES + EFS + alarm seconds

An alarm second, as used in this context, is one in which there was ei-
ther a pattern loss, signal loss, or an AIS. The percent error free sec-
onds is the ratio of EFS to elapsed test time excluding alarm seconds:
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EFS

s+ Ers <

%EFS =

This number can be anywhere from 0 to 100.

9.6.8 Bit Error Rate, BER

This is the ratio of the errors received during errored seconds to the
total number of bits received, excluding any alarm time. It is displayed
in a floating point format with limits of 9.0 x 102 to 1.0 x 10-12 In
practice, however, a DS1 signal is useless at a rate of 9.0 x 10-3, and is a
very good circuit at 1.0 x 10-9,

0 is displayed when there have been no errors.

9.6.9 Unavailable Seconds, UAS

This is a count of the number of seconds during which the DS1 path is
considered unavailable.

A period of unavailable time begins when the BER in each second is
worse than 1 X 103 for ten consecutive seconds. These ten seconds are
considered to be unavailable time. The period of unavailable time ter-
minates when the BER in each second is better than 1 x 10-3 for ten
seconds. These ten seconds are considered to be available time.

When the error rate is high, pattern synchronization may be lost. Pat-
tern synchronization will also be lost when an LOS, AIS, or LOF is de-
tected. Therefore such periods are included in the calculation of
unavailable time.

Unlike errored seconds and error free seconds, the sum of unavailable
seconds and available seconds always equals the total elapsed test
time:

Elapsed test time = UAS + AS

Because a sliding time window is used to perform these calculations,
you might notice the displayed number jump in increments of 10. The
maximum count on the HP 37741A is 9 999 998. When this is exceeded,
the display will show 9 999 999, and thereafter will not change. If er-
rors are continuously being received, this number is reached after 115

days.

1 CCITT recommendation G.821, Annex A.
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9.6.10  Severely Errored Seconds, SES
This is a count of the number of seconds during available time in which
error rate is worse than 1 x 10-3.

Since the transition from available time to unavailable time {and vice
versa) is based on a ten second sliding window, the count of SES may
also jump by a count of 9. This is because the nine seconds preceding a
declaration of unavailable time are included in the count of SES.

On the tenth second, 10 is added to the count of UAS, and 9 is sub-
tracted from the count of SES.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. It
will always take at least 128 days to reach this count.!

9.6.11 Consecutive Severely Errored Seconds,
CSES

This is a count of the number of occurrences of three to nine consecu-
tive severely errored seconds. If there are ten or more consecutive se-
verely errored seconds, the circuit is considered to be unavailable, and
therefore does not increment this count.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. It
will always take at least 460 days to reach this count.

9.6.12  Percent Severely Errored Seconds, %SES
This is the ratio of SES to currently elapsed test time:

SES
%SES = - x 100
elapsed time

The number can be anywhere from 0 to 100.

1 The observant reader will note that this is different from the time for errored
seconds.
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9.6.13 Percent Available Time, %avl
This is the ratio of available time to currently elapsed test time:
available time

= x 100
#avl elapsed time

This number can be anywhere from 0 to 100.

9.6.14 Degraded Minutes, DM

This is a count of the number of 60 second intervals having a bit error
rate better than 1 x 10-3 and worse than 1 x 10-¢ during available
time,

The time interval is derived by excluding periods of unavailable time
and severely errored seconds from the total time, then consecutively
grouping remaining time into blocks of 60 seconds. The average BER is
calculated for the block, and if worse than 1 x 10-6 the time interval is
counted as a degraded minute.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9 999 999, and thereafter will not change. If
(low rate) errors are continuously being received, this number is
reached after 19 years.
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Line Capabilities

10.1 General

The term “line” refers to properties associated with the transmission
medium, as opposed to the data content or structure of the signal. The
T1 signal voltage and frequency are line properties. Signal characteris-
tics such as line coding and pulse density are also line properties, be-
cause the ability to extract a clock is essential to signal transmission.

The HP 37741A can measure the voltage and frequency of the main T1
input. The instrument can also detect a frequency variation between
the main input and the reference input (timing slips). It can also detect
and accumulate BPVs, automatically recognizing and discounting de-
liberate BPVs introduced as a result of B8ZS encoding.

As an aid to the diagnosis of problems on special services circuits, the
HP 37741A can detect and accumulate both density violations and ex-
cess zeroes violations.

The transmitted signal is always at 0 dBdsx; the line coding (AMI or
B8ZS) can be the same as, or different from, that of the input signal.
Timing for the transmitted signal can be derived from an internal crys-
tal, or from either of the T1 inputs.

The electronic circuits on the main T1 input and the reference T1 input
are identical. Unless otherwise indicated, specifications outlined in
this section apply to either input. The termination setting affects both
inputs identicaily.
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10.2  Timing

I the received signal meets normal pulse density requirements, a clock
is recovered from the signal and is used to process the data. If a refer-
ence input signal is present, a clock is recovered from it too. These
clocks, and an internally generated clock, are used to process the re-
ceived data, and to generate the transmit signal.

10.2.1 Timing Recovery

When a QRW test signal is being received without jitter, the
HP 37741A can recover the clock from a T1 signal with a bit rate of
1.544 Mb/s + 1004 b/s (650 ppm). Signals that have a lower ones densi-
ty, or which have appreciable jitter will reduce the recovery frequency
range.

In the absence of jitter, the test set can recover clock from any of the
test signals that it is capable of generating (except for the all zeroes pat-
tern) over a range of 1.544 Mb/s + 502 b/s (325 ppm).

If the clock recovered from one of the inputs is configured to be used
for the output timing, and the signal on that input is not present
(LOS), the HP 37741A will substitute its internal clock to generate the
output signal. The test set will revert to using timing derived from the
input signal when that signal has been present for at least one second.

10.2.2  Jitter Tolerance

Jitter is a modulation of the carrier frequency, caused by variations in
timing references, signal path lengths and delays, and by intermediate
equipment in the signal path.

The HP 37741A can accommodate the jitter shown in figure 10-1. The
relationship of this jitter to key specifications is also shown in the fig-
ure. As can be seen, the instrument exceeds the requirements of termi-

nal equipment.

Some of the measurements made by the HP 37741A are accurate only
when the received signal falls within the range of jitter accommoda-
tion shown in figure 10-1.
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Figure 10-1 Input Jitter Tolerance

10.2.3 Receive Frequency Measurement

The frequency of the clock recovered from the main input signal is
measured. The frequency must be approximately at the nominal DS1
rate if accuracy is required. For frequencies of 1.544 MHz = 502 Hz
(325 ppm), the frequency is measured to an accuracy of + 10 Hz
(6 ppm). The resolution is 1 Hz.

The stability over time of the frequency measurement is governed by
the real time clock.” The frequency measurement is calibrated when
the instrument leaves the factory.

The frequency is automatically measured - no intervention is required
from the user. The measurement of frequency is integrated over time,
and is slew rate limited. Therefore, you should wait 10 seconds after
connecting a signal before recording the measured value.

1 The real time clock is discussed in section 14.5.
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10.2.4  Transmit Frequency
The timing for the transmit T1 signal can be derived from either of the
T1 inputs, or from the instrument’s internal crystal.!

You would normally select the clock recovered from the main input
when at a remote terminal unit, so that timing received from the cen-
tral office is used for the signal returned to the CO. This timing meth-
od is sometimes referred to as loop timing,

A common use for the clock recovered from the reference input is
when you are at the CO, and want to ensure that the iming for signals
that you are generating is very accurate. In this case, connect the BITS

to the reference input.

When either of the input signals is used to derive the timing, jitter is
not attenuated from the recovered clock. The transmitted jitter will
equal the received jitter plus a small amount introduced by quantiza-
tion noise.

The crystal internal to the HP 37741A can be used to generate the tim-
ing for the transmitted signal. The accuracy of this clock depends on
the operating temperature of the instrument as follows:

Temperature Accuracy
C Hz ppm
20to 30 +30 +19
Oto 40 +46 +30
Q1o 50 +70 +45

Figure 10-2 Frequency Accuracy

10.2.5 Bit Slips: Network Objectives

The DS1 network is a digital network and relies upon the ability to
recover a clock from a received signal. Digital switches and multiplex-
ers are extensively used to connect various DS1 signals. When two DS1
signals that are being connected have exactly the same frequency, this
cross connection can be accomplished without complication.

When the basic frequencies differ, or either input has jitter, there may
eventually be more bits coming in than are going out (or vice versa).

1 When the timing is derived from either of the two T1 inpuls, the signal level should
be greater than —6 dBdsx.
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The differences between the two frequencies are measured by the
HP 37741A as bit slips.

To accommodate different receive and transmit frequencies, a piece of
terminal equipment usually has a buffer that is used to hold the data
temporarily. This buffer is small in some cases (16 bits), but for a typical
DACS is usually 193 bits. The size of the buffer is not limited by the
available technology, but by the amount of time delay that is intro-
duced by the buffer in the signal path.

If the buffer is large enough, short term differences between the two
signals can be accommodated provided the average frequencies of the
two signals are identical. However, long term variations will result in
the buffer either overflowing or depleting. If the buffer overflows,
data will be lost. If the buffer becomes empty, the terminal equipment
will repeat data previously transmitted. An occurrence of this action is
called a frame slip.! Frame slip occurrences are not in themselves de-
tected by the HP 37741A, but the bit slips that lead up to the frame slip
are detected.?

Frame slips are audible on a speech circuit as faint clicks. On a circuit
carrying data, frame slips will reduce the throughput. In either case the
slips are undesirable. For end user equipment, the general solution is
to loop time the terminal equipment. Thus, at the central office, the
average frequency of the received data will equal that transmitted.

For other equipment, a hierarchy of highly stable frequency sources is
used to ensure that equipment operates at approximately the same fre-
quency. Multiple, highly accurate (1 x 10-1!) clocks are used. Because a
single clock is not used, the network is called plesiochronous (instead
of synchronous).

10.2.6 Slip Detection

10.2.6.1 General

Frequency deviations between the main input and a reference signal
can be measured by the HP 37741A. The test set records the whole
number of bit slips and accumulates these to estimate frame slips. In

1 When the number of bits repeated or lost is equal to 193, and the framing bits are
not disturbed, this is referred to as a controlled frame slip. When the number of bits
repeated or lost is not equal to 193, this is referred to as an uncontrolled frame slip.

2 Contact your nearest HP sales office for a list of HP test instruments that do detect
frame slips.
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Figure 10-3 Example of Slips

this case, a frame is considered to be a block of 193 bits. This applies
irrespective of whether either or both input signals are framed. When
the signal is framed, the 193 bit block is not necessarily aligned with

the framing bits.

The slips are indicated in accordance with two methods. The first cal-
culates the difference between the total number of bits received on the
main input and on the reference input, since the start of the test. The
second method assumes that a slip of 193 bits is non recoverable, and
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indicates bit slips in relation to the most recent period of slippage of
193 bits. These are depicted in figure 10-3.

Imagine a signal received on the main input that has a frequency faster
than the reference input signal. At the start of the test, no slips have
occurred, and the counters are set to 0. As the test progresses, the unit
will show one bit slip, then two, and so on until there have been 19214
bit slips. After two more bit slips, there has been one entire frame slip

plus 1% bit slips.

Suppose now, that the received signal becomes slower than the refer-
ence signal, so that there are four more bit slips, but this time in the
opposite direction. )

There are two methods of indicating the total number of slips. In the
first, the bit counter retains no history that the signal had in the past
exceeded a frame (or multiple frame) count. This method results in a
display of the total accumulated bits slipped as 190%.

Using the second method, which has reset the bit counter as soon as
the bit slips exceeded 193, the HP 37741A displays that there has been 1
frame slip, and 214 bit slips.

The count of total bit slips on screen 4200 uses a semicolon to separate
the frame slips from the bit slips. A + or — sign preceding the numbers
indicates which of the two signals is faster. The sign is positive if, dur-
ing the elapsed time of the test, the main input signal has on average
been faster than the reference input signal. The sign is negative if the
main input has been slower than the reference.

On the count of slips relative to the last frame slip, the word +: ast
indicates that the frequency of the main input is currently faster than
the frequency of the reference input, The word ‘s ‘I 'o'W indicates that
the frequency of the main input is currently slower than the frequency
of the reference input. The word § 'y n'¢ indicates that the frequen-
cies of the two inputs are currently the same.

As illustrated by the example above, the two slip values will not neces-
sarily be the same. If the test was stopped at the time of the last picture
in figure 10-3, the screen on the HP 37741A would be:
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10.2.6.2 Maximum Counts

The maximum number of total frame slips is +99; the minimum num-
ber is —99. When these limits are exceeded, the HP 37741A displays
SMIN and <M 1N respectively. The maximum number of esti-
mated frame slips is 250. When this limit is exceeded, the test set shows
525 0. In each case, the bit slips counter, and the current direction
indication, continue to function.

10.2.6.3  Maximum Frequency Differences

The HP 37741A can detect a maximum of 5 bit slips in three millisec-
onds, or an average slip rate of 1700 bit slips per second. This corre-
sponds to a difference between the two clocks of 1000 ppm.

10.3 Receiver AC and DC Characteristics

10.3.1 Terminate

When you choose to terminate the inputs of the HP 37741A, the im-
pedance of both T1 inputs on the test set equals 100 ) = 10 Q.1 This
should be selected when there exists no other termination on the Ti
line. If multiple terminations exist, the signal may be distorted to the
point where errors are introduced. You should therefore ensure that
no other termination exists before selecting this option.

The 100 O termination is designed to match the characteristic im-
pedance of the T1 cable, and as such results in minimal reflections on
PIC and ICOT cables, which represent the bulk of the lines in service.
Some older T1 systems used MAT cabling, with a characteristic

1 This is the ac impedance measured at 772 kHz.
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impedance of 120 0. In such cases, some reflections might occur when
terminating in 100 {).

10.3.2 Bridge

When bridged, the HP 37741A presents a high impedance on both T1
inputs. This impedance is more than 1000 (), and is designed to cause
minimal disturbance to a signal that is already terminated elsewhere.

Because the test set does not terminate the line, the cable between the
actual T1 line and the test instrument should be short - less than 3 m
(10 ft). If the line is too long, reflections will occur, which may disturb
the signal on the T1 line. Where possible, you should use the cable
supplied with the unit to prevent this from happening,

It makes little difference whether the characteristic line impedance is
100 £2 or 120 (2 when bridging to the line.

10.3.3 Monitor

A monitor point on a piece of equipment has two resistors, each of
nominally 450 (1, between the T1 line and the monitor jack. The moni-
tor jack is provided primarily for testing purposes.

Traditionally, test instruments have presented a termination im-
pedance of 100 () when connected in monitor mode. Then, the total
impedance presented across the T1 line is 1000 (), and therefore has
negligible effect on the T1 signal. The voltage seen at the input to the
instrument is one tenth of, or at —20 dB with respect to, the signal on
the T1 line.

When the inputs of the HP 37741A are configured in monitor mode,
both inputs present a high input impedance (more than 1000 Q) to the
T1 lines. The instrument expects that there is an external resistance of
nominally 900 () in the monitor path, and will calculate the signal level
on the T1 line based upon this assumption.

Some manufacturers of terminal equipment have used a resistor value
that is not exactly equal to 450 (). Equipment exists in service that has
resistors of between 430 () and 460 2. Because of this, the HP 37741A is
calibrated at the factory assuming external resistors of 442 (). The vari-
ous values used will introduce a slight voltage level measurement in-
accuracy when the test set is in monitor mode.
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Figure 10-4 Simplex Current Arrangement

The high impedance presented by the HP 37741A when in monitor
mode precludes the use of long cables to connect the test set to the
monitor jack. This was discussed in the section on bridging above.
Again, whenever possible, use the cables supplied with the unit.

10.3.4 Simplex Current

Simplex current is the dc current that flows from the receive side of a
repeater to the transmit side of the repeater. Its purpose is to provide
power to one or more repeaters positioned along the span line. This
current may be reversed for testing purposes. The term “simplex” is
used because only one side of the current flow path is available.

WARNING

The simplex current may be generated by a voltage of
135 V dc. This voltage can kill you. Ensure that repeater
power is turned off when connecting the HP 37741Ato a
span powered T1 line.

No power is applied to T1 lines at the DSX bay, intra-building equip-
ment, or multiplexers.

The HP 37741A can pass simplex current and measure it. The path of
the current flow within the instrument is shown in figure 10-4. When
measuring the current, the test set does not indicate the direction of
the current flow.
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CAUTION

if you incorrectly connect the HP 37741A to a span pow-
ered T1 line, you may damage the instrument. Ensure
that the connections are correct before restoring the re-
peater power.

When calibrated, the instrument meets the following specifications:

Current direction either Rx to Tx or Tx to Rx, not indicated
Measurable current 5 mA to 200 mAl

Voltagedrop @ 60 mA 8.0V + 15%

Voltage drop @ 130mA 95V = 15%

Accuracy,50t0 175 mA £ 5%

Accuracy <50 mA + 15%
Accuracy >175 mA +15%
Resolution 1mA

10.3.5 DC Paths

There exists a dc path between the main TI input and the T1 output;
this is used to measure simplex current, and was discussed in section
10.3.4. The reference T1 input is electrically isolated from the other two
T1 connections.

All the T1 connections are isolated from the instrument electronics and
from the sleeve - detailed specifications are given in section 15. The
three sleeves are connected together and also to the shield of the DB9
serial port connector.

IMPORTANT

When inserting or removing a bantam cable into a ban-
tam socket, the ring is temporarily shorted to the sleeve
of the connector. If repeater power is present, and
ancther bantam cabile is already connected, the repeater
power is then shorted to protective ground. This may
damage the upstream repeater, and remove power from
downstream repeaters.

i An internal fuse may blow if the current exceeds 250 mA.
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A dc path exists between the tip and ring of each T1 line. On the main
input, and on the output, this ensures that the simplex current is cor-
rectly passed. This symmetric dc path on all connections helps to en-
sure that the HP 37741A does not present an imbalance to the T1
circuit being tested.

CAUTION

Ensure that no dc voltage is placed across tip and ring.
Otherwise, the test set may be damaged and results
may be erroneous.

Circuitry exists within the HP 37741A to protect against voltage or cur-
rent surges that may be encountered in normal use. Abnormal surges
(for example, lightning strikes) may damage the test set.

10.3.6 Power Off
The ac and dc¢ characteristics are maintained when the instrument is
powered off.

The impedance presented to the line on power off still reflects the last
configuration of the port as bridge, terminate, or monitor. The im-
pedance may differ by no more than 10% from the power on im-
pedance. However, the HP 37741A introduces no glitches or hits to the
T1 line when the instrument power is removed.

When power is restored, the impedance presented to the line is still
unchanged. The HP 37741A introduces no glitches or hits to the T1 line
when the instrument power is restored. '

Simplex current <an still flow when the instrument power is off. The
current is not disturbed when power is turned off or on, and the volt-
age drop across the HP 37741A is the same in either case.

The dc paths between tip and ring, and between the input sleeves, are
unaffected by the state of the power.
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10.4 Signal Amplitude

10.4.1 The DSX Reference

The DS1 signal amplitude is referenced to the level it should have at
the cross connect. The nominal amplitude is 6.0 Vpp, and is referred to
as 0 dBdsx. A picture of an ideal 0 dBdsx signal is shown in figure 16-3.

10.4.2 Receive Amplitude and LBO

When a T1 signal is passed through a cable the signal is reduced in
amplitude, and is distorted. This distortion happens because higher
frequency components of the transmitted signal are attenuated more
than lower frequency components.

Based on the amplitude of the signal that the HP 37741A receives, the
test set compensates for the expected distortion. The test set can there-
fore receive T1 signals that have passed through various lengths of
cables. This compensation is referred to as line build out (LBO). Be-
cause the input signal compensation requires no action on the user’s
part, it is sometimes referred to as automatic line build out (ALBO)}.

At a monitor jack (discussed in section 10.3.3) the signal is attenuated
without distortion, and therefore does not require an LBO to receive

the signal correctly.

The amplitudes of signals that can be correctly received without error
are listed below. In bridge and terminate mode it is assumed that a low
level signal is distorted. In monitor mode, the value in the table is the
amplitude of the signal on the T1 line, not at the monitor point.

Termination Input Signal Range
Mode dBdsx Vpp
Bridge —-36 to O 0.1 10 6.0

Terminate -36 to O 0.1 to 6.0
Monitor -3 to +6 4.2 to 12.0

Figure 10-5 Receive Signal Ranges

In bridge and terminate mode an input signal of +6 dBdsx will not
damage the instrument, and will usually be correctly received by the
HP 37741A. However, as the signal amplitude is increased from 0
dBdsx the input impedance may change, and at large signal levels this
change may cause a disturbance to the T1 signal being measured.
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In monitor mode, an increase in signal amplitude significantly above
the standard DSX level will also modify the input impedance. This will
not disturb the T1 signal being measured because the instrument is
isolated from the T1 line by two 450 {1 (nominal) resistors.

Although guaranteed to operate only with signals greater than
—3 dBdsx in monitor mode, the instrument will nominally operate
with signals as low as —12 dBdsx.

10.4.3 Level Measurement

In any termination mode, the amplitude of the T1 signal is measured.
When the inputs of the HP 37741A are in monitor mode, compensation
is made for the external resistors, so that the displayed value reflects
that of the T1 circuit being tested. The monitor mode measurement is
calibrated using resistors of 442 ().

Signal level measurement in the various modes is shown in figure 10-7.
The three HP 37741s shown in the figure will nominally indicate the
same value for the signal level. With some older style test instruments,
the user (instead of the instrument) is required to compensate for the
external monitor mode resistors, by adding 20 dB to the indicated
value.

Measurement capabilities are given in figure 10-6.

Termination Input Signal Range Accuracy |Resolution
Mode dBdsx | Vpp dB ] % mv
Bridge -6 to +6 3.0 to 120 05 +6 25

Torminate | —20 to —6 06 to 30 | x1.0 =12 25
-35 o —20 0.1 to 086 *2.0 +24 25
Monitor -6 to +6 3.0 to 12.0 +1.0 *12 75
-36 to -6 01 to 3.0 +3.0 x40 75

Figure 10-6 Level Measurement Accuracies
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Signal level measured by the HP 37741A is nominaily the
same in each case.

Figure 10-7 Different Modes of Level Measurement

10.4.4 Measurement During LOS Alarm

Loss of signal may be characterized as either a line alarm or as a path
alarm - both are affected. The HP 37741A displays the LOS status as a
path parameter — the signal level is a line parameter. LOS, and other
alarms, are discussed in detail in section 11.

When an LOS is declared by the test set, the signal may be present, but
at such a low level that the data cannot be recovered. The level mea-
surement circuitry is independent of the data recovery circuitry.
Therefore, with such a low level signal, the test set may still be able to
measure the amplitude of the incoming signal correctly. Because the
level measurement circuitry is never disabled, it will try to measure the
input signal level even when the main input bantam cable is removed.

10.4.5  Transmit Level

The T1 output of the HP 37741A is nominally 0 dBdsx. The output im-
pedance is nominally 100 2. When the output is terminated in a 100 {2
resistor the amplitude of a pulse (measured at the center) is 3.0V =
0.6 V. The maximum pulse imbalance is 0.1 V.
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The shape of the transmitted signal meets that specified in ANSI stan-
dard T1.102-1987. The signal also meets the requirements of:

e AT&T publication TR 62411, 1988
e ANSI standard T1.403-1989

® Bellcore technical advisory TA-TSY-000754, 1988
e CCITT recommendation G.703, 1985

These are all less stringent specifications than T1.102-1987. A complete
list of references appears in appendix C.

10.5 Line Codes
10.5.1 AM! and B8ZS

The T1 signal is transmitted as a succession of positive and negative
pulses on the copper pair.

With AMI encoding, the presence of a pulse of either polarity indicates
a “one” bit is transmitted, and the absence of a pulse in the data posi-
tion indicates a “zero” bit is transmitted. A positive pulse must always
be followed by a negative pulse (and vice versa), regardless of the
number of intervening zeroes.

This alternating mark inversion achieves two goals which lead to a
simpler network interface:

® there is no average dc voltage on the copper pair

o the fundamental frequency is half of the carrier frequency —
772 kHz instead of 1544 kHz

The disadvantage with the AMI format is that data containing long
strings of zeroes cannot be transmitted. This is because zeroes do not
generate pulses, and the pulses are required to recover the clock, and
thereby extract the data. There are restrictions on the number of zeroes
that can be transmitted as discussed in section 10.5.2.

In the late 1970s, B8ZS line encoding was proposed to overcome the
limitation of AML The alternating pulses are maintained except when
eight consecutive zeroes need to be transmitted. The eight “zeroes” are
replaced with an eight bit sequence containing deliberate coding
violations, introduced to create a unique signature. This signature is
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detected by a receiving device, and the original string of eight zeroes is
restored.

These two methods of line coding are shown in figure 10-8.

Data 1 0°1'0 0:0 0.0 0 0 0 1

AMIJ_'H"

BsZs

B8ZS “signature”

Figure 10-8 AMI and B8ZS Line Coding

The HP 37741A can be configured to transmit either AMI or B8ZS line
codes. If you transmit B8ZS codes on a T1 line that is not equipped to
accept B8ZS, you will create errors, and possibly initiate alarms at the
telephone company central office.

The T1 receiver of the HP 37741A always looks for a B8ZS sighature
and will decode it appropriately. When the instrument receives at least
four such signatures in one second it will indicate that the line code is
B8ZS. It will subsequently indicate that the line code is AMI if it re-
ceives four strings each of eight successive zeroes in one second.
Therefore, on a line with a high coding violation (or BPV) error rate,
this indication may toggle.

If the signal being received is all ones, or other high pulse density sig-
nal, no B8ZS signature will be transmitted. In this case, the HP 37741A
may indicate that an AMI line code is being received, even though the
T1 line may be equipped for B8ZS.

You can set the output line code of the test set to equal that being re-
ceived. Because of the cases described above, this may cause unpredict-
able behavior when either high errors are received or a high pulse
density signal is received.
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10.5.2 Pulse Density and Excess Zeroes

The pulses on the T1 line are used to recover the clock, which in tumn is
used to extract the data. In the absence of pulses, the data cannot be
correctly recovered. Requirements therefore exist to ensure a minimum
quantity of pulses in a given period (pulse density requirement) and a
maximum number of successive zeroes (excess zeroes avoidance).

The HP 37741A will detect the occurrence of more than 15 consecutive
zeroes, and will display the number of these occurrences. A string of 16
zeroes to 31 zeroes will increase the count by one. A string of 32 zeroes
to 47 zeroes will increase the count by two. Once an LOS is declared
by the test set, the accumulation of further excess zeroes is inhibited
until the LOS is retired.

The HP 37741A accumulates all occurrences of less than 23 ones in 192
bits, and displays the number of these occurrences. The 192 bits that
are examined are not synchronized to the frame bit, and each block of
192 bits is consecutive. This measurement detects a short term pulse
density less than 12%.

Current specifications differ on the pulse density requirement. Some
require that the minimum pulse density be 12.5% (or one in eight).
Others require a minimum of # ones in 8 x (#+1) bits, where # is be-
tween 1 and 23. A measurement window of 192 bits is a good compro-
mise — it ensures that unframed test signals such as 3 in 24 will not be
detected as violating the density specification.

The standard T1 QRW pattern violates the more stringent pulse densi-
ty requirement. However, this test signal has been used for years as a
“keep alive” signal, and as such has earned special status. It is exempt
from meeting the pulse density requirement. When the QRW pattern
is received by the HP 377414, the instrument inhibits the accumulation
of these errors.

The maximum counts on the HP 37741A for either pulse density viola-
tions or excess zeroes violations are 9 999 998, When either is exceeded,
the display will show 9 999 999, and thereafter will not change. If pulse
density violations are continuously being received, this number is
reached after 20 minutes If excess zeroes are being received at the
maximum rate, the maximum count is reached after 110 seconds..
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10.5.3 Error Injection (BPV)

You can create line errors at a rate of one per second with the instru-
ment. The error is injected at any point in the bit stream, and may
therefore be on a frame bit.

If the instrument is currently transmitting B8ZS signatures, the BPV
may be injected in the middle of the signature. This may create more
than a single error, and can also introduce logic errors.

Error injection is suppressed when the test set is looped back. The Dis
visible in most screens in this case.

10.6 Error Analysis

The HP 37741A will perform error analysis on received line code viola-
tions, CVs. A CV is a bipolar violation (BPV) which has not been delib-
erately introduced for B8ZS encoding,!

This analysis is performed, irrespective of the line code, frame format,
or payload pattern. However, accumulation of CVs is inhibited when
the test set has declared LOS.

10.6.1 Error Count, EC

This is a count of the total CVs received during an errored second. The
maximum count on the HP 37741A is 9 999 998. When this is exceeded,
the display will show 9999 999, and thereafter will not change.

The maximum number of errors that can be accommodated by the test
set is 20 in a 1 ms period. If errors are continuously being received at
this maximum rate, the counter will reach its maximum value after 500
seconds.

10.6.2 Errored Second, ES

This is a count of the number of seconds during which LOS was not
declared, and in which there was at least one CV. Because the one se-
cond interval is not necessarily related to the occurrence of the CV,
this value is sometimes referred to as asynchronous errored seconds.

1 The instrument identifies the errors as BPVs, because this is how some specifica-
tions define a BPV.
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The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. If
CVs are continuously being received, this number is reached after 115

days.

10.6.3 Error Free Seconds, EFS

This is a count of the number of seconds during which an LOS was not
declared, and in which no CVs were received.

The maximum count on the HP 37741A is 9 999 998. When this is exce-
eded, the display will show 9999 999, and thereafter will not change. If
no CVs are being received, this number is reached after 115 days.

10.6.4 Percent Error Free Seconds, %EFS

The sum of errored seconds, error free seconds, and LOS seconds
equals the currently elapsed test time:

Elapsed test time = ES + EFS + LOS seconds

The percent error free seconds is the ratio of EFS to elapsed test time
excluding LOS seconds:

EFS
= —2 %100
HEES ES + EFS x1

This number can be anywhere from 0 to 100.

10.6.5 Bit Error Rate, BER

This is the ratio of the error count to the total number of bits received,
excluding LOS time. It is displayed in a floating point format with lim-
its of 1.3 x 10-2to 1.0 x 10~ In practice, however, a D51 signal is use-
Iess at a rate of 1.3 x 10-2, and is a very good circuit at 1.0 x 102,

The maximum error rate is limited by the number of errors that can be
received in 1 ms, as described in section 10.7.1.

0 is displayed when there have been no errors.
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11.1 General

The HP 37741A has a comprehensive set of features relating to alarms.
The instrument can recognize all the common alarms and any alarm
condition is unambiguously displayed to the user. Each of these alarms
(including LOS) can also be generated. Because of the HP 37741A’s
ability to perform frame format translation, a yellow alarm can be
translated from one frame format to another.

Alarms affect the gathering of performance parameters. Depending on
the alarm, some error counts are not incremented for the duration of
the alarm. This prevents the results from being misinterpreted, and is
in accordance with standard PTT procedures.

Because you can use the test set as a piece of terminal equipment, or as
a repeater, the test set handles received alarms in a similar manner to
the devices it is emulating. Therefore, received alarm conditions can
affect the transmitted signal.

11.2 Alarm Detection

The alarms are indicated in screen 5000. A counter is associated with
each alarm to count the number of seconds during which the error was
present. The number of times during the second that the alarm was
detected, and the length of time in the second that the alarm persisted
are not recorded.
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The one second period is synchronous for all result measurement acti-
vities and alarm detections, but is not necessarily synchronized to any
event. The maximum count on the HP 37741A for each of the alarm
seconds is 9 999 998. When this is exceeded, the display will show
9999999, and thereafter will not change. If an alarm is continuously
present, this number is reached after 115 days.

With the exception of yellow alarm, each of the alarms is mutually ex-
clusive. This is explained in the following sections.

11.2.1 Loss of Signal, LOS

An LOS is declared when 150 consecutive, non-encoded zeroes have
been received, or the equivalent time passes without any valid pulses
being detected. If at the start of a test LOS is declared, the test auto-
matically restarts when the LOS is retired.

Ordinarily, an LOS is retired when the pulse density requirements
outlined in section 10.5.2 have been met for at least 100 ms. However, it
is important that a test instrument recognize low density signals, so
the HP 37741A retires the LOS after there have been no consecutive
strings of zeroes of 150 bits for at least 100 ms.

1LOS inhibits the accumulation of all errors.

11.2.2  Alarm Indication Signal, AIS

The AIS signal for DS1 is an unframed all ones pattern, and indicates
that the transmitting device is not receiving a valid signal from further
“upstream”.

The HP 37741A declares an AIS when an LOF condition is present and
two groups of 193 bits each contain all ones. The AIS is retired when
there have been more than three zeroes in any two consecutive frames
for at least 100 ms. This implementation ensures that an AIS is detected
in the presence of a BER of 10—,

AIS inhibits the accumulation of most path errors, but not the accu-
mulation of line errors.

If at the start of a test AIS is declared, the test automatically restarts
when the AIS is retired.
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11.2.3 Frame Loss, Frmlos

This is a count of the number of seconds in which frame is declared to
be lost. The exact definition is given in section 8.8.1. This counter is not
incremented if an unframed signal is received at the start of a test.

The accumulation of FLS is inhibited when an AIS is received, to pre-
vent the misinterpretation of the data. The condition of frame loss in-
hibits the accumulation of frame bit errors, and OOF events.

11.2.4 Pattern Loss, PtnlLos

This is a count of the number of seconds during which the test signal
pattern detection circuit lost synchronization at least once. Pattern
synchronization criteria are given in section 9.1.1.1.

If the pattern was not recognized when the test was started, this
counter will not increment.

This count is inhibited whenever there is an LOS, LOF, or AIS, to pre-
vent the misinterpretation of the data. It is, however, possible to have a
pattern loss at the same time as a yellow alarm.

11.2.5  Yeliow (Remote)

Yellow alarm is used to indicate to a sender of a signal that its signal is
not being correctly received. The recipient of the signal superimposes
the yellow alarm on the signal that it is transmitting to the sender.

With the SF frame formats (D1D, D2, D3, D4, and SLC-96), the yellow
alarm is indicated by setting bit 2 of each octet of the payload to 0 (see
figure 8-2). This is transmitted for as long as the trouble condition per-
sists, but for no less than one second. The HP 37741A declares a yellow
alarm when all bit 2s in any two frames received within 3 ms have
been zero. The alarm is removed when this condition is no longer
present.

With the ESF frame formats (ESF and ZBTSI), the yellow alarm is indi-
cated by a BOP message on the FDL. The message is a repeating 16 bit
pattern of eight ones followed by eight zeroes. The message is trans-
mitted for as long as the trouble persists, but for no less than one se-
cond. The message may be briefly interrupted by other messages to
help identify the fault. The HP 37741A detects the presence of a yellow
alarm after 10 consecutive sequences of the pattern (40 ms for ESF and
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80 ms for ZBTS). The alarm indication is removed when the alternat-
ing pattern has not been received for 10 sequences.

The receipt of a yellow alarm does not inhibit the accumulation of any
€ITOrS.

11.2.6 Performance Monitoring

As detailed in sections 11.2.1 to 11.2.5, certain alarm conditions inhibit
the measurement of certain performance monitoring parameters. These
cases are summarized in figure 11-1.

Trouble
Parameter LOS AIS LOF Pattern Yellow
loss

Alarms

LOS seconds & L L [ ] ®

AlS seconds O ® *® ® ]

FLS o @ ® . ®

PLS o] C C ® ®

yeliow alarm seconds o @] G L ]
Line

EC {BPV count), ER @ ® ® ® ®

ES, EFS @ ® L ® ®

Xs0s, density violation 0] ® ® ® ®

bit slips o} ° ° ® .
Path — Frame or CRC

EC, ER O O O o ®

ES, EFS O O O ® L

QOF, COFA Q O O ® o
Path — Logic and G.821

EC,ER O o O O ®

ES, EFS 0] @ o} o] ®

UAS, %avl L ] L L ® ®

SES, CSES 0] 0 O O ®

DM O O G C o

Figure 11-1 Performance Monitoring During Trouble Conditions
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11. Alarm Capabilities

11.3 Alarm Output
The HP 37741A can transmit any of the following alarms:

e LOS
e AIS
e yellow

11.3.1 LOS

Transmitting an LOS is exclusive, in that no other signal can coexist
with it. The signal can be sent regardless of whether the transmitter is
configured for framed or unframed operation.

When the test set transmits an LOS, this is not equivalent to removing
the bantam jack, because simplex current can still flow between the
main input jack and the output jack.

11.3.2 AlS

As with an LOS, no other signal can exist with an AIS. Further, the AIS
can be sent regardless of whether the transmitter is configured for
framed or unframed operation.

11.3.3  Yellow (Remote)

A yellow alarm can be sent only with framed signals. The yellow alarm
is imposed on top of the existing signal, and therefore coexists with
that signal.

When a yellow alarm is sent with an SF type signal, the payload is dis-
turbed. If a pattern is being transmitted (test signal or loopback code) it
is unlikely that it will be recognized by a receiving unit.

When a yellow alarm is sent with an ESF type signal, the payload is
not disturbed. A pattern can therefore be received error free. However,
the transmission of out-of-band loop codes is prevented while the yel-
low alarm is being sent.
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11.4 Alarm Translation (As In)

You can select the transmit alarms to be equal to the received alarms.
When one of the following alarms appears at the input, it will be re-
produced at the output:

e LOS
e AIS
o yellow

11.4.1 LOS

No translation is required - when the LOS is detected at the input, an
error free LOS is created at the output.

11.42 AIS
No translation is required — when the AIS is detected at the input, an
error free AlS is created at the output.

11.4.3  Yellow (Remote)

A yellow alarm is translated from SF format to ESF format (or vice ver-
sa), if required.

11.5 Effect of Input Signal on Output
Alarms (Smart Alarms)

Under certain circumstances, an alarm will be automatically inserted
into the output DST signal. This insertion is performed only when you
have configured the output of the HP 37741A to be dependent on the
main input, and happens irrespective of whether a test is running or
not.

There are two prime uses for this feature, as indicated in figure 11-2.
The first example is where the HP 37741A is in series with the signal,
that is, the signal passes through the instrument. The frame format,
and payload are set to @' i n, or t hru. The timing for the
transmitted signal is derived from the received signal. The instrument
will alert the receiving NTE of a problem by issuing AIS when there is

a LOS at the input to the instrument.
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11. Alarm Capabilities

The second example is where the instrument is loop timed, but the
frame and pattern are pre-determined. Again, the HP 37741A will alert
the far end of a problem. This time, however, it will send a yellow
alarm to the generator of the signal, because the instrument is not in a
through mode.

NTE HP 37741A NTE
LOShere ...... can cause AlS here
NTE LOS here . . m——. HP 37741A

] ]

Figure 11-2 Examples of Smart Alarm Usage

.« « « Can cause yeilow hare -~

11.5.1 No Frame and LOS

The effect of these alarms when received at the input is summarized in

figure 11-3. The transmitted alarm is dependent on the transmit con-
figuration as shown.

Output Signal

When LOS at input When LOF at Input | When Input Is
Unframed

Transmit
Configuration

Frame |Payload Loop Other Loop Other | Loop | Other
timing timing timing timing | tming | iming

FO PO FO,PQ,Y | FO,PO | FO,PO, Y | FO, PO FO, PC

FO asin FO, Allls, Y |FO,Allls| FO, Pl Y FO, PI FO, Pl
as in PO UnF, PO Fi, PO UnF, PO
asin asin AlS FI, Tr Tr

Figure 11-3 Automatic Alarm I_nsertion

The column headed When LOF at Input applies only when either of
the following conditions is true:

a. The receiver is configured to frame to a specific frame format
and is not currently framed to that format,
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b. A test is running, and the incoming signal was framed but is no
longer framed.

The column headed When Input Is Unframed is applicable at other
times when the receiver is not framed.

The meanings of the table entries are as follows:

FO Frame Out. Indicates a specific frame format that the trans-
mitter is configured to output.
PO Pattern Out. Indicates a specific test pattern that the trans-

mitter is configured to output.

asin As Input. Indicates that the transmitter is configured to out-
put what is received.

FI Frame Input. Indicates the frame format that is actually re-
ceived on the input.

PI Pattern Input. Indicates the pattern that is actually received
on the input.

UnF Unframed. Indicates that the output signal is unframed.

Y Yellow. Indicates that a yellow alarm is transmitted (if the
output signal is framed).

AlS AlS. Indicates an AIS is transmitted.

Tr Transparent. Indicates the entire received signal is

re-transmitted.

The yellow alarm and AIS are thus used to signify to a downstream
device that there is a trouble condition.

If framing bits are received with a high error rate, an LOF condition
may result. In this case, Pl will include the intended framing bits.
Double framing, and bit slips, will occur.

11.5.2 No Pattern

When the HP 37741A loses pattern synchronization, but not the signal
(that is, LOS is not present) no alarms are injected into the output
signal.
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11.5.3 Line Code and Timing

No alarms are injected because of line code or timing effects.

When the output timing is configured to be derived from one of the
inputs, and there is LOS at that input, the transmit timing will auto-
matically be derived from the internal clock. If the input signal be-
comes valid, the transmit timing will revert to using the configured
signal after the signal has been valid for one second.

If the line code is configured to be the same as the input, and there is
LOS at the input, the transmitted line code will be AML

11.6 Hierarchy of Alarms and Payload Use

There is only one payload of a D51 signal, and the HP 37741A uses that
payload to carry test patterns, tones, signaling bits, injected logic er-
rors, loopback codes, and alarms. The alarms can be configured from
the instrument front panel, or be set up to mimic received alarms, or be
smart alarms injected because of a trouble condition at the instru-
ment’s receiver. Within the HP 377414, there is a pre-defined hierar-
chy for use of the payload.}

The hierarchy is as follows:

a. Alarms configured from the front panel.
If you set the transmitter to send an AIS, LOS, or yellow alarm,
that indication will always be transmitted, irrespective of any
other setting. AIS and LOS can exist only on their own, but yel-
low alarm coexists with other signals.2

b. Signaling bits
These can be sent with test patterns or loopback codes. The
signaling bits overwrite the existing payload.

¢. Loopback codes.
When not configured to send an alarm, the loopback code will
be transmitted, either because of an “as input” setting, or be-
cause you directly configured it from the front panel. Logic er-
rors can be created in a loopcode signal.

' The hierarchy for test patterns and loopback codes is explained in section 9.1.2.
See section 11.3.
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As input alarms.
When you have configured the transmission of alarms to be

as  input,thesearesentifaloop codeis not being sent.
Smart alarms.

If a trouble condition at the input prevents the transmitter from
functioning as you have set it, a smart alarm will be
transmitted.!

Reinserted Signaling.

These are the signaling bits extracted from the received payload.
When signaling reinsertion is on, the bits can overwrite a tone
in a channel.

Tones.

A tone is inserted into the channel of a framed signal, overwrit-
ing whatever was there before.

Test signals.

When none of the above conditions hold, the test signal that
you have configured for the payload is transmitted. Logic errors
can be created in a test signal.

1

See section 11.5.

228



L&G.. JAEL. .

Wi

o B ade

Channel Capabilities

12.1 General

1211 Introduction

The HP 37741A can insert a tone on a channel and drop a channel to
the built in speaker. You can see the highest and lowest PCM codes
received, and the amplitude of a received tone. You can modify
signaling bits, and can view the received signaling bits of a channel in
real time.

Fractional T1 capability allows you to restrict pattern generation and
recognition to selected timeslots, and to choose whether 7 or 8 bits of
each channel octet are used.

With any of the settings, the time slots (or channel numbers) for the
receive side and the transmit side need not be the same.

12.1.2  Channel Sequences

There are 24 time slots available in a framed DS1 signal. Each of these
time slots comprises 8 consecutive bits in each frame. Each time slot
corresponds to an information bearing channel carrying 8000 bytes per
second. The earlier generations of the D-Series channel banks did not
put consecutive channels into consecutive time slots. This was because
of the limitations of the electronics available then.

Figure 12-1 shows how the time slots are allocated for the various
frame formats supported by the HP 37741A.
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When a signal is unframed, there can be no channels. The test set
cannot insert a tone on an unframed DS1, nor can it send a signal to
the built in speaker when receiving an unframed DS1. An unframed
DS1 signal carries no signaling information.

Time Siot] D1D D2 D3,Da | SLC-96 | ESF,
Mode1 | ZBTSI
1 1 12 1 1 1
2 13 13 2 13 2
k 3 2 1 3 2 3
4 4 14 17 4 14 4
; 5 3 5 5 3 5
* 6 15 21 6 15 6
7 4 g 7 4 7
8 16 15 8 16 8
9 5 3 9 5 9
10 17 19 10 17 10
. 1 6 7 1 6 1t
i 12 18 23 12 18 12
: 13 7 11 13 7 13
14 19 14 14 19 14
15 8 2 15 8 15
3 16 20 18 16 20 16
1 17 9 6 17 9 17
i 18 21 22 18 21 18
; 19 10 10 19 10 19
20 22 16 20 2 20
21 11 4 21 11 21
22 23 20 2 23 2
4 23 12 8 23 12 23
24 24 24 24 24 24

Figure 12-1 Channel and Time Slot Number Assignments

E]
i

12.1.21 Receive

When accessing a channel, the HP 37741A needs to know the corre-
spondence between channels and time slots. When receiving an ESF or
ZBTSI signal the sequence is fixed — the channel numbers correspond
to the time slot numbers as indicated in figure 12-1.
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12. Channel Capabilities

When receiving a SLC-96 signal, the HP 37741A assumes that the
equipment is configured for mode 1 (that is, the same as D1D), and will
use the sequence shown in figure 12-1.

If the HP 37741A receiver framing is explicitly set, the corresponding
channel sequence is used.

When the HP 37741A is set for auto frame mode, and receives a D4
framed signal, the instrument is unable to identify the channel se-
quence automatically. By using screen 2240 you indicate what se-
quencing should be used to access a channel. You can choose SLC-96
on this menu. As described in section 8.5, the SLC-96 data link is not
present on all circuits associated with a SLC-96 installation. Therefore,
the HP 37741A is unable to identify the circuit as being part of a
SLC-96 installation, and you need to configure the instrument
appropriately.

The available selections are summarized in figure 12-2. As indicated,
when receiving a D4-type frame, you can select the sequencing to be
D1D, D2, D3/D4, or SLC-96. For any other received frame, the sequenc-
ing is fixed by the test set.

Received Frame | Selectable Channel Sequences
D4 D1D, D2, D3/D4, SLC-96
SLC-96 SLC-96 (D1D)
ESF ESF
ZBTSI ZBTS!

Figure 12-2 Available Received Channel Sequences

12.1.2.2 Transmit

Because the time slot number and channel number are not necessarily
identical, the test set offers the user a choice of channel bank types
when choosing the transmitted frame format, even though (for D1 to
D4) the frame formats are identical.

12.1.2.3 Frame Format Conversion

When you make the transmitted payload equal the received payload,
and the test set is performing frame format conversion, the test set
does not perform time slot translation. That is, if a signal containing
channels is received, time slot number one is transmitted in time slot
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number one, received time slot number two is transmitted in time slot
number two, and so on. This creates no problems when frame format
conversion is performed between D3, D4, ESF, and ZBTSI signals.
Signaling is dealt with in section 12.4.

12.1.3 Drop and Insert

The HP 37741A possesses a number of traits associated with compre-
hensive Drop and Insert test instruments. A DS1 signal can be passed
through the HP 37741A, with the signal regenerated and errors
removed.

One channel of a received DS1 signal can be sent to the built in
speaker (“dropped”) for audio monitoring. A tone, or signaling, or
both, generated within the instrument, can be substituted in that
channel (“inserted”) on the transmitted DS1 signal.

Using two HP 37741As you can perform full duplex drop and insert,
with the added flexibility of frame format conversion.

12.2 Fractional T1 Capabilities

12.2.1 Receive
In full T1 mode, the instrument sends the data in all of the timeslots to
the pattern recognition circuitry.

In FT1 mode, only those timeslots which you specify are used by the
pattern recognition circuitry. All 8 bits of the selected timeslot are sent
to the pattern recognition circuit when you specify n x 64 mode, but
only bits 1 to 7 are sent to the circuit in n x 56 mode.! In this case, the
signaling bits can be used by the transmission equipment without
disturbing your data.

When you set the HP 3774]A to auto detect the mode of the received
signal, it can do so only when a recognizable pattern exists in the
payload. The instrument first looks for all timeslots which contain FF
hex or 7F hex, and considers those timeslots to be idle. It then tries to
sync on any recognized pattern both in n X 56 and n x 64 modes.

1 See figure 8-2 for definitions of the bit numbers.
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12. Channel Capabilities

Irrespective of the received mode, you can display the digital codes
and signaling bits of a timeslot which is not selected. You can also
listen to any channel.

The displayed timeslot map (on screen 5500) indicates which timeslots
are being used by the pattern recognition circuitry. When you specify
the receive mode to be full T1, all of the timeslots are shown as being
active. When you enable and disable the timeslots (in one of the FT1
modes), this map is the same as that which you created in screen 2206.
When the receiver mode is configured for auto mode, the map shows
which slots are active and which are idle.

12.2.2 Transmit

The transmit mode can be independent of, or dependent on, the
receiver mode.

When you configure the transmitter to be in one of the FT1 modes,
you specify the bit rate and active channels.

When you configure the transmitter to be the same as the receiver, all
the timeslots are used when the receiver is configured for full T1.
When the receiver is configured for FT1, the transmit configuration
matches it, both in bit rate and active timeslots. When the receiver is in
auto mode, the active transmit timeslots are set to be the same as those
recognized on the input signal. The timeslot map is not updated
during an alarm condition, but if an LOS exists at the start of a test, all
transmit timeslots are made active.

The output of the pattern generator circuitry is fed to only those
channels which are active. If bit 8 is not being used (n x 56 mode), this
bit is set to a 1.1 All inactive channels are filled with eight ones.

Irrespective of the mode setting, you can still modify the signaling on
any channel, and inject a tone on any channel. When you modify an
inactive channel, it may not be recognized as being idle by an
HP 37741A which has been configured for auto mode detection.

Signaling may overwrite this bit,
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12.3 Audio Frequency Capabilities

12.3.1 Receive

The HP 37741A can decode one channel of the DS1 signal (assuming
p-law encoding) and feed the analog signal to an internal speaker.
Regardless of the T1 mode (full or fractional), all 8 bits of the channel
are fed to the DtoA converter. The maximum speaker output of
200 mW is obtained with the maximum digital signal on the D51 line
(3.17 dBmO).

The instrument’s volume control provides a total variation in signal
amplitude of 24 dB in sixteen 1% dB steps. A digital signal on the DS1
line corresponding to about —6 dBm0 can be varied between the
maximum speaker output and a very quiet audible level. Regular
conversational speech in a DS1 channel (at about —16 dBm0) will not
normally overload the internal speaker when the volume is set to
maximum.

The audible signal is retimed to the transmit clock. Slips may occur
(detectable as clicks) if the instrument’s transmitter is not loop timed.

When you are not listening to a channel you should turn the volume
to off, to save battery power.

See section 12.3.3 for details about tone amplitude measurement.

12.3.2 Transmit

A sinewave tone is generated internally by the HP 37741A and can be
transmitted in any channel. The tone is encoded with p-law encoding.
Regardless of the T1 mode (full or fractional), all 8 bits of the channel
are used by the tone’s digital signal. :

When the tone is inserted into a channel, it overwrites what was there
before. Therefore, if an error free test signal was being transmitted, it
will be disturbed, and not error free.

Any one of the following frequencies may be sent. A brief note on the
tone’s use is given: :

304 Hz Almost the lowest frequency that can be sent through
the network.

404 Hz Used for North American 3-tone siope.
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420
820
1004

1020
1800
2280

2600
2713

3404

Hz
Hz
Hz

Hz
Hz
Hz

3-tone slope

sweep

Used for signal to noise testing,

Used for signal to noise testing,

Widely used as the digital milliwatt signal. Also, one of
the tones used for North American 3-tone slope.

Used for signal to noise testing,

Used as a guard tone to disable echo cancellers.

Used as a signaling frequency to terminate long distance
calls. Also used as an in-band signaling frequency in
some European countries. _

Used as an in-band signaling frequency.

Used as a tone to activate older style loopback units.
Used for North American 3-tone slope.

Used to test high frequency performance {the highest
frequency that can typically be sent through the
network).

Used 1o obtain a plot of transmission loss against
frequency, by sequentially sending 3 different tones. The
tones are 404 Hz, 1004 Hz, and 2804 Hz, with each tone
being sent for 5 seconds. This is the standard North
American slope test.

Used to characterize the gain and phase response of a
line. The tone generator sweeps through a series of
frequencies, starting at 204 Hz, and increasing in 100 Hz
steps until 3504 Hz. The sequence then repeats. Each
frequency is transmitted for one second.

The amplitude can be selected to be any one of the following:

0
-3

-6
-10
-13
~16
—24

idle

dBm(
dBmo0

dBm0)
dBm0
dBm0
dBm0
dBm0

High level, used to create a digital milliwatt.

Half of the power of a digital milliwatt — used to test
universal SLC-96 systems.

Quarter of the power of a digital milliwatt.

CCITT recommended level to test characteristics.
Bell System recommended level to test voice circuits.
Bell System recommended level to test voice circuits.

Low level used to verify linearity of signal with
amplitude.

No audible output, used to check inherent noise. The
signal is approximately —60 dBmo0.
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The following specifications apply to any of the fixed tones:

Amplitude accuracy +04dB
Frequency accuracy + 1.0Hz
Signal to noise + distortion 40dB

The amplitudes of the 3404 Hz tone, and of the 204 Hz and 3504 Hz
tones used in the sweep are accurate to + 1.0 dB to - 3.0 dB.

12.4 Digital Codes

12.4.1 General

The coding of a speech signal in a PCM stream is optimized to give the
maximum number of ones in the signal. High amplitude speech will
contain low density bit sequences at peak swings, and high density
sequences near zero Crossings.

The coding is symmetric around 0. Therefore, the 8 bit word represents
codes ranging from —127 to +127, and includes both —0 and +0. A
table translating PCM codes to binary values is given in appendix G.

12.4.2 Hi and Lo Values

These values are sampled by the test set approximately 400 times a
second. The highest and lowest values received during the second are
displayed. The test set converts from the binary value to the code
value before displaying the number — therefore, the numbers range
from —127 to +127.

This measurement allows you to see activity of data in a channel, and
is an improvement on the LEDs provided for that purpose on other
test instruments. If the high value and the low value are the same,
there is no activity on the channel. You can use the table in appendix
G to convert the indicated value to binary data to identify the steady
state of the bits in that channel. If the high and low values differ, there
is activity in the channel, and this measurement indicates the type of
activity. For example, if the values indicated +10 and +50, there is an
offset in the channel.
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The measurement is made on alternate frames. If you are receiving a
signal which alternates between two values, one of the two values will
not be recorded. If you remove the signal and then reconnect it, the
instrument may indicate the other value. This is because the selection
of which frame is examined is random.

12.4.3  Tone Level Measurement

At the end of each second, the instrument calculates the difference
between the high and low values, and from that, calculates the
amplitude of the signal in the channel.

The number ranges between —81 dBm0 (for a code difference of 1) to
+3.0 dBm0 (for a code difference of 255). The maximum theoretical
value of any signal using u-law encoding is 3.2dBm0 (for a code
difference of 256).

This is not a true measurement of the signal amplitude, but in the
majority of applications the value is accurate to within +0.2 dB.! The
test set assumes that a tone is being received, and that the tone is
centered about 0. If the magnitude of the displayed high value is not
approximately equal to the magnitude of the low value, or if you are
not receiving a tone, the HP 37741A may indicate an erroneous
measurement.

When the high and low codes are equal in both magnitude and sign,
the instrument displays no indication for the level.

12.4.4 Channel Words

These are user programmable patterns which are transmitted as the
payload of a framed signal.? They are 192 bits long, and are guaranteed
to have a one for one timeslot mapping. This allows you to set or reset
any bit of any channel. When you send a tone or modify signaling, the
channel word is overwritten.

12.4.5 Timeslot Identification

A preprogrammed channel word can be used to identify timeslots. This
is described in section 9.2.9.3.

1 See appendix G for details about the quantization of PCM codes, and the theoretical
accuracies.
2 The channel words are described in detail in section 9.2.9.
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12.5 Signaling

12.5.1 General

You can display and modify the A and B signaling b1ts from SF signals
and the A, B, C, and D signaling bits from ESF signals.!

For all frame format types, you have access to 16 state signaling. This
means that for SF signals, four bits are displayed or can be modified
instead of just two. This gives access to signaling schemes that use a

toggling bit.

The SF bits are displayed as ABAB. The first set of AB bits is received
or transmitted in one superframe, the second set of AB bits is received
or transmitted in the successive superframe.

For example, on a SLC-96 circuit, a channel connected to a payphone
would send a toggling A bit and a 1 on the B bit to return a coin. This
could be sent or viewed as ABAB = 1101. Because there is no align-
ment of the AB bits to a master sequence, this pattern could also be
sent or viewed as ABAB = 0111.

12.5.2 Receive

The channel whose signaling bits are to be displayed is the same as
that selected for audible monitoring.

These bits are updated as they change on the DS1 circuit. When the
incoming signal is no longer present, or there is a frame loss, the
HP 37741A will display the state of the last valid signaling bits.

125.3  Transmit

The channel whose signaling bits are to be modified is the same as that
selected for audible monitoring. When you modify the signaling bits,
they overwrite the bits in the channel. When the HP 37741A is generat-
ing the payload of the transmitted DS1 signal, and the instrument is
set not to modify the signaling bits, the signaling bits will equal
whatever is created by the pattern or tone.

When you send signaling bits that are toggling, and you use the
HP 37741A to view those bits, they may at first appear different. This is
because there is no alignment of the “first” and “second” set of AB bits.

1 A discussion of these frame formats is in section 8.
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Therefore, if you are transmitting ABAB = 0010, you may receive
ABAB = 1000 (A is toggling 1/0, and B is 0).

12.5.4  Signaling Reinsertion

When the following four conditions are all satisfied you have the
choice to enable or disable signaling reinsertion:

a. the received signal is framed

b. the transmitted signal is framed

¢. the transmitted payload is configured to be equal to the re-
ceived payload (“as input” or “through”)

d. the received payload is not a pattern recognized by the
HP 37741A

These conditions generally occur when you are using the test set in
through mode, to regenerate a signal, or to perform frame format
conversion, and the payload contains voice or data traffic. Depending
on the traffic, you may need to preserve the signaling bits in the
transmitted D51 signal (signaling reinsertion enabled), or leave the
transmitted signal unmodified (signaling reinsertion disabled).

You need to make this choice because the superframes of the received
and transmitted signals are not necessarily aligned. Therefore, the
frames that contain the signaling bits are not guaranteed to be trans-
mitted at the same time as the frames that contain the signaling bits are
received.

When you enable (turmn on) signaling reinsertion, the HP 37741A
extracts the signaling bits and temporarily buffers them. The instru-
ment sets those bits that had contained signaling information to be 1.
On transmit, the extracted signaling information is put into the
outgoing DS1 signal (reinserted) in the correct frames.

When you disable (turn off) signaling reinsertion, no bits in the
outgoing DS signal are modified by signaling information. Assuming
no frame slips, the received and transmitted payload will be identical.
If signaling information was present in the received payload, it may
not be correctly transmitted.
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12.5.5 Signaling and Tone Transmission

When the four conditions described in section 12.4.4 are satisfied, and
in addition you are generating a tone on a channel, signaling will be
preserved on the channel if signaling reinsertion is enabled. The
signaling on the channel could incur a maximum delay of 256 frames
(32 ms).

When signaling is not reinserted in the transmitted D51 signal, the
tone will use all eight bits of the channel, and will therefore have less

distortion.

12.5.6 Signaling Translation

When the HP 37741A is doing frame format conversion from an SF
framed signal to an ESF framed signal (or vice versa), the test set
assumes 16 state signaling in both directions. Thus, in conversion from
SF to ESF, the second set of A and B bits is transmitted in frames 18
and 24. In conversion from ESF to SF, the C and D bits alternate in
super frames with the A and B bits.

This means that ABAB = ABCD.

Because the channels of a DS1 signal undergo no time slot reassign-
ment!, the signaling bits also undergo no time slot changes. This
presents no problem when regenerating a signal, or converting
between D3, D4, ESF, and ZBTSI frame formats.

1 This is described in section 12.1.2.
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13.1 General

The serial data communications port on the HP 37741A can be used to
print test results directly or can be used as a control port. When the
test set is controlled externally, the software on the external controller
can perform further analysis if desired, and print the test results.

If the serial port is not used, you should turn it off. This will save bat-
tery power.

Brief information on serial communications, including a table of ASCII
characters, can be found in appendix A. ’

HP supplies a range of cables to connect your test instrument to a vari-
ety of printers or computers. These, and other optional accessories, are
listed in appendix D.

13.2 Physical and Electrical Interface

13.2.1 Port Configuration

The serial port is configured as a DCE, which enables direct connec-
tion to a DTE.

The DTR lead can turn on the HP 37741A. This is discussed in detail in
section 14.2,
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13.2.2 Signal Levels

The signal levels of the port meet V.28 and EIA-232-D standards. The
interchange circuits are a subset of those specified in V.24 and
EIA-232-D, and the functionality of the interchange control circuits
follows those standards.

13.2.3 Pin Assignment

A 9-pin female D-type connector is fitted to the HP 37741A. The pin
assignment is compatible with that used on the IBM PC/AT, so that
readily available cables can be used to connect the instrument to a PC
or other system controller.! The pin assignment is shown in figure
13-1.

Circult Source Pin Description Function in HP 37741A
AB common 5 Signal Ground supported
BA DTE 3 Transmitted Data supported
BB HP 37741A 2 Received Data supported
CA bBTE 7 Request to Send supported
cB HP 37741A 8 Clear to Send supported
cC HP 37741A 6 DCE Ready +10 V when powaer is on
cD DTE 4 OTE Ready can turn on the HP 37741A
CF HP 37741A 1 Carrier Detect +10 V when power is on
CE 9 Ring Indicator no connection

Figure 13-1 EIA-232 Signals, and DB9 Pin Assignments

The voltages on pins 1 and 6 are approximately +10 V into an open
circuit. Each is capable of driving an EIA-232 compatible receiver to a
recognized high state.

1 To conform to the EIA-232 specification, devices configured as a DCE should have a
female connector. It is preferable that devices configured as a DTE have a male
connector.
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13.2.4 Connection to a DTE

To connect the HP 37741A to a computer or controller (configured as a
DTE) a straight cable is used (pin 1 to pin 1, pin 2 to pin 2, and so on).
When connecting to a 25 pin EIA-232 port, a 9 pin to 25 pin cabie or
adapter is required. These connection arrangements are shown in fig-
ure 13-2,

DB25 Pin No.
DB2 Pin No. —i ‘r DBY Pin No.
HP 37741A Computer
(DCE) (DTE)
TxD 43 @ 3 TxD
RxD |p2 @) _ 2, rep
cts ® 8[ org
ATS |« @ 74 RTs
DTR |« 20 44 prR
psh [»t € &, psr
co ® 1! ep
Rl |2 @) 9.1 g
GND |5 51 6N
Shield (1) Shield

Figure 13-2 Connecting the HP 37741A to a DTE

Because Rl is not supported on the HP 377414, the cable need not sup-
port this signal.
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13.25 Connection to a DCE

When connecting the unit to another DCE, such as a modem or print-
er, a null-terminal cable is required. This crosses over the signals, so
that at the other end of the cable each piece of equipment appears to
be confi%'ured as a DTE. A suitable cable arrangement is shown in fig-
ure 13-3.

DB25 Pin No.
HP 37741A Modem/Printer
(DCE) (DCE)
RxD 2 (3} 2 RxD
cts b ) 84 crs
RTS |« @ 7] mrs
DSR |pd © ¢4 psh
co - | B 14 co
T } unconnected { (22) S R
GND |2 @ 5| anD
Shield ) Shield

Figure 13-3 Connecting the HP 37741A to a DCE

Ring indicator is not supported. When connecting to a modem, the
HP 37741A cannot identify when an incoming call is being attempted
by monitoring the interchange control leads. Therefore, a software
programmable modem should be used. Because only limited error
correction is used by the external control protocal, an error correcting
modem (MNP-3 or V.42) should be used. Data compression will only

1 Do not confuse a null-terminal cable with a null-modem cable. The [atter connects
two DTEs together, and if used to connect two DCEs together may short out some
signals, and damage the equipment. See appendix A for mare details.
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marginally improve performance. The communications protocol is dis-
cussed later in this section.

IMPORTANT

Some printers are configured as a DTE, not as a DCE. If
a male connector is used on the equipmert it is probably
a DTE. If a female connector is used, check the man-
ufacturer’'s documentation.

13.2.6 Bit Rate, Word Size, and Parity

The bit rate may be selected to be 1200 b/s, 2400 b/s, 4800 b/s, or 9600
b/s.

Data sent to a printer uses ASCII characters (discussed in appendix A),
and therefore only seven data bits are required. You can select seven
or eight data bits, with or without parity. When you select eight bits,
the MSB is set to 0. The recommended setting is eight bits, no parity.

Transfers in external control mode use eight bit binary data, and there-
fore the word size is fixed at eight bits, and no parity is used. If you are
using a modem to remotely control the HP 377414, ensure that it is
appropriately set.

Figure 13-4 summarizes the available choices:

Serial Port Used For
Printer Qutput External
Control
Start Bit 1
Data Bits 7 8 8
Parity nene even, odd none l even, odd none
Stop Bits 2 1
Total Character Length| 10 10 [ 10 ] 1 [T
Bit Rate 1200, 2400, 4800, 9600

Figure 13-4 Serial Port Configuration Possibilities
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13.2.7 Flow Control
You can select one of the following choices for flow control when us-
ing a printer:
® none
& RTS/CTS (hardware)
¢ ENQ/ACK (software)
XON/XOFF (software)
The recommended flow control is RTS/CTS.

When the serial port is configured for external control, RTS/CTS flow
control must be used, and none of the other types is supported. This is
because the characters used by the software flow controls could be
misinterpreted as binary data.

13.2.7.1 RTS/CTS

As soon as this mode is configured, the HP 37741A will assert (take to
the ON condition) the CTS circuit. This circuit will subsequently be
taken ON within one second of the test set’s power being turned on.

When configured for external control, and when receiving data, the
HP 37741A will take the CTS circuit inactive (to the OFF condition)
when the receive data buffer becomes full. The transmitting device
should then stop transmitting, and resume only when the CTS circuit
has been asserted again.

The HP 37741A will transmit data only when the RTS circuit is active,
and will suspend its transmission within 25 ms of the circuit being tak-
en inactive.

13.2.7.2 ENQ/ACK

For ENQ/ACK flow control, the HP 37741A ignores the state of the in-
coming control circuits, and it will permanently assert the CTS circuit.

The test set will send to the external equipment an ENQ character be-
fore the transmission of any data, and will subsequently send an ENQ
character every 128 data characters. The test set will not transmit data
to the external equipment unless it receives an ACK character in re-
sponse to an ENQ character, but instead will regularly send the ENQ
character.
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If it receives an ENQ character from the external equipment, the
HP 37741A does not respond with an ACK character.

13.2.7.3  XON/XOFF

For XON/XOFF flow control, the HP 37741A ignores the state of the
incoming controt circuits, and permanently asserts the CTS circuit.

The test set sends data to the printer until it receives a DC3 (XOFF)
character from the printer. The test set will resume transmission when
it receives a DC1 (XON) character, or when more than one second has
passed since the receipt of a DC3 character.

The test set never transmits an XON or XOFF character.

13.2.8  Port on the HP 37741A Option HO1

The rackmountable version of the instrument has its serial port pa-
rameters pre-defined as follows:

® usable only for external control

® configured as a DCE (the same as the handheld unit)

® 9600 b/s, no parity, 8 data bits, 1 stop bit, RTS/CTS flow
control (%6,N,8,1,H)

These parameters cannot be modified.

13.3 Printer Output

The HP 37741A has been designed to operate with a variety of printers,
including small handheld thermal printers, dot matrix printers, HP
ThinkJet printers, and HP LaserJet printers. No special control codes
are used, and two widths are available for printouts.

13.3.1 Print Format

13.3.1.1 Narrow Width

The format for this printout is shown in figure 13-5. The test set sends
27 characters per line followed by a carriage return and line feed.
There are 100 lines, and at the end of the printout, three CR LF combi-
nations are sent.
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13.3.1.2 Wide Width

The format for this printout is shown in figure 13-6. The test set pre-
cedes each line of text with five space characters to allow room to
punch holes in the paper. There are 57 characters of text; a carriage re-
turn line feed is sent at the end of each line except the last. There are 60
lines of text. A form feed character is sent at the end of the last line.

13.3.1.3 During a Test

The print formats shown in figures 13-5 and 13-6 apply to only the first
printout during a test, unless you have modified the set configuration

during the test.

The second and subsequent printouts do not repeat the configuration
data, but instead print the current time and elapsed test time, and then
print the results, starting with the signal results. As with the first print
out, three CR LF combinations end a narrow printout, and a FF ends a
wide printout.

When you have changed the instrument’s configuration during a test
(in the menus), the abbreviated format is not used for the sub-
sequent printout.

13.31.4  Sequential Test Results

When you print the results of a sequential test, they are printed at the
end of the standard printout. Samples are shown in figure 13-7 for the
narrow format, and 13-8 for the wide format. When a sequential test
has fewer than 21 patterns, fewer lines are printed than shown in the
examples.

The printed results include the logic errored seconds for each pattern,
which cannot be viewed from the instrument’s display.

13.3.2 Initiating a Printout

You can initiate a printout in any of four ways:

e on demand

e at afixed time frequency during a test

e at the end of a test

® on certain events, such as alarms or high errors
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N YA A Ve Ve Ve Ve VY

HP 37741A DS1 Tester
Unit 1D: 1234567890123

Cet ID

Person

Now hh:mm:ss yy/mm/dd Www
Unit last calbrtd yy/mm/dd
Pwr On  hh:mm:ss yy/mm/dd
Pwr Off hh:mm:ss yy/mm/dd

Transmit Config: FullT1
T8 e e e iy s e e e e she v oie e e e o o o o e ol o o
Frame D3/D4 Datatnk dflt
Code AMI Timing intnl
Payload 2°20-1 (SigReins N)
LoopCode  Payload of f
ch 12 -13 dBm0, 1004 Hz
ABCD=---- Alarm none
Errors BPV:N logic:N CRC:N

Receive Config: M=Auto
Ts e v e e e e e o o o o o e e s s s s e e

Inputs bridge
LoopBack auto respond
Frame auto identify

Test Status:
Test duration hh:mm:ss
Elapsed hh:mm:ss
Started yy/mm/dd hh:mmn:ss
Will end yy/mm/dd hh:mm:ss
Signal:
Lvl 0.1 vpp, -35.7 dBdsx
Freq +065 ppm, 1544100 Hz
Simplex Current 128 mA
Unit Loop Stts not Looped

Code: B82S
BPY 1234
ES o7
EFS 251
XEFS 72.16%
BER 2.3 E-06
Last resync time 63 ms

/\/

v

Excess zeroes count 76
Density viol count 638

‘Bit Slips:

Total +0;1%0
Current direction slow
Estimated frame slips 1
Retative bit slips 2
Alarms
LOS 0 s OFF
AlS 14 s ON
Frame Loss 0 s OFF
Pattern Loss 17 s OFF
Yellow 2 s OFF

Frame: ZBTSI, Full T

TS Fedesededrdriedesedrvedek ke dedrddkde ke dr

EC 6341
ES 17
00F count 45
COFA count 2
average ER 2.3E-06
CRC:
EC 1234
ES 97
EFS 251
XEFS 72.97%
average ER 2.3E-06
Logic: 3in24, 1536 kb/s
EC - 1234
ES 97
EFS 251
%EFS 72.461%
BER 2.3 E-6
UAS o9
SES 1063
CSES 751
XSES 17.45%
availability 88.54%
DM 6

Channel:17 Time Slot:17
Tone amplitude -6.0 dBm0
Hi=+102 Lo=-102 ABCD=0101

Figure 13-5 Narrow Print Format
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HP 37741A DS1 Tester - Unit ID: 1234567890123

Cct 1D Person
Now hhimm:ss yy/m/dd wwW Unit last calbrtd yy/mm/dd
Pwr On  hh:mm:ss yy/mm/dd  Pwr Off hh:mm:ss yy/mm/dd

Transmit Config: FT1/64
.......... Frame D3/D4 DataLnk dflt

15 *****i**' .

Code AMI Timing intnl  Payload 2°20-1 (SigReins N)
LoopCode 4bit up 8s Ch 22 -13 dBm0, 1004 Hz
ABCD=---- Alarm none Erors BPV:N logic:N CRC:N

Receive Config: M=Auto

T8 iy e v dr e e e e e ek e e de e de e ek Inwts bridge
LoopBack auto respond Frame auto identify
! Test Status:
i Test duration hh:mm:ss Elapsed hh:mm:ss

Started yy/mm/dd hh:mm;ss Will end yy/mm/dd hh:mm:ss

Signal:
tvl 0.1 Vpp, -35.7 dedsx Freq +065 ppm, 1544100 Hz
Simplex Current 128 M Unit Loop Stts not Looped
Code: BBZIS
BPV 1234 ES o7
. EFS 251  XEFS 72.34%
BER 2.3E-06 Last resync time 63 ms
Excess zeroes count 76 Density viel count 638
Bit Slips:
Total +0;190 Current direction slow
Estimated frame slips 1 Relative bit slips 2
: Alarms:
: LOS 0 s OFF AIS 4 s ON
g Frame Loss 0 s OFF Pattern Loss 17 s OFF
3 Yellow 2 s OFF
Frame: ZBTSI, FT1/64
Ts Wkdkkkdhksidkhokdk Ec 6341
ES 17 OOF count 45
COFA count 2 average ER 2.3E-06
CRC:
: EC 1234 ES 97
F| EFS 251  XEFS 72.34%
= average ER 2.3E-06
f Logic: 3in26, 1024 kb/s
F EC 1234 ES 97
i EFS 251  X%EFS 72.34%
: BER 2.3 E-6 UAS 1
SES 1063  CSES 751
%SES 17.18% availability 88.34%
DM 6

channel:17 Time Slot:17
Tone amplitude -6.0 dBm0  Hi=+102 Lo=-102  ABCD=1010

Figure 13-6 Wide Print Format
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VAR YA A Ve Ve Vo Vi Vi Ve ¥y
Bridge Tap /\L/

on loop 63
Pattern 3in20
---------------------------- 2in13 0 0 315
Ptn LgcEC LgcES SyncS 2inl4 0 0 315
---------------------------- 2in15 0 0 315
all 1 i 0 315 2in1é 0 0 315
1/0 0 0 315 3in18 147639 315 315
1ind 0 0 315 3in19 0 0 315
1iné 0 0 315 3in20 0 0 310
1in? 4137 315 315 3in21 0 0 310
1ing 0 0 315 3in22 62128 310 310
2in10 0 0 315 3in23 53194 310 310
2inN1 0 0 315 3in2é 0 0 310
2in12 0 0 315 QRrRW 0 ¢ 310

/\/ \/\/\/\/\/\/\/\/\/\/\/\J

Figure 13-7 Sequential Test Print Format (Narrow)

Bridge Tap
On loop 63 Pattern 3in22

Figure 13-8 Sequential Test Print Format (Wide)

The action that triggers a printout does not affect the data printed, nor
the print format.

When a printout is initiated, the data is temporarily saved in memory.
Thus, the data printed on the last line is captured at the same time as
the data printed on the first line, and the values printed are indepen-
dent of printer speed.
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13.3.2.1 On Demand, “Now”

A printout will immediately be started. To print results that have been
saved in memory from a previous test, recall the results, and then use
the print now function.

Initiating a printout while a test is running, and the printer is confi-
gured to periodically print, does not affect the time at which the next
periodic print will occur. For example, suppose you configure the in-
strument to print every hour, and a scheduled printout occurs at 9:00.
If you initiate an immediate printout at 9:15, the next scheduled print-
out would occur at 10:00.

13.3.2.2 At a Fixed Period

A printout will be made periodically. If the print period was set up be-
fore the start of the test, the first printout will happen at the chosen
time period after the start of the test. If the print frequency was set up
during the test, the first printout will happen at the chosen time period
after the print period was set up.

When the test ends because the test has run for the chosen test time
duration, another printout will be issued. This will happen irrespective
of when the last printout occurred. You should therefore take care
when setting the print frequency. For example, if the test time is 16
minutes, and the print period is 15 minutes, you will get two printouts
one minute apart.

If a printout is still in progress at the end of the test, the final results
will be printed when the other printout is complete, provided you do
not start another test in the meantime.

If the periodic results printout coincides with the end of the test (for
example, if the print frequency is 15 minutes and the test time is 30
minutes), the HP 37741A will cause only one printout at the end of the
test.

The accumulated time for the periodic printout is based on real time
(time of day) and not on elapsed test time. If a test automatically re-
starts, or when sequential tests are run, these two times are not the
same.

If you manually stop a test, the results are not automatically printed.
You can print them by selecting “print now”, if desired.
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13.3.2.3 At the End of a Test

This causes a printout of the results when the test has run for the pre-
set duration. If you stop the test before it has run for the preset dura-
tion, no printout is made. This setting has no effect when the test time
is set for continuous.

If a sequential test is running, this setting causes a printout when the
test has run for the specified number of loops of the sequence.!

13.3.2.4 On Certain Events

You can select the “event” to be when high errors occur, or an alarm
occurs, or both. The maximum rate at which a printout will be initiated
is every 100 seconds, irrespective of the rate that the events are

occurring.

If, because of the high rate at which events are occurring, there have
been ten successive printouts (each 100 s apart), printouts caused by
events will be suspended for 10 minutes. The alarm events that can

trigger a printout are:

e LOS

e AIS

e FLS (provided that the test set was in frame at the start of the
test)

® PLS (provided that the test set was in pattern sync at the
start of the test)

o yellow
The high errors that can trigger a printout are:

® received frequency being more than 50 ppm from nominal
e more than 1544 BPVs received in a second

e more than 10 frame bit errors or 100 CRC errors received in a
second
® alogic SES
Printing on certain events is valid when running sequential tests. This
may be a problem when running a bridgetap test and the line under
test has faults, It is then preferable to print periodically, or at the end
of the test.

1 During a sequential test, the instrument stops and starts the test frequently. Print-
ing is suppressed during these times.
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13.3.3 Print Error

If the HP 37741A is unable to print because the printer does not re-
spond to the selected flow control, the printout will be suspended. The
instrument will then give two short beeps on the internal speaker ev-
ery minute. The print results will be kept until:

e you cancel the printout

® another printout is automatically initiated

e the printer responds to the flow control, and the results are
printed

e you manually stop the test if one was running

® the test set is turned off

13.3.4 Connecting to the HP 15727A Battery
Operated Thermal Printer

To connect to this printer (which is the Seiko DPU-201GS printer), set
the HP 37741A EIA-232 port’s usage to printer — narrow, no parity, 8
data bits, RTS/CTS flow control, 9600 b/s.

Configure the DIP switches on the side of the printer to be as shown
in figure 13-9.

SW1 | SW2 | SW3 | SW4 | SW5 | SWe
OFF | OFF | OFF
ON ON ON

Figure 13-9 DIP Switch Settings for HP 15727A Printer

Connect the HP 37741A DS1 Tester to the HP 15727A Battery Operated
Thermal Printer with the HP 15734A cable or equivalent.

13.3.5 Connecting to the HP 15733A Battery
Operated Thermal Printer

To connect to this printer (which is the Seiko DPU-411 printer), set the
HP 37741A EIA-232 port’s usage to printer — wide, no parity, 8 data
bits, RTS/CTS flow control, 9600 b/s.

Configure the DIP switches on the base of the printer to be as shown
in figure 13-10.
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13. Serial Port Capabilities

swW1 sw2 SW3 sSw4 SW5 sws Sw7 sws
ON ON ON
OFF OFF OFF OFF OFF

Figure 13-10a 8 Position DIP Switch

sw1 swz2 SW3 swa SW5 SWs
ON ON

OFF OFF OFF OFF
Figure 13-10b 6 Position DIP Switch

Figure 13-10 DIP Switch Settings for HP 15733A Printer

Connect the HP 37741A DS1 Tester to the HP 15733A Battery Operated
Thermal Printer with the HP 15750A cable or equivalent.

13.4 External Control

13.4.1 General

An efficient protocol is used by the HP 37741A to allow the instrument
to be externally controlled. The protocol uses binary data, and requires
a computer as a controller. Control software is available as an accessory
— this is listed in appendix D.

Most of the functions that can be done from the instrument front panel
can be done with external control. The following are the exceptions:

e Configuring the serial port. Also, you cannot use the serial
port to obtain a printout when the port is used for external
control.

e Running any of the special tests (self test, bridge tap,
multipattern, or user programmable sequences). These
functions can be emulated by the remote control software.

Additional functions that can be performed externally which cannot be
done from the front panel are:

disabling the front panel keys
programming the user words and channel words

programming the user test sequences

saving pre-defined configurations
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¢ changing the SLC-96 data link
¢ performing calibration

The HP 37741A responds only to a command issued from the host com-
puter — it never sends an unsolicited message to the host.

The message length is variable, with a maximum length in either direc-
tion of 72 bytes. The message length is transmitted as part of the mes-
sage. Apart from the simple check on the length of the message, there
is no error checking involved in the protocol in either direction. There-
fore, when using modems to remotely control the HP 37741A, you
should use modems with built-in error correction, such as V.42 (or bet-
ter) or MNP-3 (or better).

If a screen is being displayed by the test set, and an external command
modifies parameters on that screen, the displayed parameters are up-
dated to reflect the received command.

13.4.2 Message Format: Computer to HP 37741A

The three byte header contains one byte for the message length, one
byte for the opcode, and one byte for the message sequence number.
The message length, L, is the number of message bytes, including the
header. The minimum is therefore three. The maximum message length
is 72 bytes, so the maximum instruction length is 69 bytes. This is
shown in figure 13-11.

The message sequence number, MSN is always returned in the re-
sponse to the host. The MSN must be changed by the host whenever it
receives a valid reply to a command.! When the host fails to get a reply
from the test set, the host should re-transmit the message using the
same MSN. When the MSN changes, the test set will clear status bits that
were reported to the host with the previous message. This prevents
duplicate bad status messages being returned and obviates the require-
ment for an acknowledge status command from the host.

1 The same command may be repeated with the same MSN.
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1 2 3 4 5 6
76543210| 76543210 76543210 76543210 [ 76543210]76543210] ...

! | |
ﬁnsirucﬁon Bytes (0 lo 69)
actual length is L — 3

Message Sequence Number
Opcode
Message Length, L, in bytes

Figure 13-11 Computer to HP 37741A

13.43 Message Format: HP 37741A to Computer

The HP 37741A ignores commands in which the number of characters
received does not match that indicated in the command, or commands
with an invalid opcode. The reply format is shown in figure 13-12.

The message sequence number is an echo of that which was received.
This is not used for queued messages.

The two byte header contains one byte for the message length, and
one byte for the message sequence number. The message length, L, is
the number of message bytes, including the header. The minimum is
therefore two. The maximum message length is 72 bytes, so the maxi-
mum response length is 70 bytes. This is shown in figure 13-12.

1 2 3 4 5
76543210|76543210|76543210| 76543210/ 76543210] ...

(N N I DO N E—

| |
t Response Bytes (0 to 70)
actual length is L — 2

Message Secquence Number
Message Length, L, in bytes

Figure 13-12 HP 37741A to Computer

The test set replies to all commands that are legal and valid. In the de-
tails of each command that follows, where the response is listed, this
means the contents of the reply (if any). If the comment “None” is
shown, this means that the response length is 0, but the message
length and MsN are always returned.
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13.4.4 Timeouts

The test set responds to valid commands. If an erroneous command is
received, the instrument will ignore it. The host should then time out,
and resend the command.

When a command has been partially received by the HP 37741A, the
instrument waits 200 ms (at 9600 b/s) for the command to be completed.
It will discard the partially received part of the command if no further
parts of the command are received. This permits use of the instrument
remotely, over a packet network, or error correcting modems, for
which byte reception may be sporadic. At 4800 b/s the timeout is
400 ms, at 2400 b/s the timeout is 800 ms, and at 1200 b/s the timeout is

1.6s.

When the instrument believes it has received a valid command, it will
wait 12.5 ms (at 9600 b/s). If further characters are received in this peri-
od, it will discard the command. This prevents a longer command,
whose start has been corrupted, from emulating a shorter command.
At 4800 b/s the wait period is 25 ms, at 2400 b/s the wait period is 50 ms,
and at 1200 b/s the wait period is 100 ms.

It is therefore recommended that the host wait at least 250 ms (at
9600 b/s) after sending a command before timing out and resending the
command. This period will need to be longer if operating over con-
gested packet networks, or over satellites.

13.4.5 Instrument Memory Map: Results

Figure 13-13 shows how the storage within the HP 37741A is orga-
nized. There are eight distinct memory areas, identified as 0 to 7. The
arrows in the figure indicate in which directions the data can flow.

All results and configurations passed to the host are taken through the
temporary buffer, number 6. It is the host's responsibility to move the
correct data into the buffer for uploading. Results cannot be down-
loaded; all downloaded configurations take effect immediately. Data is
moved by using the Save or Recall Results command.

The temporary buffer allows the host to take a snapshot of the results,
and then gather the data at a suitable pace. When results are moved to
the temporary buffer, they are guaranteed to be time aligned.
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saved results
constants and configurations
used by 5
measurement

processor
calibration

=W &

serial

temporary latest results
buffer and configuration

_— display

b=
©
=
<

|
-
|
g

‘," automatic
1 when a tast
| i running

current
configuration

I

configuration includes status of power on, power off, and calibration date and time

Figure 13-13 Internal Memory Map for Results and Configurations

When a test is running, the latest results and configuration buffer holds
the results of the test in progress. Also, the configuration saved in that
buffer is equal to the data in the current configuration buffer. When the
test is stopped, the current configuration can be different from that in
the latest results and configuration bufter. When the current configuratiot
buffer is copied to the temromry buffer, the results in the temporary
buffer become meaningless.

13.4.6  Instrument Memory Map: Setups

Figure 13-14 shows how the storage within the HP 37741A is organized
for the pre-defined setups. There are six distinct memory areas, identi-
fied as 0 to 5. Areas 6 and 7 are the same areas described in section
13.4.5. The arrows in the figure indicate in which directions the data
can flow.

1 There may be up to a one second delay following a change in configuration, and the
data being copied to the latest results buffer.
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saved predefined
selups

serial

Tx/Rx configuration

Figure 13-14 Internal Memory Map for Setups

The factory default setting can never be overwritten. The pre-configured
setups can be saved in memory only by a command over the serial
port. Names are assigned at the time that the setup is saved.

The setups can be recalled from either the front panel,’ or by an exter-
nal command.

The programmable test patterns (user words and channel words) and
the programmable data link are also saved and recalled when these
commands are executed.

i Screen 2600, which is described in section 5.2
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13.4.7

Values

The following notation is used to denote the size and format of the
values passed between the HP 37741A and the computer:

ushrt

char

shrt
uint
int
ulong
long
float

time

stime

1 byte, unsigned

1 byte, unsigned. This can be only one of the following
valid characters: 0 to 9, A to Z, a to z, and the space char-
acter (20H). When a string of char is specified, the string
must be the exact length specified, and unused bytes can
be filled with space characters or the null character (\0). A
null character must terminate the string.

1 byte, unsigned. This can be only one of the following
valid characters: 0 to 9, A to Z, and the space character
(20H). When a string of ghar is specified, the string must
be the exact length specified, and unused bytes can be
filled with space characters or the null character (\0). A
null character must terminate the string.

1 byte, signed (2s complement)
2 bytes, unsigned

2 bytes, signed (2s complement)
4 bytes, unsigned

4 bytes, signed (2s complement)

4 bytes, bit 31 is the sign, bits 22 to 30 are the biased expo-
nent, and bits 0 to 21 are the significand

3 byte structure as follows:

1byte hour 0to 23 (0 to 24 if a test time)
ITbyte minute 0to 59
1byte second 0to 59

7 byte structure as follows:

1byte year 92 is 1992, 93 is 1993, ...

l1byte month 1is January, 2 is February, ...

1byte day 1to 31 (0 to 255 if a test time)

Ibyte weekday 0isSunday, 1is Monday, etc.
1byte hour 0to 23 (0 to 24 if a test time)

1byte minute 0to59
1byte second 0to 59
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The transmission order for quantities longer than one byte passed be-
tween the test set and the computer is the same in both directions. The
least significant byte is transmitted first, and would therefore be saved
in memory in the lowest byte. Higher order bytes are transmitted later,
and are saved in the high memory (assuming that the buffer goes up in
memory). This sequence is compatible with native C compilers running
onaPC.

13.4.8 Error Responses

All commands which specify values are checked by the HP 37741A. If
any value is out of range, the command will be rejected, and the re-
sponse will indicate that the command was not accepted. The settings
of the error code byte are as follows:

¢ Otoindicate no error
e 1 toindicate a bad value (command ignored)

® 2 to indicate that a test is running, and the command is
ignored (used only by commands 6 and 9)

13.4.9 Commands

13.4.9.1 Echo

Function  Allows the host to determine the instrument type. This
command can be sent periodically to prevent the test set
from turning off (see section 14.3 for more information).

Opcode 1

Instruction None.

Response  char[17] “HP 37741A”, followed by a null character and 7
other characters if the standard product, or
“HP 37741A H01” followed by a null character
and 3 other characters if the rackmountable
product.

13.4.9.2  Upload System Summary

Function Allows the host to obtain data from screen 2500. This in-
formation is taken through the test set’s temporary buffer.

Opcode 2

Instruction None
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Response

13.4.9.3

Function

Opcode
Instruction

Response

13.4.9.4

Function

Opcode
Instruction

Response

13.4.9.5

Function

Opcode
Instruction

Response

stime  calibration date and time
stime  power on date and time
stime power off date and time
chari6] hardware revision
char{6] software revision

Disable or Enable Keys

Disables or enables some or all of the instrument’s front
panel keys. On power on, all of the keys are re-enabled.

3

ushrt  Selection as follows:
0 disable all keys except (P
1 disable all keys
2 enable all keys

ushrt error code

Turn Power Off

Turns off the instrument power. This will stop (not sus-
pend) any test in process. The power can subsequently be
turned on by asserting DTR as described in section 14.2.3.

4

None.

None - the test set completes the transmission of its reply
before turning itself off.

Upload Test Times

Retrieves the test times from the test set’s temporary
buffer.

5
None.
24 bytes:

time total test duration (configured time)
stime  start date and time

stime  stop date and time

time test time left

ushrt elapsed test duration, days

time elapsed test duration, hh:mm:ss
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13.4.9.6

Function

Opcode
Instruction

Response

13.4.9.7

Function

Opcode
Instruction

When the test is continuous, the three bytes of the fofal
test duration are all set to zero, and the stop date and time
value is meaningless. The elapsed test duration in days may
take any value from 0 to 255.

When the test period is fixed, the hour value in the total
test duration may be in the range 0 to 24. If set to 24, the
minutes and seconds are both zero.

When no test is running, regardless of whether the test
period is fixed or continuous, all three bytes of the fest
time left are set to zero. When a test is running, at least
one of these bytes is non-zero.

When a sequential test is running, the most significant bit
of the hour value of the total test durations set to one. The
rest of that byte represents the number of loops that has
been programmed. 0 is used to indicate a setting of con-
tinuous. The hour value of the elapsed test duration is then
used to indicate the number of loops so far executed. This
may take the value from 0 to 255. The instrument can dis-
play up to 999 loops. When the number of loops executed
is greater than 255, this number remains at 255.

Set Test Time

Host can change the instrument’s test duration. The

HP 37741A will not act on this command if a test is

running,.

6

time Test time duration. All bytes are set to zero to
indicate continuous.

ushrt error code

Start or Stop Test

Host can start, stop, or restart a test. If a command to start
a test is received while the test is running, the test will be
stopped, the results cleared, and a new test started.

7

ushrt  Start or stop:
0 stop test
1 start test
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Response

13.4.9.8

Function

Opcode
Instruction
Response

13.4.9.9

Function

Opcode
Instruction

Response

ushrt error code

Upload Result Times

Host can retrieve the times when each of the stored test
results were stopped. The result times may not be ordered
in chronological order, but their order is important, and
must be recorded for use with the Save or Recall Results
command.

8

None.

35 bytes:

stime[5] time structures

Save or Recall Results

Host can cause the current results to be copied to the in-
strument’s long term storage, or cause a previously stored
result to be retrieved from storage. You cannot use the
latest results storage as a destination when a test is
running,

The temporary results location is used to upload the cur-
rent, or any saved, results and configurations.

The current configuration can be used only as a source,
and copied only to the temporary results buffer.

9

ushrt Result number — source:
0 latest results
1to5 saved result buffer — in the same
order as was retrieved with the
Upload Result Times command

6 temporary results buffer
7 current configuration
ushrt Result number — destination:
0 latest results
1tob saved result buffer — in the same

order as was retrieved with the
Upload Result Times command
6 temporary results buffer

ushrt error code
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13.4.9.10

Function

Opcode
Instruction

Response

Uplead Transmit Configuration

Retrieves the transmit configuration from the test set's
temporary buffer.

10
None.
28 bytes:
ushrt  Mode (this byte is ignored if the frame format is
unframed):
0 as receiver
1 full T1
2 FT1n x 64 kb/s
3 FT1 n x 56 kb/s

ushrt[3] Timeslot map. The 24 bits are set to a 1if the
timeslot is used, and set to 0 if unused. The MSB
of the first byte represents timeslot 01, the LSB
of the third byte represents timeslot 24.

ushrt reserved for idle code

ushrt Line code:

0 as input
1 B8ZS
2 AMI

ushrt reserved for attenuation
ushrt  Timing:

0 internal

1 from reference

2 from main (ioop timed)
ushrt  Loop code type:

0 as input

1 line

2 4 bit

3 NI

4 payload
ushrt  Loop code duration:

0 none (off)

1 loop up, 8 seconds

2 loop up continuous

3 loop down, 8 seconds

4 loop down continuous
ushrt  Alarms:

0 none

1 as input
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ushri

ushrt

I
=

0

-]

<%

0N R WM =D

LOS
AlS
yellow

unframed
as input
D1D

D2

D3/D4
SLC-96
ESF
ZBTSI

as input
through

all Os

all 1s
alternating 1/0
1in8

2in8

3in24

QRW

211

215—1

22—1

231

channel word 1
channel word 2
invalid

user word 1
user word 2
user word 3
user word 4
lin4

1iné

1in7

2in 10

2in11

2in12

2in13

2in 14

2in15
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34 2in 16
35 3in 18
36 3in 19
37 3in 20
38 3in21
39 3in 22
40 3in23
41 2in 8#
42 bridge tap code word
43 multipattern code word
q 44 user sequence code word
i; ushrt  Signaling reinsertion:
i 0 off
1 on
ushrt  Data Link:
0 default (normal) -
1 through
ushrt  Channel:
1to 24 channel number

ushrt  Tone amplitude:

off (no tone injected)
0 dBm0
—3dBm0
—6 dBm0
—10 dBm0
—13 dBm0
—16 dBm0
~24 dBm0
idle

ushrt  Tone frequency (ignored if the tone is off):
304 Hz
404 Hz
420 Hz
820 Hz
1004 Hz
1020 Hz
1800 Hz
2280 Hz
2600 Hz
2713 Hz
2804 Hz
3404 Hz
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13.4.9.11

Function

Opcode
Instruction

Response

ushrt

ushrt

ushrt

ushrt

ushrt

ushrt

ulong

12 3 tone slope

13 sweep

Signaling

0 A=0B=0C=0D=0
1 A=0B=0C=0D=1
2 A=0B=0C=1D=0
15 A=1B=1C=1D=1
16 unmodified

reserved for other signaling

16 unmodified

Bipolar violation error insertion

0 No errors

1to9 insert errors one per second
10 insert continuously

Logic error insertion

0 No errors

1to9 insert errors one per second
10 insert continuously
reserved for frame error insertion

0 No errors

CRC error insertion

0 no errors

1to9 insert errors one per second
10 insert continuously
reserved

Download Transmit Configuration

Allows the host to configure the current transmit configu-
ration. This new data is not placed in the test set’s tempo-
rary buffer, but is instead acted on directly. This
command can be issued even when the instrument is
looped back. It will not then normally affect the output.

11

28 bytes same sequence and meaning as for the Upload

ushrt

Transmit Configuration command.
However, you cannot command the unit to
send a payload greater than number 24.

error code

269



LRk MUK ...

sinwad aobo L dds o LSRR,

Y Yo7 11

R U A

HP 37741A User's Manual

13.4.9.12
Function
porary buffer.
Opcode 12
Instruction None.
Response 13 bytes:
ushrt
unframed):
0
1
2
3
4

ushrt[3]

Upload Recelve Configuration

Retrieves the receive configuration from the test set’s tem-

Mode (this byte is ignored if the frame format is

invalid

full T1

FT1n x 64 kb/s
FT1n x 56 kb/s
automatic

Timeslot map. The 24 bits are set to a 1 if the

timeslot is used, and set to 0 if unused. The MSB
of the first byte represents timeslot 01, the LSB
of the third byte represents timeslot 24.

ushrt  Input:
0 DSX monitor
1 terminate
2 bridge
ushrt  Loopback:
0 do not respond
1 auto respond
2 unloop
ushrt Frame:
0 none (unframed)
1 auto frame
2 D1D
3 D2
4 D3/D4
5 SLC-%96
6 ESF
7 ZBTSI
ushrt Superframe channel sequence:
0 D1D
1 D2
2 D3/D4
3 SLC-96
ushrt DS0 receive channel:

1to24

channel number
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13.4.9.13

Function

Opcode
Instruction

Response

13.4.9.14

Function

Opcode
Instruction

Response

ulong  reserved

Download Receive Configuration

Allows the host to configure the current transmit configu-
ration. This new data is not placed in the test set’s tempo-
rary buffer, but is instead acted on directly.

i3

13 bytes same sequence and meaning as for the Upload
Receive Configuration command

ushrt error code

Upload Signal Output

Allows the host to obtain the actual state of the trans-
mitted signal. This is the current status, and is not passed
through the temporary buffer.’

14
None

28 bytes. The response is similar to that of the Upload
Transmit Configuration command. The
differences are given below; the meanings of
the other bytes are identical:

ushrt  Mode:
0 none (not yet identified)
1 full T1
2 FT1n x 64kb/s
3 FT1n x 56 kby/s

ushrt[3] timeslot map
ushrt reserved for idle code
ushrt Line code:

0 none (not yet identified)
1 B8ZS
2 AMI

ushrt timing
ushrt Loop code:

0 none

1 line up

2 line down
3 4 bit up

1

The signal output is not saved as part of the results.
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QO N U

ushrt

4 bit down
Nlup

NI down
payload up
payload down

Loopback second counter:

When a timed loop code has been configured,
this counts down by 1 (from 8 to 0) every

second.
ushrt alarms

ushrt

et
5
®

NS U W RO

ushrt

SO NI OV N e W e O
+%)
e
e
Q
=%}
oK

gmur—aummm»—xu-n»—-\o
DO NI N W W=D

unframed
as input
D1D

D2

D3/D4
SLC-96
ESF
ZBTSI
DLC

unknown
through

all 0s

all 1s
alternating 1/0
1in 8

2in8

3in24

QRW

21—1

251

220—1

2B8—1

channel word 1
channel word 2
line up

line down

4 bit up

4 bit down

NI up

NI down
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ushrt
ushrt
ushrt
ushrt
ushrt

ushrt
ushrt
ushrt

ushrt

ushrt
ushrt

21 user word 1
22 user word 2
23 user word 3
24 user word 4

25to44 same as used in the Upload Trans-
mit Configuration command

signaling reinsertion

data link

channel

tone amplitude

Tone frequency (ignored if the tone is off).

If the test set is configured to transmit a

continuous tone, the values have the same

meaning as for the Upload Transmit

Configuration command.

If a 3 tone slope or a sweep has been configured,

this byte represents the currently transmitted

frequency divided by 100. For example, the byte

is set to 12 if 1204 Hz is currently being

transmitted. :

signaling

reserved for other signaling

Bipolar violation error insertion:

0 no errors

1t09 the number of errors which have
been sent out; reset after prepro-
grammed number of errors have

been sent
10 insert continuously
Logic error insertion:
0 no errors
1to9 the number of errors which have

been sent out; reset after prepro-
grammed number of errors have

been sent
10 insert continuously
reserved
CRC error insertion:
0 No errors
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13.4.9.15

Function

Opcode
Instruction

Response

ushrt

ulong

1to9 the number of errors which have
been sent out; reset after prepro-
grammed number of errors have

been sent
10 insert continuously
Far end loop indication
0 unknown
1 looped
2 un-looped

reserved

Upload Miscellanea

Allows the host to obtain miscellaneous data on the test
set’s configuration. This data is not taken through the

temporary buffer.
15
None
31 bytes:
ushrt Key beep:
0 off
1 click
2 tone
stime current date and time
ushrt  Date display mode:
0 yy/mm/dd
1 mm/dd/yy
2 dd/mm/yy
ushrt Time display mode:
0 12 hours
1 24 hours
char[14] unit ID
ushrt Volume:
0 off
1to15 on
ushrt contrast, 0 to 15
ushrt  Backlight:
0 off
1 on
ulong  reserved
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13.4.9.16

Function

Opcode
Instruction

Response

13.4.9.17

Function

Opcode
Instruction

Response

13.4.9.18

Function
Opcode
Instruction

Response

13.4.9.19

Function

Download Miscellanea

Allows the host to set the miscellaneous data. This does
not go through the test set’s internal buffer, but is instead
acted on directly.

16

31 bytes in the same sequence and meaning as for the
Upload Miscellanea command.

ushrt error code

Upload Date, Time, and Battery

Allows the host to read the instrument’s real time clock
value, and the state of the battery. This is the current sta-
tus, and is not passed through the temporary buffer.

17
None

8 bytes:
stime current date and time
ushrt  Battery state:

0 battery OK
1 battery low
2 charging

Upload Channel Words

Allows the host to retrieve the channel words.
18

None

60 bytes

char[6] name of channel word number one

24 bytes channel word 1, the first byte being sent after
the frame bit (the first timeslot)

char[6] name of channel word number two

24 bytes channel word 2 the first byte being sent after
the frame bit (the first timeslot)

Download Channel Words

Allows the host to set the channel words. The new words
will take effect within 100 ms.

275



LB B ..

wicadl b ol e o LA .

v b dublie

HP 37741A User's Manual

Opcode 19
Instruction 60 bytes in the same sequence and meaning as for the
Upload Channel Words command.

Response ushrt  errorcode

13.4.9.20 Upload Default SLC-96 Data Link

Function  Allows the host to read the bits that will be sent on the
SLC-96 data link. This command is accepted irrespective
of whether SLC-96 frame format is currently being trans-
mitted. See the Upload Path Results 1 command for de-
tails on uploading the received SLC-96 data link.

Opcode 20
Instruction None

Response  uint C field, the LSB is C1
ushrt M field, the LSB is M1
uint A field, bitmap as follows:
7 6 5 4 3 2 1

L L LT

L - P line FELP

D line FELP
C iine FELP
B line FELP
L A line FELP

L D shelf alarm

L C shelf alarm

L_ B shelf alarm

15 14 13 12 11 10 9 8

L L Ly by g Ly Iy 1y

L L A shelf alarm

Power/Misc alarm

Minor atarm
Major alarm

L 000 if 13 fr sqne, 111 -if16frsqnc

L undefined

ushrt S field, the LSB is 51
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13.4.9.21

Function

Opcode
Instruction

Response

13.4.9.22

Function

Opcode
Instruction

Response

13.4.9.23

Function

Opcode
Instruction

Response

Download Default SLC-96 Data Link

Allows the host to set the bits that will be sent on the
SLC-96 data link. This command is accepted irrespective
of whether SLC-96 frame format is currently being trans-
mitted, This takes effect within 100 ms.

21
6 bytes in the same sequence and meaning as for the
Upload Default SLC-96 Data Link command.

ushrt error code

Upload Pre-defined Setup Names

Retrieves the names of the five pre-defined configura-
tions from the test set’s storage. The order of the names
reflects the sequence in memory. This positional informa-
tion is used for the Recall Pre-defined Setup and Save as
Pre-defined Setup commands.

22
None

65 bytes:
char[5][13] (a two dimensional array)

Recall Pre-defined Setup

Copies the saved setup from the unit’'s memory to the cur-
rent setup. The change takes place immediately. The set-
up includes the programmed test patterns (user words and
channel words), and the saved facility data link setting (see
figure 13-14).

23
ushrt  Source location:
0 factory default
I1to5 saved setting (pre-config)

ushrt error code
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13.4.9.24

Function

Opcode
Instruction

Response

13.4.9.25

Function

Opcode
Instruction

Response

Save as Pre-defined Setup

Copies the current setup to the test set’s memory as a
saved setup. The setup includes the current configura-
tion, the programmed test patterns (user words and channel
words), and the saved facility data link setting (see figure
13-14).

24

ushrt  Destination location:
1to5 saved setting (pre-config)
char[13] pre-configured setup name

ushrt error code

Upload Line Results

Retrieves the line results from the test set’s temporary
buffer.

25
None

50 bytes:
uint Vpp times 100
OFFFFH over range

. normal
0 under range
int dBdsx times 10, invalid if the Vpp times 160
value is over or under range
int Frequency offset, ppm:
>+999 over range
Ce normal
<—999 under range

ulong  frequency, in Hz, invalid if the frequency offset,
ppmyvalue is over or under range

ushrt simplex current, in mA, invalid if over 250

ushrt  Line code:

0 none
1 B8Z5
2 AMI
ulong  EC(BPV count)
ulong ES
ulong EFS

uint %EFS times 100
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13. Serial Port Capabilities

float
shrt

ushrt
ushrt

ushrt

ushrt
ushrt

ushrt

ulong
ulong
ushrt

BER

Total frame slips:

+100 greater than maximum
+99 +99

+0 +0

-1 -0

-100 —99

—101 less than minimum
total bit slips

Current slip direction:

0 no reference input

1 in sync

2 tast

3 slow

4 overflow, all slip resuits are invalid

Estimated frame slips:
0 to 250 normal
>250 over range
relative bit slips
Instrument loop status:
not looped
line looped
4 bit looped
NI looped
payload looped
eceived loop code:
none
line up
line down
4 bitup
4 bit down
NI up
NI down
payload up
payload down
density violation count
excess zeroes count
Resync time in ms:
0to 250 normal
>250 over range

0 N S e W = Do ke W — D
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13.4.9.26

Function

Opcode
Instruction

Response

ulong

reserved

Upload Path Results 1
Retrieves the first half of the path results from the test

set’s temporary buffer.

26

None

61 bytes:

ulong  LOS seconds
ulong  AIS seconds
ulong  frame loss seconds

ulong
ulong
ushrt

ushrt

ushrt

ulong
ulong
ulong

pattern loss seconds

yellow alarm seconds

Alarm status at end of last one second:
7 6 5 4

3 2 1 0
Hnnnnnn
L 10S (main)
AlS (main)
frame loss {main)
LOP (main)

L Yellow (main)

L— OOF (main)
L_ LOS {ref)

alarm status during the last one second period,
bit map as above for alarm status atend 1 s
Received frame format:

0 unframed
1 none, or not identified
2 DI1D

3 D2

4 D3/D4

5 SLC-96

6 ESF

7 ZBTSI

8 DLC-96
frame EC

frame ES

OOQF count
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13.4.9.27

Functon

Opcode
Instruction

Response

ulong  COFA count
float average frame ER

The following 18 bytes assume different meanings de-
pending on the currently received frame format.

If the frame format is SLC-96:
uint C field

2Zbytes setto0

ushrt M field

3bytes setto0

uint A field (bit map)
2bytes setto0

ushrt S field

Sbytes setto(

If the frame format is any other frame:
ulong CRCEC

ulong CRCES

ulong CRCEFS

uint CRC %EFS times 100

float CRC average ER

Upload Path Results 2

Retrieves the second half of the path results from the test
set’s temporary buffer.

27
None

50 bytes:

ushrt Received pattern:
unknown
not used
all 0s

all 1s
alternating 10
1in 8§
2in8
3in24
QRW

9 211

10 215-1

11 201

12 251

00N N W B = O
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ulong
ulong
ulong
uint
float
ulong
ulong
ulong
uint
uint
ulong

13,14 not used

15 line up

16 line down
17 4 bit up

18 4 bit down
19 NIup

20 NI down

21 user word 1
2 user word 2
23 user word 3
24 user word 4
25 lin4

26 liné

27 1in7

28 2in 10

29 2in1l

30 2in12

31 2in 13

32 2in 14

33 2in 15

34 2in 16

35 3in 18

36 3in19

37 3in 20

38 3in 21

39 3in 22

40 3in23

41 2in 8#

42 bridge tap code word
43 multipattern code word
44 user sequence code word
logic EC

logic ES

logic EFS

%EFS times 100

logic BER

logic UAS

logic SES

logic CSES

logic %SES times 100

logic %avl times 100

logic DM
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13.4.9.28

Function

Opcode
InstructHon

Response

int
ushrt

shrt
shrt
ushrt

ushrt[3]

uint

tone amplitude, dBm0 times 10
signaling status; D isin bit 0, Cisin bit 1, B isin
bit 2, and A isin bit3

high word

low word

Receive mode:

0 unknown mode
1 full T1

2 FT1n x 64 kb/s
3 FTIn x 56 kb/s

Timeslot map. The 24 bits are set to a1 if the
timeslot is used, and set to 0 if unused. The MSB
of the first byte represents timeslot 01, the LSB
of the third byte represents timeslot 24.
bandwidth of payload in kb/s

Upload Calibration Constants

This allows the host to obtain the current calibration con-
stants from the test set. The calibration procedure is de-
scribed in section 17.

28
None.
float

shrt

shrt

int[7]

Simplex current multiplier, default is 1.00.

The number must be in the range 0.5 to 1.5.

T1 line frequency offset in Hz, default is 0.
The value must be in the range —128 to +127.
DS0 tone amplitude offset in tenths of a dB,
default is 0. The value must be in the range —4
to +10. This value is subtracted from the
instrument’s default setting to arrive at the
value to be transmitted.

T1 line level (terminate mode) measurement
offsets in dB times 1000. This is an array of
values, location zero is for +3 dBdsx. The
defaults are all 0. The modulus of each value
must be less than 1000 x (i + 1), where i is the
array position.
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13.4.9.29

Function

Opcode
Instruction

Response

13.4.9.30

Function

Opcode
Instruction

Response

int[7] T1 line level {(monitor mode) measurement
offsets in dB times 1000. This is an array of
values, location zero is for +3 dBdsx. The
defaults are all 0. The modulus of each value
must be less than 1500 + (i x 1000}, where i is
the array position.

Downioad Calibration Constants

This sends calibration constants from the host to the test
set. The new values are immediately used, irrespective of
whether a test is running. The test set records the calibra-
tion date and time, returning it to the host.

29

34 bytes in the same sequence and meaning as for the
Upload Calibration Constants command.

ushrt error code

stime Current instrument date and time. This is the
same as the calibration date and time, if the
error code is {.

Upload User Words

This allows the host to obtain the current user word bit
patterns.

30

None.

44 bytes. The following is repeated four times, once for

each user word. The first set of parameters in the com-

mand is for user word 1, the second is for user word 2,

and so on.

char[6] name

ushrt  Length + 3. The word must be 13 bits or longer.
For example, if you wanted to send a repeating
word of length 9 bits, you must send it as an 18
bit word. This byte would then be set to 21
(15H).

ushrt[3] Pattern. Don't care bits fill the array from the
MSB of the first byte. The first bit transmitted is
the first non-don’t care bit.
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13. Serial Port Capabilities

13.4.9.31

Function

Opcode
Instruction

Response

13.4.9.32

Function
Opcode

Instruction

Response

13.4.9.33

Function

Opcode

ushrt  Sync time:
it normal
1 long time (for unusual patterns or
noisy lines)

Download User Words

Allows the host to set the user words. A new word will
take effect when it is next selected.

31

44 bytes in the same sequence and meaning as for the
Upload User Words command.

ushrt error code

Upload User Test Sequence

This allows the host to obtain the current user test se-
quence data.

32
ushrt  Selection of sequence:
0 USETr sequence one
1 user sequence two
56 bytes:

ushrt error code

char[13] name

ushrt[21]f2] Pattern list. This is organized as a list of 21
patterns. The first byte is the pattern type as
described in the payload variable of the Upload
Transmit Configuration command. If fewer
than 21 patterns are used, the pattern type for
the first unused pattern is set to 0. The second
byte is the time in seconds for which that
pattern is to be tested. This time must be
between 1 and 255.

Download User Test Sequence

Allows the host to set the user test sequence. A new se-
quence will take effect when it is next selected.

33
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Instruction 56 bytes:

Response

ushrt  Selection of sequence:

0 user sequence one
1 user sequence two
char{13] name

ushrt[21][2] pattern list (as described in the Upload User
Test Sequence command)

ushrt error code
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14.1 Batteries

14141 Powering Period

The HP 37741A is powered by a custom nickel-cadmium (NiCd) battery
pack. When fully charged, and at normal ambient temperatures, the
battery will power the test set for nominally 6 hours.! As the tempera-
ture is reduced, the capacity is reduced: at 0°C about %0% of the ca-
pacity is available.

As the battery ages, its capacity is reduced.

When the EL backlight is used, the unit consumes 15% more power.
When the internal speaker is on full volume, the power consumption
doubles. In each case, the operational time is reduced accordingly. It
makes little difference to the operation time whether the instrument is
transmitting a T1 signal or not. The all ones poweron a T1 line is about
45 mW (17 dBm), and represents a small fraction of the power con-

sumed by the instrument.

14.1.2 Low Battery

When the battery becomes discharged, the HP 37741A will beep every
minute. This period lasts for at least 15 minutes, before the battery is
too low to operate the unit, at which point the unit will turn itself off

as discussed in section 14.3.3.

1 A new instrument may give you 8 hours of continuous use.
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If you turn the unit on when the battery is too low to operate the in-
strument, the instrument will display a warning message (screen 1010),
and then turn itself off after five seconds.l

14.1.3  Storage

The storage temperature of the HP 37741A is limited largely by the bat-
tery characteristics. The nickel-cadmium battery used on the
HP 37741A can be stored at temperatures ranging from -30°C to 50°C
without essential degradation in performance. The organic materials
within the cells may deteriorate or become deformed at high tempera-
tures during prolonged storage. It is therefore recommended that the
instrument be stored at temperatures below 35°C if there is a possibil-
ity of storage surpassing more than a couple of months.

Short time interval excursions in temperature to 70°C, while not likely
to cause a hazard, should be avoided whenever possible.

The unit may be stored indefinitely with the battery either charged or
dlscharged without any major detrimental effect to the battery in ei-
ther case.? It is, however, advisable to dlscharge the battery fully for
prolonged storage (more than a year). This is because the individual
cells that make up the battery have different self discharge rates, and
on removal from storage, polarity reversal may occur when charging.
To discharge the battery on the HP 37741A, turn the instrument on, set
the test time for continuous, run a test, and leave it. For short term
storage (less than six months or s0), charge the battery first, to prevent
potential loss of data and calibration information.

During any period of storage, the battery self discharges. The rate of
discharge is dependent on the temperature. A charged battery will
maintain the instrument’s configuration for about nine months when
stored below 15°C. At temperatures above 30°C, the configuration
might be kept for less than half that time.

When removed from long term storage, you should charge and dis-
charge the battery about five times to recover its discharge capacity.
Typically, 97% of the capacity can be restored after storing a fully dis-
charged battery for 2 years at 30°C.

! If the battery is fully discharged to a point where this message cannot be displayed,
operation is unpredictable.

2 However, as described in section 14.4, the unit will lose its configuration and cal-
ibration when stored with a discharged battery.
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14.1.4 Service Life, Replacement, and Disposal

The service life of the battery will depend on usage conditions. The
most important factor affecting the service life is operation of the in-
strument at high temperatures.

Frequent use that fully discharges the battery has a minor effect on
battery life. In fact, charging the battery each time after only a half
hour or an hour of use will have a more detrimental effect on service
life. Special circuitry in the HP 37741A permits continual (trickle)
charge, with negligible battery deterioration.

In normal service the battery will last between 5 and 15 years. You can
replace the battery yourself, or HP can do it for you." The HP part
number for a replacement battery is listed in appendix D.

For environmental reasons, you should dispose of the battery pack in a
proper manner at the end of equipment life. If you do not have access
to proper disposal methods, return the instrument to your nearest HP
sales office or HP service center. HP will dispose of the unit at no
charge. HP sales offices are listed in appendix F.

14.1.5 Adapters for Recharging

The battery is recharged by an external adapter. An ac adapter for
110 V, 60 Hz is provided with the HP 37741A when purchased. Adapt-
ers for different ac voltages or for a dc car cigarette lighter are option-
ally available.?

The adapter provides about 7.5 Vdc at 1 A, and is equipped with a
2.0 mm connector. The maximum open circuit voltage of the charger is
13.5 V. The inner pin of the connector is positive with respect to the
sleeve. If the adapter fails, you should replace it with a new adapter
from HP, which is guaranteed to meet the performance objectives, and
which is both UL and CSA listed.

WARNING

Using a non-approved adapter may void your warranty,
damage the instrument, and result in personal injury.

! The procedure describing how to replace a battery is given in section 0.6.3.
These, and other accessories are listed in appendix D.
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14.1.6 Recharge Time
When the battery has been discharged, any of the available adapters
for the HP 37741A can be used to recharge it. The test set may be oper-
ated when charging the batteries.

After being discharged through normal use, the unit will recharge in
about nine hours if the instrument is turned off, or in about ten hours
if it is turned on. As a guideline, if you use the instrument for an hour,
you need to charge it for 134 hours.

No damage is done to the battery if the charger is continually plugged
in and turned on. Under these conditions, the battery will get warm —
this is normal.

14.1.7 Memory Effect

The battery used in the HP 37741A, in conjunction with its electronics,
exhibits no “memory effect”, a fault that was common with early NiCd
batteries. Capacity can be restored after storage by charging and dis-
charging, as described in section 14.1.3.

14.2 Turning On the Test Set

There are three ways in which the instrument can be turned on, irre-
spective of the means by which the instrument was turned off:

¢ by pressing the key
e by applying power to the dcjack

® by asserting DTR on the EIA-232 port

Each of these is discussed below.

14.2.1 Pressing the Key

This key toggles the instrument between off and on. To turn on the
HP 37741A, press the key for about half a second. A copyright notice is
briefly displayed, followed by the identification screen. The test set is
now ready for use.

If the key is depressed for more than about half a se: second the copy-
right notice is retained on the screen for as long as J is pressed.

290



LBk JERLN .| ..

alolhidd  BERRR.

aowdl i

PR R T

14, Power Requirements

14.2.2 Applying Power to the DC Jack

A transition from no power at the dc jack to power at the dc jack will
turn on the HP 37741A. This could be achieved either by connecting
the 2 mm jack with the ac adapter already plugged in, or by applying
power to the adapter when the jack is in.!

It is a transition (of the applied power) that turns the instrument on. A
steady state condition of having power applied with an external char-
ger will not keep the HP 37741A powered up.

This feature is designed to permit a long term test to be run. Suppose
you want to gather performance statistics over a one month period at
an unattended site. The instrument is configured for a continuous test,
and the ac adapter is connected.

On, say, the tenth day, the ac power fails for 6 hours. After five hours
the battery of the HP 37741A becomes nearly discharged, and the unit
turns itself off. When ac power is restored one hour later, the instru-
ment will continue to monitor the line and record the results.

If you want to charge the batteries as quickly as possible, you should
turn the instrument off after connecting the ac adapter.

14.2.3 Asserting DTR on the EiA-232 Port

When this signal is taken from the inactive to the active condition (off
to on) the HP 37741A will be turned on. A transition of at least 5 V is
required. This is achieved by any terminal device that meets the
EIA-232 specification (which calls for 2 minimum voltage swing of 6 V).
The rise time of the signal should also meet the EIA specification.

This feature is provided to allow the unit to be placed at a site and be
controlled remotely. The test instrument will then normally remain off,
except when a remote user wants to use it. Then, when the DTR lead is
asserted the HP 37741A powers up. It takes about one second after as-
serting the lead until the test set is ready to accept commands over the
serial link. The test set asserts CTS then.

It is a transition on this lead that turns the unit on. A steady state
assertion of the lead will not keep the unit turned on.

1 The same holds true for the optional car cigarette lighter charger.
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14.3 Turning Off the Test Set

There are four ways in which the instrument can be turned off:

® by pressing the key
® by issuing a command over the serial port
® inactivity of the unit

® low battery voltage

Each of these is discussed below.,

14.3.1 Pressing the Key
To turn the HP 37741A off, press once.

You need to press the key longer than any of the other keys
for the action to be recognized. This prevents you from turning off the
instrument unintentionally. If you press and hold the key, the instru-
ment will not turn off until you release the key.

14.3.2 Over the Serial Port

You can turn the instrument off remotely. The command that you need
to send is detailed in section 13.4.9.4. The software available from HP
as an accessory (see appendix D) permits this function.

14.3.3 Inactivity

When the HP 37741A is not running a test, and there has been no user
activity for two minutes, the test set will automatically turn off.

User activity occurs when any of the following happens:

® a user presses any key
® a command is received on the serial port when configured
for external control!
® 2z print process is active?
When a test is running (either fixed period or continuous) the instru-

ment will not turn itself off because of user inactivity. This is true even
if there has been no signal received for the entire duration of the test.

1 The command does not need to be a valid command.

The instrument need not actually be printing.
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Automatic turn off when there has been no activity conserves battery
power. If you want to make use of this feature, it is suggested that you

either:

® stop the test when you have obtained sufficient results; or

® set the test time to be a short fixed period (for example 15
minutes or less).

14.3.4 Low Battery

The HP 37741A continually monitors the battery voltage, and will au-
tomatically turn off when the measurement results are likely to be
unreliable.

The instrument will turn off irrespective of whether a test is running
or not, and irrespective of any user activity. The charger must be con-
nected before the unit can be used again.

The HP 37741A can detect that the battery is nearly discharged, and
will display this on screen 2500. You will receive at least 15 minutes
warning of the battery becoming discharged. During this period, the
test set will emit a single, short, high pitched tone on the internal
speaker every minute.

14.4 During Power Off

14.4.1 Real Time Clock

The instrument’s real time clock continues to operate when the main
power is off. Clock accuracy is not affected by the unit being either on
or off. The instrument saves the date and time of the last power down,
and of the last power up. These times can be viewed by the user (on
screen 2500), and are printed with the test results.

14.4.2 Parameter Save

When the HP 37741A is powered down the data in memory is retained.
The data saved comprises

e current instrument configuration
® current test results
® transmitter and receiver settings
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e user defined setups, including configurations, user words,
and data links

& saved test resuits and configurations

test set calibration

14.4.3 Test in Progress

If you turn the instrument off by pressing (POWER}, the test is stopped.
When the instrument is turned on, the test will not resume, but the
results of last test are available,

If the HP 37741A turns off because of low battery voltage, the current
test status and intermediate test results are saved in memory. Any test
that was running is suspended, not stopped.

Then, when the unit is turned on again, the test is resumed and will
continue for the amount of time that was remaining before the instru-
ment was powered off. The test times are displayed in screen 3600
(3601 if continuous). The elapsed time that is displayed reflects how
long the test has actually been running, which is not necessarily the
same as the time that has passed since the test was started. These times
are indicated in screen 3600 or 3601.

The stop time will be updated to reflect that power has been turned
off. Therefore, adding the total run time to the start time will not equal
the stop time if there was a power loss during the test:

Stop time = start time + power loss period + elapsed time.

14.4.4 Impedance Presented to the T1 Line

When the instrument power is turned off, it maintains the same im-
pedance to the T1 line as was presented when power was on. There-
fore, if you leave the HP 37741A connected to a T1 line for a long term
test, power failure of the instrument will not disturb the traffic on the
T1 line. This subject is discussed in detail in section 10.3.6.

14.4.5 Retention of Data When Off

With a fully charged battery the memory and clock will function cor-
rectly for a period in excess of one year, in normal climatic storage
conditions. When the battery is discharged to the point where the
HP 37741A has turned itself off, the memory is still retained and the
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clock still operates. If you do not attempt to turn the unit on, the
memory and clock will function correctly for a minimum of 24 hours
and typically a month.

14.4.6 Discharged Battery

When the battery is too low to operate the instrument you should re-
charge the battery soon unless you plan to store the HP 37741A for a
year or more. Failure to do so may result in loss of data, and the fol-
lowing may be affected:

a. thereal time clock

b. test results, both from the most recent test and from those that
have been saved

c. test status and intermediate test results, if a test was running

d. the current instrument configuration both for {TEST_
(_sET )

e. instrument calibration
If these data have been corrupted due to a fully discharged battery, the
HP 37741A will power up with factory default settings. The unit may
not meet all the measurement specifications detailed in this manual.
The clock will be set to midday on 1 January 1992. Screen 1020 informs
you of this state.

14.5 Real Time Clock

The instrument’s real time clock is continually powered by the system
battery. The clock’s accuracy is not affected by the instrument being
turned on or off.

The clock accuracy is affected by temperature and age, as follows:

Accuracy at room temperaturc *+50 ppm maximum

Accuracy over operating temperature range  *+130 ppm maximum

Accuracy over storage temperature range =170 ppm maximum

Aging, assuming room temperature usage +7 ppm maximum per
year

In normal usage, the time will typically be accurate to within 25 ppm,
which equates to about one minute a month.
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15.1 User Interface (Physical)

Keyboard polyester panel
10 keys with stainless steel domes, 3.2 N nomi-
nal force - provides tactile and audible response

LCD 128 x 128 dots
62 x 62 mm viewing area
8 lines x 13 characters
6 mm character height

Speaker plastic cone
200 mW maximum output

15.2 Size and Mass

HP 37741A size 190 x 100 x 45 mm
HP 37741A mass 900 g

110 Vac adapter size 60 x 60 X 50 mm
110 Vac adapter mass 375 g

Carrying pouch size 200 X 125 x 60 mm
Carrying pouch mass 85g
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15.3 Power Consumption

110 Vac adapter 90 to 130 Vac
47 to 72 Hz
10W

HP 37741A 8to 10 Vde

1 A {(maximum, charging while operating)

15.4 Isolation and Continuity

15.4.1  Isolation

110 Vac to ground 1500 Vac
T1 main to T1 ref 500 Vde
Tlinputs to ground 500 Vdc

To provide continuity for simplex current, and to allow for its mea-
surement, the main input is not isolated from the output.

15.4.2  Continuity

The sleeves of all three bantam connectors are connected together, to
the shield of the DB9 connector, and to the system ground point. Sys-
tem ground is also accessible externally on the outer connection of the
power jack, and on pin 5 of the DB9 connector.

15.5 Temperature and Humidity

15.5.1 Temperature

Operating 0°Cto50°C
Charging 0°Cto45°C
Storage —20°C to 60°C (short term)

0°Cto35°C (long term)

15.5.2 Humidity

Operating 5% to 90% non condensing
Charging 5% to 9% non condensing
Storage 5% to 9% non condensing (short term)

5% to 70% non condensing (long term)
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16.1 General

The tests described in this section enable the user to assess the opera-
tional status of an HP 37741A DS1 tester, referred to in the remainder
of this section as the UUT. There are three levels of tests that accom-
plish this. They each give varying confidence levels in the instrument’s
functionality, as indicated below:

e power on self test (POST) — 55% confidence
@ built in self test (BIST) - 96% confidence
® performance tests — 100% confidence

If all of the tests pass, the UUT is fully operational. The failure of the
BIST or the performance tests may indicate the need for factory ser-
vice, or it may indicate the need for UUT calibration, which is de-
scribed in section 17.

16.1.1 Power On Self Test

This test is executed automatically every time you turn the instrument
on. The test takes less than one second, and tests the major parts of the
instrument’s electronics. The instrument beeps the internal speaker as
part of this test.

If the test fails, the display will blink every second, as the instrument
tries the test again. Normal operation is started if the test is successful.
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16.1.2 Built In Self Test

This test is described in section 16.6. You will need a single bantam
cable and a serial port loopback adapter to conduct this test. The ban-
tam cable is provided as a standard accessory, and the adapter is de-
scribed 1In section 16.2.1. This test takes about 5 minutes.

16.1.3 Performance Tests

Full performance verification consists of all of the tests in this section,
performed in sequence. You need external equipment, described in
section 16.2, in addition to the accessories shipped with the product,
listed in section 1.3. The tests take about three hours to perform. You
should start with the user interface test, and follow the procedures
through to the channel access test.

16.2 Equipment Required

The following list includes all equipment required for the performance
tests. Wire and other standard laboratory materials are not included on
the list. Also missing from the list are banana plug to binding post
adapters (which may or may not be needed with the digital multime-
ter, depending on what model is selected). It is assumed that all materi-
als shipped with the product, such as the single and dual bantam
cables are available.

The T1 generator requirements are not fully met by either of the two
example models listed. However, an HP 37701A and an HP 37741A to-
gether will satisfy all requirements. An HP 37741A can always be used
for the T1 monitor, and it can be used for the T1 generator when pro-
grammable error rate generation, and low level signals are not
required.

16.2.1 Description of Equipment

To execute the performance tests and to calibrate the HP 377414, a
number of standard instrumentation products are required. These
items are listed below. The tests in which each item is used are given
(“Used for”), followed by the major requirements of that item
(“Features”), and lastly at least one commercial source for the item
(“Examples”). Appendix D list accessories available for the HP 37741A.
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16.2.1.1
Used for

Features

Examples

16.2.1.2
Used for

Features

Examples

T1 Generator

® pattern test

¢ framing test

e mode test

@ line code test

® loopback test

e error analysis test

® alarms test

e input signal tolerance test

e generate all HP 37741A patterns

e generate all HP 37741A frame formats

e generate all HP 37741A modes (T1 and FT1)

® generate all HP 37741A line codes

® generate all HP 37741A loop codes

e generate errors (BPVs, frame, bit, CRC) at 10-4 rate

® generate user defined patterns of bit length 4 to 17

® generate AlS and yellow alarms (all framing formats)

e generate DS1 signal levels of 0, —=7.5, and —15 dBdsx

e HP 37741A (but cannot generate programmable errors,
or low level signals)

e HP 37701A (but cannot generate ZBTS] or SLC-%
frame formats)

T1 Monitor

® pattern test

e framing test

® mode test

¢ line code test

® loopback test

® error analysis test

® alarms test

® recognize all HP 37741A patterns

® recognize all HP 37741A frame formats

® recognize all HP 37741A modes (T1 and FTI)

® recognize all HP 37741A line codes

® recognize all HP 37741A loop codes

® recognize AIS and yellow alarms (all framing modes)

e HP37741A

301



UL AILE ).

concad i, WL LN

B 11

v eamadlh, L

HP 37741A User's Manual

16.2.1.3
Used for

Features

Examples

16.2.1.4
Used for

Features

Examples

16.2.1.5
Used for

Features

Examples

16.2.1.6
Used for

Features

HP 37701A (but cannot recognize ZBTSI frame format,
cannot unambiguously discern a SLC-96 frame format,
and cannot differentiate between different ESF loop-

back types)

Function Generator (Two Required)

line frequency measurement test
line level measurement test
slips test

transmit timing test

generate signals by digital synthesis, with at least 104
points

generate sine waves

generate user defined signals to 1 MHz (+0.5 ppm fre-
quency accuracy)

signal point spacing of 25 ns maximum

generate 0.1 to 10 Vpp (= 5% accuracy)

reference clock output and reference clock input

Stanford Research Systems DS$345-02

10 MHz Frequency Source

line frequency measurement test
transmission frequency test

long and short term stability better than 10-10
10 MHz clock output

Stanford Research Systems FS$700 locked to LORAN-C
ground wave

Power Supply

simplex current test

0to 15V output (+ 5% accuracy)
current limit range: 20 to 200 mA (x 5% accuracy)

HP 6216C

Digital Multimeter

simplex current test
line level measurement test

de voltage measurement: 0.1 to 12 V (+ 0.5% accuracy)
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Examples

16.2.1.7
Used for

Features

Examples

16.2.1.8
Used for
Features

Examples

16.2.1.9
Used for
Features
Examples

16.2.1.10
Used for

Features

Examples

16.2.1.11
Used for

Features

® current measurement: 10 to 300 mA (* 0.5% accuracy)
o HP 34401A

Oscllioscope

line frequency measurement test
line level measurement test
transmit pulse test

transmit timing test

dual channel

100 MHz bandwidth (3 dB)

voltage measurement accuracy: + 2%
time base accuracy: = 1%

HP 54501A

Personal Computer

® user interface test

e [BM AT compatible
& MS-DOS 3.3 or later, or DR-DOS 5.0 or later
¢ EIA-232 port

® HP Vectra

External Control PC Software
® user interface test

® see section D.3.2

o HP 15726A

Narrow Printer

® user interface test

® EIA-232interface (or parallel interface with serial-to-
parallel converter)

o HP 15727A or Seiko DPU-201GS

Wide Printer

® user interface test

¢ EIA-232 interface (or parallel interface with serial-to-
paraliel converter)
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Examples

16.2.1.12
Used for
Features

Examples

16.2.1.13
Used for

Features

Examples

16.2.1.14

Used for
Features

16.2.1.15
Used for

Features

Examples

16.2.1.16
Used for

Features

Examples

HP 15733A or Seiko DPU-411

Serial DTE to DCE Cable

user interface test

see section 12.2.4
HP 15736A, HP 15737A

Serial DCE to DCE Cable

user interface test

see section 12.2.5
HP 15734A, HP 15750A

Serlal Port Loopback Adapter

self test

male 9 pin D-subminiature connector with the follow-
ing pin connections: 2 to 3 and 7 to 8 (it is acceptable if
pin 4 is wired to pin 6 also)

BNC Cabie

line frequency measurement test
transmit timing test

length: 300 mm
impedance: 50 2

E-Z-Hook 1026-12
HP 8120-1838

BNC “T" Adapter (Two Required)

®
*
L
L
L
L
L

line frequency measurement test
transmit timing test
slips test

1 male to 2 female
impedance: 50 )

E-Z-Hook 9238
HP 1250-0781
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16.2.1.17
Used for

Features

Examples

16.2.1.18
Used for

Features

Examples

16.2.1.19
Used for

Features

16.2.1.20
Used for

Features

16.2.1.21
Used for

Features

Dual Test Clip to Bantam Patch Cord {Two Required)

simplex current test

line frequency measurement test
line level measurement test
transmit timing test

slip count measurement test

length: 450 mm
E-Z-Hook 2628 (450 mm)

Dual Test Clip to BNC Adapter (Three Required)

line frequency measurement test
line level measurement test
transmit timing test

slip count measurement test

length: 80 mm
impedance: 50 ()
male BNC connector
E-Z-Hook 1010XM

50 Q Resistor (Four Required)
® simplex current measurement test

e resistance tolerance: = 5%
e powerrating: I W

100 Q Resistor

line frequency measurement test
line level measurement test
transmit pulse test

transmit timing test

resistance tolerance: + 1%
power rating: 250 mW

442 (1 Resistor (Two Required)-

® line frequency measurement
® line level measurement

® resistance tolerance: + 1%
® power rating: 125 mW
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16.3 Accuracy and Signal Integrity

16.3.1 Measurement Accuracy

Many of the following tests verify quantitative specifications for
which a specific accuracy is guaranteed. For each of these tests, one or
more of the pieces of equipment used is critical to the test’s accuracy.
In order for such a test to be meaningful, the critical equipment must
be more accurate than the tolerance of the parameter being measured.
In general, the parameter:

meets specification if abs(Pmeas — Pnom) =< (Utol — Etol)
does not meet specification if abs(Pmeas — Pnom) = (Utol + Etol)
is unknown if neither condition holds
where:
Utol = specified accuracy of UUT parameter,
Etol = gpecified accuracy of critical test equipment,
Pnom = nominal value of UUT parameter,
Pmeas = measured value of UUT parameter.

Because the performance test procedure is intended to guarantee that
the UUT meets specifications, the basis of comparisori must be the first
of these three criteria. If Etol is not much smaller than Utol, there is a
danger that a significant number of good units may be rejected. (In the
extreme case, when Etol exceeds Utol, it is impossible to ever be sure
that a UUT meets its specifications.)

16.3.2 Critical Equipment

The performance verification tests have been designed to minimize the
number of highly accurate test instruments required. Three such in-
struments are specified:

¢ function generator, for timing measurements
e digital multimeter, for voltage and current measurements
® oscilloscope, for pulse shape measurements

Each of these critical instruments must have a measurement uncertain-
ty of no more than one tenth of the smallest tolerance it is required to
verify. Of course, all equipment used must be calibrated.
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The error and slip count tests use the internal test duration timer of the
HP 37741A. In these cases, the displayed error or slip count is propor-
tional to the selected test time. For this reason, the accuracy of the
HP 37741A’s real time clock is taken into account in the pass or fail Jim-
its specified for these tests.

16.3.3 Signal Integrity

The nominal impedance of a T1 line is 100 {). Most test instrumenta-
tion, including that used in the tests specified here, is designed to op-
erate in a 50 {) environment. Whenever two impedance environments
are mixed in this way, the question arises as to what signal degrada-
tion might result. In the tests described here, one must consider two
mechanisms of signal degradation, which can alter signal phase and
pulse shape, but not frequency. Both mechanisms are dealt with by
limiting the length of any 50 (2 signal path.

The first signal distortion mechanism arises from reflections at the
boundaries between signal path sections of different impedances. In
these tests, lengths of 50 () signal path are limited to “T" adapters,
80 mm test-clip adapters, and a 300 mm cable. The longest double tran-
sit time across any such length is about 3 ns. The D$1 signals under
investigation have transition times on the order of 50 ns. Thus, trans-
mission line effects can be neglected.

The second distortion mechanism is the behavior of the adapters and
stubs as lumped elements, which can filter the signals that pass
through them. For these tests, the worst effect of this kind comes from
the 300 mm stub connecting the function generator and the oscillo-
scope in the transmit timing test. This stub represents a capacitance of
about 30 to 40 pF, creating a low pass filter with a time constant of 4 ns
or less. Again, this effect is small enough to be neglected, especially
since only the frequency is of interest on this signal path.

16.3.4  Stability

It is important that a stable environment be used for the measure-
ments. There should not be wide variations in the operating tempera-
ture and humidity during the test. You should allow all equipment to
warm up prior to making any measurements. A typical time might be
half an hour, but you should consult the manufacturer’s documenta-
tion first. The area should be free from stray electromagnetic fields and
radiation.
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16.4 Function Generator Test Patterns

This section defines user programmed test patterns for use in perform-
ance verification and unit calibration. Three types of pattern are used:
all ones, alternating 1/0, and 1 in 8. These patterns and their generation
are described in the following three subsections.

16.4.1  Function Generator Level Calibration

The "all ones" and "alternating 1/0" patterns are generated using the
function generator. To guarantee accurate T1 waveform amplitudes,
adjusted amplitudes must be determined. These adjusted amplitudes
will be used in setting up the function generator for generation of the
individual waveforms. The adjusted amplitudes are not the same as
the nominal T1 amplitudes for three reasons:

a. Because of overshoot, the peak amplitude of an ideal DSX pulse is
not equal to its nominal value (for amplitudes greater than or equal
to —6 dBdsx).

b. The source impedance of the function generator is 50 () so that the
amplitude setting must be adjusted for a 100 {2 load.

¢. The amplitude accuracy of the function generator must be bettered.

A table of adjusted amplitudes is therefore generated as follows:

1. Set up the equipment as shown in figure 16-1, with RL = 100 {).

2. Set the function generator to generate a 1 kHz sine wave, and the
digital multimeter for ac (rms) voltage measurement.

Function Generator
L)
] D
T-Connector

BNC Cable

Banana Adapter

A
BNC to Test Clip Patch Cord
Inner Shieid

AL

Figure 16-1 Test Pattern Setup
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3. For each entry in the following table, adjust the function genera-
tor voltage until the digital multimeter reads the value indicated.
Make a note of each voltage setting, and designate each as shown
in the table. These designations are used in later sections.

Desired Designation  Desired Vpp Ideal Vpp DMM mV rms

dBdsx at terminals programmed Reading
+3.0 Vadj({+3) 9.323 6.992 3300
0.0 Vadj(0) 6.600 4.950 2330
-3.0 Vadj(—-3) 4.672 3.504 1650
-9.0 Vadj(—9) 2.129 1.587 753
-15.0 Vadj{—15} 1.067 0.800 377
-21.0 Vadij(—21) 0.5348 0.400 189
—-27.0 Vadj(—27) 0.2680 0.201 94.8
-33.0 Vadj{—33) 0.1343 0.101 47.4

16.4.2 All Ones

These patterns are all generated using the function generator. Set up
the function generator for a 772000 Hz sine wave. For each entry of the
following table, create the indicated waveform by using the indicated
Vpp setting.

Waveform Name Vpp Setting

—9dBallts Vadj(—9)
—15dBallls Vadij(—15)
—21dBalils Vadj(—21)
—27dBalits Vadj(—27)
—33dBall1s Vadj(—33)

16.4.3 = Alternating 1/0

These patterns are all generated using the function generator. They
use the arbitrary waveform feature. The normalized waveform is a re-
peating pattern with point spacing of 25ns and period of 2600 ns.!
There are 104 points characterizing the repeating pattern. These points
are tabulated in figure 16-2, normalized so that the midpulse base-to-
peak amplitude is one Volt. The waveform is illustrated in figure 16-3.

1 This corresponds to a T1 alternating 1/0 pattern with a bit rate of 1538461 bys, rather
than 1544000 b/s. Because these patterns are used only for level calibration, this is
not a concern.
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For each entry of the following table, create the indicated waveform by
using the indicated Vpp setting.

Waveform Name Vpp Setting
+3dBalt01 Vadj(+3)
0dBaho1 Vadj(0)
—3dBal0l Vadj{—3)
ns v ns v ns v ns v
o] 4} 650 0.5 1300 0 1950 =050
25 0 675 0 1325 0 1975 0
50 0 700 —-0.25 1350 o] 2000 0.25
75 0 725 —-0.25 1375 0 2025 0.25
100 0 750 —-0.24 1400 4] 2050 0.24
125 0 775 -0.23 1425 o 2075 0.23
150 0 800 —0.20 1450 0 2100 02
175 0 825 -0.17 1475 0 2125 0.17
200 o] 850 —-0.13 1500 0 2150 013
225 0 875 -0.1 1525 0 2175 0.1
250 0 900 -0.08 1550 0 2200 0.09
275 0.16 925 —-0.07 1575 -0.15 2225 0.07
300 0.45 950 —0.05 1600 —-0.45 2250 .05
325 0.75 975 —0.04 1625 -0.75 2275 0.04
350 1.05 1000 -0.03 1650 —1.05 2300 0.03
375 1.1 1025 -0.02 1675 -1.10 2325 0.02
400 1.1 1050 —-0.01 1700 -1.10 2350 0.01
425 1.05 1075 0 1725 -1.05 2375 0
450 1.02 1100 0 1750 -1.02 _ 2400 0
475 1 1125 0 1775 -1.00 2425 0
500 1 1150 0 1800 —1.00 2450 0
525 0.99 1175 0 1825 -0.99 2475 0
550 0.98 1200 o] 1850 —0.98 2500 0
575 0.97 1225 0 1875 -0.97 2525 0
600 0.95 1250 0 1900 -0.95 2550 0
625 0.9 1275 o} 1925 -0.90 2575 0

Figure 16-2 Tabulated D5§X-level Waveform
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Figure 16-3 Alternating 1/0 DSX Test Waveform

16.4.4 1in8

Generation of these patterns requires both the T1 generator and the
function generator. Set the T1 generator so that its transmit timing is
derived from its reference input. Drive the external reference input
from the function generator, set for a sine wave output (frequency =
772000 Hz; amplitude = 1 Vpp). Set the T1 generator to transmit a "1 in
&" pattern, with output level as shown in the following table.

Waveform Name Output Level

{(dBdsx)
0dB1ing 0
-15dB1in8 -15

311



UEL. LR ..

showll b LR,

cooladi

HP 37741A User's Manual

16.5 User Interface Test

16.5.1 Purpose

This test verifies the UUT’s ability to communicate with the user, with
an external personal computer, and with a printer. The following capa-
bilities are tested:

SR e on oo

keys

display

speaker and volume control

test time duration control

save and recall of test results

real time clock

LCD contrast, backlight, and backlight auto-turnoff
serial port external control and printout

16.5.2 Procedure

1.

10.

11.
12,

Install the single bantam cable between the T1 output and the
main T1 input.

Install the ac adapter.
Press (POWER) to turn on the HP 37741A.

Use to adjust the LCD contrast. Verify that the contrast of
the UUT appears to have all 16 steps.

Set the LCD contrast to a comfortable viewing level.

Press [_SET_J, verify that screen 2000 is shown, and verify that the
cursor moves in response to _A__Jand (_Y¥Y__J.

Set the UUT to its factory default state.
Use to start a test.
In a darkened room, use [ ) to turn on the backlight.

Wait for two minutes without pressing any keys, and verify that
the backlight is automatically turned off.

Set the T1 inputs for terminate.

Set the UUT to transmit a D4 TmS8S |t with a 1004 Hz,
—16 dBm{ tone on channel 1.
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13.

14.
15.
16.
17.

31.

32.
33.

35.

Turn the speaker on, verify that the tone is audible, and that the
volume can be controlled using (-4 ). The volume should range
from soft to unpleasantly loud.

Remove the tone, and set the real time clock to 23:59 on 99/12/31.
Set the test duration time for 5 seconds.

Start the test.

after which T E S T obD L E is dlsplayed
Save the test results.

Using screen 3510, set the test duration time for 20 seconds.

Start a test, verify that TE'S T “ACT.1'VE is displayed for 20
seconds, after which TES T 1 DL E'is displayed.

that TEST "ACT | VE isstill dlsplayed after 5 mmutes
Remove the bantam cable, wait 1 minute and replace it.

Use to display screen 5000.

Verify that an LOS has been reported.

Use to display screen 4000.

Verify that the displayed signal voltage level is between 4.3 V and
77V.

. Press [POWER), and verify that the display goes blank.

Turn on the UUT.

In screen 1000, verify that the time is reported as early morning,
00/01/01.

In screen 5000, verify that the LOS is still being reported.

Recall the test results stored in step 18, and verify that the LOS
alarm is no longer displayed.

Reset the real time clock to the correct date and time.

Connect the narrow width printer to the serial port, and set the
port parameters as appropriate for the printer.

From screen 3110, use the n © w command to obtain a printout.
Repeat steps 33 and 34 with the wide printer

From screen 2310, set the serial port for e x t - control,
9600 b/s.
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37. Connect to the personal computer running the HP 15726A exter-
nal control software.

38. Using the PC to control the UUT, start a test, and verify that no
LOS alarm is reported.

39. Remove the bantam cable, and verify that an LOS is reported on
the PC.

40. Stop the test from the PC, then exit the control software.
41. Wait 2 minutes, and verify that the UUT turns itself off.

16.6 Built In Self Test

16.6.1 Purpose

The built in self test allows you to perform a quick operational check
of the UUT, without the need for any additional equipment, and with
only minimal intervention. If the self test passes, the UUT is function-
al, although it is not guaranteed to meet all of its specifications.

If the self test fails, it probably means that the instrument requires
servicing, but it may mean that it simply requires calibration.

The following capabilities are tested:

a. serial port functionality

b. pattern generation and detection

¢. framing generation and detection

d. line code generation and detection

e. loopback code generation and detection

f.  excess zeroes detection and analysis

g. pulse density violation detection and analysis

h. alarm generation and detection

i. level generation and measurement (at the DSX level)

j. channel access tone generation and level measurement, signal-
ing generation and reception, and speaker output

Each loop of the main test takes about 6 minutes. If you set the instru-
ment to run the test continuously, it will execute about 216 loops in 24
hours. To stop the test at any time, press ((SEY_J. If you press (POWER]
some values may not be restored.
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16.6.2 Procedure

Install the ac power adapter.

Install the single bantam cable between the T1 output and the
main T1 input.
Set the speaker volume to a comfortable listening level.!

Select spec i al inscreen3000and then'se [ 1 test
in screen 3010.
» Screen 3600 is displayed.

3600
USELF CTEST . .

DA .

Z-'C’E-@E.ﬁﬁfeic-'_izi_ ST

3000, 3610

Press{_A }or[_¥ Juntil 01 is displayed.

» You can select how many times the self test should run. You can
let the instrument endlessly repeat the test by choosing
;G:_c'!::nli't:-i'fn'u o US

Press {_TEST ).

» Screen 3610 is displayed.

3610

Test number
nanAn

Please wait.

» The number n'n-nn'n will change as each test is performed.
» If alf of the tests pass, screen 3601 is displayed.

Some of the tests send a tone to the speaker. If you leave the volume set to off, the
BIST will set the volume to 1 during the tests,
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10.
11.

12.

3601
CSELF

3000, 3610

Move the bantam cable from the main input to the reference

input.

Press(_a Jor[_¥ Juntil 0 1is displayed.

» You can select how many times the self test should run. You can
let the instrument endlessly repeat the test by choosing
continuous.

Press ((TEST ).

» Screen 3610 is again displayed (this is a very short test, so the
screen may be displayed only briefly).

» |f all of the tests pass, screen 3602 is displayed.

3000, 3610

Install the serial port loopback adapter on the serial port.

Press(_4 Jor("¥ Juntil 0 1 is displayed.
» You can select how many times the self test should run. You can
let the instrument endlessly repeat the test by choosing

eontinuous.

Press [_TEST ).
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» Screen 3610 is again displayed (this is a very short test, so the
screen may be displayed only briefly).

» When all tests are complete, screen 3630 is displayed.

3630
SELF TEST 3000
‘COMPLETED

Pir é‘:'sﬁ-s:_'-:'-'é‘_hfyf._:_ ‘av

13. Press to display screen 3000.

16.6.3 Self Test Failures

If any of the tests fails, the HP 37741A stops the BIST, and screen 3620
is displayed.

3620

B IR
Test number
nnnnn failed.

cancel 3000
+continue 3610

The test number is interpreted as the error code, and indicates the na-
ture of the problem. The error codes are listed in appendix E.

The instrument continues to transmit the signal defined by the test
number. The results can be viewed to identify the nature of the prob-
lem. In most cases, factory repair or replacement will be required. In
some cases, recalibration will solve the problem.

By pressing (3EsT), you can continue the self test,
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16.

7 Pattern Test

16.7.1 Purpose

This test verifies that the UUT can generate and recognize the industry
standard stress and quasi-random patterns.

16.7.2 Procedure

1

Set the UUT to its factory default state, and then set it to terminate
the T1 input.

Connect the output of the T1 generator test set to the main input
of the UUT.

Connect the input of the T1 monitor test set to the output of the
UUT.

Start a continuous test.

Set the T1 generator test set for unframed DSX-level signal gen-
eration, with B8ZS encoding.

Use the T1 generator test set to generate each of the following sig-
nals in succession, verifying that each pattern is correctly identi-
fied by the UUT (by displaying screen 5300). Verify also that the
T1 monitor receives the same pattern.

e all zeroes
alternating 1/0
1in 8
2in 8
3in24
QRW
25-1
221

e 2B-1
Set the output of the UUT for unframed signal transmission, and
generate each of the above signals in turn, verifying that each pat-
tern is correctly recognized by the T1 monitor test set. For each

transmitted pattern, also verify that the 22—1 signal is still being
correctly received without errors by the UUT.
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16.8 Framing Test

16.8.1 Purpose

This test verifies that the UUT can generate and recognize all specified
framing formats, and can act as a framing translator. Because many T1
test sets cannot generate and recognize ZBTSI or SLC-96 framing, the
best choice for T1 generation and monitoring is to use the independent
transmitter and receiver of a second HP 37741A.

16.8.2 Procedure

1. Setthe UUT to its factory default state, and then set it to terminate
the T1input.

2. Connect the output of the T1 generator test set to the main input
of the UUT.

Start a continuous test.
Set the T1 generator test set for DSX-level QRW generation.

Set the T1 generator test set to generate each of the following
framing formats in succession, verifying that each framing format
is correctly identified by the UUT (by viewing screen 5100).

e unframed

e D4

e ESF

e SLC-9

e ZBTSI
Repeat steps 4 and 5 with an all ones payload.
Repeat steps 4 and 5 with an all zeroes payload with B8ZS coding,.

8. Repeat step 5 with an all zeroes payload, with AMI coding. With
the exception of ZBTSI framing, LOS should be declared, and all
error accumulation inhibited.

9.  Set the UUT to receive D4 framing.

10. Use the T1 generator test set to generate QRW with each of the
above framing formats in turn, and verify that only the D4 signal
is received without loss of framing.

11. Set the T1 generator test set to generate D4 framing again.

12. Connect the output of the UUT to the input of the T1 monitor test
set.
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13. Set the UUT for QRW transmission, and generate each of the
above framing formats in turn, verifying that each framing format
is correctly recognized by the T1 monitor test set. For each trans-
mitted framing format, also verify that the D4 signal is stll being
correctly received without errors by the UUT.

14. Set the UUT to transmit the same framing format that it receives

(as . input)
15. Set the UUT receiver to auto frame mode (a'u t:0).
16. Use the T1 generator test set to generate each of the above framing

formats in turn, and verify that, in each case, the same framing
format is transmitted from the UUT.

17. Setthe UUTfor-a:s- i ‘np u-t transmit payload.
18. Use the T1 generator test set to send an unframed 3 in 24 pattern
to the UUT.

19. Set the UUT to transmit each of the above framing formats in turn,
verifying that each framing format is correctly recognized by the
T1 monitor test set, with a 3 in 24 payload in each case.

16.9 Mode Test (Fractional T1)

16.9.1 Purpose

This test verifies that the UUT can generate and recognize all specified
modes, and can act as a mode translator. The T1 generator must be ca-
pable of fractional T1 generation, with OxFF or Ox7F as the idle channel
code. It is desirable that the T1 monitor be capable of automatically
detecting the mode and channel map. If not, you will have to explicit-
ly reconfigure it for each test.

16.9.2 Procedure

1. Set the UUT to its factory default state, and then set it to terminate
the input and to autodetect the input mode.

2. Connect the output of the T1 generator test set to the main input
of the UUT.

3. Start a continuous test.
4. Setthe T1 generator test set for DSX-level D4 QRW generation.

5. Set the T1 generator test set to generate each of the following
modes in succession, verifying that each mode is correctly
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10.

11.

12,

13.
14.

15.

identified by the UUT (by viewing screen 5300). Also verify that
the QRW pattern is received error free.

o full T1

® fractional T1: 12 x 64, all odd channels

¢ fractional T1: 4 x 56, channels 1 through 4
® fractional T1: 1 x 56, channel 1 only

Set the UUT receiver mode to 4 x 56 with channels 1 through 4
active.

Use the T1 generator to generate D4 QRW with each of the above
modes in turn, and verify that only the 4 x 56 signal is received
without loss of pattern synchronization.

Set the T1 generator test set to generate 1 in 15, with SLC-96 fram-
ing and mode set to 4 x 56.

Connect the output of the UUT to the input of the T1 monitor test
set.

Set the UUT for ESF 3 in 24 transmission, and generate each of the
above modes in turn, verifying that, in all cases, the T1 monitor
recognizes an error free 3 in 24. For each transmitted mode, also
verify that the 4 x 56 1 in 15 is still being received without errors
by the UUT.

Set the UUT transmitterto a's . .r e ¢ e i-v e r,and the UUT
receiver mode to au-t-o.

Use the T1 generator test set to generate a ZBTSI 2% - 1, in each of
the above modes in turn, and verify that, in each case, the same
mode is transmitted from the UUT, still carrying the 3 in 24
pattern.

Setthe UUT for & § i n'p.u t transmit payload.
Use the T1 generator test set to send an unframed 1 in 8 pattern to
the UUT.

Set the UUT to transmit each of the above modes in turn, verify-
ing that an error free 1in 8 is recognized in each case.
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16.10 Line Code Test

16.10.1 Purpose

This test verifies that the UUT can generate and recognize both speci-
fied line codes, and can act as a line code translator.

16.10.2 Procedure

1. Set the UUT to its factory default state, and then set it to terminate
the T1 input.

2. Connect the output of the T1 generator test set to the main input
of the UUT.

3. Setthe T1 generator test set for DSX-level unframed QRW genera-
tion, and use it to transmit using each of the following line codes
in succession, verifying that each line code is correctly identified
by the UUT (by viewing screen 4100).

e AMI
e B8ZS

4. Connect the output of the UUT to the input of the T1 monitor test
set,

5. Set the UUT for QRW transmission, and generate each of the
above line codes in tumn, verifying that each line code is correctly
recognized by the T1 monitor test set. For each line coding format,
also verify that the B8ZS QRW signal is still being correctly re-
ceived without errors by the UUT.

6. Set the UUT to transmit the same line code that it receives (a s

input)
7. Use the T1 generator test set to generate each of the above line
codes in turn, and verify that, in each case, the same line code is

transmitted from the UUT,

8. Set the UUT for as  ‘inpult payload and framing
transmission.

9. Use the T1 generator test set to send a D4 framed AMI 3 in 24 pat-

tern to the UUT.

10. Set the UUT to transmit each of the above line codes in turn, veri-
fying that each line code is correctly recognized by the T1 monitor
test set.
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16.11 Loopback Test

16.11.1 Purpose

This test verifies that the UUT can generate and recognize all standard
loopback codes, and can translate loopback codes between framing
formats. For steps 9 to 11 of this test, a single T1 test set must function
as both a T1 transmitter and a T1 monitor. This instrument is referred
to in this test as the T1 test set.

16.11.2 Procedure

1. Set the UUT to its factory default state, and then set it to terminate
the T1 input.

2. Connect the output of the TI test set to the main input of the
UUT.

Connect the output of the UUT to the input of the T1 test set.
Set the T1 test set for DSX-level AMI 1in 8 generation.

Use the T1 test set to transmit using each of the following loop
codes in succession, verifying that each loop code is reported cor-
rectly in screen 4300

D4 line loop up

D4 line loop down

D4 4 bit loop up

D4 4 bit loop down

D4 NI loop up

D4 NI loop down

ESF line loop up

ESF line loop down

ESF 4 bit loop up

ESF 4 bit loop down

ESF Nl loop up

ESF NI loop down

ESF payload loop up

ESF payload loop down

6. Set the UUT to respond to loopback signals.

Set the UUT for AMI QRW transmission.

Use the T1 test set to transmit each of the above loop codes in suc-
cession, verifying that the UUT responds correctly to each loop
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10.
11.

12,

13.

16.

code. The pattern received at the T1 test set will be 1 in 8 if the
UUT is looped, and QRW if it is not.

Set the UUT to not auto respond to received loopback signals.
Set the T1 test set to respond to loopback signals.

From screen 4300 of the UUT, send each of the above loop codes
in turn, verifying that each loop code is correctly recognized by
the T1 monitor test set. Verify also that the far end loop status is
correctly reported by the UUT.

ESF framing,.

Use the T1 generator test set to send each of the above D4 framed
loop codes to the UUT. Verify that, in each case, the UUT trans-
mits the correct loop code, but with altered framing.

12  Error Analysis Test

16.12.1 Purpose

This test verifies that the UUT can detect line and path errors, and can
report the results as industry standard counts, rates, and availability
parameters.

16.12.2 Procedure

1.

Set the UUT to its factory default state, and then set it to terminate
the T1 input.

Connect the output of the T1 generator test set to the main input
of the UUT.

Set the T1 generator test set for DSX-level AMI unframed QRW
generation, with a BPV error rate of 10-4.

On the UUT, set the test time to 100 seconds and start a test. Dis-
play screen 4100, and verify that errors are accumulating.

After 100 seconds, the test will be complete, and the display
should read:
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10.

1L

12,

13.

14.

min max
BPV 15438 15442
ES 100 100
EFS 0 0
%EFS 0 0
BER 1.0E—04 1.0E-04

Set the T1 generator test set for DSX level D4 AMI QRW genera-
tion, with a frame error rate of 104,

On the UUT, set the test time to 100 seconds and start a test. Dis-
play screen 5100, and verify that errors are accumulating.

After 100 seconds, the test will be compiete, and the display
should read:

min max
EC 79 a1
ES 79 81
QOFcnt 0 0
COFAcnt 0 0

avgER 9.9E-05 1.0E-04

Set the T1 generator test set for DSX-level ESF AMI QRW genera-
tion, with a frame error rate of 104

On the UUT, set the test time to 100 seconds and start a test. Dis-
play screen 5100, and verify that errors are accumulating.

After 100 seconds, the test will be complete, and the display
should read: ’

min ax

EC 19 21
ES 19 21
OCFent 0 0
COFAcnt 0 0

avgER 9.5E-05 1.1E-04

Set the T1 generator test set for DSX-level D4 AMI QRW genera-
tion, with a logic error rate of 10~

On the UUT, set the test time to 100 seconds and start a test. Dis-
play screen 5300, and verify that errors are accumulating.

After 100 seconds, the test will be complete, and the display
should read:
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15.

16.

17.

18.

19.

20.

21

22,

min max
EC 15358 15362
ES 100 100
EFS o] 0
%EFS 0 o
BER 1.0E~-04 1.0E-04

Set the T1 generator test set for DSX-level ESF AMI QRW genera-
tion, with a CRC error rate of 10-4,

On the UUT, set the test time to 300 seconds and start a test. Dis-
play screen 5200, and verify that errors are accumulating.

After 300 seconds, the test will be complete, and the display
should read:

min max
EC 9 1
ES 9 A
EFS 289 291
%EFS 86 97

avgER S0E-05 1.1E-04
Set the T1 generator test set for DSX-level unframed AMI genera-
tion, with a repeating 1000 0000 0000 0000 0 pattern (17 bits).

On the UUT, set the test time to 10 seconds and start a test. Dis-
play screen 4400, and verify that errors are accumulating,

When the test is complete, the display should read:

min max
Xs0s 908117 208353
Dense 80000 81000

Set the T1 generator test set for DSX-level AMI generation, with a
D4 framed L°0'D n's pattern

On the UUT, set the test time to 10 seconds and start a test. Dis-
play screen 4400, and verify that errors are accumulating,

When the test is complete, the display should read:

min max
Xs0s 0 0
Dense 7082 7086

Set the T1 generator test set for DSX-level unframed AMI genera-
tion, with a repeating 1 in 8 pattern. On the UUT, set the test time
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16. Performance Verification

to 10 seconds and start a test. Display screen 4400, and verify that
errors are accumulating,

25. When the test is complete, the display should read:

min max
Xs0s 0 0
Cense 0 Q

16.13 Alarm Test

16.13.1  Purpose

This test verifies the UUT's ability to generate and recognize all speci-
fied alarm signals.

16.13.2 Procedure

1.

Set the UUT to its factory default state, and then set it to terminate
the T1 input.

Connect the output of the T1 generator test set to the main input
of the UUT.

Set the UUT test time to co'n:t-i-nuou s,
For each entry in the following table, use the T1 generator test set

to generate the designated input signal, and set up the receive
configuration of the UUT as shown.

Display screen 5000 on the UUT, and check that the correct entry,
and only that entry, of the display is incrementing at the rate of
one per second. After each resetting of the input signal or receive
mode, restart the test.

T1 Generator Output UUT Receive Frame Display

none {remove signal) auto LOS incrementing
- - - Als D4 AIS incrementing
- - - AlS ESF AlS incrementing
D4 AMI QRW  yellow D4 Yellow incrementing
D4 AMI QRW  yellow ESF FrmLos incrementing
ESF  AMI QRW yellow D4 FrmLos incrementing
ESF  AMI QRW yellow ESF Yellew incrementing
unfr  AMI QAW no alarms auto static display
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6. While the final test is still running, change the input signal to un-
framed AMI repeating 1000 (user defined). '

7. Verify that the P t'nL o's countis now incrementing (one per

second) on the display.

8. Connect the output of the UUT to the input of the T1 monitor test
set.

9. For each entry in the following table, transmit the indicated signal
from the UUT, and use the T1 monitor test set to verify that the
designated output signal is being received correctly.

UUT cutput Check for
- - - AlS AlS
D4 AMI QRW yellow yellow
ESF  AMI QRW yellow yollow
unfr  AM! all zeroes no alarms LOS

16.14 Receive Interface Test

16.14.1 Purpose

This test verifies the ability of the UUT receive circuitry to tolerate the
full range of acceptable DS1 signals, and to measure level and frequen-
cy accurately.

16.14.2 Procedure

16.14.2.1 Pattern Recognition
1. Setthe UUT to its factory default state, and then set it to terminate
the T1 input.

2. Use the bantam cable to connect the output of the T1 generator
test set to the main input of the UUT, and start a continuous test.

3. Set the T1 generator test set for D4 framing, and use it to generate
each of the following signals in succession.

4. Verify that each pattern is correctly identified by the UUT and
received without errors {(by viewing screen 5300)
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Pattern Levei
All ones 0 dBdsx
All ones —7.5 dBdsx
All ohes —15 dBdsx
1ing 0 dBdsx
1in8 —7.5 dBdsx
1inB —15 dBdsx
3in24 0 dBdsx
3in24 —7.5 dBdsx
3in24 —15 dBdsx

16.14.2.2 Line Frequency Measurement

1.

Set the UUT to its factory default state, and then set it to terminate

the T1 input.

Set up the first function generator and the UUT as shown in fig-

ure 16-4.

Start a continuous test on the UUT.

For each entry of the following table, adjust the function genera-
tor signal (as defined in section 16.4) and the resistors as indicated,
and place the UUT in the correct termination mode.

Verify that the frequency displayed on screen 4000 is correct with-
in the limits shown:

Waveform

0d8ting
—15dB1in8

0dB1in8
—-15dB1in8

0dB1in8
~15dB1ing

AL

100

100
100

RS uuT

terminated

0

0  terminated

0 bridge

0 bridge
442 monitor

442 menitor

{min)
1543992
1543992
1543992
1543992
1543992
1543992

Frequency Frequency

{max)
1544008
1544008
1544008
1544008
1544008
1544008
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Tt Generator

ref in

Function Generator

3

BNC to Test Clip Patch Cord

Bantam to Test Clip Patch Cord

uuT

Figure 16-4 Line Frequency Measurement

16.14.2.3 Line Level Measurement

1.

Set up the first function generator and the UUT as shown in fig-
ure 16-5. '

Display screen 4000 of the UUT. For each entry of the following
table, adjust the function generator signal (as defined in section
16.4) and the resistors as indicated, and place the UUT in the cor-
rect termination mode.

Verify that the displayed level is correct within the limits shown:
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Function Generator

{

e

BNC to Test Clip Patch Cord

Bantam to Test Clip Patch Cord

uuT

Figure 16-5 Line Level Measurement

Waveform RL RS uuT Level (min) Level {(max)

0dBalt0/1 o 0 terminated 5.6 Vpp 6.4 Vpp
—15dBall1s 0 terminated 0.94 Vpp 1.2 Vpp
—33dBall1s & 0 terminated 0.10Vpp 0.17 Vpp
0dBato/1 100 0 bridge 5.6 Vpp 6.4 Vpp
—15dBall1s 100 0 bridge 0.94 Vpp 1.2 Vpp
—33dBall1s 100 0 bridge 0.10 Vpp 017 Vpp

0dBalto/1 100 442 monitor 5.6 Vpp 6.4 Vpp
—15dBalls 100 442  monitor  0.94 Vpp 1.2 Vpp
—33dBallts 100 442 moniter  0.10 Vpp 0.17 Vpp
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16.14.2.4 Simplex Current Measurement

CAUTION

Do the following simplex current measurement test care-
fully. A fuse internal to the UUT may blow if the simplex
current exceeds 250 mA.

Set the open circuit voltage on the power supply to 15V, and the
current limit to 0 A.

Connect the digital multimeter to the power supply as shown in
figure 16-6, but without the UUT.

Short the positive side of the power supply to the positive side of
the digital multimeter, and set the digital multimeter to read
current.

DMM Power Supply

[

50 0 50
Tip Ring Tip Ring
«— Bantam to Test Clip Patch Cords —

AV

uut

Figure 16-6 Simplex Current Measurement
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Gradually increase the current limit until the multimeter reads
130 mA.

Remove the wire shorting the positive side of the multimeter to
the power supply, and connect the UUT as shown in figure 16-6.

Display screen 4000 on the UUT.

For each entry of the following table, carefully adjust the current
limit until the multimeter reads the specified current (Is), and
verify that the value displayed by the UUT is within the limits
indicated:

Is (mA) Displayed current Displayed current
(min} (max)
130 120 mA 140 mA
60 55 mA 65 rmA

16.15 Transmit Interface Test

16.15.1 Purpose

This test verifies the ability of the T1 transmit circuitry to transmit ac-
ceptable DSX-level signals with the correct selected timing.

16.15.2 Procedure

16.15.2.1 Transmit Pulse

1.

Set the UUT to its factory default state, and then set it to terminate
the T1 input. :

Set up the first function generator, the oscilloscope, and the UUT
as shown in figure 16-7.

Start a continuous test on the UUT.

Set up the UUT to transmit an unframed 1 in 8 pattern, with inter-
nal timing. Adjust the oscilloscope to display channel 2, so that a
single positive pulse fills the screen.
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QOscilloscope Function Generator
A
Ch 1 Ch 2
1 MG 1 MG 0

BNC Cable

T-Connector

T-Connector

BNC to Test Clip Patch Cords —>

Inner Innar
Shield Shield
Ring Ring

Tip Tip

<« Bantam to Test Clip Patech Cords — 5

N

AVY

uuT

Figure 16-7 Transmit Timing Measurement

5. Verify that the pulse is within the limits indicated in the following

table:
Parameter Minimum Maximum

Pulse height (at pulse center) 24V 36V

Puilse width (at mid height) 294 ns 354 ns

Rise time (10% to 90%) Ons 75ns

Fall time (90% to 10%) Ons 75ns
Overshoot (above pulse height) Ons 15% of pulse height
Undershoot (below base line} Ons 45% of pulse height

6. Verify the same set of parameters for the negative pulse.
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16.15.2.2 Transmit Timing

1.

Set the UUT for unframed all ones generation, and set the oscillo-
scope to display channels 1 and 2. For each line of the following
table:
e Move the cable carrying the function generator signal to the
designated input of the UUT.
e Generate the designated pattern with the function generator.
® Set the transmit timing on the UUT as indicated.

® By observing the oscilloscope, verify that the indicated pass
condition is met.
signal input Txtiming pass condition
~21dBall1s  main from main output synchronous with main input
—21dBall1s ref from ref output synchronous with ref input

Set the function generator to send 1 Vpp sine wave with a fre-
quency of 772 000 Hz. Set the UUT for internal timing, and adjust
the frequency of the function generator until the two oscilloscope
traces are drifting with respect to each other by at most one period
in 10 seconds.

Verify that the function generator frequency is between
771970 Hz and 772 030 Hz.

16.16  Bit Slips Test

16.16.1 Purpose

This test verifies the ability of the UUT to detect and report bit slips
between the two T1 inputs.

16.16.2 Procedure

1.

Set up the two function generators and the UUT as shown in fig-
ure 16-8. Ensure that the second function generator is locked to
the first.

Set the UUT to its factory default state, and then set it to terminate
the T1 input.

Set both function generators to send 1 Vpp sine waves with fre-
quencies of 772 000 Hz.

Display screen 4200, and verify that no slips are detected.
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Function Generator #1 Function Ganerator #2
I Raf. Out Ral. In 0

% BNC Cable j

e BNC to Test Clip Patch Cords ——

inner Shield Inner Shield

Tip Ring Tip Ring

[ZBantam to Test Clip Patch Cordsx\

uuT

o N e W

Figure 16-8 Slip Count Measurement

Set the UUT test time for 60 seconds.

Set the frequency on the first function generator to 772 492 Hz.
Set the frequency on the second function generator to 772 500 Hz.
Start the test.

At the end of the test, verify that the bit slips are displayed as fol-
lows:

Parameter Minimum Maximum
Total —-4;187 ~4;189
Current Direction slow slow
Estimated Frame Slips 4 4
Relative Bit Slips 187 189
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10. Set the frequency on the first function generator to 771 508 Hz.

11. Set the frequency on the second function generator to 771 500 Hz.

12. Start the test.
13. At the end of the test, verify that the BIT SLIPS display is as fol-

lows:

16.17

16.17.1

Parameter Minimum - Maximum
Total +4;187 +4;189
Current Direction fast fast
Estimated Frame Slips 4 4
Relative Bit Slips 187 189

Channel Access Test

Purpose

The ability of the UUT to generate and detect voice frequency signals
embedded in a specified DS1 channel has already been tested in the
user interface test and the built in self test.

16.17.2

Procedure

No further testing is required.
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17.1 Introduction

17.1.1 General
Performance of the following calibration procedures will ensure that
the following will meet their accuracy specifications:

measurement of received T1 signal level
measurement of received T1 signal frequency

measurement of simplex current

e transmitted DS0 tone amplitude
This instrument employs “closed-box” electron_ic calibration. There are
no internal mechanical adjustments. The calibration constants are kept

in the instrument’s battery backed up memory. After complete dis-
charge of the battery the instrument will need to be recalibrated.

17.1.2 Hewlett-Packard Calibration Services

When your HP 37741A DS1 tester is due for recalibration, contact your
local HP sales office for a low cost recalibration.

17.1.3  Calibration Interval

The HP 37741A should be calibrated on a regular interval determined
by the measurement accuracy requirements of your application. For
the most demanding applications, a 90 day or 180 day interval is rec-
ommended. However, for the majority of applications, a one year, or
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even 18 months interval may be adequate. HP does not recommend
extending calibration intervals beyond two years in any application.

Each instrument is calibrated before it leaves the factory.

17.1.4  Accuracy When Not Calibrated

HP does not guarantee the accuracy of your instrument when uncali-
brated. However, the following will give you an idea of the approxi-
mate accuracies of the HP 37741A when it is not calibrated:

Level Measurement + 114 dB
Frequency measurement + 40 ppm
Simplex current measurement + 2V AmA
DS0 tone amplitude +04dB

17.1.5  Automating Calibration Procedures

The complete verification and adjustment procedures may be auto-
mated if a computer and programmable test equipment are available.
The HP 37741A is controlled through its serial port. The HP 15726A
external control software! is intended for use with an MS-DOS based
system and includes a semi-automated interface for calibrating the
HP 37741A DS1 tester. Alternatively, you can write your own software.
In this case, there is no restriction on computer type, except that it
must support EIA-232 serial communication as defined in section 13.
All serial messages (commands and replies) required to perform cal-
ibration are included in section 13.4.

If you are using the HP 15726A software, you need read only sections
17.1and 17.2.

17.1.6 Time Required for Calibration

When all the equipment is available, an instrument can be calibrated in
about 10 minutes if fully automated, about 15 minutes if semi-
automated (by using the HP 15726A software), or about 50 minutes if
manually performed.

1 The software is available as an optional accessory. [t is described in appendix D.
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17.1.7 Calibration Date and Time

You can see when the instrument was last calibrated by displaying the
system summary (screen 2500), as described in section 6.1.3.

When the HP 37741A receives a calibration command over its serial
port, it updates the calibration date and time with the test set’s current
date and time. When performing calibration, it is recommended that
you start by setting the current date and time to an obscure value (the
HP 15726A software uses 00/12/31). Then, if the calibration procedure
fails, a user would not think that the instrument was calibrated when

in fact it is not.!

Before writing the final calibration offsets, set the instrument’s date
and time back to the correct values.

As described in section 7.1.5, the displayed calibration date is that asso-
ciated with the last set of test results. You must therefore run a
(dummy) test, before the actual calibration date is displayed.

17.1.8 Equipment Required

The full calibration procedure requires performing the entire perform-
ance verification test, as defined in section 16. For this reason, the full
set of equipment and accessories given in section 16.2 will be needed.
Each instrument used to calibrate the unit must itself be calibrated.

Procedures described in this section require the function generator,
the T1 generator, the power supply, and the external control PC
software.

The HP 37741A that is being calibrated is referred to as the UUT in the
rest of this secton.

17.1.9 Function Generator Test Patterns

The function generator test patterns referenced in the calibration pro-
cedures are defined in section 16.4.

These patterns are provided as files with the HP 15726A software, and
are automatically downloaded to the function generator as required.

1 The software also changes the unit ID to “UNCALIBRATED".
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17.2 Setup for Semi-Automated Calibration

This describes how to use the HP 15726A external control PC software
to calibrate the HP 37741A DS1 tester. The software is semi-automated
in that it does not switch the T1 signals to the UUT. This must be per-
formed manually.

The function generator must be an SRS D$345-02.

1. Set the UUT's EIA-232 port for external control, 9600 b/s.
2. Set the Function Generator's EIA-232 port for external control,
9600 b/s.

3. Connect the UUT to the PC’s COM1 with a serial DTE to DCE
cable.

4. Connect the Function Generator to the PC's COM2 with a serial
DTE to DCE cable.

5. Invoke the calibration software as described in the HP 15726A
User's Manual.

Follow the instructions on the screen.
When completed, you can disconnect the instrument.

The software writes a report to the PC’s hard disk, which can be
viewed or printed if desired.

17.3 Manual Calibration

17.3.1 Calibration Reset

1. If you want to calibrate only one parameter, read the current cal-
ibration constants and record their values.

2. Send a Download Calibration Constants command to the UUT
with the following arguments:
® reset the 14 level measurement offsets to all zeroes

® reset the frequency offset to zero
e set the simplex current calibration to 1.00
® reset the tone amplitude offset to zero
3. In the following sections, you will record the new calibration ar-

guments. These are transferred to the instrument at the end of the
calibration procedure, described in section 17.3.6.
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17. Calibration

17.3.2  Level Calibration Array

1.

Set up the first function generator and the UUT as shown in fig-
ure 16-5.
Start a test on the UUT.

For each entry of the following table, adjust the function genera-
tor signal and the resistors as indicated, and place the UUT in the

correct termination mode.

Waveform AL RS uuT Expected Level
+3dBalt10 o0 0 terminated +3.0
—3dBait10 ] 0 terminated - -3.0
—9dBall1s o 0 terminated -8.0
—15dBall1s 00 0 terminated -15.0
—21dBallls o 0 terminated —21.0
—27dBall1s % 0 terminated -27.0
—33dBallts @ 0 terminated -33.0
+3dBatt10 100 442 monitor +3.0
—3dBalt10 100 442  monitor -30
—gdBall1s 100 442  monitor -9.0
-15dBallls 100 442  monitor -150
—21dBalits 100 442  monitor -21.0
—27dBall1s 100 442 monitor -27.0
-33dBall1s 100 442 monitor -33.0

Record the value displayed by the UUT.
» Wait for the reading to stabilize before recording the value.'
» For improved accuracy, read the voltage level, and convert to dB.

For each entry, record the offset between the expected value and
the recorded value in each case. For example, if you are generating
—3.0 dBdsx, and the instrument reads —3.2 dBdsx, record an offset
of +0.2 dBdsx.

17.3.3 Frequency Calibration Offset

1.

Set up the first function generator and the UUT as shown in fig-
ure 16-4, with all resistors removed (RL = » (3, and RS = 0 (). Set
the function generator to generate the —15dBallls signal.

Install the ac adapter, set the UUT to its default state, and then set
it to terminate the T1 input.

The HP 15726A software requires four readings to be very close before recording
the value.
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Start a test on the UUT.
Record the value displayed by the UUT.
» Wait for the reading to stabilize before recording the value.'

5. Record the offset between 1 544 000 Hz and the recorded frequen-
cy. For example, if the UUT reads 1 544 007 Hz, record an offset of

—7 Hz.

17.3.4 Simplex Current Calibration

CAUTION

Perform the following calibration carefully. A fuse internal
to the UUT may blow if the simplex current exceeds
250 mA.

1. Before connecting the equipment, set the open circuit voltage on
the power supply to 15 V, and the current Iimit to 0 A.

2. Connect the digital multimeter as shown in figure 16-6, but with-
out the UUT.

3. Short the positive side of the power supply to the positive side of
the digital multimeter, and set the digital multimeter to read
current.

4. Gradually increase the current limit until the multimeter reads
100 mA = 4 mA.

5. Remove the wire shorting the positive side of the multimeter to
the power supply, and connect the UUT as shown in figure 16-6.

6. Install the ac adapter, set the UUT to its default state, and then set
it to terminate the T1 input.

Start a test on the UUT.

Record the simplex current value displayed by the UUT.
» Wait for the reading to stabilize before recording the value.?

9. Record the multiplication offset. This is the result of the division
of the multimeter recorded current and the UUT’s recorded cur-
rent, For example, if the UUT reads 102 mA and the multimeter
reads 98.7 mA, record an offset of 0,968.

! The HP 15726A software waits 20 seconds, and then requires five readings to be
very close before recording the value.

2 The HP 15726A software requires three readings to be very close before recording
the value.
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17. Calibration

17.3.5 DS0 Tone Amplitude Calibration
1. Connect the UUT’s output to its input with the bantam cable.
2. Set the UUT to transmit the following:
e D4 framing
¢ TmS:l't payload
e 1004 Hz tone at —10 dBm0 in channei 1
e unmodified signaling
3. Set the UUT's receiver as follows:
e terminate the T1 line
e D4 framing
® DS0receive channel 1
4. Record the tone amplitude value displayed by the UUT in screen
5501.

5. Record the offset between —10 dBm0 and the recorded amplitude.
For example, if the measured amplitude is —9.7 dBm0, record an
offset of +0.3 dBm0.

17.3.6 Calibration Download

1. Send a Download Calibration Constants command to the UUT,
using the 17 numbers recorded in the preceding measurements.
See section 13.4.9.29 for the format of this command.

17.4 Performance Verification

Charge the battery, according to the procedure given in section 14.
Perform the full performance verification test, as defined in section 16.

If any test fails, return the unit for repair.
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Serial Communications

20

A.1 General
A.11 DTE and DCE

In serial transmission, such as EIA-232, data is sent one bit at a time
between two devices.! One end of the link is referred to as the DTE,
and is normally a computer. The other end is normally a modem, and is
referred to as the DCE.

A1.2 Asychronous Data

With serial data, sometimes just seven data bits are sent to represent
each character. In asynchronous communications, a start and a stop bit
are added, to make 9 bits in all. It is possible to add multiple stop bits
(with two being the usual alternative); this allows a slow receiving de-
vice more time to process the characters that have been sent.

Usually, an eight bit data word is sent, with the most significant bit
being 0 for normal characters. The MSB can be set to a 1 to indicate
extended characters, such as fractions or ligatures, and there exist mul-
tiple standards for this type of use.

A.1.3 Parity

Parity bits are commonly used for data transmission as a simple form of
error detection. The parity bit is set to a 1 if there exist an even number

1 In parallel communications, such as a printer port or a HP-1B port, all bits that make

up a byte of information are sent at the same time.
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of ones in the information word (odd parity), or it is set to a 1 if there
exist an odd number of ones in the information word (even parity).
Sometimes, the parity bit is forced to a 0 or to a 1, irrespective of the

state of the other bits in the word.

The parity bit may be transmitted as the MSB of an 8 bit transmission
scheme (be it serial or parallel). When a start and a stop bit are added
for asynchronous serial transmission, there are a total of 10 bits in the
word to be transmitted. If the transmission medium has a speed of 2400
bits per second, 240 characters can be sent in a second.

If an information word of eight bits is used, the parity bit is added as a
ninth bit, which results in a total of 11 bits for asynchronous serial
transmission.

A1.4 Synchronous Data

When serial data is transmitted synchronously, the clock is sent either
encoded in the signal, or as a separate circuit. The throughput can be
faster because there is no overhead for start and stop bits, but the re-
ceiving circuitry is more complex.

A.2 ASCII Code

Both serial and parallel forms of transmission have tended to standard-
ize on a coding format known as ASCIL This defines 128 characters, by
using a seven bit code.

In general, eight bits are used to represent a word of information, and
this is the preferred format for most parallel transmission media, such
as HP-IB (for test equipment control), and Centronics (for computer to
printer data).

The table on the opposite page shows the 128 ASCII characters. Char-
acter 26 decimal is shown as EOF (instead of its strict definition of
SUB), because it is more commonly used to indicate end of file. Charac-
ter 127 decimal is commonly used to print “§§", instead of being used
to indicate “delete”.

I Other formats still in use include EBCDIC and Baudot.
HP-IB is Hewlett-Packard’s implementation of IREE-488.
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A. Serial Communications

000 | 00T Uo7 o7 1007 101 o 1™
Bits Control Numbers, Upper Case Lower Case
4321 Symbols
0 20 40 ) 100 120 140 180
0000 | NUL DLE sp 0 @ P : P
0 0|10 18|20 az(30 48|40 64|50 80| 80 %6(70 112
1 21 a1 61 101 121 141 161
0001| SOH | DC1 ! 1 A Q a q
1 11t 17 {21 33|31 48141 85|51 81| &1 07|71 113
2 22 42 62 102 122 142 162
0010 STX DC2 " 2 B R b r
2 2]z 18f22 34|32 50|42 86|52 8z | ez gal7e 114
_ 3 23 43 83 103 123 143 163
0011 ETX DC3 # 3 c S c s
a 3 3|13 1923 35|33 5143 87|53 83)63 98{73 115
= 4 24 4 64 104 124 144 164
= 0100| EOT DC4 $ 4 D T d t
4 4i14 20(24 36| a4 52|44 68|54 a4{64  100/74 18
5 25 a5 65 106 125 145 165
0101 ENQ NAK % 5 E u e u
5 5|15 21|25 37135 53|45 69|55 85|85 10175 117
& 26 48 86 106 126 146 166
0110 ACK SYN & 6 F v f v
8 &|18 22|28 38|38 54146 7¢ |58 ss|ee  1z2[7e 118
7 27 a7 67 107 127 147 167
0111 BEL ETB ' 7 G w g w
7 7|17 23|27 agjar 55| 47 71|57 a7|le7  103|77 118
10 30 50 70 110 130 150 170
1000 BS CAN { 8 H X h X
8 al1s 24|28 40|38 56| 48 72[58 ga/6a  1o4[7a 120
11 3t 51 71 111 131 151 171
1001 HT EM } 9 | Y f y
= | 9 gl1g 25{28 41|30 57 |49 73|50 ggles  1osl7e 12
g 12 az 52 72 112 132 152 172
1010 LF EOQF * : J z | z
A 10]1A 28|24 42)aa 58| 4A 74| 5A 20|6A  108[7A 122
12 33 53 73 13 133 153 173
1011 T EsC + ; K [ k {
8 11{18 27| 2B 43|38 5048 75|58 91|68 107 { 7B 123
14 34 54 74 114 134 154 174
1100 FF FS s < L 3\ | |
3 [+ 12[1C 28|2c 44{3C 80(4C 76150 s2|6C  108|7C 124
= 16 35 55 75 115 135 155 175
11, CR GS - = M ] m }
o 131D 28|20 45|30 61|40 77|50 gaj60  10s[7p 125
18 38 56 78 116 136 156 176
1110| so As . > N ~ n ~
E 14 1E 30z2E 45 | 3E 62 | 4€ 78|5E 94 | 6E 110|7E 126
17 a7 57 77 "7 137 157 177
1111 Sl us / ? (o) _ ] DEL
F 15| 1F 31| 2F 47 [ JF B3 | 4F TOI5F G5 | 6F t11{7F 127
Octal[77:. :
Key: S| AsCH Character
Hex |3F. . 63| Decimal
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A.3 Connecting Two Serial Devices

The serial communications standards clearly define the physical re-
quirements needed to connect two serial devices. Much confusion ex-
ists, however, resulting in an abundance of cable types, connector
types, and assorted adapters being required.

The EIA-232 standard specifies the use of 25 pin connectors. A comput-
er is a DTE, and it should preferably be fitted with a male connector.
All PCs obey this rule. A modem is a DCE, and it should be fitted with
a female connector. All modems obey this rule. Thus to connect a PC to
a modem, you need a standard (straight) cable, with a male connector
on one end, and a female connector on the other end. Modern PCs use
a 9 pin male connector, configured as a DTE.

Wiring for a straight cable, and a null terminal cable are shown in fig-
ures 13-2 and 13-3. For completeness, a null modem cable is shown be-
Iow, but this is not used to connect to the HP 37741A.

DB25 Pin No. DB25 Pin No.
DB9 Pin No. _i DBQ Pin No.
Computer Computer
(DTE) (DTE)
TxD 3 2 2 34 TxD
RxD 3 (3) 2 RxD
crs |&—6 G &) crs
RTS (Wl @ 74 ars
DTR DTR
DSR DSR
cD CcD
RI 49—(2—21unconnected % Ri
onp |2 (@ 7)) 51 aND
Shield (1) {1) Shield
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Acronyms
EIEJ@(B_
BEE
B L@J

To avoid repetition, and in recognition that this book may be read in
any sequence, acronyms have not been defined where first used. They
are listed here with their definitions.

7]
Q

A
ABAM
ac
ACO
ADMX
AGC
AlS

Al
ALBO
am
AMI
ANSI
APS
AS
ASCII
AtoD
avgER
%avl

b/s
B8ZS

micro (10-¢)
ohm

ampere
a 22 awg twisted pair cable for CO use

alternating current

alarm cutoff

add-drop multiplexer

automatic gain control

alarm indication signal

alarm interface

automatic line build-out

before midday

alternating mark inversion

American National Standards Institute

automatic protection switch

available seconds

American standard code for information interchange
analog to digital (conversion)

average error rate

percent available time

bits per second
bipolar with 8 zeroes substitution
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BER bit error rate

BERT  bit error rate test

BIST built in self test

BITS building integrated timing supply
BLERT block error rate test

BOC Bell operating company

BOP bit oriented protocol

BPV bipolar violation

BRI basic rate interface

CB channel bank

CCC  clear channel capability

CCITT Comité Consultatif International Télégrahique et Téléphoni-
que (The International Telegraph and Telephone Consultative
Committee). {The new name is ITTS.}

CCs common channel signaling

CD carrier detect

CEPT European Conference of Postal and Telecommunications
Administrations

CGA carrier group alarm

co central office

COFA  change of frame alignment

coT central office terminal

CPE customer premises equipment

CR carriage return

CRC cyclic redundancy check code

CSA Canadian Standards Administration

CSES  consecutive severely errored seconds

Ccsu channel services unit

CTS clear to send

Cv coding violation

D1, D1D, D2, D3, D4 various generations of channel banks
manufactured by Western Electric

D4 commonly used to refer to a DS1 frame format
DACS  digital access and cross-connect switch
dB decibel

DB25 25 pin D-type connector

DBS 9 pin D-type connector

dBdsx decibel, with respect to the level at the DSX point
dBm decibel, with respect to one milliwatt
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dBmo

dBrnCO

dc
DC1
DC3
DCD
DCE
bDS
DES
DIP
DIw
D&l
DL
DLC
DM
DMM
DOS
DS0
DS1
DS1C
DS2
DS3
DSR
DsSU
DSX
DSX-1
DSX-3
DtoA
DTE
DTR
DVM

EC
EDSX
%EFS
EFS
EIA
EL
EMI
EQOC

decibel, with respect to one milliwatt referenced to the 0 trans-
mission level point

decibel above reference noise, measured with C-message
weighting at O transmission level point
direct current

device control number one

device control number three

data carrier detect

data circuit terminating equipment

digital data service

data encryption standard

dual in-line package

D-type inside wire

drop and insert

data link

digital loop carrier

degraded minutes

digital multimeter

disk operating system

digital signal level O (64 kb/s — speech channel)
digital signal level 1 (1.544 Mb/s)

digital signal level 1C (3.152 Mby/s)

digital signal level 2 (6.312 Mb/s)

digital signal level 3 (44.736 Mby/s)

data set (DCE) ready

data services unit

digital signal cross-connect

digital signal cross-connect for DS1 signals
digital signal cross-connect for DS3 signals
digital to analog (conversion)

data terminal equipment

data terminal (DTE) ready

digital voltmeter

error count

electronic digital signal cross-connect
percent error free seconds

error free seconds

Electronic Industries Association
electro-luminescent

electromagnetic interference
embedded operations channel
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ER
ESD
ESF
ETSI

FAS
FCC
FDDI
FDL
FEBE
FF
FLS
FMAC
ft
FT1

9
GND

HP-IB
Hz

ICOT
ID
IDF
[EC
IEEE
In

/0
ISDN
IS0
ITTS

ITU
IXC

k

K
kb/s
kg
kHz
km

error rate

electro static discharge

extended superframe format
European Telecom Standards Institute

frame alignment sequence

Federal Communications Commission

fiber distributed data interface

facility data link

far end block error

form feed

frame loss seconds

facility maintenance and administration center
feet

fractional T1

gram, acceleration due to gravity
ground

Hewlett-Packard Interface Bus
hertz

inter-city and outstate trunk

identity (or identification)

intermediate distribution frame

International Electrotechnical Commission
Institute of Electrical and Electronic Engineers
inch

inputfoutput

integrated services digital network
International Organization for Standardization
ITU Telecommunications Standardization Sector (formerly
the CCITT)

International Telecommunication Union
interexchange carrier

kilo (1000)

1024

kilobits per second
kilogram

kilohertz
kilometer
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LAN
LAPD
LBO
LCD
LED
LF
LOF
LOS
LsB
T

M13
Mi1C
mA
MAN
MAT
Mb/s
MDF
MHz
mm
MML
MNP
MOP
MOS
ms
MSB
MTBF
mw

N x 56
N x 64
n/a
NCTE
NEBS
Ni
NiCd
NIST
ns
NSA

local area network

link access protocol, level D
line build out

liquid crystal display

light emitting diode

line feed

loss of frame

loss of signal

least significant bit

line termination

meter

D§1 1o DS3 multiplexer
Ds1 to DS1C multiplexer
milliampere

metropolitan area network
metropolitan area trunk
million bits per second
main distribution frame
megahertz

millimeter

man machine language
Microcom Networking Protocol
message oriented protocol
manually out of service
millisecond

most significant bit

mean time between failure
miiiiwatt

Newton

FT1: a number of channels each carrying 56 kb/s
FT1: a number of channels each carrying 64 kb/s
not applicable

network circuit-terminating equipment

network equipment building system

network interface

nickel-cadmium

National Institute of Science and Technology
10-? of a second

non-service affecting
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NT
NTE
NTS

OAMP
QOF
ORB
oS
0sl
0SS
OTGR

PABX
PAD
PC
PCB
PCM
PDS
PIC
PLS
pm
PNO
POP
POST
POTS
ppm
PRBS
PRI
PSU
PSTN
PTT

QRSS
QRW

RAI
RAM
RBOC
RI

RFI
ms

network termination
netwotk terminal equipment
network test system

operations, administration, maintenance, and provisioning
out of frame

office repeater bay

operations system

open systems interconnection

operations support system

operation technology generic requirements

private automatic branch exchange
packet assembler/disassembler
personal computer

printed circuit board

pulse code modulation

premises distribution system
polyethylene insulated conductor
pattern loss seconds

after midday

private network operator

point of presence

power on self test

plain old telephone service

parts per million

pseudo-random binary sequence
primary rate interface

power supply unit

public switched telephone network
post, telephone, and telegraph administration

quasi-random signal source
quasi-random word (the signal output by a QRSS)

remote alarm indicator (yellow alarim)
random access memory

regional Bell operating company

ring indicator

radio frequency interference

TOOt mean square
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RT
RTC
Rx
RxD

us

SA
SARTS
SES
%SES
SF

SO
SiC
SMAS
S/N
SNR
SONET

T

TA
TAD
TAP
TASC
TC
TCAS
TDM
TE
TIRKS
TL1
TLP
TR

Tx
TxD

UAS
ui

UL
usoc
uTp
uuT

remocte terminal
rcal time clock
receive

receive data

microsecond

second

service affecting

switched access remote testing system
severely errored seconds

percent severely errored seconds
superframe format (D4)

serial input and output

subscriber loop carrier

switched maintenance access system
signal to noise

signal (0 noise ratio

synchronous optical network

T-carrier, 1.544 Mb/s

technical advisory (Bellcore document)

test access digroup

test access point

telecommunications alarms surveillance and control system
trunk conditioning

T-carrier administration system

time division multiplexer

terminal equipment

trunk integrated record keeping system
transaction language number one

transmission level point

technical recommendation (Bellcore document)
lransmit

transmit data

unavailable seconds

unit interval

Underwriters Laboratory
universal scrvice ordering code
unshielded twisted pair

unit under test
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Vv volt

Vac volts alternating current
VAZO  violating all-zero octet
Vbp volts base to peak

Vde volts direct current
VF voice frequency
Vpp volts peak to peak
vT virtual tributary

w Watt

WAN  wide area network
WATS  wide area telephone service

XOFF an ASCII DC3 character
XON an ASCII DC1 character
Xs0s €XCess Zeroes

ZBTS|  zero byte time slot interchange
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2066

CA General

Many documents have been used to assist in the definition, develop-
ment, and manufacture of the HP 377414, and also to assist in the
preparation of this book. These are listed here as a guide for the reader
interested in pursuing any topic further.

C.2 AT&T Publications

PUB 43801 Digital Channel Bank Requirements and Objec-
tives. Issue 1, November 1982,
PUB 54016 Requirements for Interfacing Digital Terminal

Equipment to Services Employing the Extended
Frame Format. Issue 2, May 1986.

TR 62411 Accunet T1.5 Service Description and Interface
Specifications. December 1988. (Formerly issued as
PUB 62411.)
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C.3 ANSI Standards for
Telecommunications

T1.101-1987

T1.102-1987

T1.107-1988

T1.304-1989

T1.308-1990

Synchronization Interface Standards for Digital
Networks. December 1987.

Digital Hierarchy — Electrical Interfaces. August
1987. (Superseded AT&T Compatibility Bulletin CB
119 Interconnection Specification for Digital Cross-
Connects. Issue 3, October 1979.)

Digital Hierarchy - Formats Specifications. August
1988.

Telephone Central Office Equipment — Ambient
Temperature and Humidity Requirements. August
1989.

Central Office Equipment — Electrostatic Discharge
Requirements. June 1990.

T1.403-1989 Carrier-to-Customer Installation - D51 Metallic
Interface. February 1989.

T1.408-1989 ISDN Primary Rate Interface. February 1989.

C4a Bellcore Technical Advisories

TA-TSY-000075 DS1/1C Channel Access Test Set Requirements. Is-
sue 1, June 1984.

TA-TSY-000147 DS1 Rate Digital Service Monitoring Unit Func-
tional Specifications. Issue 1, October 1987.

TA-TSY-000241 Electronic Digital Signal Cross-Connect (EDSX)
System Generic Requirements and Objectives. [s-
sue 4, July 1989,

TA-TSY-001217 Generic Requirements for Separable Electrical Con-
nectors used in Telecommunications Hardware.
Issue 1, September 1991,

C.5 Bellcore Technical References

TR-TSY-000008

TR-TSY-C00009

Digital Interface between the SLC9 Digital Loop
Carrier System and a Local Digital Switch. Issue 2,
August 1987,

Asynchronous Digital Multiplexes Requirements
and Objectives. Issue 1, May 1986.

360



Ll BRI ..

ek RENERA.

conwdadl ok

Y R

C. References

TR-TSY-000039
TR-TSY-000057

TR-EOP-000063

TR-TSY-000078

TR-TSY-000170

TR-TSY-000191

TR-TSY-000233

TR-TSY-000282

TR-NWT-000303

TR-TSY-000312

TR-NPL-000320

TR-TSY-000332

TR-TSY-000357

Quality Program Analysis. Issue 3, March 1988,

Transport Systems Generic Requirements (TSGR):
Digital Loop Carrier Systems. Issue 1, April 1987;
Revision 1, November 1988,

Transport Systems Generic Requirements (TSGR):
Network Equipment - Building System (NEBS)
Generic Equipment Requirements. Issue 4, July
1991.

Reliability and Quality Generic Requirements
(RQGR): General Physical Design Requirements for
Telecommunications Products and Equipment. Is-
sue 3, December 1991.

Digital Cross-Connect System Requirements and
Objectives. Issue 1, November 1985.

Transport Systems Generic Requirements (TSGR):
Alarm Indication Signal Requirements and Objec-
tives. Issue 1, May 1986.

Wideband and Broadband Digital Cross-Connect
Systems Generic Requirements and Objectives. Is-
sue 2, December 1989,

Reliability and Quality Generic Requirements
(RQGR): Software Reliability and Quality Accep-
tance Criteria. Issue 1, December 1986.

Transport Systems Generic Requirements (TSGR):
Integrated Digital Loop Carrier System Generic
Requirements, Objectives and Interface. Issue 2,
December 1992

Functional Criteria for the DS1 Interface Connec-
tor. Issue 1, March 1988.

Fundamental Generic Requirements for Metallic
Digital Signal Cross-Connect Systems DsX-1, 1C, 2,
3. Issue 1, April 1988. '

Reliability and Quality Generic Requirements
(RQGR): Reliability Prediction Procedure for Elec-
tronic Equipment. Issue 3, September 1990.

Reliability and Quality Generic Requirements
(RQGR): Component Reliability Assurance Re-
quirements for Telecommunications Equipment.
Issue 1, December 1987.
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TR-TSY-000474

TR-TSY-000476

TR-TSY-000499

TR-TSY-000754

TR-TSY-000820

TR-TSY-000821

TR-NWT-000870

TR-TSY-000929

Operations Technology Generic Requirements
(OTGR): Network Maintenance: Network Element,
Section 4. Issue 3, November 1989. {Superseded
TA-TSY-000047 Functional Criteria for Alarm Moni-
toring of Digital Transmission Facilities and Asso-
ciated Equipment.)

Operations Technology Generic Requirements
(OTGR): Network Maintenance: Access and Test-
ing, Section 6. Issue 3, June 1990. (Superseded
TA-TSY-000044 Digital Test Access Unit Functional
Specifications, and TA-TSY-000055 Basic Testing
Functions for Digital Networks and Services.)

Transport Systems Generic Requirements (TSGR):
Common Requirements. Issue 3, December 1989.
(Superseded TR-TSY-000194 Extended Superframe
Format, ESF, Interface Specification.)

Transport Systems Generic Requirements {TSGR):
ISDN Primary Rate Access Transport System Re-
quirements. Issue 1, April 1991.

Operations Technology Generic Requirements
(OTGR): Network Maintenance: Transport Surveil-
lance: Generic Digital Transmission Surveillance,
Section 5.1. Issue 1, June 1990.

Operations Technology Generic Requirements
(OTGR): Network Maintenance: Transport Surveil-
lance: Additional Transport and Transport-Based
Surveillance, Section 5.2. Issue 1, June 1990.

Reliability and Quality Generic Requirements
(RQGR}: Electrostatic Discharge Control in the
Manufacture of Telecommunications Equipment.
Issue 1, February 1991.

Reliability and Quality Generic Requirements
(RQGR): Reliability and Quality Measurements for
Telecommunications Systems. Issue 1, June 1990
and Suppiement 1, March 1991.
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C.6 CCITT Recommendations

In March 1993, the ITU reorganized. The CCITT was renamed, and is
now known as the ITTS. The procedure of issuing recommendations
every four years, in books referred to by their color, was also
terminated.

G.703 Physical/Electrical Characteristics of Hierarchical
Digital Interfaces. April 1991

G.711 Pulse Code Modulation (PCM) of Voice Frequen-
cies. Blue Book, Fascicle I11.4.

G.g21 Error Performance of an International Digital Con-

nection Forming Part of an Integrated Services
Digital Network. Blue Book, Fascicle HL5.

G.g22 Controlied Slip Rate Objectives on an International
Digital Connection. Blue Book, Fascicle IIL5.

0171 Specification for Instrumentation to Measure Tim-
ing Jitter on Digital Equipment. Blue Book, Fascicle
V4

Q.502 Interface Requirements for Digital Transit Ex-

changes in Integrated Services Digital Networks
(ISDN). Blue Book, Fascicle VL.5.

Q.921 ISDN User-Network Interface Data Link Layer.
Blue Book, Fascicle VL10.
v.24 List of Definitions for Interchange Circuits be-

tween Data Terminal Equipment and Data Circuit-
Terminating Equipment. Blue Book, Fascicle VIIL1.

V.28 Electrical Characteristics for Unbalanced Double-
Current Interchange Circuits. Blue Book, Fascicle
VIIL1.
C.7 Electronic Industries Association
(EIA)
ElA-232-D Intertace Between Data Terminal Equipment and

Data Circuit-Terminating Equipment Employing
Serial Binary Data Interchange. EIA Engineering
Department. January 1987. (Superseded RS-232-C.)

ElA-547 Network Channel Terminal Equipment for DS1
Service. EIA Engineering Department. March 1989.
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C.8 Federal Communications Commission
(FCC) Rules
Volume Hll Code of Federal Regulations Part 15, Subpart f,

Class A Computing Devices. July 1981.

C.9 Institute of Electrical and Electronics
Engineers (IEEE)
IEEE 1007 Standard Methods and Equipment for the Trans-

mission Characteristics of Pulse-Code Modulation
(PCM) Telecommunications Circuits and Systems.
January 1992.

C.10 International Business Machines

(IBM)
PC/AT TRG Technical Reference Guide. Serial Parallel Adapter.
August 1984.

C.11 International Electrotechnical

Commission (IEC)

CISPR 11 Limits and Methods of Measurement of Electro-
magnetic Disturbance Characteristics of Industrial,
Scientific, and Medical (ISM) Radio-frequency
Equipment. Issue 1, March 1991.

IEC 801-2 Electromagnetic Compatibility for Industrial Pro-
cess Measurement and Control Equipment — Part 2:
Electrostatic Discharge Requirements. Issue 2, April
1991.

C.12 Underwriters Laboratory (UL)

UL 1459 Standard for Telephone Equipment. Second Edi-
tion, October 1990, {Similar to UL 478, Standard for
Information Processing and Business Equipment.
Issue 2, December 1987.)
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D.1 General

Hewlett-Packard supplies a wide variety of instrumentation products
and accessories. The parts described in this section are not meant to be
an exhaustive list of the items that you might need when using the
HP 37741A.

Section D.2 gives you ordering information. Section D.3 gives a de-
scription of some of the items. For more information, or to order any
item listed here, or any HP product, contact your local sales office. A
list of sales offices is given in appendix F.

D.2 Ordering Information

D.2.1 Original Shipments

The following items, initially shipped with the product, may be or-
dered separately. Complete shipment details are contained in section
1.2

Not all of these items may have been shipped with your unit.
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Accessory Reorder Number
Cordura carrying pouch, and shoulder strap HP 1572BA
HP 37741A User’s Manual and Instruction Guide 37741-90000
110 Vac plug-in adapter and battery charger HP 15728A
Single bantam cable, 300 mm HP 15731A
Dual bantam cable, 300 mm HP 15732A
Single bantam cable (red), 1.5 m E4291
Single bantam cable (yellow}, 1.5 m E4292

D.2.2 HP 37741A Options

The following items may be ordered as options to the purchase of a
new HP 37741A, or they may be ordered separately:

hem Order Number
Car cigarette lighter charging system HP 15725A
External control PC software HP 15726A
Battery operated thermal printer, 27 columns HP 15727A
Battery operated thermal printer, 80 columns HP 15733A
Large carrying pouch HP 15741A
Rackmountable version of the HP 37741A HP 37741A opt HO1
19" rackmount panel for option HO1 HP 37741A opt KO1
D.2.3 Documentation

The following table lists documentation available for the HP 37741A:

em Order Number
HP 37741A User’s Manual and Instruction Guide 37741-90000

D.2.4 Cables and Adapters

The following cables and accessories are useful not only for use with
the HP 37741A, but with a variety of HP products:

item Order Number
Seriai Cables (all 2 m long unless indicated):
25-pin female (DTE) to 9-pin male (DCE) HP 15737A
9-pin female (DTE) to 9-pin male (DCE) HP 15736A
25-pin male (OTE) to 9-pin male (DCE) HP 15735A
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9-pin male {DCE) to 9-pin male (DCE), 0.5 m HP 15734A
8-pin male (DCE) to 25-pin male (DCE}, 0.5 m HP 15750A
T1 Cables and Adapters

Single bantam to bantam, 3 m long HP 15670A
Bantam te WECO 310, 3 m long HP 15513A

option HO7
Bantam telecom adapter HP 15738A

Descriptions are given in D.3.

D.25 Service Replacement Parts

The following replacement parts are available. See section 0 for service
information.

ftem Order Number  Check Digit

Restored HP 37741A 3774169001 4

New HP 37741A 37741-60001 6

Battery Pack 37741-60005 5
D.3 Descriptions

This section contains descriptions of selected accessories (those whose
names are not self explanatory).

D.3.1 Car Cigarette Lighter Charging System,
HP 15725A

This is & 12 V (automotive) to 9 V (1 A} converter unit. There is a ciga-
rette lighter plug on a short cable connected to the unit. There is a
2mm dc adapter plug for the HP 37741A on a separate 1%2 m cable con-
nected to the unit.

D.3.2 External Control PC Software, HP 15726A

This runs on an IBM/AT compatible personal computer with serial port
and hard disk. The software is distributed on 34 inch and 54 inch dis-
kettes, and comes complete with a User’'s Manual. The memory re-
quirement is 512 Kbytes.

This software provides a menu and window driven environment to
control the HP 37741A - color video is automatically supported. A
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mouse is also automatically supported, permitting complete control of
the instrument by using a mouse. This ease of use yields very low

training time.

The software reads all of the results every second. Results and configu-
rations can be saved to disk. When recalled, setups can be downloaded
to the instrument. In addition to allowing you full control of the in-
strument, the software allows you to modify the user words, channel
words, pre-defined configurations, and SLC-96 data link.

Your instrument can be directly connected to the PC, or operated re-
motely. Dial up modems are fully supported. It is recommended you
use error correcting modems, with a line rate of 2400 baud or greater.

The software can also be used during performance verification
{detailed in section 16) and instrument calibration (detailed in section

17).

D.3.3 Battery Operated Thermal Printer,
HP 15727A
This is the Seiko DPU-201GS printer.

Size 135 mm (W)} x 100 mm (D) x 35 mm (H)
Weight 400 g

Type thermal

Interface 9 pin EIA-232 serial, configured as a DCE
Character size 2.4 mm (H) x 1.3 mm (W)

Line 27 characters

Speed 0.8 lines/s

Charger ac adapter supplied

Temperature  5° C to40° C (operating)

You need to purchase cable part number HP 15734A to connect this
printer to the HP 37741A.
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D.3.4 Battery Operated Thermal Printer,
HP 15733A
This is the Seiko DPU-411 printer.

Size: 240 mm (W) x 162 mm (D) x 59 mm (H)
Weight: Bog

Type: thermat

Interface 25 pin EIA-232 serial, configured as a DCE
Character size: 2.4 mm (H) x 0.9 mm (W) (in 80 column mode)
Line: 40 or 80 characters

Speed: 0.8 lines/s

Charger: ac adapter supplied

Temperature: 5° Cto40° C (operating)

You need to purchase cable part number HP 15750A to connect this
printer to the HP 37741A.

D.3.5 Large Carrying Pouch, HP 15741A

This pouch, made from nylon, will hold the HP 377414, its ac adapter,
cables, and manual. It is shipped with a shoulder strap. The size is
200 mm (W) x 260 mm (D) x 110 mm (H).

D.3.6 Rackmountable Version,
HP 37741A Option HO1

This has all the functionality of the hand held unit. There is no display
or keyboard on the unit, and the unit is shipped without a pouch. The
T1 lines connect to the unit with a 15 pin D-type connector.

The instrument is controlled with the PC based software (HP 15726A),
ordered separately.

D.3.7 19" Rackmount Panel for Option HO1,
HP 37741A Option KO1

This is a 1 RU high panel that can accept one to three HP 37741A op-
tion HO1 instruments.

The rack can also accommodate one Bantam Telecom Adapter
(HP 15738A) and one HP 37741A Option HO1.
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D.3.8 Serial Cables (5 types)
This describes the purpose for each of the cables listed in section D.2.4.

HP 15737 A DTE (PC or similar) with 25 pin connector, to
HP 37741A. This is a straight cable, the pin as-
signment is shown in figure 13-2.

HP 15736A DTE (PC or similar) with 9 pin connector, to
HP 37741A. This is a straight cable, the pin as-
signment is shown in figure 13-2.

HP 15735A HP 37741A to HP ThinkJet printer.

HP 15734A HP 37741A to DCE with a 9 pin connector
(HP 15727A battery operated thermal printer, or
Seiko DPU-201GS printer, or small modem).
This is a null-terminal cable, the pin assignment
is shown in figure 13-3.

HP 15750A HP 377741A to DCE with a 25 pin connector
(HP 15733A battery operated thermal printer, or
Seiko DPU-411 printer, or standard modem).
This is a null-terminal cable, the pin assignment
is shown in figure 13-3.

D.3.9 Bantam Telecom Adapter, HP 15738A

The BTA is a multipurpose interconnection box. It can be used to con-
nect bantam cables from the HP 37741A to a CSU (DB15). Similarly, it
can be used to connect the DB15 on the HP 37741A option HO1 to ban-
tam cables. The adapter can also be used to connect either instrument
to a smartjack or ISDN PRI (USOC RJ-45). You can easily use the
adapter to bridge to a full duplex DS1 circuit. Two dual bantam jacks
are connected to a male DB15 and a female DB15. The two DB15s are
wired together, so that you can bring a circuit into the adapter, and
continue to carry the circuit on to its original destination.

Because the RJ-45 connector is wired to both bantam connectors, the
adapter can be used to connect a voice circuit to bantam connectors.
The RJ-45 connector can accept R]-11 plugs without damage.

The BTA can be mounted on the 19" rackmount panel (HP 37741A K01).
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E.1 Speaker Beeps

The instrument can be configured to beep with each key press. You
can configure the sound to be a tone or a click.

Regardless of whether the key beep is enabled or not, the instrument
will issue beeps under the following conditions:

1beep The instrument will beep at power on if the POST is succes-
sful, and no stored data has been lost.
The instrument beeps once every minute when the battery is
getting low.

2beeps The instrument cannot print. The printer may be not con-
nected, or turned off, or it may be out of paper, or there may
be a cabling problem.

3beeps You have not used the instrument for two minutes and a test
is not running. The HP 37741A will turn itself off in five sec-
onds unless you press a key.

The frequency of the key beep rises if the test set is loop timed, and the
equipment to which it is connected is also loop timed.

E.2 lcons

This section summarizes the icons used on the various displays.

-+ This js an arrow used to point to a selection. Use the [__A_J
and keys to change the variable pointed to. In most
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cases, the =» icon will move, and in the other cases, the vari-
able pointed to will change.

This is shown on the transmit summary screen to indicate
that the instrument is sending a full T1 signal (all 24 of the
channels are used).

This is shown on the results screens and high level TEST and
SET screens to indicate that the instrument is sending a frac-
tional T1 signal in n x 64 mode.

This is shown on the results screens and high level TEST and
SET screens to indicate that the instrument is sending a frac-
tional T1 signal in n X 56 mode.

The hour glass is shown on the results screens and high level
TEST and SET screens when a non-sequential test is run-
ning. When the X is displayed, the instrument accumulates
errors, and the results can change.

The flashing hand is shown on the results screens and high
level TEST and SET screens when no test is running. When
the @ is displayed, none of the results screens will change.

This is shown on the results screens and high level TEST and
SET screens when a bridge tap test is running. When the By
is steady, the instrument accumulates errors, and the results

can change. When the BY flashes, the instrument is trying to
synchronize to the next pattern in the sequence.

This is shown on the results screens and high level TEST and
SET screens when a standard multipattern test is running.
When the M is steady, the instrument accumulates errors,
and the results can change. When the ™ flashes, the instru-
ment is trying to synchronize to the next pattern in the
sequence.

This is shown on the results screens and high level TEST and
SET screens when a user defined sequential test is running,
When the Ys is steady, the instrument accumulates errors,

and the results can change. When the Ug flashes, the instru-
ment is trying to synchronize to the next pattern in the

Sequence.

Indicates “up”. Used in conjunction with a loop code name.
For example, | .i n & T means line loop up loopback code.
Indicates “down”. Used in conjunction with a loop code
name. For example, | i n e 4 means line loop down loop-
back code,
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© 4P

Used to represent the key.

Used to represent the [__¥_] key.

The happy face indicates that things are normal, or good. It is
displayed on screen 1002 to indicate those parts of the data
that have not been corrupted. It is displayed on screens 2100
and 2700 to indicate that no logic, BPV, or CRC errors are
being injected.

The sad face indicates that there is a problem, or that things
are not normal. It is displayed on screen 1002 to indicate
those parts of the data that have been corrupted. It is dis-
played on high level SET screens and each result screen, to
indicate that logic, BPV, or CRC errors are being injected.

The clock indicates the source of the timing for the T1 trans-
mitter. The source is either derived from the internal crystal,
or from cne of the T1 inputs.

When the Q© flashes on the Signal Out screen (2700), you
have configured the HP 37741A to use one of the T1 inputs as

the source of the transmitter clock, and that signal is not
present.

The transmit alarm bell icon indicates whether the instru-
ment is transmitting any alarms. The icon is displayed on
high level SET screens and each results screen. In screens
2100 and 2700, the word 0.1 @ indicates that no alarm is
being transmitted.

When the & flashes on the Signal Out screen (2700), you
have configured the transmitter of the HP 37741A to be de-

pendent on the T1 input. There is a problem with the input
signal, and the instrument is sending an alarm automatically.

This icon is shown when the instrument is looped back. The
icon is shown in screen 2700. When the icon is displayed, the
transmit summary screen continues to show the signal that is
actually being transmitted (or regenerated).

The loopback icon is also shown on the high level SET
screens and each of the results screens. When it is, you can-
not modify the transmit configuration.

The musical note is shown to indicate that one of the trans-
mit channels is being modified, either by the transmission of
a tone, or by the insertion of signaling bits. It is displayed on
the high level SET screens and each of the results screens
when the condition is true.
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E.3

BIST Error Codes

When the built in self test runs, the display indicates the test being
performed. If a test fails, the number may remain the same or change.
Use this section to interpret the displayed number.

The self test procedure is described in section 16.6.

E.3.1

CPU

The microprocessor tests itself and the associated peripherals.

00001
00002

00003

00005

E.3.2

RAM test. A complex sum check and bit read-
modify-write sequence is performed.

Real time clock. The processor verifies that the
clock’s one second tick is within 5%.

Real time clock. The clock is set to 99-12-31
23:59:59. The processor waits for two seconds to
ensure that the date rolls over. The instrument’s
time is restored (plus two seconds), and the pro-
cessor ensures that the clock advances one
second.

Beep. Three beeps are created. The processor
cannot verify that a tone is emitted from the
speaker. This is your responsibility.

Contrast. The contrast is adjusted to maximum,
then minimum, and back to the preset value.
You should check the operation.

Backlight. The back light is turned on and off
three times, with the on time being half a
second.

Framing

The instrument configures the transmitter to send each frame format in
sequence. The transmitter is configured to transmit a QRW, and the
line code is B8ZS.

The receiver is configured for auto mode. The microprocessor first
verifies that each frame type can be recognized by the receiver, then
verifies that each frame type does not receive any frame errors. The
processor waits a maximum of two seconds to get into frame, and then
accumulates errors for 150 ms.
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01100 D4: can’t sync

01150 D4: framing errors
01200 SLC-96: can’t sync
01250 SLC-96: framing errors
01300 ESF: can’t sync

01350 ESF: framing errors
01400 ZBTSI: can’t sync
01450 ZBTSI: framing errors

E.3.3 Pattern and FT1

The instrument configures the transmitter to send each pattern in se-
quence. The transmitter is configured for unframed mode, and the line
code is B8ZS.

The receiver is configured for auto mode. The microprocessor first
verifies that each pattern can be recognized by the receiver, then that
each pattern is received error free.

The processor then repeats the sequence using FT1.

02001 unframed all zeroes: can’t sync

02002 unframed all ones: can’t sync

02003 unframed alternating 1/0: can’t sync
02004 unframed 1in 8: can’t sync

02005 unframed 2 in 8: can’t sync

02006 unframed 3 in 24: can’t sync

02007 unframed QRW: can’t sync

02008 unframed 2!1~1: can’t sync

02009 unframed 2*—1: can’t sync

(02010 unframed 2®—1: can’t sync

02011 unframed 22—1: can’t sync

02051 unframed all zeroes: logic errors |
02052 unframed ail ones: logic errors

02053 unframed alternating 1/0: logic errors
02054 unframed 1 in 8: logic errors

02055 unframed 2 in 8: logic errors

02056 unframed 3 in 24: logic errors
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02057 unframed QRW: logic errors
02058 unframed 2'*—1: Jogic errors
02059 unframed 2'3—1: logic errors
02060 unframed 2% -1: logic errors
02061 unframed 22—1: logic errors
021xx D4, 23 channels in n x 64 mode, as above

E.3.4 Coding

The instrument sends an unframed QRW. [t waits for 150 ms after re-
ceiving sync, and verifies that no line code violations (BPVs) are
received.

03001 B8ZS: can't sync
03002 AMI: can’t sync
03051 B8ZS: errors
03052 AMI: errors

E.3.5 Loopbacks

The instrument sends a QRW with AMI line code. The instrument con-
figures the receiver to not auto respond to a received loopback code.
The loopback code is sent, and the processor verifies that it is received.
In-band loop codes are checked for errors when sent unframed. No
error checking is performed on framed in-band codes, nor on out-of-
band codes.

04001 unframed line loop up: can’t sync
040571 unframed line loop up: errors

04002 unframed line loop down: can’t sync
04052 unframed line loop down: errors
04003 unframed 4 bit loop up: can’t sync
04053 unframed 4 bit Ioop up: errors

04004 unframed 4 bit loop down: can’t sync
(4054 unframed 4 bit loop down: errors
04005 unframed NI loop up: can’t sync
04055 unframed NI loop up: errors

04006 unframed NI loop down: can’t sync
04056 unframed NI loop down: errors
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04101
04102
04103
04104
04105
04106
04201
04202
04203
04204
04205
04206
04301
04302
04303

04305

D4 line loop up: can’t sync

D4 line loop down: can’t sync

D4 4 bit loop up: can’t sync

D4 4 bit loop down: can’t sync

D4 NI loop up: can’t sync

D4 Nl loop down: can’t sync
SLC-96 line loop up: can’t sync
SLC-96 line loop down: can’t sync
SLC-96 4 bit loop up: can’t sync
SLC-96 4 bit loop down: can’t sync
SLC-96 Nl loop up: can't sync
SLC-96 NI loop down: can’t sync
ESF line loop up: can’t sync

ESF line loop down: can’t sync
ESF 4 bit loop up: can’t sync

ESF 4 bit loop down: can’t sync
ESF Nl lcop up: can’t sync

ESF Nl loop down: can’t sync

ESF payload loop up: can’t sync
ESF payload loop down: can’t sync
ZBTSI line loop up: can't sync
ZBTS! ine loop down: can’t sync
ZBTSI 4 bit loop up: can’t sync
ZBTS3I 4 bit loop down: can’t sync
ZBTSI NTloop up: can’t sync
ZBTSI Nl loop down: can’t sync
ZBTSI payload loop up: can’t sync

ZBTSI payload loop down: can’t sync
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E.3.6 Alarms

The instrument sends a D4 QRW with AMI line code. The alarm condi-
tion is created, and the processor waits 4 seconds. The alarm is retired,
and the processor waits a further three seconds. The next alarm is then

created.

05001 LOS: not detected

05002 AIS: not detected

(5103 D4 Yellow: not detected
05203 SLC-96 Yellow: not detected
05303 ESF Yellow: not detected
05403 ZBTSI Yellow: not detected

E.3.7 Channel Integrity

The instrument sends a D4 framed TmS | t. It verifies that each
channel is correctly received by comparing the received Hi: and Lo
values. These should correspond with the timeslot number.

06101 timeslot 1
06102 timeslot 2
06124 timeslot 24

E.3.8 Tone Amplitude and Volume Control

The instrument sends a Tm$S | 't pattern with AMI line code. A
1004 Hz tone is inserted into channel one. The receiver is configured to
send the channel to the speaker; the speaker volume is swept from off
to maximum and back. You should verify that the volume control is
functional. The instrument measures the amplitude of the received
tone, and passes the test if it is within =0.5dB if calibrated, and

+1.0 dB if uncalibrated.

The process is repeated for each of the fixed tcne levels. Each volume
contro} step is accessed for 50 ms, so that each transmitted tone ampli-
tude is sent for 1.6 s. The tone is then transmitted at the idle level, and
the instrument verifies that it is received below —40 dBm0.

07101 tone sent at 0 dBm0
07102 tone sent at —3 dBm({
07103 tone sent at —6 dBml
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07104 tone sent at —10 dBm0
(07105 tone sent at —13 dBm(
07106 tone sent at —16 dBm0
07107 tone sent at ~24 dBm0
07108 tone sent at idle level

E.3.9 Channel Access

The instrument sends a Tm'S |t pattern with AMI line code. A tone
is inserted into one of the channels at —10 dBm. The receiver is confi-
gured to send the channel to the speaker; the speaker volume is set to
level 3. You should verify that the tone is received. The instrument
also sends signaling on the channel being tested, and verifies that the
signaling bits are correctly received. Each channel is accessed for about
500 ms.

08101 D4 channel 1, 304 Hz, AB(CD) = 00(00)
08102 D4 channel 2, 404 Hz, AB(CD) = 00(01)
08103 D4 channel 3, 420 Hz, AB(CD) = 00(10)
08104 D4 channel 4, 820 Hz, AB(CD) = 00(11)
08105 D4 channel 5, 1004 Hz, AB(CD)) = 01(00)
08106 D4 channel 6, 1020 Hz, AB(CD) = 01(01)
08107 D4 channel 7, 1800 Hz, AB(CD) = 01(10)
08108 D4 channel 8, 2280 Hz, AB(CD) = 01(11)
08109 D4 channel 9, 2600 Hz, AB(CD) = 10{00)
08110 D4 channel 10, 2713 Hz, AB(CD) = 10(01)
08111 D4 channel 11, 284 Hz, AB(CD) = 10(10)
08112 D4 channel 12, 3400 Hz, AB(CD) = 10(11)
08113 D4 channel 13, 304 Hz, AB(CD) = 11(00)
08114 D4 channel 14, 404 Hz, AB(CD) = 11(01)
08115 D4 channel 15, 420 Hz, AB(CD) = 11(10)
08116 D4 channel 16, 820 Hz, AB{CD) = 11(11)
08117 D4 channel 17, 1004 Hz, AB(CD) = 00(00)
08118 D4 channel 18, 1020 Hz, AB(CD) = 00(01)
08119 D4 channel 19, 1800 Hz, AB(CD) = 00(10)
08120 D4 channel 20, 2280 Hz, AB(CD) = 00(11)
08121 D4 channel 21, 2600 Hz, AB(CD) = 01(00)
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08122 D4 channel 22, 2713 Hz, AB(CD) = 01(01)
08123 D4 channel 23, 2804 Hz, AB(CD) = 01(10)
08124 D4 channel 24, 3400 Hz, AB(CD) = 01(11)

08201 to 08224 SLC-96 channels 1 to 24, as above, but with the
signaling starting at AB(CD) = 10(00)

08301 to 08324 ESF channels 1 to 24, as above, but with the
signaling starting at ABCD = 0000

08401 to 08424 ZBTSI channels 1 to 24, as above, but with the
signaling starting at ABCD = 1000

E.3.10  Error Injection and Detection

The instrument sends an ESF QRW with AMI line code. The errors are
introduced one at a time for a total of three errors. The processor veri-
fies that the errors are received.

09101 BPV errors
09102 logic errors
09103 CRC errors

E.3.11 Line Parameters

The instrument sends 2 ESF QRW with AMI line code. The line pa-
rameters are checked.

10101 Line frequency. The processor verifies that the
measured frequency is within 40 ppm if the in-
strument is calibrated, or 100 ppm if
uncalibrated.

10102 Signal level. The processor verifies that the mea-
sured level when terminated is 0 dBdsx = 1.5
dBdsx if calibrated, or 0 dBdsx = 3.0 dBdsx if
uncalibrated.

10103 Signal level. The processor verifies that the mea-
sured level when in monitor mode is greater
than 3.0 dBdsx.

10104 Simplex current. The processor verifies that the

measured level is less than 1 mA.
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E.3.12 Reference Input

The processor sends an unframed QRW with AMI line code. The in-
puts are set to terminate mode.

11101 No signal on reference input detected.
11102 Crosstalk to main input detected.

E.3.13  Serial Port
12002 Serial port loopback. CTS is toggled, and the
processor reads RTS. Then, the characters 00H
to FFH are sent 32 times, and verified for correct
reception.
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For more information, call your local HP sales office listed in your tele-
phone directory or an HP regional office listed below for the location
of your nearest sales office.

United States of America:
Hewlett-Packard Company

4 Choke Cherry Road, Rockville, MD 20850
(301) 670 4300

Hewlett-Packard Company
5201 Tollview Drive, Rolling Meadows, IL 60008
(708) 255 9800

Hewlett-Packard Company
5651 W. Mancheste, Los Angeles, CA 90045
(213) 337-8035

Hewlett-Packard Company
2000 South Park Place, Atlanta, GA 30339
{404) 980-7351

Canada:

Hewlett-Packard Ltd.

6877 Goreway Drive, Mississauga, Ontario L4V 1M8
{416) 678 9430
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Japan:

Yokogawa-Hewlett-Packard Ltd.

15-7, Nishi Shinjuku 4 Chome, Shinjuku-ku Tokyo 160, Japan
{03) 5371 1315

Latin America:

Hewlett-Packard

Latin American Region Headquarters

Monte Pelvoux No. 111, Lomas de Chapultepec, 11000 Mexico, D.F.
(525) 202 0155

Australia and New Zealand:

Hewlett-Packard Australia Ltd.

3141 Joseph Street, Blackburn, Victoria 3130, Australia
(A.C.N. 004 394 763)

(03) 895 2895

Far East:

Hewlett-Packard Asia Ltd.

22/F Bond Centre, West Tower, 89 Queensway Central, Hong Kong
(852) 848 7777

In Europe, please call your local HP sales office or representative:

Austria:
(0222) 2500-0

East Central Europe, USSR, and Yugoslavia:

Vienna, Austria
(0222) 2500-0

Belgium and Luxembourg:
(02) 761 3111

Denmark:
(45)99 1000

Finland:
(50) 88 721

France:
(1)69 826500
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Germany:
(06172) 16 0

Greece:
(01) 68 28 811

Iceland:
(91)67 1000

Ireland:
(01) 883399

Israel:

Computation and Measurement Systems (CMS) Ltd.

(03) 5380 333

Italy:
(02) 95 300 134

Netherlands:
(020) 547 6669

Norway:
(02) 87 97 00

Portugal:
(11)30173 30

South Africa:
HiPerformance Systems
(011) 806 1000

Spain:
900 123 123

Sweden:
(08) 750 20 00

Switzerland:

(057) 31 21 11 (Headoffice)

(022) 780 41 11 (Suisse Romande)

(046) 05 15 05 (Customer Information Center)

Turkey:
(1752970
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UK.
{0344) 369 369

Europe, Africa, and the Middle East:
Hewlett-Packard
European Marketing Centre, P.O. Box 999, 1180 AZ Amstelveen

The Netherlands
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G.1 PCM Quantization

When an audio signal is digitized for transmission over a DS1 channel,
plaw encoding is used. This law, briefly described in the following
paragraphs, is more fully treated and tabulated in CCITT G.711.

8000 times per second, an amplitude sample is taken and encoded as a
byte. The most significant bit is a sign bit (1 for positive, 0 for nega-
tive). The remaining seven bits represent the signal amplitude in a
quasi-logarithmic way. This method represents low level audio signals
more faithfully (with greater resolution) than a linear encoding
scheme.

The 128 code values available to represent signal amplitude are di-
vided into eight segments of 16 codes each. These segments are num-
bered from 1 to 8, with the lowest signal levels in segment 1 and the
highest in segment 8.

Within each segment, the 16 codes are linearly spaced, but the spacing
interval is twice that of the segment below. Thus the amplitude range
of segment § (4096 quantization units) is 128 times that of segment 1 (32
quantization units). The full positive range is 8159 quantization units.
The negative range is the same. The amplitude is normalized so that
the peak signal (+8159 units, represented by decoder values of +127)
corresponds to 3.17 dBm0.

The actual 8-bit code transmitted does not correspond directly to the
decoder value, but is encoded as shown in the following table. For

example a 1in 8 pattern yields H i = L O = —63in all channels.
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Displayed| PCM Code | Displayed| PCM Code | Displayed| FCM Code
Value [Binary Hex] Vvalu®é [ Binary Hex] Value [ Binary Hex
+127 |[10000000 80 +84 10101011 AB +41 |11010110 D6
+126 |10000001 81 +83 |10101100 AC +40  |11010111 D7
+125 (10000010 82 +82 10101101 AD +39 11011000 D8
+124 10000011 83 +81 |10101110 AE +38 [11011001 D8
+123 |10000100 84 +80 (10101111 AF +37 [11011010 DA
+122 |10000%01 85 +79 (10110000 BO +36 (11011011 DB
+121 ;10000110 86 +78 [10110001 B +35 (11011100 DC
+120 10000111 87 +77 [10%10010 B2 +34 11011101 DD
+119 (10001000 88 +76 |10110011 B3 +33 |[11011110 DE
+118 |10001001 89 +75 |10110100 B4 +32 |[11011111 DF
+117 (10001010 B8A +74 (10110101 BS +31  |11100000 EO
+116 |10001011 8B +73 [10110110 B6 +30  |11100001 E1
+115 (10001100 8C +72 (10110111 B7 +29 |11100010 E2
+114 |10001101 8D +71 (10111000 B8 +28 11100011 E3
+113 (10001110 8E +70 (10111001 B9 +27 [11100100 E4
+112 |10001111  8F +69 (10111010 BA +26 (11100101 E5
+111  |10010000 80 +68 |10111011 BB +25 111100110 E6
+110 |10010001 91 +67 [10111100 BC +24 |11100111 E7
+108 110010010 92 +66 [10111101 BD +23 (11101000 EB
+108 [100100%1 93 +65 |10111110 BE +22 |11101001 E9
+107 (10010100 94 +64 [10111111 BF +21  [11101010 EA
+106 (10010101 95 +63 11000000 CO +20 (11101011 EB
+105 (10010110 96 +62 [11000001 Ct +12 (11101100 EC
+104 [10010111 97 +61 |11000010 C2 +18 (11101101 ED
+103 [10011000 98 +60 |11000011 C3 +17 |[11101110 EE
+102 (10011001 99 +59 11000100 C4 +16 11101111 EF
+101 | 10011010 SA +58 |1100010t C5 +15 {11110000 FO
+100 |10011H1 9B +57 |11000110 C8 +14 111110001 F1
+99 10011100 8C +58 11000111 C7 +13 11110010 F2
+98 110011101 9D +55 (11001000 C8 +12  |11110011 F3
+97 |10011110 8E +54 |11001001 C9 +11 111110100 F4
+96 |10011111 SF +53 |11001010 CA +10 |11110101 F5
+95 |10100000 AD +52 11001011 CB +9 11110110 F&
+94  |10100001 Af +51 11001100 CC +8 11110111 F?7
+93 10100010 A2 +50 11001101 CD +7 11111000 F8
+92 10100011 A3 +49 11001110 CE +6 11111001 F9
+3N 10100100 A4 +48 11001111 CF +5 11111010 FA
+90 10100101 AS +47 11010000 DO +4 11111011 FB
+89 (10100110 A6 +46 |[11010001 Dt +3 11111100 FC
+88 10100111 A7 +45 11010010 D2 +2 11111101 FD
+87 |10101000 AB +44 |11010011 D3 +1- [111#1110 FE
+86 |10101001 A9 +43 11010100 D4 +0 11111111 FF
+85 |10101010 AA +42 (1110101 DS
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Displayed; PCM Code | Displayed| PCM Code | Displayed| PCM Code

Value Binary Hex| Value Binary Hex| Value Binary Hex
—42 01010101 55 -85 00101010 2A

-0 o11111t1 7F —-43 01010100 54 -86 00101001 29
-1 01111110 7E —44 01010011 53 —87 00101000 28
-2 01111101 7D —45 01010010 82 -3 00100111 27
-3 01111100 7C —46 01010001 51 -89 00100110 26
-4 01111011 7B —47 01010000 50 -90 00100101 25
-5 01111010 7A —48 01001111 4F —-91 00100160 24
-6 01111001 79 —49 01001110 4E -82 00100011 23
-7 01111000 78 -50 01601101 4D ~83 00100010 22
-B 0111011t 77 -8 01001100 4C -94 00100001 21
-9 01110110 76 -52 01001011 4B —-95 00100000 20
—-10 01110101 75 —-53 01001010 4A —96 Q0011111 1F
-11 01110100 74 ~54 01001001 49 97 00011110 1E
-12 01110011 73 -55 Q1001000 48 —-98 00011101 1D
-13 01110010 72 -58 01000111 47 —99 00011100 1C
-14 01110001 71 ~57 01000110 46 -~100 |0C01101t 1B
-15 01110000 70 —-58 01000101 45 —101 00011010 1A
—-16 01101111 6F -59 01000100 44 —102 |(0DO11001 19
-17 01101110 6E —60 01000011 43 —103 |00011000 18
—-18 01101101 6D —-61 01000010 42 —-104 |00CO10111 17
-19 01101100 6C ~62 01000001 41| -—105 |00010110 16
-20 01101011 6B —-€3 C1000000 40 —106 (0DD10101 15
—-21 01101310 BA —-64 00111111 3F —107 |00010100 14
~—22 01101001 69 —-65 00111110 3E -108 |0CO10011 13
-23 01101000 B8 —66 00111101 3D —109 |00010010 12
-24 1100111 67 —-67 00111100 3C -110 (00010001 11
—-25 01100110 66 —-68 00111011 3B =111 100010000 10
—-26 01100101 65 -69 00111010 3A ~112 [00001111 OF
—-27 01100100 64 -70 00111001 3¢ ~113 |00001110 GE
—-28 01100011 63 -71 00111000 38 —114 (00001101 QD
—-29 01100010 62 72 00t10111 37 -115 |00001100 0OC
-30 01100001 61 -73 00110110 36 —116 (00001011 OB
-3 01100000 80 —-74 Q0110101 35 —-117 |000Q1010 DA
-32 C1011111  5F -75 CO110100 34 —-118  [00001001 09
-33 01011110 SE —-76 00110011 33 —118 100001000 08
—-34 01011101 5D =77 00110010 32 —-120 |00000111 07
—-35 01011100 5C ~78 00110001 31 —t121 [00000110 06
—-36 01011011 5B -79 CC110000 30 —122 |[00000101 05
—-37 01011010 5A -80 00101111 2F —123 100000100 04
-38 01011001 5% -81 00101110 2E —124 00000011 03
—-35 01011000 58 -82 00101101 2D —-125 (00000010 02
—40 01010111 57 -83 00101100 2C —126 [0DODOOQ1  G1
—41 Q1010110 56 -84 00101011 2B —-127 00000000 00
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G.2 Quantization Error

When the HP 37741A decodes the tone, it interprets each octet as rep-
resenting a signal amplitude corresponding to the center of its quanti-
zation interval. Thus, there is an inherent uncertainty caused by the
size of each quantization interval. This uncertainty, expressed in dB, is
roughly constant throughout the range.' The uncertainty is always
smallest at the top of a segment and greatest at the bottom, as shown
in the table below.

This quantization error contributes as much as +0.53 dB to the inaccu-
racy of the audio channel amplitude measurement, for signals as low
as —46 dBm0. Another measurement error occurs whenever there is a
non-zero DC offset in the audio signal. The measurement algorithm
determines the highest and lowest decoder values transmitted in the
channel. It uses half their difference to estimate the positive amplitude,
which is then used to determine the signal amplitude. This approach is
exact when the maximum positive and negative levels are in corre-
sponding segments. The gain setting of the tone injection circuit is
calibrated at —10 dBm0. This amplitude corresponds to decoder levels
of £92, which correspond to —10.0008 dBm0.

Segment Decoder Number dBmo uncertainty (dB)
8 {top) 127 3.03 +0.14
8 (bottom) 112 —-2.62 +0.26
7 (top) 111 —~3.02 +0.14
7 (bottom) 96 —-8.7 +0.27
6 {top) 85 —-9.12 +0.14
& (bottom) 80 —14.86 +0.27
5 (top) 79 -15.28 +0.14
5 (bottom) 64 -21.17 +0.28
4 {top} 63 —-21.6 +0.15
4 (bottom) 48 -27.79 +0.30
3 (top) 47 -28.26 +0.16
3 (bottom) a2 —-35.15 +0.36
2 (top) 31 —35.69 +0.19
2 {bottomn) 16 -44.69 +0.51, —0.55
1 {top) 15 —45.59 +0.29
1 (2nd) 1 —69.04 +3.52, —6.02
1 (bottomy) 0 —-81.08 +6.02, — =

1 It would be constant for a perfectly logarithmic encoding scheme.
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Index
10 ... 102, 171
1in15 ........... 103, 175
linle ........... 103, 175
Tin8 ............ 102, 171
2in8 ... ... 102, 171
2in8o0 .......... 103,175
2in8# ...l 182
201 102,173
251 ... 102, 173
22-1 ... 102, 174
28—1 ... 102, 174
3in24 ........... 102, 171
A
ac adapter
charging battery 39, 44, 289
ordering .......... 365
precautions .. ... 14, 289

see also battery
see also power

accessories ........ 365-370
accuracy, see specifications
acronyms ... ... 18, 351-358

BE6E

El]E
|2

AlS
definition ..... 220,223
how to transmit ... .. 101
resultsscreen ....... 75
see glso alarms
alarms

AlS ... ... .. 220,223
asinput ....... 101, 224
automatic ...... 95, 224
dependence on input

signal ......... 90, 95
effect on transmitted

signal ....... 224-226
flashing ........... 75
frameloss ..... 160, 221
general ........... 219
history ........... 75
hierarchy ...... 222,227
icon, & ........... 119
LOS ......... 220, 223
overwriting payload .. 223
patternloss ........ 221
precautions .... 171,172
remote ........ 221,223
results screen ... .. 63,75
setting ............ 101
SLC96 ........... 152

. 95,224-226

smart alarms
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suppression of results

accumulation ..... 222
translation ......... 224
transmit setting .. 95,101
transmission ... 119,223
yvellow ........ 221,223

ALBO ............... 211
allones .......... 102, 171
see also AIS
allzeroes ......... 102, 172
see also LOS
alternating 10 ... .. 102, 171
AMI, see line code
amplitude, see level
APS switchover time .... 167
ASCIT ... ... ... . ... 348
as input
alarms ........ 101, 224
frame ............. 157
linecode .......... 98
loopcode .......... 99
mode .......... 96, 233
payload .... 103, 159,191
payload modification . 191
precautions . ....... 192
see also through
asreceiver ......... 96, 233
automatic
alarminjection ...... 224
backlightoff ....... 49
detection of
alarms ......... 219
data link length .. 152
frame ...... 116, 146
loopcade 115, 188
linecode ........ 215
mode ...... 112,232
payload ........ 165
test pattern ... ... 166
timing ......... 200
linebuildout ....... 211
poweroff .......... 292
poweron .......... 291

response to loopcode

............ 115, 188
save of configuration
............. 50,135
save of date and time
............ 122,293
saveofresults ...... 136
selection of timing source
............ 119, 200
test restart 147, 166, 169, 220
avgER
comparison with BER . 164
CRC .......... 77, 164
frame .......... 75,162
DGavl ... . 80, 197
B
B8ZS, see line code
backlight
autoturnoff ....... 49
effect on battery ... .. 287
turning on and off . 44,50
bandwidth ........ 79,193
bantam
see cables
see connectors
battery
chargestate ........ 122
charging 37,44, 289, 366
capacity ........... 287
dataloss ....... 46, 295
discharged ...... 46,295
disposal ........... 289
effect of backlight . ... 287
effect of speaker ..... 287
low ........... 45,293
memory effect ...... 250
recharge time ....... 290
replacement ...... 5, 289
servicelife ......... 289
status indication ..... 122
storage ........... 288
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too low to power
instrument ... 45,6293
see also power

beep, see key beep
BER
line code (BPV) .. 69,218
logic .......... 79,195
bibliography ...... 359-364
bit slips, see slips
blue alarm, see AIS
BPV, see errors
bridge ........ 111, 114, 207
see also termination
bridgetap ...... 58,179,181

see also sequential test
built in self test, see self test

C

cables
accessories ......... 366
forserial port ....... 370
for T1lines ... ... 43, 366
impedance ......... 170
nullmodem ........ 350
null terminal ..., 244,366
precaution .. ... 207,245
shipped withunit .... 14
see also connectors

calibration
accuracy when not

calibrated ......., 340

date and time ... 122,341
general ........... 339
HP service ....... 4,339
lossof ......... 45, 295

procedure .. 340, 342345
recommended schedule 339

car adapter ........... 367
see also battery
see also power

certificaion ............ 3

see also specifications

channel

CGA ... ... ... ... 160
changing, see configuration
access L ........ 31, 229

audio, see tones
dependence on framing

............ 105, 229
drop and insert ..... 232
frame conversion . ... 231
FT1

idle ........... 232
map ........ 81,233
Rx configuration
......... 113,232
Tx configuration
.......... 97,233
Hi o 81
icon, & ... 32,42
listening to
volume control ... 32
effect on battery .. 287
Lo ............. 81
loopcode overwrites

............ 227-228
map ...... 81, 97,113, 233
mapping ...... 117,230
number ........ 80, 105
overwriting payload .. 234
results screen .. . .. 63, 80
selection

receive . ... 63,80,117

transmit ........ 105
sequence . 77,111,116, 230
signal amplitude .... 80
timeslot

effect of auto frame 231
compared to channel

number ....... 229
display ...... 80, 105
interpretation . ... 117
map ........... 81
translation ... ... 118

undisturbed ........ 106
unframed . ...... 81, 106

see also channel words
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see also signaling
see also speaker
see also tones

channel words

changing ...... 176, 275
default ........... 177
general ........... 176
limitations ......... 176
LoDns ........ 103,177
TmSIlt ........ 103,177
unframed transmission 176
charging, see battery
clearchannel .......... 145
click, see key beep
clock, see date and time
clockrecovery ......... 200

see also frequency
see also line code
see also timing

codes, sequential test .... 179

coding, see line code

COFA
count ............ 75
definiton ......... 161

colophon .............. 9

configuration
autosave .......... 135
change activation .. 28,86
datalink .......... 152
date and time ... 128-132
displayed vs actual

........ 86, 93, 118, 138

EIA-232 ........... 122
factory default .... 87,89
poweron .......... 50
pre-defined ...... 87-92
printing . ...... 136, 141
recall ..... 8792, 139-141
receiver ........ 85,110
SAVE L ... ...l 135
serialport ......... 122
transmitter . ...... 85,92

unable to change
.......... 92, 101, 189

wnitfD ..., 132

see also alarms

see also channel

see also errors

see also fractional T1

see also frame

see also loopcode

see also payload

see also termination

see also timing

connectors
bantam ......... 37,43
continuity ..... 208, 298
DBI5 ........... 22,43
DBY ............ 37,43
maininput ....... 37,43
power .......... 37,44
precautions . ... .. 1,209
referenceinput ... ... 37
serialport ....... 37,43

see also cables
see also installation

contrast ............ 39,48

controlled slips  ........ 203
see also slips

conversion, see frame, format

copyright  inside title page, 45
CRC
definition ..... 154,156
error injection 109, 186
EITOTS o v v vv i vn s 163
resultsscreen ....... 77
usedin ........... 145
CSES .. ............ 80, 196
CSU, see loopcode
D
D4
definition ......... 148
results screen ....... 75
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sending ........... 102
data link
configuring ........ 152
default .... 152,154,159
ESF .......... 153-154
idle .......... 152, 154
results screen . ... ... 78
selection screen ... .. 105
SLC9% ........ 78,151
through ....... 105, 159
transmit . ... 105, 153, 157
usedin ........... 145
ZBTSI ............ 157
date and time
aACCUraCy .- - v v ev v 295
calibration ..... 122, 341
configuring . ... 128-132
current ........ 45,127
displayed .......... 137
format ........ 127-128
lossof ............ 46
poweroffandon .... 122
test time derived from . 147
when powered off ... 294

DB15, DB9, see connectors
default, see factory default

density
definition ......... 216
effect on clock recovery
................ 216
resultsscreen ....... 73
transmitted patterns .. 170
display
layout .......... 38,39
size, type .......... 297
see also backlight
see also contrast
see also screens
DLC
displayed .......... 76
see also SLC-96
PM ... 80,197
dropandinsert ........ 232

DS0, see channel

D51
comparedto T1 . .... 18
see also frame
see also path
see also patterns

DSX ... 211
see also level

E
EC
CRC .......... 77,163
frame .......... 75,162
line code (BPV) .. 69,217
logic .......... 79,194
EFS
CRC .......... 77,164
line code (BPV) .. 69,6218
logic .......... 79,194
EIA-232
reference .......... 363
see also connectors
see also printing
see also serial port
€ITors
BPV
definition ....... 217
injection . 34,108,217
results screen .. 63,69
with B8ZS ...... 217

configuration status .. 119
CRC

definition ....... 163

during loopback .. 186

injection ....... 109

results screen .. 63,77
frame . ....... 63,75, 160
G821 .......... 80,193
high errorrate .. .... 146
icons, @_, @ ..... 41,119
lineresults ......... 67
logic

definition ....... 193

during loopback .. 167
injection . 34,108, 167
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results screen .. 63,79
with B8ZS ...... 217
loopcode ... ... 168,193
pathresults ........ 74
selftest ....... 317,374
suppression of
accumulation ..... 193
transmit setting . 108, 109
ES
CRC .......... 77,163
frame .......... 75,162
line code (BPV) .. 69,6217
logic .......... 79,194
ESD ......ccciiiiia.. 4
ESF
datalink ...... 153-154
definiton ......... 153
results screens . ... 75,77
sending ........... 102
exXcess Zeroes
definibton ......... 216
duringLOS ........ 216
effect on clock recovery 216
results screen ....... 73

transmitted patterns . . 170
external control

additional features ... 255
byte sequences ...... 262
changes ............ 8
channelwords ...... 176
commands ...... 262-286
datatypes ......... 261
error responses ... .. 262
general ........... 255
memory map . .. 258, 259
message formats .. ... 256
option HO1 ..... 21,247
overmodems .......

preconfigurations . ... 88
port configuration ... 124
restricons ......... 255
sequential tests .. ... 183
software available ... 367
transmission order ... 262
timeouts .......... 258

userwords ......... 175
see also serial port

F
facility data link, see data link
factory default
channel words ...... 177
data link 105, 152, 154
transmit and receive 87,89
userwords ......... 175
features
described ........ 11-12
differences .......... 8
see also specifications
firmware
revisions ........... 8
VErSiON .« oo v v v nven 45
warranty ........... 2
see also software
flashing
A&, (alarmbell) ... ... 119
®, (clock) ......... 119
Q, (hand) ....... 26, 54
Br, M, Ys (test) 41,364
S 67
e 74
e o4
alarmtype ......... 75
frametype ......... 76
patterntype ........ 79
pattern type on sequential
test .. ... . e 83
screen heading . ... 27,33
FLS, see frame loss
format
see date and time
see frame
see line code
fractional T1
bandwidth ...... 79,193
general ....... 232-233
icons, 5, 8% ..... 42,374
Rx configuration = 112-114
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timeslot map display .. 81
Tx configuration .. 96-98
see also channel

see also full T1

frame

alarm ............. 160
F TR 1 S 157
auto frame ..... 116, 146
COFA ............ 160
configuring 102, 116
channel sequence . ... 229
D1D,D2,D3 .... 145,148
D4 ........ 145, 148-149
DLC ............. 76
errorrate . ......... 162
CITOTS . v v v e me v ann 160
ESEF ....... 145, 153-155

format conversion
....... 99, 158, 159, 231

general ........... 145
input and output . ... 146
LOF ............. 160
QOF ........cov.. 160
pre-selection ....... 116
received ........... 76
receiver locked to .... 158
receiver setting 76, 111,116
reframe time ....... 161
results screen ... .. 63,75
SLC-9% .. 78,145,150-153
slips ......... 203-206

synchronization between
input and output ... 146

through mode ...... 151
transmit setting .. ... 93
transmitted 118, 146
transmitted during OOF
................ 158
unframed .......... 147
ZBTSI ..... 145, 155-157

see also alarms
see also channel
see also frame loss
see also signaling

frame loss
alarm ............. 221
definition ......... 160
effecton output ..... 225
results screen . .... .. 75
see also alarms

frequency
maininput ......... 200
measuring . ........ 201
results screen ... .. .. 68
transmitted . ....... 202

see also slips
see also timing
see also tones

FT1, see fractional T1

full T1
bandwidth ...... 79,193
icon, %% . ....... 43,374
Rx configuration .... 112

timeslot map display .. 81
Tx configuration 9%
see also channel

see also fractonal T1

G.821

definition ......... 193
results screens ... ... 80

helpscreens . .......... 45
............... 81, 236
see also channel
see also PCM

hierarchy
among alarms ....... 222
among patterns .. ... 168
payload usage ...... 227
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icons

4, (alarm) ...... 42,119
Br (bridge tap) ...... 41
® (clock) ...... 43,119
%, (flashing hand) 26, 41, 68
(full TH ......... 43
(FTl nx56) ..... 42
(FTI nx6d) ..., 42
(happy face) .. 43,119
2 (hourglass) .... 26,41
M? (multipattern) .... 41
«, (loop) ..... 42 92,115
J\ ,(quaver) ........ 32
@ (sad face) .. 42,43,119
S, (user sequence) oo 41

consistency with displayed
results ...... 55, 68, 93
summary .. 41-43,373-375
transmit status . 42,93, 110

idle

code (FT1) 81,175, 232, 233
datalink ...... 152,154
pattern .. ..... 103, 175

impedance, see termination
in-band, see loopcode
input

See connector

see frame

see frequency
see termination

installation
rackmounting .. 1,13,20
serialport ......... 21
Tllines ......... 21,22

see also cables
see also connectors

instruction guide

ordering .......... 366
screen numbers ... 23-24
usage ............ 23
see also manual

isolation ............. 298

J
jitter
attenuaton ........ 202
input tolerance . .. ... 201
output ............ 202
see also frequency
see also iming
K
key beep
atpoweron ........ 45
configuring ........ 128
general ........ 43, 371
high pitch .. ... 190, 371
informational ....... 371
low battery ........ 287
see also speaker
see also tones
keys
& __J backlight . 39,49
3 ), contrast .. 39,48
¥ | down
..... 39,53, 86, 121
LINE |, line ..... 39, 67
PATH J, path ..... 39,74
POWER), power
P 38, 44, 290, 292
SET |, set ..... 86, 121
TEST ), test ....., 35,53
A Jup 39,5386 121
«d | volume ... 38,47
layout ............ 39
type ... 297
L
LBO ................ 211
LCD, see display
LED ................ 20
level (of T1 line)
calibration ......... 343
DSX ............. 211
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index

line

measurement ... .... 212
received signal .. .. .. 68
receiver tolerance . ... 211
results screen . .. .. 63, 68

transmitted signal 199,213
see also tones

definition
.. .. 18,123,145, 150,199
see also configuration
see also frequency
see also line code
see also loopcode
see also termination

linebuildout .......... 211

line code
AMI ... ... ... 69, 214
asinput ........... 98
auto detection ...... 215
B8ZS .......... 69, 214
BPV, see errors
configuring ........ 58
effect on clock recovery 214
general ....... 214-217
recognition criteria ... 69
results screen ... .. 63, 69
transmit setting ... 94,98
transmitted ........ 93
with ZBTSI ........ 155

see also density
see also excess zeroes

Lo ... i, 103, 236
see also channel
see also PCM

LoDns ..........-. 84,177

LOF ........ ..., 160
see also frame loss

logic
errors . ... ... 108, 193
flashingtype ....... 80
results screens . . 63,79, 80

see also errors
see also payload

loopback, see loopcode
loop counter (sequential test}

................ 82,180
loopcode
4bit ..o e 185
S5bit ... 186
8seconds .... 72,100, 188
F1:31 : PR 99, 191
autorespond ... 115,188
configuring ...... 33,99
continuous ........ 100
CSU ... 185
definition ......... 184
duration ....... 72,100
effect of framing .. ... 186
effectof FT1 ........ 187
emulation ......... 185
error accumulation ... 193
error injecion .. .... 168
farend status .... 72,189
general ....... 184-190
hierarchy .......... 227
icon, € . ..... 43,92,115
in-band ....... 186, 193
instrument status .... 73
line .............. 185
line parameter (asa) .. 185
NI ... i 186
out-of-band ........ 186
overwriting payload
............ 186, 227
overwritten by yellow 223
payload ........... 186
precautions . ... 185, 190
receiver setting . 111,115
receiving .......... 189
recommended settings 190
respondingto ...... 188
results screen ... .. 63,71
sending ....... 33,72,99
smartjack .......... 186
timing ............ 187
tone suppression .. .. 227
transmission inhibited
............. 73,100
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transmit configuration
inhibited ......... 92

transmit setting ... 78,99
transmitted ........ 118
type selection ... .. 33,99
unloop ..... 92,115, 189
won’t stop sending . .. 190

loop timing ........... 202
see also timing

LOS
alarm transmission ... 101
definition ..... 220,223
effectonoutput ..... 225
results screen .. ... 63,75
see also alarms

loss of data, see battery

M

main input, see connectors

maintenance, see service

manual
acronyms ....... 18, 351
CAUTION ......... 19
copyright inside title page
DANGER .......... 19
foroption HO1 ...... 17
IMPORTANT ....... 19
index ............. 391
instruction guide .. 23,40
nomenclature ....... 18
notces ............ 19
ordering .......... 366
overview . ......... 17
part number ... title page
revision . inside title page
screen numbers . ., .. 24
tutorial ........... 23
WARNING ........ 19
youarehere ........ 400

see also instruction guide
see also precautions

map (timeslot)

configuration .... 97,113

general ........... 232
results ............ 81
measurements
see specifications
memory 46, 50, 293, 294, 339
miscellanea ........... 127
mode
as receiver ....... 96,233
auto ......... 112, 232
fultT1 ......... 9,112
nxb6,nxe6d4 ...... 232
receive ........ 112,232
results screen ... 63,79, 80
transmit ........ 96, 233
monitor ....... 111, 114, 207
see also termination
multipattern . ..... 179, 182

see also sequential test

N

notices, see manual

nullmodem ........... 350
null terminal .......... 244

n X 56, see fractional T1
n x 64, see fractional T1

O

option HO1
manual usage ....... 17
rackmounting ...... 20
serialport ......... 247
software available ... 367
T1 connection .,.. 21,22
usage ... 1
options .............. 366
OOF
count ............ 75
definition ......... 160

out-of-band, see loopcode
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output ............. 37

see also signal out
see also transmitted signal

OVEIVIEW . oo v v nn s 17

see alsg manual

path

definidon 18, 147, 170,185
see also alarms

see also configuration

see also frame

see also patterns

see also payload

pattern loss
alarm ... oo 221
definition ......... 165
effecton output ..... 226
flashing indication ... 80
results screen .. ... .. 75
see also alarms
patterns

10 ... ... ... 102, 171
1in8 ......... 102,171
1in15 ........ 103, 175
1inl6 ........ 103, 175
2in8 ......... 102, 171
2in8o ....... 103, 175
2in8# ... .. ... 182
201 ,.,...... 102,173
251 ... 102,171
207 L. 102,173
22—-1 ... .. 102,174
3in24 ........ 102, 171
4 bitloopcode .. 185,186
alones ....... 102,171
all zeroes ...... 102,172
alternating 1/0 .. 102, 171
idle .. ... . 175
line loop code . . 185, 186
1oDns ........ 103,177
Nlloopcode ....... 186
QRW ...... 102,174, 216

TmSIt ........ 103, 177
see also bridge tap

see also channel words

see also loopcode

see also multipattern

see also payload

see also user words

payload

asin ...... 102, 159, 191
auto-detect ........ 165
channel words .. 103,176
configuring . ....... 102
definibon ......... 146
displayed .......... 79
explicit selection . .. .. 167
hierarchy ...... 168, 227
precautions . ... 169,172
programmable .. 174,176
recognition ..... 79,165
results screen . .. .. 63,79
resynctime ..... 73,166
test patterns .. ...... 170
testrestart ......... 168
synccriteria .. .. 165, 166
synctime .......... 166
through . 103, 159, 168, 191
transmission ....... 167
transmit independent of
FECEIVE i v e s 165
transmit setting .. 94,102
transmitted . ... 118,146
unframed .......... 147
unrecognized ....... 79
userwords ... .. 103,174

see also errors

see also loopcodes
see also pattern loss
see also patterns
see also resync time

PCM

codes ......... 236, 388
general ....... 236, 387
Hi,lo ......... 80, 387
quantization ....... 390

see also channel
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performance verification

accuracy ......a.a 306
equipment required .. 300
general ........... 299
procedure ..... 299-338

see also calibration
see also self test
see also specifications

POWEI'
acadapter ......... 289
ac adapter for option HO1
................ 21
caradapter ......... 367
connecting ....... 37,44
consumption ....... 298
effectoninputs _..... 210
power key, [POWER)
.......... 45, 290, 292
turning on
automatic ....... 291
beep .......... M
condition of
instrument .... 50
howto ...... 45, 290
selftest ........ 299
turning off
automatic ....... 292
data retention . ... 294
effectontest ..... 294
howto ......... 292
low battery ..... 293
saved results . ... 135
see also battery
see also date and time
see also simplex current
PRBS ..... 102, 172-174, 183
precautions
acadapter ......... 289
B8ZS indication ..... 69
cablelength ........ 207
erroneous readings
......... 192, 210, 215
ESD ............... 4
instrument damage
......... 209, 210, 289
loopcodes .. ... 179, 185

network disruption
... 103,169, 172, 209, 215

span power ...... 1,208
test signals ... .. 145, 146

precedence, see hierarchy
pre-defined configurations

changing .......... 278
factory default .... 87,89
factory programmed .. 90
recalling .......... 87
printing
atend of test ... 143,253
cablesfor ... 254,255,366
cancelling ......... 142
during sequential tests
...... .. 248,251,253
(S 5 (o) : S 254
fixed period .... 143,252
format
configuration .... 124
changing during a test
............. 248
examples ... 249-251
narrow . ....... 247
wide .......... 248
onevent ...... 143, 253

port configuration 122-126
printer configuration and

connection ....... 254
results ........ 141, 247
samples ....... 249-251
timed ............ 143
see also serial port

product revisions ........ 8
pulse density, see density
pulseshape ........... 214
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rackmounting, see installation

real time clock
see date and time

recalling
for printing ........ 136
pre-defined configuration .
................ 87
results ........ 136,139
time stamped configuration
............ 139-141

receiver termination
......... 111, 114, 206-207

see also automatic
see also configuration

redalarm ......... 160, 220
reference input
identifying ........ 38
termination . ... 206-207
timing from ... 95,99, 202

see also connectors
see also slips

references ........ 359-364
reframetime .......... 161
reinsertion, see signaling
remote alarm, see yellow alarm
repair, see service

restart, see test time

results
frozen .......... 26, 55
printing . ... 136, 141, 248
recalling ...... 136, 139
saving ........ 135, 138
summary . ....... 6366
updating ........ 67,74
resync time
definition ......... 166
results screen . ...... 73
see also frame, reframe time
revisions
manual . inside title page
product ............

S

sales offices ....... 383-386

saving
channel words .. 177,275
pre-defined

configuration .. 88,278

results ........ 135, 138
sequential tests . 183, 285
userwords .. ... 175, 285

screens
000 ... 39
1001 ... 45
002 ... 46
2000 ... 87
20000 ... 93
2110 oo e oo n 96
2115 .o 96
2116 .o v i 97
2120 .. 98
2121 ... 99
2122 .. e 99
2123 ... 100
2130 .. 101
2131 .. 102
2132 ... ..., 102, 103
2133 ... e 104
2134 ... ... 105
2140 ... 105
20141 ... e 106
2142 107
2143 ... e 107
2150 ... 108
2151 ... 108
2152 e 109
2200 ... 110
2205 ... 112
2206 ... e 113
2210 ... 114
22200 e 115
2230 e 116
2240 .. ... 117
2250 e 117
2300 ... 123
2310 L. 124
2320 L 125
2330 ... 125
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240 L.l 126
2350 ...l 126
2400 ... oL 127
2410 ... 128
2420 ... 128
B 2 129
2422 ... 129
2423 ... 130
2424 ...l 130
2430 ..l 131
2431 ...l 131
P2z ¥/ 132
2440 ... 133
2500 ..., 122
2000 ... 87
27000 L. 118
3000 ...l 54
1 54
3010 ... 58
3100 ...l 142
3101 ...l L., 142
3102 ... 143
3110 ... o 143
3200 ... 61
3200 ... 62
3300 ...l 138
3310 ...l 139
3400 ..., 139
MO ... 140
3420 ..., 141
3500 ..., 55
3510 ... ... 56
3511 ...l 57
3512 .o 57
3520 ... 56
3700 ... 59
3710 ...l 60
4000 ... 68
4100 ... 69
4200 ..., 70
4300 ... ..., 71
400 ..., 73
5000 ... L, 75
5100 ............. 75
5200 ... ... 77
5 78
5300 ... ... 79

5400 ... ..., 80
5500 ....... .. ..., 80
5501 .......... 80, 82
5600 ..., 82
6000 ............. 63
goingtotoplevel . ... 25
layout ............ 39
lineresuits ......... 67
moving between . ......

40, 53, 63, 64, 67,74, 82, 86
numbers ........ 23,35
pathresults ........ 74
results summary ... 63-66
set ... .. . L .. 86
test ............ 25,53

see also configuration
see also display
see also icons

self test
atpoweron ........ 299
BIST ......... 300, 314
errors . ....... 374-382
running ........... 315
stopping .......... 314
what to do if failed ... 314
sequential test
bridgetap ..... 179,181
codes ............. 179
howtorun ........ 58
icons ............. 41

multipattern ... 179,182
printing . ... 248,251,253

results screen . ... ... 82
user defined . ... 179, 183
serial number . ......... 7
see also unit ID
serial port
ASCII ............ 348
cablesfor .............
... 243,244,254 255, 366
commands ..... 262-286

configuration 122-126, 245
connecting to

computer ......, 243
modem ........ 244
printer ......... 254
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flow control . ... 124,246
parity ..... 123, 245, 347
physical interface . ... 241
pin assignment . ..... 242
option HO1 ........ 247

turning off instrument 292
turning on instrument 291
see also connectors
see also external control
see also printing

service
HP sales offices 383-386
maintenance agreements 4

repair ...l 6
replacement parts . ... 367
returningto HP . .... 15
unit exchange ....... 6
warranty .......... 2,6

see also calibration
see also serial number

SES ..... .. i 80, 196
SF, see D4
shipment
contents  .......... 14
damaged .......... 13
if missing .......... 15
returning to HP . .. 15-16
signaling
16 state ... .. 81, 107, 238
ABAB ...... 81, 107, 238
channel selection
receive ...... 80, 238
transmit . ... 105,238
configuring ........ 107
definiion ......... 238
drop and insert .. ... 232
effectof FT1 ........ 233
general ........... 238
hierarchy .......... 227
icon, d ... 42
injecting . ......... 107
numberof ..... 148, 153

overwriting payload .. 239
position in frame 149, 154

reinsertion
... 104,158,192, 228, 239
resultsscreen ....... 80
toggling bit 108, 238
translation .. ....... 240
transmit setting .. 94,107
undisturbed . ... 106,107
with loopcodes .. ... 227
with tones .. ... 227,240
signal out
compared with
configured . 93,119
SCTEEIML .+ . o e v e mn v v s 118
simplex current
definiton . ........ 208
precautions . 208,209,210
results screent .. .. ... 68
span power . ....... 150
when powered off ... 210
SLC-96

alarm frame fength . .. 152
alarms not updated . .. 152

datalink ....... 78, 151
definibon ......... 156
mis-framing .. ...... 190
modes (1,2,3) ...... 150
results screen ... .. 75,78
sending ........... 102
slips
audible effect ... 203,234
description 202-206
results screen ... .. 63,70
see also frequency
smart alarms .. .... 224227

see also alarms
smartjack, see loopcode

software
external control ..... 367
warranty ... ... 2

see also firmware
span power, see simplex current

speaker
channel selection . 81,116
clicks on a channel 202,234
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effecton battery ... .. 287
informational beeps 44, 371
listen to a channel ... 234
turningonand off ... 47
typeof ............ 297
volume ......... 37,47
volumerange ....... 234

see also key beep
see also tones

special test
see self test
see sequential test

specifications
alarms ........ 219-228
certification ......... 3
date and time .. ..... 295
environmental ...... 298
frame formats ..., ... 145
frame synchronization
............ 160-161
frequency measurement 201
FT1 ... .......... 232
input signal condition 200
input signal level . ... 211
level measurement ... 212
linecodes ......... 214
loopcodes .......,. 185
patterns . .......... 169
pattern synchronization 165
physical ........... 297
resyncms ... ... 166
simplex current .. ... 209
testpatterns ........ 169
test ime accuracy 147, 169

test time selections . 55,59
tone accuracies ...... 236
tone generation ..... 234
tone level measurement 237
transmitted frequency 202
uncalibrated instrument 340
verification 299-338
weight ... ... ....., 297

status
see configuration
see frame
see icons

see line code

se¢ loopcode

see payload

see signal out

See summary screens

storage .......... 288, 298
summary screens
ElA-232 . .......... 122
miscellanea ........ 127

receive configuration . 110
results summary ... 63-66

signalout ......... 118
system ............ 122
testtimes .......... 60
transmit configuration 92
superframe, see D4
suppression, see hierarchy
synchronization
frame ......... 147, 160
pattern . ...... 147, 165

see also slips

synchronous seconds . 82,179
system summary ....... 122
T
T1
comparedtoDS1 ..., 18
see also connectors
see also DS1
see also frequency
see also level
see also line code
terminate ,........... 206
see also termination
termination
bridge ............ 207
configuring 110,114
current status . . 68,110
effect on'level
measurement ... .. 213
monitor .. ......... 207
receiver setting 110, 114
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reference and main ... 199
signal screen display .. 68
terminate .......... 206
when powered off 210, 294
test
active  ............ 55
auto restart
...... 147, 166, 168, 220
continuous ........ 55
fixedinterval ....... 55
icons
X O ... 26,41
Br,MeUs ... 41
idle .............. 55
starting ......... 54,58
stopping .......... 54

see also patterns

see also self test

see also sequential test
see also test time

test patterns, see patterns

test time
accuracy ... ... 147
auto restart . 147, 166, 168
autoturnoff ....... 292
configuring ...... 55,59
elapsed ........... 61
left . ... ... ... 61
poweroff .......... 294
sequential test ... 59,180
start, stop .......... 61
summary screen . . ... 61

through
datalink ...... 104, 159

payload . 103, 159, 168, 191
payload modification . 191
see also as input

time
see date and time
see resync time
see test time

timeouts
external control ... .. 258
inactivity .......... 292

timeslot, see channel

timing

auto selection ....... 119
clock recovery ...... 200
configuring ........ 9
effect of line code . ... 214
flashing clock ....... 119
icon,® ..... 43,119,373
intermal ........... 202
jitter . ........ 200, 202
locop ............. 202
network .......... 203
receive measurement . 201
reference .......... 202
SOUFCE .. v v vw 119, 202
throughmodes .. ... 160
transmit accuracy . ... 202
transmit setting ... 95,99

when LOS atinput ... 227
see also frequency
see also slips

tones

TmSit ........ 103, 177,237
accuracy ... .- 236
amplitude ...... 80, 106
calibration ......... 345
channel selection

receive . ... 63,81, 117

transmit ........ 105
clicks ......... 203, 234
effect on signaling 238, 240
effecton FT1 ....... 233
frequencies . ... 107, 234
hierarchy .......... 227
icon, & ... .. 42,373
injected ........... 105

level measure .. 63.380, 237
level transmitted 106, 235
overwriting payload .. 234

quantization ....... 390
suppressionof ...... 227
transmit setting . . 94,105
transmitted . ....... 105

see also channel
see also key beep
see also signaling
see also speaker
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trademarks ............ 9
translation
see frame, format
see mode
see signaling
transmitted signal
actual ......... 86,118
configured ......... 86
hierarchy .......... 227
icons . ... ... 42
pulseshape ........ 213

unable to change . 92,100
see also configuration

see also frame

see also level

see also loopcode

see also payload

see also timing

see also tones

turn on and off, see power
tutorial ............ 23-35

U

UAS ............. 80, 195
unframed
conversion to or from
framed .......... 159
definibon ......... 147
patterns . ... 147,172,176
resultsscreen ....... 75
sending ........... 102
unit ID
configuring . ... 132-134
factory setting .... 24,45
viewing ...... 24,45,127
see also serial number
unloop .......... 115, 189

see also loopcode
user’'s manual, see manual
user words

changing .......... 285
default ........... 175
general ........... 174
selecion .......... 103
\'
verification

see performance verification

version, see firmware
see also revisions

volume, see speaker

w

warranty
exclusions .......... 2
general ............ 2

out of warranty repairs 16
serial number ........

Service .. ... ... ... 2
unit exchange ....... 6

Y

yellow alarm
avoidance with standard

patterns  ......... 172
definition ..... 221,223
disruption to patterns . 223
resultsscreen ....... 75
transmission ....... 101

see also alarms

y4

ZBTSI
definition ..... 155-157
resultsscreen . ...... 75
sending ........... 102
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