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Addendum to PCM-4, Operating Manual, BN 0984

July 06, 1995

Supplement io section 1.41GENERAL SPECIFICATIONS

Electromagnetic compatibility (EMC)

Spurious emissions

This instrument fulfils the requirements of EN 50 081-1 and thus the fimi class B of EN 55 (22
(idertical to CISPR 22:1985 modif., DIN VDE 0878 Pari 3) and of FGC Rules Part 15 Subpart J
Class A, The instrument meets the safety targets of European Diractive 8%/336/EWG of May 3,
1985 with respect to spurious emissions. No special operating parmit is required. Sufficient
shielding must be provided.

This instrument has been inspected such that the raquirements for spurious emissions from this
instrument are also meet when it is used as part of a system.

The prerequisite is a correctly designed system and the use of proper conneaction Cablés, with
special attention paid to the presence of sufficient shielding. .

if the device under test (DUT) to which this instrument is connected can produce spurious
emissions itself {e.g. ¥ the connection to the DUT is not uniformly shielded), the operator must
take pains to ensure that no unallowed spuricus emissions ars generated. Suitable shislding
must be provided.

Immunity to electrostatic discharge per IEC 801-2

*Reduced functioning, automaticrecoveryupto . . . . . .. ..o 0oL g kY

Immunity to eleciromagnetic fields per IEC 801-3
Fully functionalupto . . . . . . © . oL 3 Vim

inthe frequency 1IaNge . . . . . L L L L 2B U MMz

immunity to rapid, transient disturbances per [EC 801-4

On the supply netwark
*Reduced functioning, automaticrecoveryuptc . . . . . . ... .. 1kV

0On the signal lines
*Reduced functioning, automatic recovery up to

* Definition of "Reduced funciicning, automatic recovery up to™

During the impairment, the signai received by the instrument can be impaired such that an error
is detected or a measurement error ¢an occur. This can be a code error, for example, and
depending on the point in time, a bit, FAS or parity srror. Error bursts can cause alarms. The
errors or alarms oceur only during the impairment,

To minimize the influence of the impairment, the system must be correctly designed and proper
connection cables used. Sufficient shisiding must also be provided. {This applies especially {o
the measurement of low level signals.)

EC Deciaration of Conformance / CE Label

This instrurment fuifils the requirements of EN 50 081-1 and EN 50 082-1,
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Change in the operating manual for the PCM-4, BN 0984

Option: "Analog interface"

for measuring signalling distortion and
crosstalk of the signalling signal.

The signalling measurements listed in the specifications (section 1.26) and described in the
operating part (sections 3.8.6 and 3.8.7) are available from series AU onwards as a option.

The ordering information is as follows: Analeg Interface BN 984/00.19

Accessory: "LabWindows® driver”

T
for integrating the instrument into automatic test systems
used in development, production and service/calbraticn.

Using the L.abWindows drivar, it is easy to integrate the PCM-4 into software platforms. This is
ideal for tests and measurements in development, production and calibration. Click with your
mouse and the PCM-4 and a MU-30 test point scanner (if present) are set using the prepared
instrument driver. Once these commands are copied, the test seguence is integrated into the
application. ‘

The ordering information is as follows: LabWindows driver BN 984/95.99

31. January 1995






IMPORTANT

The series number of the hardware and the instrument serfal number are printed in a small window
in the Towsr part of the front panel,

The software versiom can be seen on menu page MODE A by pressing

/MOBE LIST A/

14/

/17

JENTER/ .
This number, together with the series and serial number, should atways be quoted when making
enquiries about the instrument.






SUPPLENENTYT TO DESCRIPTION AND OPERATING MAHYAL

POM-4, BM 0984/04, from series T onwards

I. Change in trigger signal output from socket [561]

Bifferent trigger signals can be sptained from socket [61] by closing one of the wire 1inks
A-B, C-D or £-F on board 384-T1 of the PCM-4,

Link Signal Synchronoys with rising edge of
A-B 8 kHz Frame trigger signal
D 4 kHz Not frame trigger signal NFAS
E-F 4 kHz Frame alignment signal FAS
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2. Inversion of signalling distertion signal

The signalting distortion sigral can be inverted (positive/negative Togic) using switches § 3/1
through § 3/5 on board 984-N.

Position of
switches § 3/1 te § 3/8

1 negative
2 positive
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Switches § 3/1 to § 3/58
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INTRODUCTION

Rising costs have forced telecoms authorities and industrial users to seek sconomical selutions
to test and measurement problems. The PCH-4, equally suitable for manual or remote-controlled
operation, has all the functions needed for a complete coder/decoder test set, representing &
cost-effective answer to this particular test requirement. A1l measurements conform to Lhe
relevant CCITT standards.

COMPACT CONSTRUCTION

The PCM-4 covers the functicns of several different test sets, making measurements easier and
reducing the number of connections required. A further plus is the reduced transport cost.

Four main parts make up the signal generator and receiver unit:

® an analog signal generator for sine-, multitone~, and "noise" signals;
8 a digital signal generator which provides varioys signals via a 64 kbit/s interface or
inserts them into standard PCH frames;

o an analog receiver for rapid wideband measurements fn the telephone channel or for out-of-
band measurements up to 128 kHz and for selective measurements at particular frequencies:

# a digital receiver for evaluating the digital words in both speech and signatling channels,
the signal status being indicated by LEDs,

These units, together with a processor system comprising several microprocessers, make a wide
range of measurements possible. These are summarised in the table at the end of this introduce
Lion.

SIHPLE GPERATION
The use of a VDU and three operator levels make working with the PCM-4 VErY Basy:

e A1l the different types of measurement are contained in two lists, 1ist A for the measure
ments which are often used, and 1ist B for the less common ones, To select a measurament, the
measurement number is entered. A Tist of parameters, suech as signal type, freauencies and
signal Tavel, is shown on the screen. Once you have selected one of these parameters, the VDU
shows all the relevant parameters and tolerance masks for the selected measurement. The POM-4
is ready to make the measurement.

The framework for the various measurements, i,e, the parameters, are set to standard values
when the instrument is switched on for the first time., These parameters can be altered if
required, but are reset to the standard values if /GENRL, RESET/ is pressed, or if the back-
up batteries become discharged before the instrument s switched on again,

# If you need to alter the parameters, press /GENRL. PARAM./. This causes & menu to appear &n
Lhe VBU, showing a number of parameter 1ists. Entering the 1ist number causes the selected
Tist to bhe displayed. Parameter changes are made by selecting one from a number of possibili-
ties or by entering a new value. The PCM-4 displays error messages which warn you 1f you have
selected & combination of parameters which is illegal or has no meaning. The new vaiues are
stored and used for all subseguent measurements and are not erased when the instrument is
switched off and on again.

# Once you are famiifar with the instrument and its operation, it is also possible fo make
changes in the individual measurement modes to suit requirements. This is dome using the
JVAR, MODE/ key. This alliows different reference values or integraticn times to be selected,
Yor example. These alterations are erased when 3 new measurement mode §s chosen or if the
PCHM-4 is switched off.



MINIMAL MEASUREMENT ERROR

One of the most important features of the PCM-4 is its accuracy. This is of particular
importance when making halfwchannel {analog-digital or digital-analog) measurements, as the
allowable arrer is half that permitted for full-channel measurements.

The two descriptions which fellew may serve to explain how it is possible te obtain such &
small weasurement error:

& All actual signal processing is at the digital level. Received analeg signals are sampled and
digitised and a digital filter is used for weighting the resultant digital signal. The
tolerances for such filters can be calculated, eand are independent of temperature or ageing
effects. In this way, the analog filter, which is a major socurce of errors, is dispensed
with,

e Only one highly accurate attenuator 1s used in the PCM-4. This is a transformer-type
‘ attenuator, the accuracy of which is solely determined by the turns ratios, A1l of the re-
maining attenuators are tapped resistor chains. When the instrument is calibrated, first the
receiver attenuator and then the generator attenuator are compared with the transforﬁer
attenuator, Any deviations are noted for each attenuator stage, these being stored as
correction factors which are taken into account for each subseguent setting of the atten-

uators.

CLEAR DISPLAY OF RESULTS

A1l results are displayed clearly on the VDU, You have a choice hetween:

- graphical display versus the "running” or X-axis parameter, or

- numerical display in tabular form.

If you want tc keep a record of the results, a video plotter, graphics plotter or printer can be

used. For the video plotter or graphics plotter, an IEC 625 interface is regquired.

The fellowing can be output on the printer:

- the compiete contents of the measured value memory on manual command

- each complete result aytomatically, or

- measured values which are cutside given tolerance limits. If reguired, the limit value can be
printed together with each measured value.

RAPID AUTOMATIC TESTING

Forty complete instrument settings (setups) can be stored and recalled as required. The PCH-4
can autematically call up and execute all the setups in address order. When coupled with &
printer programmed to print out values which are out of tolerance, the PCHM-4 forms a powerful
automatic test set.

The use of a desk-top computer and IEC 625 bus network opens up further possibilities. For
exampTe, the computer cen be used to call up and start preset setups, only the running parameter
{e.g. frequency} being changed between measurements, As the data transfer and the measurements
overiap, measurements are not interrupted when new settings are made,

if a full-scale computer is used, the PCM-4 becomes more than jJust a test set; here are two
examples:

s Statistical evaluation of the results allow test engineers to determine the accuracy of error
gpredictions made during develeopmént;

¢ Long-term measurements on Iransmission systems can be used to determine the effects of ageing
on the various component parts of the network. In this way, trends can be recognised, so that
threatened failures or out-of-tolerance performance of a given module can be seen easily.




Table of measurements which can be made using the PCM-4

and 1388 Mz

Measurement mode Measurement conditions A-A A-D D-A|D.D
Level measurement With sinusoidal signal 20 Hz to 4 kiz (72 kHz). N o o o
With noise signai to CCITT Rec. 0131 and North American standards
Overall loss With sinusoidal signal at 813 or 1014 Hz " and a level of ~ 10 or 0 dBmC o | & | & | @
Echo return loss With noise signal ERL and a fevel of ~ 10 dBm0. 10 North American standards @ el 8 | @
Singing return loss With noise signal SRL or SRL HI and a level of —10 dBmO, to North American @ [ @ a
standards
Transhybrid loss 2-wire termination with 816 - 39 nF® ® @
Variation of gain with With sinuscidal signal 20 Hz to 4 kHz and alevel of — 10 or 0 dBma. . s o o
frequency Ref. frequency B13 or 1014 Hz ¥ {other reference frequencies available using
VAR, MODE}
Variation of gair with input With sinuscidal signal at 813 ar 1014 Hz . With noise signal to CCITT Rec. 0.131 ° ' . o
level and MNorth Amernican standards
Total distortion With noise signal al 350 Hz ... 550 Hz or sinusoidai signal at 422 Rz to CCITT L] ® 8% 8
Rec. O.131 and North American standards.
With sinuscidal signal at 813 or 1014 Mz ", psoph. or C-message waighted to
CCITT Rec. 0.132 and North American standards.
With sinusoidal signal at 30C Mz ... 3350 Mz
i Idle channel noise At 300 Hz ... 3350 Hz or weighting with psoph. or C-message hlter. Activating%ione ° ® ® o
at 2 kHz possibie
Crosstatk diff. channel With sinusoidal signal at 301, 813, 1014 " or 3343 Hz. ° o ' e | &
With “Conventional Telephone Signal” to CCITT Rec. G 227 and North American
standards, (BN 984/01 psoph. wid/BN 884/02 C-message weighted)
Crosstatk same channel With sinuscidal signal a1 30, 813, 1014 " or 3343 Hz ® ®
Out-of-band measurement | With sinuscidail signalin the range 4.6 ... 72 kHz: receive range 0.2 .. 4 khz * ]
With sinuscidal signat in the range 0.2 ... 4 kMz receive range 4.8 . 125 kHy L] L]
Harmonic distortion 2nd or 3rd order harmonic ratic with sinuseidal signai at 1014 Hz " L] L] @ L)
4-tone intermodulation 2nd or 3rd order distortion with four equal-level tones al 887 Mz, 862 Hz, 1373 Hz L) L] L] L

Return loss {option)

Using BN 984/00.10 bridge” reference impedances 600. 900 Q and complex ™
Using BN 984/00.11 pridge: reterence impedances 600/850 O and complex™

Audio frequency porls

Longitudinal conversion [0ss
{option)

Measured to CCITT Rec. 0.121
Using BN 984/00.10 bridge. reference impedances 600, 900
Using BN 984/00.11 bridge: reference impedances 600, 850

Audio frequency poris

longitudinal conversion

Measured to CCITT Rec. 0,121

transfer loss {option) Using BN 984/00.10 bridge: reference impedances 600, 900 @ ® ] ®
Using BN 8984/00.11 bridge: reference impedances 600, 850 2

Overioad capacity With pos. of neg. peak code, at 813 Hz or 1014 Hz ®

Peak load ] @

Coder offset ® °

Absotute group delay Loop measurements: AM-Signal with 8 fixed measuwring frequencies similar lo the L] L] ® @

Group delay distortion signal describec in CCITT Rec. O.81 and IEEE Standards L] ¢ 8| @

Signaﬂing distortion Measures the duty cycla deviation of a rectanguiar signal of 10 or 20 Hz. L) @ o [
Diuty cycle settable in steps between 10 and 90 %

Interference from signalling | Weighted measurement (to CCITT Rec. 0.41 and North American standards) L] @ L] L]
in voice channel. Duty cycle of rectangular signal adiustable

Error measurements Framing errors {FAS and MFAS), CRC errors. Error ratio, error count and error L]
free seconds with pseudorandom sequences or user programabie 8 bit word in
one channel at 64 kbit/s or via 64 kbit/'s interface

AX frame evaluation Evaiuation on screen of words and bits @ &

MUX/DEMUX operation One channel multiplexer: with 84 kbit/s input {option) only L
One channel demultiplexer: with 84 kbit/s cutput (option) only @

1) BN 984/02: 1004 Hz

2) Complex impeadance can be modified at factory

3) 220 £2 in seriss with B20 2§ 115 nf, can be modified at factory

Note: Measurements on digital Transmit (TX} or Receive (RX} interfaces can be carried out using the 2048 kbit/s {BN 984/01), 1544 kbit/s (BN 984/02) or
64 kbil/s interface (option). The following TX/RX combinations are possible: 2 M/2 Mbil/s; 64 k/64 kbit's; B4 k/2 Mbil/s; 2 M/84 kbit/s; 1.5 M/ 1.5 Mbit/s;
84 k/84 kbit/s; 64 k/ 1.5 Mbil/s; 1.5 M/64 kbit/s.

Messiirements of return loss, harmenic- and intermodutation distortion are available in

instruments from series £ onwdrds, or from software version (984-0093,061,







S o o8 1 o 1 117 1-1

ANALDG SIGHAL GENERATOR

1.1 Generator output..... e e e e e e e e e e e I-1
1.2 BenBral Ol SIONA TS, i e e e e e 1-1
1.3 BERETALOr TBVE L. e e e e e s 1-3
1.4 03418 e TF L 10 1-3
ANALOG RECEIVER
1.5 Receiver TNDUL L e e et 1-4
1.6 Receive TBvE L. i e e 1-4
1.7 5

RECETVE Fi Lo Br S . ottt ittt ettt e et e e e e -

DIGITAL SIGNAL GENERATOR

1.8 POM Frame sErUCTU . L o e e e -6
1.8 Generator outputs, digital signal & cloek....... e 1-6
1.10 Operating modes and clock generation. . ... . oo 1-7
1.14 Digital wards in time slots D and 16, . . oo i e Lo1-a8
1.12 Digital words in telephone chamnels............ PP S 1-8
1.13 GERBTalOr STOAA TS . Lttt e e e e 1-10
1.14 Test Facilities and error INJeCLioN. . ... i i e e e 1-3

1.15 TriggET OUE UL S . ottt i i e e e et e e 1-13

DIGITAL SIGNAL RECEIVER

1.16 BOM Frame SEruChUT e, e e e e 1-13
1.17 Digital slgnal InPUES . . e e e e e e 1-14
1.18 Evaluation of digita:l words in telephone and signalling channels. ... ............. 1-15
1.19 Analog measurements on telephone channels. . ... ... ... . .. i 1-15
1.20 et R I T = 1-15
1.2t Analog decoder output [37]. .. . e 1-15
1.22 R Rl T T a1 13 S D 1-15
1.23 Evaluation and indication of the digital words withina frame.................... i-18
1.24 Error counts on frame and multiframe aligmment signals.. ... .. .. . . . ..... 1~16
1.25 Parallel outputs [62] {on back panel). ... o 1-16
1.26 Signalling distortion MeasUPBmENLS . L. i e i e e et 1-17
1.27 e I 1-17
1.27.1 B B F T 11T 13 1-18
1.27.2 Insertion 0SS, .. i i e e e e e e e e 1~18
1.27.3 Frequency response, referred to the value at 814 Hz or 1004 Hz ... . ... ... ... ... 1-18
1.27.4 Variation of gain with input level, referred to the value at -10 dBm0............ 1-18
1.27.5 Total distortiom. o e e e et e 1-20
1.27.8 IdTe Chanmel OIS, . i i i it s e e et e 1-20
1.27.7 Crosstalk and go-to-return crosstalk..... e e e 1-21
1.27.8 Out of band measuremERES. L . it e i i-21
1.27.4 Harmonic- and IM-distortion. .. . i i i e e 1-22
1.27.10  Return Toss and longitudinal conversion Jo88. . e o ciiiiir it ia s 1-22
1.27.11  Overload capacity and peak code detection measurement................ ... ... ..... 1-23
1. 27 .02 ATOUD QB TaY. o it e e e e e e e e ey 123
1.27.13  Signalling distorfion and crosstalk. . i i i e e 1-24
1.28 LTl = s R =L S 1-25



OPTIORS

i
1.36
1.3%
1.32
1.33
1
1
1
1
1

28

34

.35
.38
.37
.38

1.38.
1.38.
1.38.
1.39
1.39.
1.39.
1.39,
1.40
1.
1
1
1
1
1
1
H

41

A1
41,
.41
.42

.42.
.42,
.43

Codirectional 84 kbit/s input, BN 984/00.01. .. ... . . i e s 1-28
Codirectional 84 kbit/s output, BN S84/00.02. ... .. ... . . i iiiiiiii ., 1-28
64 kbit/s contradirectional input BN 884/00.03. . .. .. . ... i i 127
84 khit/s contradirectional output BN 984/00.04. ... ... .. i i i 1-28
B4 kbit/s serial input, BN 984/00.05.. ... . . i e 1-28
B4 kbit/s serial outpuf, BN 984/00.06. ... . v i e e 1-28
64 kbit/s TTL parallel dnput, BN 9B4/00.07.. . o .. i i it 1-30
B4 kbit/s TTL parallel output, BN 984/00.08. .. . . . it i iiian e 1-30
84 kbit/s V.11 interface BN G84/00.08. . .. . i i i et 1-31
Return loss and longitudinal conversion transfer loss bridge

e (o T R I N 1-32
Return loss and longitudinal conversion transfer loss bridge, BN 984/00.10....... 1-32
Return loss and longitudinal conversion transfer loss bridge, BN 984/00.11....... 1-32
R el oa B LT FaT 3 O 1432
Remote control via <IEC 625>/IEEE 488 interface bus.... ..o, ivervevrnieeneinennn,e 1-32
External control compuler. .. e e e 1-32
Contro? of MU-30 test point SCENNET.. ... i i i 1-32
Graphics plotler. i i e e P 1-32
VIdB0 CULBUL L e e e e i e 1-33
General specifioations. .o e e e e e 1-33
S T T T 1-33
Ambient COnB iOnS. e 1-34
Mechanical characierishics. (o i i e im e e 1-34
F b oo To ) ol =T PN 1-35
0.C. loop holding circuit GH-1, BN 984700 12, . i e 1-3%
PCMZ-4 d.c. decoupling unit, BN 9B84/00.13... ... ... i 1-35

Ordering Informmation. ... i e e e e 1-35




ot

SPECIFICATIONS

intess otherwise stated, the limit values given below are valid within the spacified nominal
ranges of use for the influence guantities.

CANALLDG SIGNAL GENERATOR

i.d

GENERATOR O UTPU Toiiseenasnnes eersaeneens batanced, floating 3 pole CF connector

1.2

QUERUL THDEGARCE, SWITCREDTEe o sense e een e ee e neae e eaeneeanes 600, 850, 300 G and complex )

Return loss

Output impedance 20 Hz to 200 Hz 200 Hr to 4 kHz 4 kHz to 72 kHz
600 Q, 850 @, 900 @ ! > 34 4B > 46 a8 , > 30 dB
comalex - > 30 d8 —_

Longitudinal conversion transfer less {CCITT 0.121)

for all real impedance values:

in range 20 Hz 10 20 KHZuciaeriaaenninsinsenrontonsnsnsosuosssnsounrnssnsnsonasnnas veres 2 50 4B
in range 20 kHz £0 72 SHZ.uiwesaansronnesssnsansesanencnssnsonsanscosunce fabbussasssranaa > 46 dB
For complex impedance (measured with 900 @ resistive bridge)

in range 200 Hz to 4 kHZuooiasonnarennnansans N hsakbn e R r bttty ceevs > 40 dB

0.0, Teading

Permissible d.c. voltage to earthe..euiaads Sekbderrditdrraiencatrerranaann srareseriranaan <80V
Overvoltage protection switches aleeiiieeriariirusiiotnstnsrvonsnrrtorenenss P R

between lines a and b -
Loep nolding circuit (d.c. free ocutput} and d.c. decoupling circuit can be connected externally
{both available as ocptions).

GENERATOR SIGHNALS

Sinusoidal siunals

Frequency range...s.eees seesnmaerrerreNusrrranavannnran teddsebat e b snana . 20 Hz te 72 kHz
Freguency entry via keypad

in range Z0 Hz to 4 kHz in 10 Hz steps

in range 4 kHz to 72 kHz in 190 Hz stens

The best approximation to the selected frequency is found and displayed. The fregquency comb
does not contain sub-harmonics of the & kHz sampling frequency. The generated freguency is

crystal accurate {+50 x 19'6}. The generator can be synchronised with an 8 kHz system ¢lock
signal.

1) Complex impedance 200 @ in series with 115 nf in parallel with 820 Q. Other values available
an raguest.



1-2

Generator freguency comb

Frequency range Possible fraguency values {Hz)
20 Hz to 4 kHz nox 1003782, n = 2 to 398
4 kHz to 72 &Hz m x 100.3752: m = 40 1o V17
180 Hz to 4 kiHz kX x 100.8291; k = 1 to 39
Direct subharmonic 2000
Harmonic ratio
for fundamental osciilations im‘the'range
20 Hz t0 200 HZuvesuueune T . L -

200 HZ 10 & KHZaueusrssnsssuaanevuenvarnasssansncorsisnonssnossssrannssssannansnrnananans > 60 dB

4 kHZ £0 72 KHZuviuernanesnnnonvaneroacnnonenes serensssrernrrrreranney P vevsnnnsans > 40 dB

Measured with generator level (0 dBm. Evaluation inciudes the 3fd harmonic, but fs in any case
up to at -least 20 kHz.

Noise band Recommendation Spectral Tine spacing Peak factor
20 Yog Vp/vrms

350 to 580 Hz CCITT 0.131 3,906 Hz 10,5 + 0.5 d8

350 to 550 Hz CCITT .131 7.813 Hz 10.5 + 0.5 d8

Cenventional tele- CCHIT 6,227 7.813 Hz 0.5 + 0,5 d3

phene signal

560 to 1965 Hz Correspond 7,813 Hz 0.6 ¢ 0.5 dB

{ECHO RETURN LOSS} to North American

standards

260 to 500 Hz 7,813 Hz 10.5 + 0.5 48

{SINGING RETURN LOSS)

2260 to 3400 Hz 7.813 Hz 16.5 + 0.5 dB

{SINGING RETURN

LOSS HIGH)

Group delay measuring signal
Simjtar to the signal recommended by CCITY Q.81 and IEEE standards.

The measurement is made in iocop mede, so an internally generated reference pulse is fed to the
receiver instead of a reference signai. '

Measuring frequancieS.iecescecersnsessnansnse . 292, 500, 604, 1000, 1792, 2604, 2792 and 3396 #Hz
Modulation Froquentyorerssarerannsesssssasssnrsrsascnsnnsas sesersanssrssrasnenans 41,66 Hz + 0.5%
ModuTation deptheveeciaainnarenssssinassastanssussasarsassnesnsssssassrsssnnnens «m= 0.4+ 0.05
or

Hodulation fraguencyesessessscsanscscsassrenrssrsnssrvesnnes . vaesvennns 83,33 Hz + 0.1 %
ModuTation deptheciasensnieeiainnnanes R R R TP terirssensuas wecssnnness @ = 0.5+ 0,056

Four tones at equal JeveliSusesesvsrnsacccsvrasvannncns [ at 857 Hz, 862 Hz, 1373 and 1388 Mz
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GEMNERATOR LEVEL

1.4

Caiibrated as power level {dBm0}, switchable to voltage level {dBO}.

Relative level

Input in steps of Gul dBuuiveresrunennasennneensvacnneserarassrasrssranvrearas »1%.8 1o +9.9 dBp

Levels retative to 1 mi at 0 relative level

for generator signals outlined in l.2aeuesuscvessnnsnesscusunaernsanans i0UL in steps of 0.01 4B

Level range in the preferred range of relative level -17 to +3 dBr into 600 R

for sinusoidal signals (f > 200 Hz}, at leasleeseiaiirsissonecancas vanseenas ~60.0 to +10.0 dBm0
for sinuscidal signals (f < 200 Hz}, at 1easteccevsnas venevesranasssnensssves =60.0 to +2.0 dBmD
For noise, abt 1easteccerenassnransosonorascaneannna ereesnsvsnsravararasnwsvse ~b0.0 t0 +2.0 dBmMO

for a1l other send signals, at Teasleiciesensesassnsvanssneneveeerrsananarsss 30,0 to +2.0 dBmD

Output level range
Butput impedance zout:

noise signal: from (77 = Lrgl = K3 to (43 - Loy~ K) dBmO
sinusoidal signais: from {«77 =~ Lpel = KY to {+13 - Leat - K) dBmd
Correction ?actor K: zout Power level Yoitage level

500 0 0 dB 0 4B

850 @ 1.51 48 0 dB

900 @ 1.76 dB 0 d8

CPLY 1.76 dB 0 dB

= { 7.78 dB 0 dB

If customer-specified impedances have been factory-fitted, the relevant power Tevel correction
factors will be stored in the tolerance mask EPROM and will be automatically applied to the test
results.

The correction facfor for & modified complex impedance refers o the apparent power Tevel at
approx. 1 kHz.

CTHER QUTPUTS

Auxiliary signal for crosstalk measurements; pseudo random noise signal im frequency range
350 to 550 Hz or the subharmonic 2 kHz. o

QUL PUL IMPEdaNCE.ieeeurasanssessvevesnsssssamarrussrerssesssaanssanasassnrensana crmasewsanes 600 Q

Return loss
in frequency range 300 Hz £0 500 Hz.avieeraciorcarininesicanseeinonsscanssasacssenscsaars > 26 dB
500 Hz fo 3.4 kHz..one.n srcararssanseseevsscnsrsssersrnnsnsacesnernss > 30 dB

Signal balance ratio
to CCITT 0,121 in the frequency range 300 Hz to 3.4 KHZuisuvsvevvirenranssinsrveninanaas > 46 dB

Max, dyCy VOTTAGE L0 BAPthuuuicaeinicinensneoneanensnanssrssesvorersrvsssnsessssnnnen cnnsens GG Y
Max. duc. volitage between 11nes @ and Duueeasiciransiensseonscansraresacssnnnes vosererrnees B0V
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Input takes into account the relative level setting Lre] in dBm0.
If a level of Lx is input, the level Lal) will be output and displayed:
Balanced output, level range La.......... ..... bEetsassrsrrasana (=72 - LreI) to (~40 » Lre?} dbiml

Coaxial output, 1eVel Mangl.cesesvesssnavsssenssssncsssonsansscennes (=32 = Lre?> 1o (Lrei) dBmi

Error Timits of output Tevel L referred to indicated valte..osvssameisiennncaninsiane, #0.5 ¢B

ANALOG RECEIVER

'

RECEITVER T NP U . iieeeeseseerssosensecrnonsasceonvcnsnnnns same as generator output

1.6

with additional input impedance of..esviveceanes tevesiterreriarrerraanes reven srressnaes > 30 KR

Signal balance ratie to CCITT 0.121

for all real impedance values

in the range 20 Hz £0 20 KHZuvasvviasinvsnrnsnrnnaronnes trrsesatsassescarsasessrnanann .. > 50 dB
in the rande 20 kHz to 128 KMz.......c.... crscraturssasiavasenuantirarnrverannsrainens 2 45 dg?)
For complex input impedance {measured with 900 Q resistive bridge)

in the range 200 HZ £0 4 KHZuuieeesnreavnssnnnasnsnesssnassonsnsnsnnnan cameceetrrenerenns > 40 dB

Generator output for Analog/Digital measurements, receiver input for Digital/Analeg measure-
ments. For Digital/Digital measurements, the 2-wire cornection may be terminated with a complex

impedanceS) or switched to 2 high impedance value.

Loop holding cireuit {d.c free output) and d.c. decoupling ¢ircuit can be connected externally
{both available as coptions).

RECEIVE L EYVEL

Calibrated in power level (dBmQ}, switchabie to voltage tevel (dBO).

Level range within the preffered relative level range -9.9 to +9.9 dBr into 600 @
for signat level measurements, 8T J1eaStuievsrvsrcrsvsnnersusssenrevssssnnsss =60.0 to +16.0 4Bnb

for neise and crosstalk measurements, at leastiueecaaaus. crsenssesnssascnsesas =800 to 0.0 dBmd

e _ N

1y Balanced output: L = 40 d8mg - 1.5 | |bx] 10 dBmO 1)

a R - rel

*) integer value

27 From 20 kHZ £0 72 KHZ wvevsnarssnsnnsnsassssnsnnssssnnanes rirrensraaasans vevaeenves > 40 dB
from 72 kHz te 128 kHz ..... D > 30 48
if customersspecified 120 kHz low pass filter (BN 984/00.14) fitted.

3} Compiex impedance: 910 @ in parallel with 39 nf
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1.7 RECETVYE FILTERS
Wideband_filters
Attenuation Passhand range Attenuation
> 30 d8 3 48 348 > 30 dB
100 Hz 177 Hz 200 Hz to 4 kHz 4.3 kHz 4.8 kHz
- 7 Hz 20 Hz to 4 kHz 4.3 kHz 4.8 kMz
180 He 303 Hzl) 330 Hz to 3100 Hz 3.35 khz!) 3.9 kiz
- 2 Hz - 20 Hz to 72 kHz - -
3.6 kHz 3.95 kHz 4.8 kHz to 128 kHz 165 kHz approx. 220 kHz
Eilters for measuring hapmonicz and IM_distortion
Passhand
2nd harmonic ak? 2000 ‘to 2028 Hz
3rd harmonic ak® 3000 to 3042 Hz
2nd order 8~ A 480 to 580 Hz
IM product B+ A 2229 to 2251 Hz
3rd order ZB-A 1855 to 1820 Hz
IM product
Eilters for weighted noise measurements
Psophometer filter {CCITT P.B3/0.41)
C-message weighting filter {fc North American standards)
3 kHz flat filter {to North American standards)
Psophemeter filter with 2 kHz notch filter
(-message weighting filter with 2 kHz notch filter
Bandpass 300 to 3350 Hz with 2 kHz notch filter
Haprrgw band filters
Attenuation Passband Attenuation
= 3G 4B 3dBx0.5dB 34d8 £ 0.5dB > 30 dB
2} 2}
250 Hz 281 Hz 301 Hz 320 Hz 360 Hz
700 Hz 792 Hz 813 Hz 428 Hz 910 Hz
S00 Hz 982 Hz 1014 Hz 1088 Hz 1110 Hz
3250 Hz 3298 Hz 3343 Hz 3356 Hz 3400 Hz
200 Hz 312 Hz 350 to 550 Hz 580 Hz 6830 Hz
{> 13 dB)

1) 3 d8

+ 0.5 dB
2) 3d8+1dB
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1.8

Signal filter Noise filter Recommen-~
dation

350 to 550 Hz 800 to 3350 Hz CCITY €.131
800 to 855 Hz Channel filter with 813 Hz notch -

800 to 855 Hz Psophometer with 813 Hz notch CCITT 0.132
1000 to 1025 Hz Channel filter with 1014 Hz notch -

1000 to 1025 Hz Psophometer with 1014 Hz notch -

1000 to 1425 Hz C-message weighting filter with 1014 Hz noteh CCITT 0.132

DIGIIAL SIGNAL GENERATOR

PCM _FRAME STRUCTURE

32 channe?l PCM frame containing either

30 telephone Channels. .. ot i e to CLITT Rec. G.704 (red book)
information is injected in time slot 16 either internally or from an external source

or 31 telephone Channe s . . . e e e et time slots 1 to 31
Time slot 16 ig assigned a telephone channe?

or 32 telephone chanmels. ... .. i i e all time slots {0 %o 31) used

Start of frame indicated by 8 kHz trigger signals.

1.8 GENERATOR OQUTPUTS, DIGITAL SI6&GNAL & CLOCK

Interface Characteristics. oot i it ittt s r e r e anns to CCITT Rec. G.703

LR COOE S . L e e e e et e e NRZ, AMI and HDB3

Coaxial oUEpUL™ . . . e Versacon(:>9 universal connector system
can be adapted to all commonly used connectors

LT o 75 Q

Batanced outpUL. ... e e e e e 3 pole CF connector

OQutput impedance.............. G 120 0

Return loss

within frequency range 40 kHz t0 2.5 MHZ. ... . . i i i e e e e > 20 dB

Output pulse shape. ... . i e e approximates square wave

Pulse amplitude

Coaxial output terminated wilh 75 [ i it i st it ae e 2.37 ¥V 2 10%

Balanced output terminated with 120 Q... ..................... R 3V e 104

Pulse width for AMI and HDB3

at half pulse height................. e e e 244 ns £ 30 ns

Rise time From 108 20 808, L i i it it i e e e approx. 15 ns

Phase relationship between digital and clock signals:
The leading edge of the signal and the rising edge of the clock (Vb/a symmatrical} are in
phase.
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LG DPFRATING MNODES AND CLOCK GENERATIONM

insertion of a test pattern info one channel of a PLM frame which is looped~through the PCM-4,
The digital signal analyser and the digital signal generator are combined for this measurement.

Bit ratfecece. b rsavnenn e nmssRsassERasseRRRT A NN RT YT TTII T e v ey rrruriean . 2048 kbit/s

Bit rate error TiMiteecesesssnnessnssorntsvnsnnsrrtsssssvssassssnnsasnnens vevsrineres F25 0% 10'6

Generator operation with external clock

BIL FBLBreiusrnosssonansssnsnsnessssssnsnsanannes T teerrssressaeaaas 2048 kbit/s
Hax. deviation from nominal value.iveiviniiniiieinnannnn theasesecntnastaatasteatnnn #100 x 1576

8 kMz synchronising signal
internal derivation of frame, time slot, and bit clock from the ex;erﬁai synchronising §igha].
Max. doviation From nominal valuf.iveseeeisustosunusivanannnisnsssoannnansans sesrenas 00 X 1076

External clock and synchronising signal input
If "HIGH" pulse width > 488 ns, for RX and TX terminated with 75 Q

Input Tmpedance, switchablediiiiiiiieiinunnnan hrhsdrsuesesaena [P approx. 750 or > 3 kR
Input voltage range {square wave s7gnalliuiecac. Cebebessecanravcsesenucrnuurneransoves 4 ¥ L0 BV
Duty cycle, BXTernal ClotKuuearusrcrsuersnonmansanrnrssnssntnstnssosssnsesnsnmnenncnnes wanuas D8

2 Mbit/s loop, all time slols switched through.
2 Mbit/s loop, seiected time slot switched through [send and receive channels chosen separately).
64 khit/s Toop at relevant interfaces (option).



1,11 D ielITAL WORBS TN TIME SLOTS 0O AND 16

with 30 telephone channels, or time slot 0 with 31 telephone channels; may be set as required.

Standard values {follow RESET TQ STANDARD VALUES)

Frame alignment sfgnal without CRC-4 check bits in time slot 0
0F BVEry SeCONd framfeeisvesvsssvotearsavastsrnasanonstasornssisrsnanne tavremearana eeee AO01101Z

frame aligrment signal with LRC-4 check bits in time slot O
of every second frame in the CRE MUl iframe. i ueeceesssverstrrertetrnnssanrsrrranssesnas .. £0011911

Kot frame alignment signal without CRC-4 check bits in time slot &
of every frame not containing a frame alignment signalececssvsronaavsrsassurnrnnsanarses L1011111

Not frame alignment signal with CRC-4 check bits in time slot O
of every frame not containing a frame alignment signaleeuieeeessnrvrvsvvsnvonvavevesesss MI011211

Hultiframe alignment signal
in time slot 16 of frame O [Dits 1 £0 4)uuueervcerennsnansssnsssscnsvunsssssnsensrsonreanse Q000

ot muitiframe alignment signal
in time slot 16 of frame 0 (BI1ES 5 £0 Bluesverceensencernrenrsssnsesasssnsans tasasana pennao 3011

Idle channel signalling word in fime slot 16 of frames 1 to 15
for the time slots 1 16 15 and 17 £0 3leceseaecncnnenns P & D B A

Signalling word
in time slot 16, assigned te selected telephone Channel.uuieervvrvesovovosssnvessrsvnsnvnanas 1111
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112 DIGITAL WORDS IN TELEPHONE CHANNELS

Code word may be inserted as required into one of the telephone chanrels 1 to 30 {or 31, 32},
or into all channels, or into &1l channels with the exception of the selected channel.

may be set as desired; standard valulieessecsesrvncnesens Werebesnrararentsarnanan wevsas 11010101

selectablesieeeesss D L T T T PO tamernae Awlaw, pe-iaw
A-taw coding:

symmetrical binary coding of digifal words with iaversion of bits 2, 4, 6, B,

p-law coding:
symmetrical binary coding of digital word with inversicn of bits 2 te 8.

Theonretical Toad capacity

The peak value of an ideal singsoidal signatl PS at a level of +3.14 dBm0 {A-~Ttaw coding) or
3.17 dBmd (g-law coding) corresponds to the virtual decision value 128,

Transmissfon level definition

The transmission level PS is defined as that fnput level which would produce at the output of
an ideal coder {A} the same PCM words as those supplied by tha digital signal generater {B).

E

pC IDEAL i iDEAL

5 COBER (:) DECCDER

=0 Py

DIGITAL GEN.
send level Py mmmmJ>mmu- IDEAL «wm.quiz

frequency fs ! BECODER

948: 68

Figure 1-1  Definition of Lransmission level

tevel errors:

PEZ'PEI: Digital signal generator error

FEZ'?S: Difference between actual simulated level and set Tevel due te quantising error,
including the digital signal generator error.

Total distortion error:

11 error values quoted refer to the thecretical value of the generated signa?z}.

1) The theoretical and actual values are given in a separate table.



1,13 GENERATOR STIGHALS

Sinusoidal signals

FrBQUENCY MANGBe e vrsnsssarsnasnrassonsrsasassssnsnsnsanssnassannsanennnnsnans 20 HZ to 3,59 kHz

Frequency selected via keypad. When a frequency value is input, the nearest possible value will

be selected and the actual freguency displayed. The frequency comb avoids direct subharmonics of

the 8 kHz sampling frequency. The frequency generated is crystal accurate.

Generator frequency comb

Frequency range possible frequency value (Hz)
20 Hz to 4 kHz (STANDARD) nx 10,0376; n = 2 to 398
100 Hz to 4 kHz {VAR. MODE) k x 101,266; k = 1 to 39
Direct subharmonics 2543, 5G0, 800
0 dBm0 ‘tevel {VAR, MODE) i x 250; i=4to 15
Direct subharmonics
-45 dBmG level {VAR, MODE) 2000
Generator level
Level range, in 0.1 dB Stepseciiecrenananans rinsasann trrrrevencannesasennsee ~00.0 to +7.5 dBmD

Error limits of simulated level within the standard

me

asurement {see figure 1-1):

A-Taw coding, in generator ievel range

range of sinusoidal signal, selective

Ps Pea - Pey Peg = Ps
+7.5 to +3.2 dBmd 0,02 4B -
+3.1 to ~40.0G dBmd #0.02 dB *0.05 dB

~40.1 to -50.0 dBmG
-50.1 to -60.0 dBmG

+0.02/-0.03 ¢B
+0.04/-0,02 d8

+3.2/-0.3 d8
+0.,9/+1.2 48

y-law coding, in generator level range
Ps Pr2 = 1 Pz = Ps
+7.5 to +3.2 dim0 *0.02 dB -
+3.1 to 40,0 dB8mO 0,02 dB +(.06/-0.05 dB
«40.1 to ~50.0 dBmd #0.02 dB +(.10/-0.11 dB
-50.1 to -60.0 dBmd +0.02 dB +0.3/~0.5 dB




Frequency response
Hax. frequency dependent error in simulated level (PEZ} for constant level setting.
Reference frequency 813 Hz.

Level range Frequency range Ap

+3.2 to -60 dBmd 20 Hr to 3.9 kHz £ 0.01 dB

Hoise signals
Pseudo random noise signal, 350 to 550 Hz corresponding to CCITT Rec. 0.131,

speetral Tine Separalion. ... .. . e e e 31.908 Hz
Pseudo random noise signal 350 to 550 Hz, spectral line separation..................... 7.813 Hz
PR FaCEOT o ot ittt e e et e e e e .. 1052 0.5 48

Genarator level

Leval range, i1 0.1 dB SEEDPS. ... .o\ttt e 1B5.0 to +7.5 dBm
Error Timits of simulated level for notse signal fo CCITT 0.131, measured in the frequency -
range 350 to 550 Hz

A-law ceding, in generator level range ?EZ - PEi PEE - PS
4.5 1o 40,0 dBm. L. e e e e + 0.01 dB | ¢ 0.02 dB
40,1 B0 B0 0 OBMO . L e + 0.03 g8 | £ 0.10d8
u-law coding, in generator level range - ;JEZ - ‘PEI PEZ - PS
B B e R £ U (s 14 O + 0.0 d8| + 6.02 d8
=48 1 1o -B0.0 dBmO. L L e + 0.02 dB | » 0.05 d8

For levels outside the theoretical load capacity (noise > -45 dBmO}. the absolute output level
PS is Jimited by the A-law or g-law coding characteristics.

freor limits for total distortion ratio for simulated noise signal to CEITT 0.131 referred to
the theoretical value {reference bandwidth Af = 3100 Hz).

A~ and u-law ceding, in send level range -85.0 to -4.2 dBmb...... .. .. i i i + 0.2 dB
Other noise signals
Broadband noise signal in telephone channel, noise hand.................... ..., 300 to 3400 Hzl)
GEnerator JeVe Tl TaNQB. .ttt ittt ettt e et -65.0 to 0.0 dBm0
Conventional telephone signal.............. e e e e to CLITY 5.22?1
GeEnerator TevE] PangEB. ... e e e ~30.0 to ¢.0 dBm0
ECHO RETURN LOSS test signal, noise band.... . o i iiniaiinrias 560 to 1965 Hzl)
STNGING RETURK LSS, NOTSE BANG. .\ 'ene et ee oo ea 260 to 500 Hz!
SINGING RETURN LOSS HIGH, noise band. ... .. . oo, 2200 to 3400 Hz”
Genarator leve ] Pange, ... .. e et iiae e -30.0 to 0.0 dBmb

1) Spectral line separation 7.813 Hz



Generator Tevel range........c.ieiii i e e e -33.0 to 0 dBmQ

Generator JBVe TaNgE. ... . i i e e -30.0 to ~5.0 dBmQ

1dle_channel signals

Fixed as well as periodically- or pssudo-randomly variable {between two adjacent values)
codewords can be selected as desired.

Idle channel signals following RESET TO STANDARD VALUES:

Fixed idle channel code word {FIX) (A=3aw) ., oo e 11010101 {+0)
(B=Faw) . e 13111111 (+0}

idle channel code word with pseudo

random sign change, frequency range (A-law}. ..o, between 11010101 {+0}
0 tc 4 kHz and 01010101 (-0}
Idle channel code word with periedic {p-law). ..o between 11111111 {+0)
sign change at same freguency as set and 01111113 (-0}

sinusoidal signal

Digital pulse patterns

The following are available for bit error measurements:

Pseudo random sequence t0 CCITT V. B2, i it e e e length 29~1 bit
Pseudo random sequence to CCITT 0. 182, . i i e i cn i cacanns length 211-1 bit
Freely selectahle 8 bit word

Externally generated analog signals can be processed with the aid of a PCM coder.

S =R T B ot TocE o1 1 3 pole CF socket
NP MDAl . L oLt i i e e e e b e e 800 0
L R A R £ N ¢ dBr
Theoretical 1040 capacity, A=TaW. . . . .. ittt e e e 3.14 dBr

T T 1 3.17 dBr
Residual attenuation at 814 Hz and 0 dBml. ... .. i i i i ees s 0.5 dB

Frequency response between 300 Hz and 3350 Hz. .. ... .. i, e < 0.5 dB



1-13

1.4 TEST FACIELITIES AND ERROR THJECTION

ALIS signal

1.15

4 3

Generation of a bit error rate for the frame alignment signal, selectable..eervsuss 1877 or 107
Generation of frame alignment signal containing error..ieesecess weseswn 20Ut oF 4 0or 3 out of 4
words containing errors

Generation of CRE multiframe alignment signal errorS..ccessavssaseessnes 2 OUL 0oF 4 or 3 out of 4

words containing errors

Multiframe alignment test

Gengration of multiframe alignment signal contafning errorieceeeicnaaa. 1out of 2 or 2 out of 2

words containing errors

Paratiel dnput on back panel for externally set 4 bif signalling words; operates with frame
structures to CCITT G.704 and "time siot 16 internal®.

Input voltagee suuasnsvensasssnsrssrnnnnsy Gt ead s A e bbbkt TTL level

TRIGOGER DUT PUT S iiriineiasssencesanssnsnns P P coaxial BHC sockets

1.18

Frame trigoer cutput [61]

Frame trigger signal with rising edge cerresponding to start of time stoet Q.
QULPUL YOI BT s rsuronssususcnrneccusnssssuvevnrsrsrsvsnssssnvnassarsasssnsnenvenses t1L 12vE]
ftax. delay of start of time slot O referred to frame Lriguer.iceeressesnss R vevsrass B0 NS
if generator s used with external frame triggering {[64] ext. sync.}, the 8 kHz input or ocutput
trigger signals are kept in phase.

Max., deviation of output trigger signal from input trigger signale.eeses.. rerrrrareiane 430 ns

Generator signal trigger output [323
Trigger signal synchronous with the generator signal in the selected channel.
UL DUL VO T B0 sa b vavsavtsnrvabesssuisttotubstsnridrsssnamrtosasderasasassonasnas vavss TTL Tevel

BIGITAL SITGHAL RECEIVER

PG FRAME STRUCTURE

32 channel PCH frame, contalning

30 LeTephone ChannelSuucusrersnrrrrsavatrsarrcarussrssnrrrsrorssonrans senenes b0 CCITT Rec. G.704
or 31 telephone channelseicevsnsircrvirassvsasssbnsrncnnnns casesaneracsnsass Lime siots 1 to 31,
if time slot 16 is a telephone channel,

or 32 telephone channelsS.cereececsss teeemsisnansesenscarurbanrsnsavrnessrrerevses BL1 LiME §Tots
if an external frame aligament signal is available,



1.17 DIGITAL STGHEAL INPUTS
Interface characteristiCSuiiivuesrsrnsrnscononannanan vasassnenannsnsnvavsaes L0 CCITT Rec, 6,703
LINne COd0Scansearsennssnnnsnnsana traseedvcnnaa tearrsisuasassessianTenseannna aeve HRZ, AMI, HUS3Z
Coaxial InpUl¥.susivconeranvecnnnns T T R R N S R eernacenans VETsacon G universal
connector system adaptable to all commoniy used connectors
Input impedantlsusresersetvensisannann [ rennrsrrenrssnreneshanesrannasans 70 S22 07 > 3 KD
Balanced TnPUL.ussaaansnrsrsarrsurercennnsacrsssansncansnnnnn seesasessvseses 3 pote CF connector

IRDUL TP OdaNCE. ceeeeeseessnuensnnrsrasssrasnasennsanscessnnsnssonsusncsnnananye 120 R 0r > 3 Kk
Return loss within the freguency range 40 KHZ 10 2.5 MHZeeeveevrenussnvrsccsnsnse wananes > 20 dB

Input voltage
Pulse amplitude roqUIred.iescvecsssscncrrnasrunssorrvsnssvsonnnsvsnnons remaveesnanae 30 @Y to 3V

Max. romes. Tnput voltage..ceeeauas D A 3 1

Max. tolerable peak-peak jitter

peak to CODE: HDB3
peak =
jitter =
i 4
I e sinuseidal modulation

.3 A e e e

0I5 4o —— — — —

] ! + }

1#Hz 10 iz 100K 250kHz modulation frequency

Figure 1-2 Maximum tolerable peak-peak jitter

input signal monitoring via LEDs

O SIGNALY. vvrevvnnn ebedieseraraennsnanan tareanesersnsvnarennasneansnas Signal amplitude too Tow
Al e nsvssrnenrnannarsarns cvansesusescssws Alarm Indication Signal {continuous sequence of "1"s)
HO FRAME. ieresneaen PEsesasssesransereRetas e et sT et s sewsane errored frame alignment
N MULTIFRAME . v vsvonmansonnan reeessaEseaveTrvratansnnNeanannanna . errored multiframe alignment
Llock

Cleck recovery
Internal clock recovery from 2 048 kbit/s digital sigpal input
Pulling range, clock regeneralor..iveceses. . serenenan eae 100 x 1076

Recovered bit clock output [65]
OUtput vollageeassunuvnsnnssvansensscrsnssscsnns caneansetsasarurvraverrbsnvrsnnnnaernne 11L favel

External frame trigger input [633

indicates the start of a frame when there is nc frame alignment signal

Max. deviation of rising edge of frame trigger signal from start

OF £1me ST0T Buvuiannnesrenasenessernescnssrasetnssssenarnessncansesasnssannnsnsvanses +150 NS

S1gnal input voltage requiredesesssssrssssssrsncsrssrsssnsssvsssonsnrsrnnnssonsnensoss TTL Tovel
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FVALUYUATION OF BDiGITAL WORDS IN TELEPHONE AND

1.13

SIANALLING CHANMNELS
Talephone channe? selection
A code word from one telephone channel from 1 to 30 {or 31, 32) can be evaluated.
Code word measurements
Positive or negative drive range or coder offset may be determined.
3T TS +0 to +127 or -0 to -127

ANALOG MEASUREMENTS ON TELEPHONE CHANNELS

HMethod: the r.m.s. values are calculated after the digital signal has been expanded and passed
through a digital filter.

Decoding 1aW. ..ot e same as digital signal generator coding law
Load Capatity. oo e s same as digital signal generator
Receive level range at Eeast\.............,A....a(...,...:..,n ................... -80 to +6 dBmd
1,20 RELETWVE FILTERS
Wideband filter
Passhand range, selectable..................... 200 Hz to 4 kHz, 20 Hz to 4 kHz, 300 to 3 350 Hz
Attenuation TrequenCY Pange... ... . ...t iiierarnrrnnnrerraranns same a5 analog receiver
Narrow band filter. ... oo same as analog receiver
Noise weighting filters. . i i e same as analog receiver
S/N measurement Tilhers. .. e et same as analog receiver
1.2 ANALOG DECODER QUTPUT [37%
0T RO T =T £ Ve 500 2
Relative oULPUE JoVE . i ittt i s i m e e s et e 0 diir
F P BUBNCY TBIMIE .« .\ v s et ottt taee cmrae s e s et ot m e 300 to 3400 Hz
Transmission loss at 814 Hz and Q dBmO. .. .. .. o i e s 0.5 dB
Attenzation/frequency response, 300 Hz 1o 3350 Hz... . i i e < 0.5 dB
1,72 EFRROR MEASURFEMENTS

may be made in telephone channels (64 kbit/s) using the bit patterns from the digital signal
genarator.,

Displayed as a histogram with X axis corresponding to time intervals {max. 50) or telephcne
channals.

Test time interval may be set between.. .. ... ... . . . ... . i i s and 99 h 58 min 58 s
Frror ratic [MODE B82)

Determination of bit and octet error raties

Error count [MODE B&3) '

Counting of bit and octet errors

Error free seconds (MODE B84)

Parcentages of errer free and errored seconds occuring during the test period.



1.23 FVALUATION AND INDICATION OF THE DIGITAL WORDS
WMITHIN A FRAME
LED indication of the digital words:

Octet in telephone chanmel. . i it s bit 1 ... 8
Frame alignment S1gnal. ... oi it i e e bit 1 ... 8
R LT R T ot A R R TR bit 1 ... 8
Multiframe alignment signal and signalling word........oooviiiiiiiiinns bit ¢ ... 4and 5 ... 8
Character signals for "send . . . oo i bit 1 ... 4

FOr B VR e e ... bit5... 8

VDU display of the digital words:

frame alignment signal {FAS} multiframe &lignment signal [MFAS)
net frame alignment signal [NFAS} non multiframe alignment signal {NWFAS)
signalling word cctet in telephone channel

i

124 ERROR _COUNTS ON FRAME AKD MULTIFRAME ALISGNMENT
SIGNALSS

Displayed as histogram; test time interval may be set (MODE B81)
g A= GG 1 s and 83 h 53 min 59 s

Bit errors in frame alignment signals.

Word errors in frame alignment signals.

Word errors in multiframe aligrment signals.
CRE word errors.

1.25 PARALLEL QoUTRPUTS [B2] {on back panel)
LT T T R R R AEEE HS CMOS

M P BT IO S, Lttt it et a e e ai i e Errored frame alignment signal
Errored miitiframe alignment signal

CRC word errors

a0 T I ot AT ) - S AN G RSP for AMI and HDB2 codes

For FCM frame structure conforming to CCITT Rec. 6. 704 and for "time slot 18 internal”
{Parameter 221). ‘
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1,26 SToNALLING DISTORTION HEASUREMENTS

Method: measuraes the duty cyele deviation of a rectangular signal.

Frequency SELtinNgeueueesesesncnannsssnssoscssosnosanenansnnsnanes versasensanres vewes L0 0F 20 Hz
Juty cycle, settable in steps of 10 {1)}% DetweeN.iuscsvcrarsessss P S hkbeerana vew 10 and 90%

Output [393 {back panel)

Output impedance {mark}e...ce. M hewaesheAabererrsrrniasat R raraanntan Peasssrivnerernavrane < 3002

(sPAC8) e ernevnrrnnnenan feemeenerirarranar e, fevaensverssrennsans > 20 kR
Hax. d.C. 108diNGuucranrsansernannan e e NsasEvessreararaneu N ae s anant vrees 200 mA
Max. switching voltagee s eeicsenesesassnncannnnns s ustesessusanussriT et tat e b e nann N

Measuring rangé...eeces ererrEr sty teveessrerrerrnrnrary Gecsrrorvecona arssanssens ceuy *10 M5
ResoTutioNeeeerncannes M Bdem st ntran b dm s et ey S 0.1 ms

Input L3831 {back panel)
The input must be switched to ground.

Closing restistence of drive SWiteh.cuissiravscrsaverarraacanns srrranans rarrceencan eare <250 R
Input impedance (connected internally to =15 Y)iouiisunirnssernnasorasnnceas [ . 750 @
Short-circuit currenteiiieeecesncsanssnanns MM e kR Mcaab e r v a R b at e . 20 mh

If the clesing impedance Z > 300 @ and the opening impedance 7 < 20 k@, this is indicated by
"E" in front of the result "0,0" shown on the screen or on the printout.

1.27 ERROR LIMITS

Within the recommended range for relative level (T¥: -17 te +3 dBr and RX: -10 to +10 d8r),
analog signal generator terminated with Zo.
See 1.12 for definftion of errors for digital signal generator.



.27.1  LEVEL MEASUREMENT

Error limits femarks
Mode A | Send Receive Level L} fnalog Analog Digitai figitatl
signat frequency | rangs sTgnat sfgnal signal signal
range gensrator recefver generator receiver
<1i» sinus- 206 Hz +10 1o
oid o 40 dBmd 0.1 a8 0.1 df +0.02 dB .02 ab
4 gHz "
wAf to +0,04/
W50 dBm 315 a8 .15 dB L0.0% a8 +3.02 a8
<iZ> sipus- 29 K +1g Lo 2 7
aid to 40 4Bma .1 6B” RaZS I +0.02 dB +0.02 dB
4 Kz
-40 to 2) 3 1,04/
58 dBmG 0,15 ab #0156 dB7/ .0.63 B +0.02 d8
<l3 sinus- 20 Hz 1 te * * 3} ‘
oid 0 40 dint 0.3 a8 0.3 a8 - -
72 kHz
-4 1o Lad 4+ N
50 dbnt 0.8 8 st a? |- -
<if> raise 358 o
350 1o to A0 dBTG #0.15 @8 +0.15 4B 3,01 €8 H0.62 dB
558 Hz 559
-40 te
66 dim .7 0B 0.2 a8 0,03 a8 +0,02 a8

1} Upper level range Fiait for gigital gemerator (sinusofdal signsl): +7.5 d8md
for digital receiver (sfruscidal signal): +6.¢ ¢Bmd

2} Additional analog gemerator error 20 Hz to 50 Kz .., +0/-0,25 di
50 #r to 200 Hz ... +0/-0.1 43

3} Additional analog recelver error 20 Hz te 54 Hz .. +0/-0.7 dB

* o #D.E 4B 3T 120 ¥H2 lowpass filter Fitted (BN 984/05.14)
** 0.6 dB if 120 xdz Towpass filter fitted (BN 984/00,14)

1.27.2  INSERTION LOSS

Mode A | Send Receive Receive Errer limits Remarks
signal frequancy tevel i
rahge ranga Lo Al e pIs]

<21> sinusaid

to 813 Hz +1 %o
e ar 4% dBm0 #0,048 @B 06,45 48 .05 ¢8 0,05 d8
1014 Hz | filter
200 Hz
Tevel: to ~1] te
0 damG 4 %hz 80 dBng F0.L oB #0014 db L1 dB 0.1 a8
or
-10 dBmo
<Z5> noise Results
to ERL range
<27 SRi 200 Hz
SRL HI io
4 &Hz
3.
fevel: 1o 56,5 48 40,4 dB 0.4 g8 0.3 d5

=10 dBa +6% 4B
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1.27.3  FREQUEMCY RESPONSE, referred to the value at 814 Hz or I 014 Hz

Hode A | Send Hacetye Receive b Errer ifmits femarks
signal freguency lavel
Pange range Ay A-D -4 D-p
<3 sinuscid; 200 Hz +3 to * *
te 2 or ‘e 40 dBm) +0,05 d8 +0,05 ¢B 20,065 d8 0,07 o8
<3 -10 dimdt} 4 kHz
+10 to n -k wan
60 dRs0 0.1 dB +0.08 4B 3,98 48 0,02 a8
ey siausotd ) 28 iz #3 10 soos ao®t M os as®) | uoos e 0,02 db additional
Lty o ar to =40 dBm0 . - - error at 20 Hz;
<38 =10 dBmG | 4 gz -0,05 a8
16 2o soar asf! I g ?) 0.1 8 0,02 d8
~&6 d8m0 - -

1) 2igitat sfgnal recatver: max, +7.5 d3md
|

2} Addftfonal errer due to analog gemerator, 20 Hr te 50 Hz ... #0/<0.2% d8

50tz te 264 Hz ... +0/-0.1 dB
3} Additicnal error due to analeq receiver, 20 Hz te 50 Hr ... #0/-0.7 dB
¥ 40,07 6B
b AR if 120 kitz lawpass filter Fitted [BN 934/00,14)
w2001 4B

1.27.4  VARIATION OF GAIN WITH INPUT LEVEL, referred to the value at -10 dBm0

Meode A | Send Recaive Receive Error Tiaits Remarks
signal frequency level
range 7ange A-p A1 b-4 e
<41> sinusoid §selective +3 to
ta Bl Hz ar 40 Bl 0.1 dB 0,88 dB #0608 dB #0.05 4B
<44 Gr 200 Kz to
1014 Hz |4 kHz -44 to
60 dBu0 *0.15 48 *0.12 98 .12 a8 +0.05 4B
<45> ngise 356 to g to
to 50 to | 550 Hz -1G 4Bn0 0.1 a8 #0.08 ¢8 +0.08 48 10,05 4B
<A6> 550 Hz ar
290 Bz to -4 to
. 50 dBus .15 d3 0.1 dB 4.1 cB +0.95 48




1.27.5  TOTAL DISTORTION {including quantising distortion)

Mode A | Send feceive Results Errer Timits Remarks
signal Tawal Fange
range A-d A-B (ERY: ]
<51> noise distartion 4 to The resuits of
350 to 10 an 0.5 df +0.4 dB #6.2 gf .3 48 wrwe ghtad nease
<§2> 550 Hz > =12 dbmd} urements are ex-
o pressed in terms
stnusoid of 4f = 3 103 Hz;
477 Wz weighted meas-
uraments in perms
<53 sinusoid | weighted 0 te of the bandwidih
613 #z | distortion 1 a5 0.5 dB +0.5 dB 0.5 d 0.5 g8 of an ideal
<5E> e > ~76 dBa weighting fitter
104 tiz
<56>
<54n sinuscid | unweighted
813 Hz distortion
<B7> or > M dbed $ e
1614 Hr 12 d8 6.5 dB +.4 dB 0.4 4B #0.3 dB
1.27.6 IDLE CHANNEL WOISE
Hode A | Send Receive Resuits Lrror limits Remarks
sigayd frequency range
ranpge A=A A-D iR 8-
<6l generatoriweighied 4 to The results of
*af ¥ or -70 dBmo .5 4B 3.3 dB 0.5 a8 0.3 a8 unweighted meas~
<G> static or uremenis are e~
idle -70 o pressed in terms
<63 lchannel |unweighted | -8 dbm xbdn 0.5 48 1 48 ¥0.5 a8 of AF = 3 1006 Hz;
signal ) weightad messure-
amgnts in terms of
<Gd> generator | weighted 0 te the bandwidth of
roEES o 70 4Bm0 0.5 4B FAITR ] +3.5 dB 0.3 4B an igeal
<5 static or weighting filter
idie -70 1o
<64 chanrel junweighted -80 a¥mi H a8 0.5 dB 1 19.5 9B
signal




1.27.7  CROSSTALK

ARD GO=TO-RETURN CROSSTALK

Hode A | Send 3 fesuitls Errer Timits
signatl frequency range
range A A0 I -
<Fl» stnusoid Jte * N The use of an act-
to 301 Hr _70 dBad 0.3 df 0.2 dR 1.3 4B 0.7 d8 ivsting stgnai
<tae 813 Kz selective T 15 recommended
<75> 1018 Hr -0 to * * for crosstals
to 3343 Hr -50 dBm0 205 4B 16,3 di x0.5 98 X0 db seasurements in
<79 order to reduce
fdte channel
conveni~ |weighted 0 to nofse from the
<15 ional psophomet- ~70 480 18,5 8 16.3 48 10.5 di 1.3 af test object
telenhonefrically falling Tn the
signal ~79 to mezsurement hand-
4D dBml 0.8 db 40,3 d8 0.8 ab 1.3 a8 width,
* Al and 0-A configurations not possible ¥n MOBES AJE to A79
1.27.8  GuT OF BARD MEASUREMENTS
Made A | Send Receive Resultis Error Timits Remarks
signal fraquency range
range R-A A= T-p
<@l sinusotd | 700 Hz 0 to
4.6 ki |to -0 dBmid) 48,4 db 0.2 93 -
to 4 xbx
72 KHz
<& sinusoid 14,5 kHz T to * wE
200 Hz to -40 dBm 0.4 a8 - 0.3 40 adgitional error
ta 128 kHz between
3,6 kEz ~40 to whd * 4.6 ang & kHz
50 dBw 0.5 4B - 6.4 a8 +8 ¢8/-5.2 dB
<83 generatart 4,6 kHz 0 to
“prer s -30 aBmd 0.4 9B - 10,3 d8
128 itz
~&0 to
.50 dBmd .5 af - 30,4 ¢8
* #0548 )
e at fraquencies below 72 kHr if 120 kHz lowpass filter fitted {BN 984/00.14}

oo 40,7 dB




1.27.9  HARMONIC- AND IM DISTORTION

Hode Send Receive Result Errar Timits Remarks
A signal frequency range
rasgel) el A-D B-a%) 5.4
<91 sinus- 2600 to 0o
oid 2028 Hz 45 d8 10.5 a8 20,5 dB 20,5 gb .5 Hexeiuging pon
1004 Hz | or distortion ia
gz 3060 o +5 to digital signal
042 Hz +57 dB 20,5/-1.0 13,5/-1,0 10.5/-1,0 10.5/-1,0 generator
<93 four 8-4 :
tone 480 to 9 to
signal 360 Hz 415 db + 0,5 4B 3,5 4B 43,5 dB #G,5 48
&nd
B+A
2229 to +35 to
2783 Hz 42 dB 16,5/-1.0 #0,5/+1,0 #,5/-1,0 A5,5/-1,0
<G4> 2 B-R o te
1885 tp 0 48 40,5 d8 1.5 db 40,5 dB 0,5 db
1928 Hz +40 ta
47 ok H0,5/+1,0 #0,5/-1,0 #0,5/-1,0 10,5/-1.9

1} Receive level range for sinusoidal and 4 tone signal -30 to G 4BmG

1.27.10  RETURN LGSS AND LONGITURINAL CONVERSION LOSS

Hode B Send Raceive Rasuits Error Timits femarks
signal frequency range
raznge TX/RY A-p A-D ELY
<il» sinusoid [ 200 Hz bto reference impedance
19 dgmo | to 35 dB 16,5 d8 - - - 500, 853, 300 Q
<la» 4 kHz
36 Lo
20 an +0.8 dab - - -
<13> sinuscid | 200 Kz ¢ to . reference impedance
~10 dBmb | to 30 B 0.8 db - - - complex
4 kHz
30 to
10 48 xidp - - -
<21 singsaid{ 200 Bz 0to . reference impedance
0 gGng | te g dp 6.5 dB - - - 509, 850, 990 ©
g 4 kHz
40 to
50 a8 168 cB - - -
50 to
50 dB .z 48 - - -
e sinuscid; 200 Hz G ee " #5.8 dB 0.5 aB 0.8 reference impedancs
0 dBal | to 40 oB 600, 850, 900 @
<3a> 4 xHz
30 te
40 4B - #1 as +0.5 48 .8
50 to
50 48 - +1.5 48 41,2 48 *ri.2
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1.27,11  OVERLOAD CAPACITY and PEAK CODE DETECTION MEASUREMENT

Hode B[ Send Receive Rasults Error Timits Remarks
signal range range
A-G G-D
<4i> sinusoid | relative +2 to
to BI3 #z number of +4 dimd 1.0 48 -
<44 or the code
1054 Hz | word
No. 127
<45> simusoid code generator ses section 1.30.1
words . receiver; direct indication of
+H: to 4127 peak code value.
and
~0 1o -127

1.27.12  GROUP DELAYi)

Hode § t Send Receive Resuits Errar limits‘z) tRemarys
signat rangez} range
A-B AsD D-A 9-b
<Bix see 1.2 | 282 Hz HOOE 251 Including the
for teo 0 to 16 us #16 ys #15 ys 418 as oscillation
details | 3.4 khiz 20 ms caused by the
of test ang total distortion
signal MUDE 853 af the test
ohject.
G te *2 us - - s Excluding total
16 =5 distortion of

tost gbject,

<> see 1.2 | 252 Kz HODE 852 Ingluding the
far to ~10 ms 30 ous 430 us *30 ys #36 ys oscitlation
detalls | 3.4 kHr to caused by tie
af test <10 ms total distortion
signal and of the test
HODE B&4 abject,
-5 to 44 ous - - - Excluding total
+5 ;s distertion of

test object.

1) MODEs 851 ané B53: absoiute group delay
RONEs B5Z and BS4: group delay distertion, referred to the value at | 792 iz,

2 Receive range -10.0 to 0.8 dBmG,

3) Measurement Lime approx. 5 s. The effect of the osciliation, caused by the total distertion of the tesi cbject, can
be reduced by extending Lhe mgasurement tioe.



1.27,13  SIGMALLING DISTORTION and CROSSTALK

Mode B | Send Recaive Resuits Error limits Remarks
signat rapge rangs
AA Al a8-A -0
<BI> square- Heasirement or
wave 18/ simslation on the
to 20 Hr Fi0 ms MZms 0.2 ms F0.2 ms 2 ms digital side of
duty bits a, b, ¢ or d,
<B4 cycle 10
to 301
<7l> sghare- 7 ta
wive 10/ | weighted _78 48m0 L5 B HL3 dB .5 B .3 de
to 20 Hz psophometria
duty caltly -70 to
<79 cycle 10 _88 d8mD +oap #0.5 di EAR:: .5 d
to S0%
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HEASUREHENT

T

INES

The average measurement time is dependent on the mode, the relationship between the measured

value and the expected value, and the number of discrete steps and channeis for each test

Sequence.

Typical average values for measurement time are given in the following table:
Yp g g

HODE No. Average measurement Lime per step
LEVEL <l1> approx. 250 ms
<1?> to <14> approx, 300 ms
INSERTION LOSS <21> to <24> approx. 300 ms
VARIATION OF GAIN <31> to <34 approx. 250 ms
WITH FREQUENCY <38 to <35> approx. 300 ms
VARIATION OF GAINM <41> to <44> approx. 250 ms
WITH LEVEL <45» to <46> approx. 300 ms
TOTAL DISTORTION <51> to <57> approx., 800 ms
IDLE CHANMEL NOISE <B1> to <686> approx. 500 ms
CROSSTALK <71> to <79> approx. 300 ms
GUT OF BAND MEASUREMENTS <B1> to <B3> approx. 300 ms
RETURM LOSS end 8 <ii> to <13>
LONGITUDINAL B <21, <22 approx. 300 ms
COMVERSION LOSS B <3I>, <32>
HARMONIC/IM DISTORTION <91> to <94> approx. 800 ms
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JPTIONS

1,29 CODIRECTIONAL 64 kbit/s T NPUT, BE 284/00.01

Serial interface to CCITT Rec. G.703 for incorporating a 64 kbit/s digital signal to be trans
mitted with 64 kHz and 8 kHz clock signals as a 256 kbaud combiration signal.

Data and clock SigRals.eieucevesaveensnostnnanenaneannnas trenassaaas b arasranaes vee» balanced
InpUL TMPEdANCee i auenerusvrasossasnssasrsnsonnennns LA ER AR et Ere e s vesranas 1200
Return loss between 20 kHzZ and 520 KHZ.uviuisivsnsnrsrcronsnnnsnarsonnssnsnsnurunannenns > 20 0B
Input signal shape and coding..... R vevsesanenesenenaanaseranasannan to CCITT Reg, G.703, fig. 4
Putse amplitude required...... et et br Rty vrecuasrasesaraansunaasa 0.5 ta 3V
Max. r.m.s. 10pUT VO E80C.uavsuervnssannssnasusnna FedeesbbbRbd b nta e arrastes vavevranenns G4V
Max., tolerabls peak-psak Jitierueesesrrenresnnsesnnnns Weseensssreraatesnanrentin wewws 745 bitsi}

insertion of 64 kbit/s signal in time stet 16 or the selected time slot.
In this mode, the 2 048 kHz sand clock signal of the PCH-4 is derived from the 8 kMz input sigral
by means of a PLL.

1.3 CO0PIRECTIONAL 64kbit/s GUTPUT, 0N 984/00.02

Serial interface to CCITT Roc. G.703 for transmission of 4 kbit/s digital signal to be trans
mitted with 64 kHz and 8 kHz clock signals as a 256 kbaud cowbinatien signal.

Data and clock STgRalsseiiceesnsosssnvrsnrsecrssorarvraaanas festeantrsnssrasrEarErnanny balanced
DUEpUt TMpEdanter sensrrersnannsunenn tensasnas Vesesnanevan Hhrdreeraaerranasanerrruns vesesws LEZDQ
Return ioss between 20 kHz and 520 KHZ.veevseennaovamenns eenearsrssisrErsaversanrsen ves » 720 4B
Codingecanaus e bt At et e rre Tt e e et ey e erserrenes to CCITT Rec. G.703, fig. 4
Centre of pulse amplitude {3120 € termination)e.vrerrareraseas sasensrrasrassarsaree 1OV £ 0.1 Y
PuTSE SHaPR.ssssvternnserana M ansasasevaraarseara R e s e aans wersrennrrrsonversas FECLANRGUT AP
"No puTse” amplitude. e reeeeiacnrurnersersnsnrsecnennse Piadverrasereriraes Cereraae V40l y
LIS dUPaLiONe s srarserrsnnnsrtasosrsrrassranansnsraress savenurressencan tiesas 3.9 ps or 7.8 s

Amplitude ratio positive to negabive at Cantre of PHTSE.ieervaasssnvannssnsevesneas 0.85 to 1,05
Pulse duration ratic, positive to negative, 0.5 V pulse voltage....... serasneas eeee 0495 to 1,05

1) ditter value referred to 64 kbit/s



A1Y available digital generator signals may be transmitted.

External jitter modulator may be connected
1otk FrogUEnCY ey vssesueianassnanvenmueesnsosonvsnsanars A ndnrb it ena e n e eenan 256 kHz

Clock output for non~-jittered clock signal
Output voltageeseasncases A e R B EEN SR s MR v s erensa ot st Rt e e s r s s TTL tevel

Jitterad clock signal input

Tnout vOILEG8.aesnsvsnres tedbarssehatr b a bAoAty tesrcnas wessssusnsnnase TTE Teyal

Dutput of the 64 kbit/s signal from time slot 16 or the selected time siot,

~

1.31 64 kbit/s CONTRADIRECTIONAL INPUT BN 984/00.03

éeria} interface to CCITT G.703 for receiving 64 kbit/s data signals. The 8 kHz octett timing
signal is transmitted as a bipelar violation of the 64 kHz clock signal.

Data and clock 31gNaTSussiesesesssnsnsusancsosaucsssnaaanns Cesenessensherseannanenne symmetrical
Input impedanCRessesves CedersenaverserevereasEavaTeret At ey “etreraseaonne canaeas 120Q
Return 1085, 20 to 520 KHZuweeirrensrvenacorsaronnnes e bredraa et e ey > 20 dB
input signal shape and Coducvvesvenvnsrrassronronn vvesssnsanescnsvesss 10 CCITT G703, figure 7
Input pulse amplitude requirBdeeieiereernesssrsnonsnanaenn terenekmassavrrirrivarrrans 0.5 to 3V

Hax, taput volfage, ¥ cceevesoncsscnssaasvsvssunuvsanacna [ -

rms
Max, ailowable peak Lo peak JiLler.iiiciicessoesnusvcanananaveoss 7.3 bits referred to 64 kbil/s

{Parameiers 112 or 114}

A1l digital measurements which can be selected with MODE can be .carried out on the received
654 khit/s signral.

A 64 kbit/s Toop {LOOPR, PARAM, 124} can be formed if a contradirectional 64 kbit/s interface is
fitted,

The digital~ and clock signals are codirectional,

{PARAM, 212 or MODE B92)}
Insertion of a 64 kbit/s signal into TS 16 or & se1ected-output TS.

The digital- and ¢lock signals are contradirsctionatl.



1.32 64 kbit/s CONTRADIRECTIONAL OUTPUT BN 984/00.04

Serial interface to CCITT G.703 for transmitting 64 kbit/s data signals. The 8 kHz octet timing
signal is transmitted as a bipolar violation of the 64 kHz clock signal.

Data and CT0CK ST0N21Saunennnnssssostnnanennn weemsrucasesneunnavasencnnavensranesess SYMMRLrICal
INpUt 1MPadantlesssrerversrsrssresrsnnnns P L 120 @
Return 1uss, 20 10 B20 KHZueiivessvusnssssansoransncnnnnsatassesrpoissnrrinssnnacansanas > 20 dB
Output signal shape and COd8auieraeveavrersnssnsnnrsenssanersrssvvvesvs 20 COITT 6,703, figure 7
Pulse amplitude at mid-point,

terminated With 120 Qe uueuunenoennen i iiiiiiiirsiasrsnrererrvisrsnssasarssnasass 1.0 0.1V

PUTSE SNEPE s vissveerervotssssnrnnnsassannnsssnrsasrarssnrennnnas P vuesnennsnss FRCTENGUT Y
"No pulse” amplitude,iveieiiorieisiisnenennnannnnes B 0.0 + 0.1V
Fulse widtheirsssuoissssrurssressscsnnanannane A 7.8 or 15,6 us
Positive to negetive amplitude ratic at Midepoinlesiececennorsosntsaranesnens veasas .95 to 1,05

Positive to negative pulse width ratio,
measured at pulse amplitude of 0.5 Viiisew.sn. Ty T Y P fesarane wesaas 0,95 to 1,08

(Parameters 112 or 113}
AT} output signals which can be selected with MODE or VAR, MODE can be transmittad.

The digital- and clock signals are contradirectional,

{PARAM, 222 or MODE B92)
Output of the 54 kbit/s signal from TS 16 or a selected input TS,

Tne digitat- apd clock signals are codirectional.

1.33 64 kbit/s TTL SERTAL TINPUT, BN 984/00.05

Serial interface for receiving of 64 kbit/s signals. The accompanying 64 kHz and 8 kHz signals
may be co- or contradirectional depending on application.

Inpul and oULPUT VO LAUES s uetausrsrusnvsssnnoentrotcsstnsasnacavesnsnnnnn cecsnssracses 1iL lovel

AYY digital measurements are possible with the received 64 kbit/s signal. A 64 kbit/s loop
(CODEC LOOP) can be connected to the 64 kbit/s TTL output,

The rising edge of the 8 kHz clock signal must correspond to the start of the first bit of a
received PCH octet.

Duty cycle of codirectional timing signal requiredesseesveveceeeneassssunsnssannsevessancsanse Uob

Feeding of 64 kbit/s signal into time slot 16 or into the selected time siot.
The girection of the 64 kHz and & kHz timing signals may be switched internally between co- and
contradirectional,



Codirectional 64 kbit/s input

In this mode, the 2 D48 kHz generator clock signal of the PCM-4 1s derived from the 8 kHz input
signal by means of a PLL,

The rising edge of the 8 kHz signal must correspond to the start of the first bit of a2 received
PCH oetet.

Duty cycle of codirectional timing signal required..viieeceseeesnces surmenraan O Y

Contradirectional 64 kbit/s input
The output signel amplitude of the 64 kbit/s clock may be switched between asymwetrical TTL
voltage and symmetrical about zero.

Duty cycle, 64 kbit/s CloCKesauiuviourernsacrcanvnnrrotnrrrnrensnnana tesesersennan Veravavses G5

Duty cycle of B8 kHz output signal and phase relationship with the PCH nctet switchable between
the following:
Rising edge of & kHz clock corresponds to the start of the first bit of received PCH octet.

Duty cyclesenas feanenssasssaarunnn fuahsnateenan . tetvrrrrsssusvernsensrrrnrss 0B

or

Rising edge of the 8 kiz clock corresponds to the start of the eighth bit of & received PCM
octet,

Pulse duration..eesuecsenssascasa Vhaskesvavene [P seaesarveneunn rowvnennsenvsns /o8 US

1.34 B4 kbitfs TTL SERITAL OQUTPUT, BN 984/00.06

Serial interface for transmission of 64 kbit/s signals. Fither co- or contradirectional timing
signals can be used depending on application.

Inpyt and output voltageSe..eea.. ebaaeeranaran Wrseensesncharhsbonnsnernnscnvevananass TTL Tevel

Al available digital generator signals may be transmitted., A 64 kbit/s loep {CODEC LOOP)Y can be
connected to the 64 kbit/s TTL serial input,

The direction of the 64 kHz and 8 kHz timing sianals may be switched internally between co- and
contradirectional,

Codirectional 64 kbit/s output
The rising edge of the 8 kHz signal corresponds to the start of the first bit of a PCM actet in
the 64 kbit/s signal, o

Buty eycle of timing STgRa)ausuus iuaaniorsiroionnascasncnsnsntbssresnsssreoscosnsenssonsos ea 0.5

Contradirectional 64 kbit/s cutput

Duty cycle of 64 kHz Clock $TgNaT. cussoricionrnrsncmsssorscsssonnnsonsssansnrsnrsnssssnncnease 0.5
Duty cycle of 8 kHz clock and phase relationship with the PCM sctet switchable between the
following:

Rising edge of 8 kHz clock correspends to the start of the first bit of a PCM octet in the

64 kbit/s signal,

DUty c¥Clearuivunvnssnnnnna L seresannenss 3.5

or

rising edgé of 8 kHz clock correspends to the start of the eighth bit of a PCM octet in the
64 kbit/s signal

Pulse T T 2 Us



Outputs a 64 kbit/s signal from time slet 16 or from the chosen time slot.

The rising edge of the 8 kHz signal corresponds te the start of the first bit of a PCM octet in
the 64 kbit/s signal.

Duty cycle of codirectional timing signal...... [ Peswderrearaansersav et rn o nen v 0.5

1,35 B4 kbit/s TTL PARALLEL T NPUT, BN $84/00.07

Parailel interface for receiving PCM octets,
The & kHz timing signal may be co- or contradirectional as required.

Input and output voltages........ BB b4 vt remaan e e NN bt r Tt e by vaawes TTL level

Al7 digital measurements are possible with the received PCM octet.

A 64 kbit/s lcop (CODEC LOOP) can be connected to the 64 kbit/s TTL output.

The data and signalling bit of a 7 bit p-law word at the octet input must become valld with the
incidence of the rising edge of the & kHz input signal.

Min. pulse duration 0F 8 KHZ S10M87ceuevrnvrnenneronnssnnnren Nvberhrrarranas Cebsorsaesan » 400 ns
5ignalling of 7 bit WOrdeeuesesvevearercnnrannsses trevnetneruaa erorereonnns Nabenereaen L signatl

Insertion of PCM octets into time slot 16 or into the selected time slot.

The data at the octet input must become valid with the incidence of the rising edge of the
contradirectional 8 kHz output signal.

Duty cycle of 8 kHz ¢lock s1gnaleseensvennnnnenns . HeLetrrtere vt hannanrasan veveses 0.5

1.36 64 kbit/s TIL PARALLEL OQUTPUT, BN 984/00.08

Parallel finterface for transmission of PCH octets.
The 8 kHz timing signal may be co- or contradirectional depending on application.

Output and input voTLageS.ereeveruevrenssnnrnne P vevsvesvenas 1TL level

A1l avaitabte digital signals may be transmitted.
A 64 kbit/s loop (CODEC LOOP) can be comnected to the 64 kbit/s paraliel TTL input.
The & kHz clock signal direction can be swiiched internally between co- and contradirectional.

Codirectional octect output
The data at the octet output changes with the falling edge of the 8 kHz output signat.
BULY CFCTR 0F B KHZ STONAT0areasnevnnsnsssnnnreseassssessoesesreesesssnenrsnssossenennn weans (3.5

Contradirectional octet cutput

The data at the octet output changes approx. 500 ns after the falling edge of the 8 kHz input
signal,

Min, pulse duration of 8 kHz L - 1) B



Use as demuitiplexer

Qutput of PCM octets from time stot 16 or from the selected time siot.
The data at the octet output changes with the falling edge of the codirectioral 8 kHz output
signal,

Buty cycle of B kHz signaleceecevnvensees e U

1,37 64 kbit/s V.11 T HTERFACE BH 984/00,09

Serial interface with electrical characteristics fo CCITT Rec. V.11; for transmitting and
recefving 64 kbitf/s signals. The 15 pin connector is configured to conform with COITT Rec. X.24
(1S 4902).

Jutput lines
Data-, timing- and control signalS.seevesvsnesersnncnsess vevesensnnnnsse symmetrical TTL signals
Pulse characieristiCSeeananasstrosasnesssnransnssonnenss betetimtrrrttme e nn A LOW = < 0.5y

HIGH = > 2.5 ¥

Input Tines
Dataw, Liming- and control STONals.uiierersvsrassrosrasaunssvarsstnssnsnsbartnnsscnns symmetrical

High load impedance; if the lines are unterminated, cable Tengths of up to 100 m are passible,
[ longer runs are requirad, syitable termirating resistors can be soldered into the appropriate
asositions on the p.oc.b provided,

Differential Inpul VO La0P . veusvsonnranssssnasssaanscnceoscsasncsnscannans reeeasrencee > 200 @Y
Common-mode 1ApHT VOTEE08. et rresooanarstararssatiransserarasnusrranssesassorsvivtcnnases <+ 7 Y
Hax. permissible differential voltage.. . .. Mahieaunebsuveantrasrbsnrisnrseatbrnsnseaavees t 25 Y

Hax. permissible common-mode VOTLA0E. esersireerissnsrncrnrssnssnsssarsosrosnracansansasas + 15V

(PARAN. 112, 113, 114)

AT1 digitel transmit. and receive modes which c¢an be selected with MODE are available. If A-A
configuration is used, the 64 kbit/s loop (PARAM. 124) can be closed. If PARAM. 1172 (63k/64k)
is selected, the PCHed aots as a DTE.

(MODE B92 or PARAM. 212, 222)

Insertion and extraction of separafely selectable 84 kbit/s sigmals.
Timesiot 16 fs always selected if PARAM. 212 or 2272 is used. In MUX/DEMUX mode, the PCM-4 acts
as a DCE.



1.3 RETURMN LOSS AND LONGITUDBINAL CONVERSIOHN
TRANSFER LOSS BRIDGE to {CITT Rec. D.121

for measurement of return loss and longitudinal conversicn transfer loss of Z-wire/d-wire
connections on the analog transmit and receive sides of multiplexer installations., Heasurement
of longitudinal conversion loss can be made from the analog to the aralog Tevel, as well as
across levels (A-D, D-A).

1.38.1  RETURN L0SS AND LONGITUBINAL CONVERSION TRANSFER LOSS BRIDGE, BN 984/00.181)

Reference impedanteicseneses ceranen csersnrann wcanenstaases Cierssuaas 600 Q, 900 @ and complex Z)

1.38.2  RETURN LOSS AND LONGITUDINAL CONVERSION TRANSFER LOSS BRIDGE, BN 984/00.111}

Reference IMPEdanteeiseessssrsssoscescvnreveansnsssnnsssnsnsnsvennnes G500 3, 850 0 and comp}exz}

1.38.3  SPECIFICATIONS

Max. d.c. voltage t0 eartheivesesersananns craaraiereseEreneres Gervmraasaveasaseraracacnen veeas B0V
B.C. voltage betwaen 19085 8 30d bovsveviriurerrvnsssrsnrscnirrnssrnnsesesnasvess N0t permissible
Error timits

within the recommended range for relative level (TX: -17 to +3 ¢Br and RX: -10 fo +10 dBr)

see 1.27.9.

1,39 REMOGTE COQHNTROL VIR <IEC626>/IEEE 488 T NTERFACE BUS

Option: <IEC 625> interface beard BN 958/21 with IEEE 488 connector

1.39.1  EXTERMAL CONTROL COMPUTER

Remote control of all functions and interrogation of results of measurements.

1.39.2  COMTROL OF MU.30 TEST POINT SCANNER

The PCM-4 can be used to control the channel selection of an MU-3C connected to the IEC bus
system, without the need for a control computer.

1.39.3  GRAPHICS PLOTTER {using HP Graphics Language)

Plots sgreen contents in arashical form.

1)} Either one or the other of the bridges can be fitted to the PCH-4
2 Complex impedance for return loss measurements:
220 Q in series with 135 nF in paraliel with 820 @; other values available on reguest,



1.40 VIDEQ OUTPUYT
Comnection for videc plotter or external monitor for display of screen contents as hard copy

or at remote Jocations,

OQutput to CCIR recommendations:

Qutput Tevel 00 75 Db i e e 1 Vpp
I T o e =1 T 15.8 kiz
Frame IOy . ot m it e e s e e e e e e e e 50 Hz

Monitor requirements:

# BAS signal input

& Line sync., on 1807 phase shift < §.6 ms
e Horizental sync,

E
|

I—-1<12;;s«-—1
l
|

I

ru—-—m_mw < s ]

T

984: 70

Recommended type:
ELECTROHOME Mod. EVM-1410X MNTR, No. 38-Vi(422-82/220 VY 50 Hz

1.48 GENERAY SPECIFICATIONS
Unless otherwise stated, the 1imit values given in the preceding seciions are valid within the
nominal ranges of use fer the influence quantities specified below.

1.41.1 POWER SUPPLY

Voltage selector setting Nominal range

110 ¥ 96.5 to 121 V

17 v 103 to 128 ¥

127 ¥ 111.5 to 140 V¥

220V 183 to 242 ¥

227 v 198 to 260 ¥

237V 208 to 281 ¥
Mains freguency, nominal range of use. ... . . ... .. . . .. ... ... ..., A28 1o 83 Hz
Power COMSUMEE F 0N L e e e e e approx. 150 VA

Safety class to [EC 348 and VDK B4l oo i i r et it air e st et e 1
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1.41.2  AMBIENT CONDITIONS
Iemperature
Reference LomPETatU B, L e e e e, 23°C
R T Bt ot N T O +5 to +0°C
Absolute maximum range, USB.. ... ... ... .t =10 to +55°C (for 2 hours)
Storage and transport. oL i e e a s -4G to +70°C

Reference range. ... .............. e e e e e e e e 45 to 75% r.h,
Nominal range, USE. ... ... ietoiin e e iiienacrnnnns 20 to 80% r.h., in any case g 20 g/m3
Absolute maximum rangs, USE.............. A, 20 to 90% r.h., in any case £ 25 g/m3
Condensation

Accidental condensation is permissible.

The PCM-4 may be operated if condensation is present, and will be fully operational 80 minutes
after switch-on. Conformity with specified limits cannot, however, be guaranteed under such
ccnditicns.l)

Mochanica ] SrE . . e Group 12)
1.41.3 MECHANICAL CHARACTERISTICS
Dimensions
Dimension Bench model 18" rack mount model (DIN 41494}
chassis front panel + handles
Width 477 mm ‘ 443 mm 483 mm
He ight 244 mn 220 m) 220 o
Depth 434 mm 379 mm 55 mm
Weight. ..o oo i e e et approx. 25 kg

1} The PLM-4 conforms to point 4.3 of preliminary standard FTZ 27 AN 1 [edition 4.82)

2} Further details can be found in the publication "Mechanical & climatic capabilities of
measuring equipment", which we will gladly send on reqguest [order no. e 2482).

3) The rack-mount chassis is the same height as the bench model without locating strips, feet
and compartment for short-form operating manual. Corresponds to standard 5 U height.




1.42

ACCESSQRIES

1.42

1 D.C. LOOP HOLDING CIRCUTY &GH-1, BN 984/00.12

Two d.c. loop holding circuits with a.c. coupled cutputs in ene housing. For maintaining the
loop current on the analog send and receive sides of multiplexers.

Inputs and outputs. ... ..o bajanced, floating, 3 pole {F connector
Signal balance ratio te CCITT 0.123
From 200 Hz T0 B KHZ. . o o i e e e e e > 46 4B
Max, d.c. voltage L0 @arih. it i e e 0V
Dynamic internal impedance
from 200 Hz toe B kMz......... e approx. 100 ki
from 6 kHz 10 20 KHZ. oL e approx. 50 kil
Max, holgding CUTTBRE . L i e e 100 ma
Voltage drop at B0 mA. . ......0covviini e e e approx. 12.5 V

Ambient temperature

oM ina ] TR, USB. . i e +5 to +40°C
Storage and transporl. ... e e e e -40 to +70°C
Atr humidity, use, Felalive. .. .. e e 20 to BO%

Fo LT T o S < 20 g/m3
Oy aTe = E- TN o e T see 1.41.2
Dimensions (W X h X d) 30 Bm. .. L e e 149 x 47 x 108
L LS e 2 R approx. 400 g

1.42.2  PLMZ-4 D €. DECOUPLING UNIT, BN 984/00.13

Capacitive decoupling of the analog signal generator {25}, the analog receiver [23] and the
2-wire input/output [243. Can be switched in or out on a~ and b-wires., Capacitance value is
100 uF switched in parallel with 1 MQ.

Max. d.c. voltage t0 earth. i i i e s 60V

Max. d.gc. voltage between a- and b-wires with decoupling capaciter switched in............. 60 V

insertion loss, decoupling capacitor shorfed out. ...t < 0.02 dB

Insertion loss, decoupling capacitor switched in

for input and Joad impedances Zin = Zaut ................................................ z 600 Q

in the frequency range 20 Mz to 50 Hz. .. o . e < ¢.5d8
B0 Hz £0 120 HZ. i et e e < 0.1 dB
120 Hz t0 4 kHzZ . oo i e < §.02 dB

Longitudinal conversion transfer loss with

B0C R termination, as per COITT Rec. 0.121/2. 3 it i i i e > 50 d8

Ambient temperature

Hominal mange, USB. .. .o it it +5 to +40°C

Storage and Lransport . .. e e e -4 to +70°C
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Air humidity, nominal range, use

L 8 2 - T 20 to 80%
F LT Y O U < 20 g/m3
ST Te s (LT R I A see 1.38.2
Dimensions (B X A X B M M. .ot et s 188 x 50 x 52
L 13 A approx. 320 g

2048 khit/s version, menu in English BN 984/01%
1544 kbhit/s version, menu in English,

WECO connectors ' BN 984/02
2048 kbit/s version, meny in German BN 984/03
1544 kbit/s version, menu ia English, )

1 214 APS conneactors BN 984/05

Optigns {charged extra}

Codirectional 84 kbit/s input BN 984/00.01

Codirectional 64 kbit/s output 8N 984/00.02
Electrical characteristics to CCITT G.703

Contradirectional B4 kbit/s input BN 984/00.03

Contradirectional 64 kbit/s autput BN 984/00.04
Electrical characteristics to CCITT G.703

Serial 64 kbit/s TTL input BN 984/G0.Ch

Serial 64 kbit/s 1TL output BN 984/00.06
Co- or contradirectional, depending on mode

Parallel 64 kbit/s TTL input BN 984/00.07

Parallel 64 kbit/s TTL output BN 984/00.08
Parallel 8 bit inpui/output with 8 kHz c¢lock signal

64 kbit/s V.11 interface BN 984/00.09
tnput/output via 15 way plug to CCITT X.24

Return Loss and lLongitudinal Conversien

Transfer Loss Bridge 600/300 ﬂ.l} : BN 284/0C.10

Transfer Loss Bridge 800/850 O 1 BN 884/00.1

120 kHz low pass fiiter BN 984/00.14

for out-of-band noise suppression
Analog generator output impedance modified
to Zcut = 0§ in place of complex impedance ‘ BN 884/00.34
Tolerance masks programmed BN 884/00.35

to user specifications

1} Only one bridge can be fitted at any one time. For return loss measurements: additicnal
comp lex impedance 220 & in series with 820 0//115 nF; can be modified at factory,



Software retrofitted to the latest status for
PCH-4 BN 484/01
PCH-4 BN 884/02
PCM-4 BN 984/03
<IEC 625> Interface Card
with IEEE 488 connector and connecting cable K 420

Test Point Scanner MU-30
with <[EC 825> Interface Lard
Balanced through-switching of 24 or 30 VF channels
in TX and RX directions '
0,L. Loop Holding Lircuit GH-1
with capacitor-couples cutput
1.5 m connecting cable
CF {male} to WECO 310 (ADC jack}
1.0 m connecting cable
CF {mate} to 1 214 APS (male)
0.C Decoupling for analog inputs and outputs, PCMZ-4
for use with BN 284/01 and BN 8B4/03 only.
{Not required if GH-1 is used).
IEEE 488/<IEC 625> Adaptor {m-m)
for <lEC 625> interface card
Front and Back Panel Covers $D-5, (1 set}
18" conversion kit

*

Equipped with the Versacoac:>9 75 ) basic_connector and BNC adaptor.

BN 884/00.41
ON 884/00.42
BN 984/00.43

BN 956/24

B 823/11

BN 984/00.12
K 348
K 438

BN 984/00.13

S 832

BN 700/00.25
8N 700/00.05

For other adaptor

types, see "Specification Sheet Versacon<§>g", and order chosen type when ordering

instrument.
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PCM-4 General Information

2 General information

2.1 Important safety instructions

A.C. mains voltage
Before switching on the equipment, make sure that it is set to the voltage of the power supply.

Safety Class

This is a safety Class | equipment (see [EC 348 or VDE 0411). The power cord supplied with the
instrument has a protective ground conductor. The a.c. mains plug must be plugged into an
a.c. mains socket that has a protective ground contact. Any interruption of the protective
conducter inside or outside the apparatus or disconnection of the protective earth terminal is
Hikely to make the apparatus dangerous; intentional interruption shall not be attempted.

Protective earth conductor

Before the instrument is connected to the measuring circult, a protective ground connection '
shail be made. !f the protective ground conductor of the a.c. mains can serve for this purpose,
then plug the instrument into the mains first. If the measuring circuit has its own protective
ground conductor, then this should be connected to the instrument casing before the rest of
the test circuit is connected.

Safety procadure for damaged or malfunctioning instruments

If the instrument

- shows visible damage

- fails to perform the intended measurements

- has been subjected to damp conditions,

it shall be considered a hazard, and shall be made inoperative and secured against any
unintended operation.

Fuses

Only the specified fuses shalt be used.

Opening the instrument

it may be necessary to remove the instrument covers to carry out repairs, maintenance and
adjustments. This may expose live circuits, so the instrument shall be disconnected from all
power scurces before it is opened. Repair, maintenance and calibration of the opened
equipment under voltage shall be carried out by a skilled person who is aware of the hazard
invoived.

Repairs

Repairs must be made by competent technicians. Care must be taken to ensure that the safety
characteristics of the instrument are not altered. In particular, the dimensions of clearances and
creepage distances and insulation must not be modified.

Spare parts

If spare parts other than those specified are Used, then always ensure that the safety
specifications of the instrument are retained.

241
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Safety tests after repair and maintenance
Protective ground conductor test:

Check the cable for visible signs of damage and poor connections. Measure the resistance of
the protective ground conductor between the a.c. mains plug contact and the instrument
casing. The resistance should be < 0.5 {l. $hake the cable during the measurement; tesistance
variations mean that the cabie is faulty,

Insulation test:

Measure the insulation resistance between the mains conductor terminals {shorted together)
and the protective conductor terminal of the instrument using a 500 V d.c. insutation tester.
Ensure that the mains switch of the instrument is in the "ON" position. The insulation resistance
must be »> 2 M{l.

2.2 Ventilation and rack mounting

2-2

Temperature, ventilation

The PCM-4 can be used in amblent temperatures between +5°C and +40°C. The instrument
does not employ forced ventilation, so it is particularly important that the convectional air flow
through the instrument is not obstructed by covering the ventilation slots i the panels.

When stacking several instruments together, ensure that the upper temperature lmit will not be
exceaded.

Rack mounting

The case dimensicns conform to DIN 41 494, [EC 297 and ASA C 83.2 (USA). The instrument
can therefore be fitted info & 19" rack.

The instrument feet and the plastic guides must be removed, and the two mounting brackets
screwed into posltion {figure 2-1). A 19" conversion kit, complete with fixing screws, can be
ordered (BN 700/00.05}.

Temperature within rack

The maximum temperature imit must not be exceeded when the instrument is rack-mounted. A
space of 1 U {44.4 mm) should be left above and below the instrument. The spaces at the front
of the rack can be covered with dummy panels.

Ventilation

The rack must be adequately ventilated. It may be necessary to buid in a fan which draws air
through a filter in order to minimise problems caused by the accumulation of dust.
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=) Plastic guides

Figure 2-1 Converting the bench model for rack mounting

2.3 Power supply, fuses

Mains frequency

A.C. mains with a frequency between 47.5 and 63 Hz can be used to power the PCM-4. The
neminal mains voltage must not vary by more than +10% or -12%,

Setting the mains voltage
The mains voltage selector switch on the back paret of the instrument is factory-set to 220 V.

It can be altered to select the following mains voltages: 110, 117, 127, 227 and 237 V. The fuse
should be changed if a voltage between 110 and 127 V is selected.

Fuses

We specify the following fuse values and types:

110, 117, 127 V: T2 A (2 A anti-surge)

220,227,237 V: T1 A {1 A anti-surge)

One of each type of fuse is found in the compartment on the back of the PCM-4.

Mains connection

The Instrument conforms to VDE 0411 or {EC 348 Safety Class |. The casing and ground
connector are thus directly connected to the protective ground conductor.

Therefore

- the instrument should only be connected to a mains socket having a protective ground
contact

- the mains cable supplied with the instrument shouid be used whenever possible
- it another mains cable is used, it must have a protective ground conductor,

2-3
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2.4 Switch-on

2-4

Mains switch

This is situated in the lower right-hand corner of the PCM-4. In the "ON" position, the button
colour changes 1o red.

Self test

After switch-on, the instrument performs a self test. All the important functions of the MASTER,
DiSPLAY, MEAS. FLOW and EVAL.-CIRCUIT processors are checked by this routine.

If a fault is detected, the test is aborted; in such cases the PCM-4 cannot be used. Depending
on the type of fault, flashing LEDs and/or an acoustic signal indicate the defective area of the
processor. Fault location procedures are explained in Appendix B. Normaily, the LEDs light up
for 2 s at the start of the test. if no faults are detected, the message "0.K." will be displayed on
the screen.

Brightness

As soon as.the EHT voltage has reached its nominal value, the result of the self test is displayed
on the screen, The display brightness can be reguiated with the control on the back panel [34].

Calibration procedure

The amplifiers and attenuators in the PCM-4 are calibrated. During the calibration process, the
relays inside the instrument will be heard switching, and the message "“CALIBRATING" will
appear on the display. If this process is successful, the message "O.K." will appear, and the
instrument is then ready for use.

CPU-2/1 (BRSTER)  RAH-ROX 0.3
CPU-272 (DISPLAY)  RAH-ROY 0L,
CPU-2/2 (HERS.)  RAH-ROE 0K,
FUAL.-CHREVIT RRH-REY G.K,

CALIBRATING o
e ot

Figure 2-2 Display fellowing successful self test and calibration
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Readiness for use

The key functions are enabled approximately 20 s after switch on when the screen display
changes automatically. This means that the PCM-4 is ready for use. The iast settings used
before the instrument was switched off are stored in RAM (for approx. 1 month) and are
restored, so that the instrument is set up with these old settings.

The screen display will be a list of all MODE A measuring mode options, (see figure 2-3), ora

graphicat display (see figure 2-4), or a numerical dispiay (see figure 2-5). Both the iatter
displays will, of course, not show any results.

HOE R WEASURENENT MOOE LIST ¢ 0
(1 LEVEL HERSUREHENT
€2y 055 KEASURERENT
{3y URR. OF BAIX HITH FREQUENCY
{43 VAR, OF GAIN HITH INPUT LEVEL
5 TOTRL DISTORTINN
€6y TOLE CHRMMEL MOISE
{7y CROSSTALY
) QUT-0F-BAND MERSUREKENT
%) HRRH, /IHTERH.DISTORTION
SELECT HODE X0,
S/
Figure 2-3 MODE Alisting
FOOE & 11 LEOEL KERS. THved0 RN0.0 dBr
1o : a DB
i us.:i
oHEE,
T Al
ik : : : :
RESUT) B4
': S
R | J
_,,‘2,‘5‘ uzn zn;e R
T80 CHRR.tY ~10.0948e8  Z0UH: A

.

Figure 2-4 Graphical display of results (MODE A 11 shown here as example)
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f
NIE 4 LEUEL MRS, TS0 el e
FREQHT Ris/d.ﬁmﬁt_! FREGHZ RESA48n{ a,ﬁ
A, N
g1 -
REST -
i 00
R T B 47 I

Figure 2.6 Numerical display of resulis [MODE A 11 shown here as exampile)

2.5 Disposal of built-in batteries

2-6

NiCd batteries are used in this instrument to back up data. These rechargeable batteries
contain heavy metals which could be a danger to the environment when the instrument is
scrapped.

Therefore, never get rid of the batteries using the normal waste disposal services, but instead
remove them as described in Annex G, Chapter C.7 and then

- hand therm in at the nearest toxic waste collection point or

- entrust them to a toxic waste disposal company who will recycle them or
- send them to your nearest Wandel & Goltermann Service Center.

This is a simple way of doing something for the environment.

The disassembly instructions in Annex C only apply when the instrumnent is being scrapped at
the end of its useful life. If the batteries have 10 be removed for any other reason, contact your
nearest Wandel & Goitermann Service Center.

The Service Center should also be contacted If you do not want to remove the batteries
yourself.
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3 OCPERATING INSTRUCTIOHNS

3.1 FRONT PANEL

CONTROLS

AND

CONNECTORS

for locations, see figure 3-1 at the end of this operating manual.

O

SET FUNCTION [T

MOGE {MODE] GENAL
LIST & [usmj PARAM

MGDE
LIST A

fr——
S

— MEAS.RUN D

O C O
{%@g%ﬁ} {START} [ 3?0?]
¢}

SPECIAL FCT )

WAR
MOOE

MODE
LET 8

A1l MODE A measurement modes are displayed on
the screen, A measurement mode is selected by
pressing the MODE number key in the DATA ENTRY
keypad [67.

A1l MODE B measurement modes are displayed on
the screen, A measurement mode is selscted by
pressing the MODE number key in the DATA ENTRY
keypad [6].

A1l GENERAL PARAMETERS are displayad on fhe
screen. A PARAMETER GROUP is selected by
pressing the appropriate number key in the
DATA ENTRY keypad [6].

Steres a complete instrument setiing.
A results page must previously have been dis-
played on the screen {see 3.4).

Recalls & previously stored instrument
setting (see 3.4},

Selection between GRAPHIC display {results
shown as a graph or bar chart) and NUMERIC
display (results shown as a sequence of nu-
merical values).

START measurement; green LED lights and key
functions are disabled except for /STOP/ and
/GENERAL RESET/.

STOP measurement; red LED Yights and kay func-
tions are enabled. The [MAN/S] and [SWp/S)
measurenent sequences stop autometically.

A page of results must be displayed on the
screen before the MODE MODIFICATION list can
be called up using the VAR MODE key. Choice of
VARIABLE MCDE 1s made by pressing the appro-
priate number key in the DATA ENTRY keypad
[s1.

H.B.: MODE MODIFICATICN is not part of the
normal operating sequence and should
not be attempted unless absolutely
n&céssary fer the measurement re-
quired.
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Ol wonaL

o REMOTE

—PARAM (8]

Duever | | 0T
SEND

FREG.
i RECY

a

LEVEL

REMOTE LED lights when PCM-4 {5 remote con-
trolted via the <IEC 625>/1£EE 488 interface,
The front panel keys are disabled. Switch over
to manual control by pressing /LOCAL/.

If a2 send level is displayed in the last lise
of the results page, this can be treated as a
parameter and altered,

After npressing /LEVEL/, the new value can be
entered using the DATA ENYRY keypad [6]. The
new value is displayed in reverse field
characters and is valid only after the ENTER
key has been pressed. If the level entered is
too tow or too high, a BEEP will be heard when
the ENTER key is pressed, and the level will
be set to the nearest Timit value.

if a send frequency is displayed in the last
line of the results page, this can be treated
as & parameter and aitered., After pressing
FREG., the new value can be entered using the
DATA ENTRY keypad EB8]. The new value is dis-
played in reverse field characters, When the
ENTER key is pressed, the freguency will be
set to the nearest possible freguency value to
the one chosen within the following ranges:

20 Hz to 3.99 kHz in 10 Hz steps with
possibie frequency values
in Hz:

n x 10,0375, n = 2 to
398

4 kHz to 72 kHz in 100 Hz steps with
possible freguency values
in Hz:
mox 100.375; m = 40 to
717

Both sets of fixed freguencies avoid any
direct subharmonics of the 8 kHz sampling free
quency.

If the frequency selected is too low or oo
high, a BEEP will be heard when the ENTER key
is pressed, and the frequency will be set to
the nearest limit value.




BOTH
CHAN

SEND
CHAN

RECV
CHAN

) &

]

3-3

Sweep/Single [SHP/S] and Sweep/Repetitive
[SWP/R] measurements are made on the basis of
measurement steps which are determined by the
increment switch /4/. 4 depends on the
running parameters, such as Tevel step, fre-
quency step or channel step, which are dis-
played in the lower right-hand corner of the
results page. IT /4/ s pressed, new values
for the level or frequency step {but not the
channel step) can be entered using the DATA
ENTRY keypad [6]. The new value is displayed
in reverse field characters, andg only becomes
valid when the ENTER key 1is pressed. Level
steps can be set with 0.1 dB resolution-in the
range 0,1 Hz to 10,0 kHz; frequency with 10 Hz
resolution in the range 10 Hz to 10 kMz. Too
high or too low a value i35 indicated by a REEP
when ENTER is pressed. The parameter will
automatically be set to the nearest limit

value.

A different send and receive channel can be
entered using the DATA ENTRY keypad [6] after
pressing /BOTH CHAM/. The new channel number
(for beth send and receive) is displayed in
reverse field characters and is valid only
after ENTER is pressed, Only the telephone
channels 1 to 30 will be accepted in the basic
setting,

As for BOTH CHAN but oniy for send chanpel
TX: CHAN.

As for BOTH CHAN but only for raceive channel
RX: CHAN.

Every time / = / is pressed, the rusning
parameters {level, frequency and receive
channel} are increased by the value of 4 , If
pressad continususty, the parameter is in-
creased in steps of 4 automatically.

Every time / <o / is pressed, the running
parameters {Tevel, freguency or receive chan-
nel} are decrsased by the value of 4 | If
pressed continuously, the parameter is de-
creased in steps of A  automaticaily,



s DATA ENTRY [E]

EENE
ls)le) L
ERIENEY
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GRAPH, SCALE

UPPER
[' VALUE

¥
L{owen
VALEE
UPPER
[‘ YALUE
X

L LOWER
VALUE

REL LEVEL [E]
der
REEV
48r

Keypad for input of all screen menu codes or
for entry of all parameters and vaiues for the
measurement sequence and the display of re-
sults, Keypad entries which are displayed in
reverse field characters become valid only
after /ENTER/ has been pressed,

To optimise the graphical display of the re-
sults, the upper and Tower scale Iimits of the
X and Y axes can be altered after the results
page is displayed. By pressing one of the
GRAPH, SCALE [7] keys, the scale limits are
displayed on the screen and the particular
value to be altered is displayed in reverse
field. The new value can be entered using the
DATA ENTRY keypad [6]. This new value is aiso
displayed in reverse field characters, and be-
comes valid when /ENTER/ is pressed.

ROTE: The value entered for UPPER VALUE must
always be the hichest value enterad.
The difference between the scale limits
must be
> 0.3 dB for level,
> 30 Hz for frequency, and

3 for channetl,

v

The new axes are displayed after softkey 6
[RTN] is pressed, If the scales have been cor-
rectly entered, the resulfs curve previously
displayed will automatically be redrawn to fit
the new scales.,

IF TX: - -~ is dispiayed in the top Tine of the
results page (digital send signals) then rela-
tive send levels cannot be used. (therwise, 2
relative send tevel can be set in steps of

0.1 dB within the range -19.5 fo +9.9 dBr by
first pressing /SEND dBr/ and entering the
value with the DATA ENTRY keypad [6]. This
refative level will be added to the send ievel
when /ENTER/ is pressed.
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If RA: - - is displayed in the top line of the
results page {digital received signals) then
relative recetve levels cannot be used, Other-
wise, a relative receive lavel can be set in
steps of 0.1 dB within the range ~19.9 to

+9.,9 dBr by first pressing /RECY dBr/ and then
entering the value with the DATA ENTRY keypad
{63, This relative level will be subtracted
from the receive level when ENTER is pressed,

The softkey functions are defined in software,
and depend on the MIDE selected; the key fuak—
tions are displayed next to each key on the
screen,

Softkeys 1 to 4
Depending on the MIDE selected, up to four

test configurations are available {except in
FODE 81, B2 and BB}, The actual configuration
is indicated on the screen by an enclosing
frame.

Seftkey 1 s pressed for Analog-Analog
measurements between the analog signal genera-
tor and the analog receiver of the PCM-4.

Softkey 2 is pressed for Analog-Digital
measurement on PCM coders {half-channel) be-
tween the analog signal generator and the di-
gital receiver of the PEM-4,

Softkey 3 is pressed for Digital-Analoy
measurements on PCH decoders (half-channel)
between the digital signal generator and the
analeg receiver of the PUM-4,

Softkey 4 is pressed for Digital-Digital
measurements on transmultiplexers and digital
circuits between the digital signal generator
and the digital receiver of the PCM-4.

Softkey &
Softkey b determines the measurement se-

quence.

One~shot {Manual/Single) measurement using
the parameters selected; numerical display of
the result is under RESULT on the left-hand
side of the screen,

Repetitive measurement (Mapuai/Repetitive)
using the parameters selected; numerical dig-
play of the result is under RESULT on the left
-hand side of the screen,



GENRL, AZSET

D

Displays result of a single swesp measurement
{Sweep/Single) in the form of a graph. The
measurement steps are determined by the valye
of 4 set previogsly.

Displays results of repetitive sweep measure-
ments {Sweep/Repetitive} in the form of a
graph which is overwritten by successive
measurements. The measurement steps are deter-
mined by the value of A set previously.

Softkey 6
The measurement results are displayed against

frequency, the frequency set for the send
channel being shown at the lower edge of the
screen, [SWP/5] and [SWP/R] measurements start
from this value.

The measurement results are displayed against
level, the Tevel set for the send channel TX
being shown at the lower edge of the screen,
[SWP/ST and [SWP/R] measurements start from
this value,

The results are displayed in the form of a bar
chart, each bar correspends to the receiver
channel that has been set {displayed at the
bottom of the screen as RX: CHAN). SWP/S or
SWP/R measuremants start with the RX: CHAN.
thus displayed.

The results of measurements made in MODE BB
{Bit error rate) are displayed in the form of
@ histogram,

The softkeys 4 to 6 are assigned additional
functions,

By pressing softkey 4, the next page of re-
sults is dispiayed on the screen,

By pressiny softkey 5, the previcus page of
results is displayed on the scraen,

By pressing softkey 6 the original page of ree

sults will be returned to the screen,

Standard settings are reset by pressing this
button,
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LINK
RESLY

=
=
! .

CLa
RESIT

PRINT

A1l the possible digital PCH words which can
be indicated by the LED array {corresponding
to bits 1 to B) ara displayed on the screen,
Tne PCH word is displayed by the LEDs after it
has been selected by pressing the appropriate
key in the DATA ENTRY keypad [61.

Results displayed as peinis are joined up to
farm a graph by pressing /LINK RESLT/.

If the results are given in numerical form,
successive pages of results are displayed by
pressing this key., After the last page, the
display will revert to the first page.

Clears numerical or graphical results dis-
played on the screen.

Depending on the seffing of GEN. PARAM
PRINTER/PLOTTER, the results can be output as
hardcopy on a HP-GL compatible plotter con-
nected via the <IEC 625>/1FEEE 488 interface,
or on & suitable printer {see 3,6.10).

Hoter & PCM-4 must be in system controller
mode; SC switch on <IEC 625>/1EEE 488
interface board should be set to OK,

¢ Plotter address = 29

®» Printer address = 30

o Switch on prister {plotier) pefore
switching on the PCHM-4,

Sets the analog signal recefver input impe-
dance. The display scans through the settings
if the key s held down. The impedance is
switched into circuit as socon as the key is
released,

CPLX: 220 @ in series with 820 {2 in parallel
with 115 nF fitted as standard,



3-8

~—INTERFALE E].uﬁ JTX/RXS can only be used for A-D or D-A

O O i@easurements. The énaéog segi signal can be
taken from the 2 wire output £24] for A-D
measurements when /TX/RX/ is pressed. The ana-
tog received signal can be fed into the 2 wire

input [24] for DA measurements when the TX/RX
key is pressed.

— TAIMPEDANCE/Q B Sets the analog signal generator output dmpes
dance. The displey scans through the settings

(500} 80 | 500 Py} o if the key is held down. The impedance is
switched inte circuit as soon as the key is
reteased,

YCPLXM: 220 in series with 820 @ in parallel
with 115 nF is fitted &s standard.
) Nete: If the fmpedance value has been modi-

Tied, refer to section 1.3. If Zin 7 (3
has been fitted in place of

zin
log everall Toss in modes AZ1, AZ2, AZ3

= CPLX, measursment of analog-ana-

and AZ4 is not possible if this impew
dance is selected,

O No s8N (:)-EHXSiGNAE@E Digital recefver input with 2 048 kbit/s in-
O Als 230 mVI78 G terface to CCITT G.703.
NO FRM r \
8N0MFW ~© ,_ The Tine code setting following GENERAL RESET
O 72350 ©3uﬂw is HDB3, which means that a 2 (48 kbit/s HDB3
7 120

coded signal can be input via the balanced
120 @ input or the 75 2 coaxial input. The
Ting code can be changed to AMI or NRY usinrg
PARAM, £ of the GENERAL PARAMTERS; the impe~
dance cen aiso be changed to > 3 kik in this
Way .

NOTE: [f the digital receiver line code is set
to NRZ, the signal can only be input via
the 75 Q coaxial input. The batanced fn-
put can only be used for HDB3 and AMI
{péeudo—ternary} coded signals. The
r.m.s. input voltage must not exceed
4 v,

QO HO SIGN. The pulse amplitude of the input sigral can be
between 30 mY ang 3 V. If the signal ampiitude
is too tow, the LED Tights.
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OAIs If the AIS LED lights, and Alarm Indication
Signal has been received. It consists of a
continous sequence of 1s [no frame structure)
and simulates an interrupted connection.

(O NG FRM The frame structure is monitored for conform-
ity with COITT G.732 after a GENFRAL RESET.
The NO FRM LED Yights 1f there is an errored
frame indication,
The frame identification LED can be disabled
(PARAM. 224) for use with 32 telephone chan-
nels with external 8 kHz frame synchronisa-
tion.

QO ¥0 MERM The frame structure is monitored for conform-
ity with CCITT G.732 after a GENERAL RESET.
The NO #FRM LED 1ights 1f an errored multie ..
frame identificatien is detected,
The multiframe identification LED can be dis-
abled for use with 30 channels with external
time channel 16 (PARAM. 222}, as well as 31 or
32 telephone channels (PARAM. 223 or 224),

Oz> 3R For monitoring the signal, the imput impedance
of both inputs can be set to > 3 kQ using
PARAM, 4. The Z > 3 k@2 LED lights to iadicate
this condition,

TXSIGNALE}E Uigital signal generator output with
(j) 23T 2 048 kbit/s interface to CCITT 6,703,
) l\ In the basic setting which follows GEMERAL
@W V RESET, HD83 code signals at 2 048 kbit/s may
kiiRed

only be taken from the 120 {2 balanced output.
The line code can be altered to AMI or NRZ
using PARAM. 3 of the GEMERAL PARAMETERS, IT
the cutput impedance is changed to 75 & using
PARAM. 3, then the 2 048 kbit/s signal can
enly be taken from the coaxjal output.

NOTE: MRZ coded signals can only be taken from
the coaxial output,



T CLOCK B

233V g

RECEIVE RX @f@
©
-©

2 048 kHz cleck signal output

In the basic setting following GENERAL RESET,
the 2 048 kiz clock is generated by the PCM-4
and can only be taken from the 120 Q ocutput.

¥ the impedance is changed to 75 Q using
PARAM, 3 of the GENERAL PARAMETERS, then the

2 048 kxHz clock can only be taken from the co-
axial outpui.

Phase relationship between clock and digital
signal:

The teading edge of the signal bft and the
rising edge of the clock signal are in phase

{if Vb/a is symmetrical).

4-wire input for analeg receiver, balanced,
floating. The input impedance RX-IMPEDANCE/Q
[131 can be altered by pressing /el /.

HARNTING

B.C. toading:

e Max. d.c, voltage referred to
earth potentialeivasevercovasrrannens ves GOV

& Overvoltage pretection circuit operates if a
voltage » 12 ¥
and b,

P 1% present between wires a

The message OVERL will be displayed on the
graphic or numeric display of results under
RESULT.

Measurements are not possible under these cone

ditions!

This problem can be avelded if a GH-1 d.c.
Teop holding circuit, 8N 984/00.12 s fitted,
or if a PCMZI-4 d.¢. decoupling unit,

BN 984/00.13 is plugged in to the front
panel.

2-wire in~ or output, balanced, floating.
2=wire outpyt from analog signal generator for
A-D measurements only, by pressing /TX/RX/.
Cutput impedance {TX-IMPEDANCE/G [151) is
changed by pressing /<y /.




SEND TX [‘ﬁ“ﬂ}@
] ©
©

NOTE: D.C. ioading - as for 4 wire cutput
{257,

2 wire input to analog signal receiver for
D-A measurements only, by pressing /TU/R¥/.
Input impedance [RY~IMPEDANCE/Q [13]) is
changed by pressing /o /.

NOTE: D.C. loading - as for 4 wire input
{233,

REMARKS: For D-D measurements, the 2 wire con-
nection can be terminated with a
compliex impedance of 310 Q in pargl-
Tel with 39 nF by selecting PARAM.
914 of the GENRAL PARAMETERS [use:

nybrid Toss measurements).

4 wire output of araleg signal generator,

balanced, floating.

Output impedance {TX-IMPEDANCE/G [18]) is
changad by pressing /e /.

WARNING

B.C. toading:
¢ Nax. d.c. voltage referred to
earth potentialececercrncracncns vennens 80V
# Overvoltage protection ¢ircuit operates if a
voltage > 11 Vp is present between lines
& and b.

The message OVERL will be displayed on the
graphic or numeric display of results under
RESULT.

Measuremenis are not possible under these

conditions!

This problem car be aveoided if a GH«l d.c.
Toop holding circuit, BN 984/00.12 is fitted,
or if a PCMI-4 d.c. decoupling unit,

BN 984/00,13 is plugged in to the front
panel.



3.2 BACK PANEL THPUTS AND ODUTPUTS (EXCLUDING OPTIONS)

For locattons, see figure 3-2 at the end of this operating manual.

Aktivierungssignai/AUX. SIGNAL Auxitiary signal outputs

‘ ) 2 )
OO © randon e i
A guasi-random noise signal, frequency range
I3 00

e 350 to 550 Hz, is automatically available as
Py = —ill.. =70 ¢Bm Py +40 dB
auxitiary signal only when crosstalk measure«
ments are being made. The signal Tevels are
-45 dBm at the 600 & balanced output and
approx. -5 dBm from the 600 @ coaxial output

{relative send lTevel of 0 dBr).

If an analog auxitiary signal is required for
other purposes, then after the results page i3
displayed, a MODE MODIFICATION can be entered
using the /VAR, MODE/ key. VAR MODL 182 sets
the psevde-random noise signal, and VAR,

MOBE 153 15 used fo set & 2 kHz sinusoidal

subharmonic signal. The signal output levels

can be set {in d8Bm0) using VAR. MODE 184, in

steps of 1.5 dB referred to the relative send
Teval.

Level range: (~70 - rel. level) to (-40 - rel.
tevel} dBm0,

The coaxial output signal Tevel s approx.

49 dB higher,

SIBNAL-TRIGGER Signal trigger output [321, ocutput impedance

O 75 0,
- A HIGH TTL pulse is available at output [32]

as a trigger signal (synchronous with the
transmitted signal in the selected T75).

ANALOG-ENCODER Analog encoder input £33]

An anaiog signal input at {331 can be applied
to the chosen TX: CHANKEL via an encoder for
O-A or D-D measurements. Before this can be
done, a MODE MODIFICATION is necessary using
the /YAR. MGDE/ key. VAR. MODE 245 should be
set in this case,

500 €2

=0 00



Input impedance .avvieeeeennes eessunss , 600 G
Relative level. iiivivivannns vakemesaas .o 0 dBr
Fregquency Fange.eciacseass.. 300 M2z to 3 400 Hz
Loading capacityuereviraceanns 3.14 dBr (A-law)

3,17 d8r {p-law)

Unbalanced LF output [36], output 600 Q,
The analog receiver LF input signal is
available at suxiliary ocutput [36] with a

&

© 00 :

Tevel in the range -3 to +3 dB.

BOG ¢
&
ANALCG-DECDDER ' Analog decoder output, unbalanced, output

impedance 600  [37],

Code words received from the selected RX:
CHAM. are decoded and output from [37] as
analog signals.

B0 €3

=© OO0

Signalling distortion input [38], input imped-
ance 750 @ referred to internal d.c. voltage
of -15 Vv,

&

The input must be switched to earth,

Closed resistance of driving switch..., < 300 Q
Opened resistante..ciiioecaieennonanes > 20 k2
Short circuit current.soraioivicaruvess 20 MA

SIGNALLING
DISTORTION

&
© 0

The signalling distortion input is used te
measure the duty cyele deviation of a 10 Hz or
20 Hz rectangular signal,

b

Signalling distortion output £39], a.c.
coupled.

©

By setting a MODE MODTFICATION, using the

VAR, MODE key after a results page has been
displayed, the duty cycle of the 10 Hz signal
can be varied in 1% {A-A or A-D configura-
tions)-or 2% {D-A or D-P configurations) steps
within the range 10% te 90%. This is done with
VAR, MODE 711, VAR. MODE 722 is used to change
the output frequency of the signal to 20 Hz.

Kennreichen
VEIZETTUAY
(@

© O



Jutput impedance {electronic switch):

Thtrsieiw t

P D PUlSEe tenrrenannanosrnannns brsasieaene €30Q
< 11 vonnsvanven > 20 kG
T SIGNALLING INPUT Hax. duc. 10881N0esesreresvncrnnnsnancs 206 mA

Max, switch voltageeerevecaovnosvanmrvras 70V

Signalling ingut [60]

in place of a static signalling setting
{PARAM. 518}, the status of the signalling
bits a, b, ¢, d for the selected TH: CHAN, can
be varied dynamically by means of TTL levels
applied to pins 1 to 4. For thnis, pin 11 myst
be-pulled LOW and PARAM, 211 of the GEMERAL
PARAMETERS must be selected.

prom e LI ent]
Pia 10 ] : {4

m-i 18 ps L»-—— -—4-3 19ps L-— ~
LB8 ns . fins
= T E

#* M

* Data on pins 1 to 4 must be valid.

Pin 1 a bit input
Pin 2 b obit iaput
Pin 31 o bit input
Pin 4: 4 pit input

Pin 10 500 Hz clock output
Pin 11: LOW for ext, sigraltling
Pin 13: +5 V, 50 mA

Pin 14 e
[I - N
£ Frame trigger output [61]
@ FRAME FrIAgeT GuLpuE LB o
& TRIGGER Frame trigger signal with TTL Tevel, rising
;L 8 kHz edge corresponds to start of time slot 9.

Permissible devaiation of start of timeslot ©
referred.to the frame trigger signal:

< 60 ms,

No signal for A-A measurements.

When operating the generator with external
frame trigger {PARAM. 333}, socket [84]
ensures phase continuity between the 8 klz inm-
put and output trigger signals {permissible
deviation +3G ns}.
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2 SIGNALLING/ERROR QUTPUT

fin i

- EXT. FRAME

]
L

Signailing/Error cutput [62]

If PARAM, 221 of the GENFRAL PARMMETERS s
selected, the status of the signalling bits a,
b, ¢, d of the Ri: CHAN. selected are output
at pins 1 to 4. The 500 Hz cliock signal is
only available at pin 11 when PARAM, 221 is
selected.

2ms

I

1B

Data exchange with rising edge of cleck on pin
1. '

Pin 1: a bit output

Pin 2: b bit cuiput

Pin 3: ¢ bit output

Pin 4: 4 bit output

Pin 5: approx. 125 ps error pulse if frame
error detected

Pin 6: Error puise, duration approx. 125 ps,
cutput each time a CRC error is
detected by the 2 048 kbit/s
receiver.

Pin 7: approx. 125 us error pulse if mylti-
frame error detected

Pim 8: 488 ns error pulse if code error dew

tected
Pin 11: 500 Hz clock cutput
Pin 13: +5 ¥, 50 mA
Pin 14: ok

Error pulses will only be output at pin § or
pin 7 when frame- or muitiframe errors occur,
if the frame or muitiframe structure corres-
pending fo £.732 is still recognised by the
digital receiver and the NG FRM or NO MFRM
LEBs are not 1it.

Ext, Frame trigger input [63]

For operation without & frame signatling word
{PARAM, 224}, an external 8 kHz frame signal
is needed to signal the start of each frame.
The rising edge of the frame trigger signal
corresponds to time stot 0. Max. deviation of
rising edge of trigger signal from start of
time slot O is +150 ns,



Ext, Takt/Clock
2086 ki

EXT, SYNC. 8 kHz

Takt/Clock

©) -

165 3

T8 LU2058 kM2

Clock and synchronisation input [64]

If the PCM-4 1s to be synchronised to the

2 048 kHz clock or the 8 kHz synchronising
signal from the test item, then PARAM, 332 or
PARAM, 333 or the GENFRAL PARAMETERS should be
selectad respectively. The input impedance can
be switched between 75 Q and > 3 k. The slide
switeh for this purpose is accessible by
puiling out the plug-in module. The rectangu-
tar input signal required must be between 1

and 5 V.

CYock freguency

PEQUITEd: o euanenaneanens 2048 Kz + 100 x 1076
Duty cycle vovevevnersarennmnsonesaas vesns 0.5
OPuvesrnnenannn cereenennans § kHz + 100 x 107°

If terminated with 75 Q {TX and RX sides),
high pulse {width > 488 ns) also available.

2 (48 kHz clock cutput [651

Recovered bit clock output, TYL level. & free-
running oscillater is synchronised with the

2 048 kbit/s signal, Pulling range of

regeneratoriee. . vaessaversisrnnes T100 X 1076
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3.3 O0OPERATING PROCEDURE FOR THE PoM4

FLOWCHART The operating procedure for the PCM-4 can he
rapidly understood from ihe three page flow-
chart, Important aids to selection and other
remarks are in the folliowing section; these
should be studied carefully beforehand.

HAINS ON . # A self Test routine is run in the PCHM-4. The
important functions of the MASTER, DISPLAY,
MEAS, FLOW, and EVAL,-CIRCUIT processars ars

checked.

SELF TEST & During the seif-test, the LEDs witl light
for 2 s, The switching of the relays will be
audible.

9 Yhen the EHT tine reaches its nominal volt-
age, the screen will display the results of
the self test, If no errors are detected
during the self test, the tegend 0,K. will
be dispiayed. (If this is not the case, re-
fer to the functional tests given in Appen-
dix B)

CALIBRATING

-

The CALIBRATING display indicates thet the
amplifiers and attenuators in the PCM-4 are
being calibrated, If this procedure gives
the result 0.K., then the instrument is
ready for use.

BATTERY CHECK ¢ When the PCM-4 is switched off, the RAM
contents are retained if the rechargeable
back-up batteries are sufficiently
charged. If the PCM-4 is operated
continuously for 24 hours, the battery
charge is sufficient to maintain the RAM
contents for 3 to 4 weeks at normal room

temperature,

NOTE: If insyfficient charge is available, it
is possibie that the memory contents
will be lest, Teading to incerrect
operation,

For this reasen, if BATTERY CHECK BAD
ts displeyed, the instrument
automatically resets to standard
values. This means that any setups must
be entered again.



GENAL RESET

Change
further
parameters?

ND

YES

The MODE A list or the results page {without
results!) will be displayed on the screen
with the previous measuring sequence set-
tings.
If there is any doubt that these settings
are correct - particularly the GENERAL
PARAMETERS -~ then press /GEMRL. RESET/.
The instrument will then revert to the
standard settings,
EXCEPTION: Settings made in STORE MODE will
be retained,

Before starting a measurement

NGTE  the following points:

[] Hait until the result page is comlete
on the screen

] Check the parameters which are displayed
at the edges of screen to see that they
correspond to the new measuring mode:
- Test configuration
~ Relative jeval
- Receive and send channels
= Running parameters
- Measurement sequence
- Increment
-~ X oand ¥ scale Vimits

] Make any alterations necessary using the
softkeys and the PARAM, [5I, RfL, LEVEL
[81, and GRAPH SCALE £7] keys.

[} Check that RX and TX impedances are cor-
rect and alter if necessary.

® Set analog interface to 2 or 4 wire
configuration,

Other parameters are very important (as
GEMERAL PARAMETERS) for setting up the PCM-4
correctly, particularly the settings of the
digital signal gensrator gnd receiver,

If digital signals are to be sent and/or re-
ceived, (D-D, D-A, or A-D configurations),
then the GENFERAL PARAMETERS should be checked
and corrected if necessary,
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STORAGE ANB RECALL OF ITNSTRUMENT SETTILIHNGS (SETURs)

The STORE and RELALL functions allow complete
instrument settings to be stored and recalled.
Standard or modified GENERL. PARAM, and VAR
HODE values are stored together witn the
measurement mode,

STORE function To store a measurement mode as & setun, a ree
sults page must previously have been displayed
4 ™ on the screen.
KGOE A 52 TOTAL DIST. 71 ~ R¥i -- fB
w ﬁ -8 Example:
Rit : i ; Mode A52 is to be stored as a setup.
7 N : 1w S _
! This s achieved by pressing:

: : . HMODE LIST A/ + /5/ + [2/ + JENTER/.
RESULT )™ T g 0-f Mode AS = total distortion,

j v Submode 2 = 422 Hz sine wave, to GCITT 0,131
& 3 / : 03

b

B S

o
518,1. |

! LEEL
\rx: CHAM, 1 -55.004Bm0 %228 Az 2448

vy
7~ ™ The neading STC MODE and a 1ist of all setups
SH-0E S § SETUP LIST § is displayed on the screen when /STC MODE/ is
WW— 810 | pressed, If no setups have been stored yet,
ggii Egg% the memory position numbers {01 to 40} and the
bros prvid available memory space (100%) will be disw
<170 2
s & played. The measurement mode setup can be
o o assigned to any memory position by pressing
gisi Eﬁg the appropriate number key{s) follewed by
o - JENTER/ (memory poesition 7 has been used in
b4 b the axample)
{19> 395 " P
<4
=0 M Important: A program for HP 9816 s given in
R ~ section 4.5.4 which allows the
. A setup memory to be transferred

to/from diskette.



4 I The measurement mode and configuration are
ST0-ROLE ¥ SETHP LIST & then tmmediastely displayed next to the mamory
W%M i position number: "AB2 D-0®, The memory space
023 <223 . .
a3 @ remaining s 99%.
{053 25
B8 asz b & A further 39 setups can be stored in a
{08, 28>
b & similar manner. To Teave the STORE mode, press
b a8 softkey § “RTN",
3> Ll
Q% Pais . .
:;:; 5352 NOTE: Results {numerical values, points and
piide 48 curves} are not stored.
£19> (4333 -
{20 <HE >
<50
mee 99 % | LA
N 4
4 ™ if an alteration has been made to a measure-
§T0-HO0F EAETIPLIST 4 ment mode via the VAR. MODE key, this will be
e MR 8L B P O S, ET indicated by ! when the mode is stored,
a5 & Exampie: “AB2! D-A"
84y 24> xampie: T
<65 2%
<GEY 426
<97 882 b0 27>
<48y 28>
89> RS2 0D 293
10> <363
<11 3ty
<52y 32y
€13 (23]
{14y (&3]
am €35}
<163 ey
472 i
<igd {38
<193 {393
<202 {40
582
FREE 97 %
. /
Memory CLEAR Measurement modes stored in memory positions
p ~ are protected against accidental overwriting.
. 1 ig i : L ALT
STO-HO0E ¥ SETUP LIST & If this s attempted, the message NO. ALREADY
S B0, MODE | BLH, LS. M0, MOGE o, ! 11 is . Tt ois, ¥ ,
. » B » il USED will be displayed. If it is, however
b & desired that the memory contents be over-
<04 24 . . N .
{05} (2; written, the previously stored information
¥ <
{2 2 00 pLide must first be erased. This is done by entering
{892 4293 Fed
::?i gg; the memory position number preceeded by &
gz 3 minus sign {e.g. ~9) and followed by /ENTER/.
{4y 4y
::2; :ii This clears the memory position cencerned,
e pEide which can now be filled by the new mode data.
18> (39>
<207 O >
< The complete contents of the setup memory can
[$-110]
BTN be cleared by entering .99,
FREE 99 %
Yedk A0, RLRERDY USED BEEE
A S




RECALL function

s —
RLMGE 8 SEIUPLIST ¢
by BOoDE  wCH, S, HO HODE 30K,
. 28 il
[€17-4] {22y
(€1 b €23
4047 {24
105} {25
[€1:-p] {26
<47y A%2 b-D {27y
€123 {28%
<09 AS21 - €297
<19> <367
{11 <3y
<12y (32
<13 €33y
14> My
{157 <15y
{167 <IE¥
A7y <32
<18> <38y
£19> <393
20> <G>
<50> MERS, SEGUERCE (%)
FREE 97 % Rm
.
(
ROLMOE  # SETUP LIST &
T ;
(330 21 QCL
gz {222
203 {23y
Ey 24>
Let=H] 28y
{06 <267
W7y A5 0 (e
o8> 28
09> ASZE D0 fe-i-53
<> <36
<Hy (3>
{i2y 32>
<i3> 35
(S {34
{15 352
(4157 Loi-n3
7y €37
18> <38
<19 €39
{20% <HE
<50 NERS. SEGUENCE (&)
FREE 9 % RTH

AN

448 N0 SUCH ST0-RODE we
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A measurement mode can be recalled from the
memory by pressing /RCL MODE/. The current
setup 1ist is displayed on the screen, this
time with the heading "RCL-MOBE". The memory
position number of the required setup should
then be entered and /ENTER/ pressed. Exit from
RECALL mode fs achieved by pressing softkey §
“RTN", The PCM~4 will then be set to the
Aeastrement mode which has been recalied.
Measurement can then be started by pressing
/START/.

If an unused memory positten 1s selected for
recall, the message NO SUCH STO MODE will be
displayed on the sc¢reen. Simply enter the
right memory position number followad by
JENTER/ to continue.
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3.4.1  LINKING SETUPS TOGETHER 10 FORM A SEQUENCE

The setups {(max. 43) 1isted in the SETUP LIST
can be linked tougether into a segquence, thus
atlowing any storad instrument settings to be
made automatically within a series of measurew
ments.

Hote: If the results are to be output onto an
ASCIT printer connected to the JEET 488 bus,
the PRINTER/PLOTTER parameters {PARAMETERS D6
to 09} must be set accordingly before the
settings are stored in STORE MODE,

The SETUP LIST is cailed up using /STO MODE/
or /RCL MODE/. /STO MCDE/ can only be used if
a graphic or numeric results display is alw

ready shown on the screen. Pressing softkey
STC in STORE MGDE or RCL in RCL MODE calls up
the PROGRAM MODE. The upper softkey s then
labelled PRO and the SETUP LIST is indicated
by PRO MODE.

™ Any of the setups under the SETUP LIST can now
FRO-HEDE ¥EIR LIST 3 be linked together into a seguence. Selecting
|S.to. sopE ok 'S, no.  wioE acw, ) . . ‘
P e e the address of the setup in the 11st and
{823 /Y B-q {22
tiggp e R3O e pressing /ENTER/ causes a * to appear in the §
*85r A3t R R <23 s
gy 26y {sequence) column next to the chosen setup,
075 {37
K N and an input field M is indicated under#CH,
LM {303 B .
an 1> (no. of channel steps) so that you can input
{62y <32y
4a pET4 the number of channet steps to be carred out
13> 435> . N
<16} 367 for this measurement setup.
17> {37
€187 {38> i i
pEied o ixample: A measurement of the vartation of
503 gain with frequency in MODE A31 is to be
[ B AL carried out im all channels with freguency as
y the running parameter, before storing MODE A3l

in STORE #MODE, the starting channel number for
the sendw and receive sides is set with
CHAN, 1. The meximum number of charnel steps is
39, so this value Ts also input. This will
then cause MODE A3l to be executed in chanmels
1 aes 30 with the ruaning parameter of fre-
quency. 1f, for example, channel 4 is given as
the starting channel, the measurement will
stitl consist of 30 steos, carried cut in the
sequence CHAN, 4 ... 30, GHAN. 1 ... 3.



™
PRO-HOLE ESETIPLIST #

S N, MODE wCW, LS. NG, PODE RCH,

<oy g1 RO 21> III!I[

ey Bl BA B b
* {03 R2Y A-D 30 423

0%y <34
¥ (05 83t AD — 2=

<06y <28

B2y {75

<687 (Z8>

09> {29>

<t 30>

(11 $31>

SrEh {327

P a5

Ciy £3>

15 <35y

18> 6>

{1y €37

{182 §382

(3424 {39>

{202 80>

{50

FREE oM % RTH

3.4.1.1  Removing a setup from a sequence

3.4.2  RUNNING A SEQUENCE

+,048r 50, 103\

A-A

A-0

HNote: IF channel has already been chosen as
the running parameter by pressing softkey
CHAN, the symbol -~ will be shown under #CH.,
and it will not be possible to fnput the
number of channel steps to be executed.

Exception: Channel is preselected as running
parameter for MOBE A7 CROSSTALK, A
possibie input of fhe number of
channei steps to be carried out
refers to the send channels, In
this way, 2% receive channels can
be checked for each of the 30 send
channels.

With the SETUP LIST in PRO MCDE, any SETUP
{*) can be removed from a sequence simply by
pressing /-/ -before entering the address.

A sequence of measurements can only be

started with the SETYP LIST in REL MGBE. This
menu is called up by pressing /RCL MOBE/. In
the Towest 1ine of the SETUP LIST under
address <G0>, the words MEAS, SEQUENCE {*} are
shown. If the address 50 is entered and the
JENTER/ key then pressed, the results page for
the measurement setup in the sequence with the
Towest address will be displayed. The address
is shown in the top right hand side of the
screen {e.g. SG.: 03). This information is
updated as the segquence continues. The se-
quence is started by pressing /START/, and all
setups marked with a * will then be carried
cut innumerical order of their addresses.

Note: The speed at which measurements can be
made is considerably decreased if all the
measurement resuits are printed out via the
ASCII prinmter. [t is therefore a good idea to
print out only those resuits which Tie outside
certain Timits {PARAMETER 07 or also PARAMETER
093,



3-24

3.4.2.1

interrupting a seguence

3.4.2.2

Clearing & sequence

NB: The time taken for the setting up of 2 new
display on the screen wihen the measurement
mode or the configuration is changed can be
eliminated only if the screen is switched off
with the instrument operating under remote
control.

A sequence can be interrupted by pressing
JSTOP/L 1T the GENERAL PARAMETERS are changed
or a MODE MODIFICATION is made subseguenily,
the sequence mode will be exited, and the
setup address {*} at the top of the screen
display will be erased. To restart in such
cases, address <50> must be entered ggain, IF
a menu page which does not have a RTN
{return} function, such as MODE LIST A, is
called up, this also forces the saquence to
restart.,

Changes 1n the parameters for the setup (*)
that has been called up will be accepted if
made using the keys [51. In such cases, the
segquence will not be exited, and pressing
[START/ will cause the sequence to resume
from where it was halted.

By entering -5C, the seguence set under PROG.
is cleared. Setups stored in memory are not
affectad,




3.5 GRAPHIC

OISPLAY OF

RESULTS

/
NOIE 8 52 TOTAL OIST. TH - &% - dfr
»ii.:é T T O | IJE A
w A
£, | 1.
| ; o
ResuL [ -4
# I
s
|
e a——" | L1
R

A00E A 32 TOTAL BIST.

T& == RRY - dBr

fxample of a page of results as & graphic dis-
play for a MODE A52 measurement.

Display of mode chosen from the MODE LISTs A
or B, In this case, MODL A 5 and SUBMODE NO. 7
have been selected, i.e. TOTAL DISTORTION
using SIME WAVE 422 Hz, CCITT. 0.131.

Dispiay of relative send. {TX) and receive~
{RX} Yevels in dBr.

Tevels cannot be shown, sfnce send- and re-

In this case, relative

ceive-side measurements are made using digital
stgnals (D-D).

Depending on the mode chosen, up te four
measurement configurations can be selected
{except in HODE Bl, BZ and B8). The actual
setting is indicated on the scraen by an
enclosing frame.

A=A for Analog-Anaioy measurement between
analog signal generator and analog
receiver.

A-B for Analog-Digital measurement between
the analog signal generator and digital
receiver.

D-A for Digital-Analog measurement between the
digital signal generator and the analog
receiver,

D~ for Digital-Digital measurement between
the digital signal generator and digital
receiver,



SHP/8

LEVEL

A= 2048
TH CHAN, 1 -55,004Ba0 - Y22H:

R¥:

CHAM,
1

RESULT

48

— tolerance mask

Single sweep measurement {Sweep/Single).
Measurement steps corresvond Lo the value of
the fncrement 4 set previously.

The results are displayed as levels {¥X-axis
= send Tevel). In this case, the range of
levels is between ~55.0 ahd +3.0 dBmo,

Increment display 4.

Code words are sent from the digital signal
genaratar (DD measurements) {n channel 01 at
a tevel of -55.00 dBmQ, and at a frequency 6?
422 Hz.

After the start of the measurement, the level
displayed is in¢reased by 4 = 2.0 dB for each
measurement step Tn SWP/S mode.

The code words received in channel 01 by the
digital receiver {D-D measurement) are svalu-
ated and the result s displayed as a point
corresponding to the sead level, The results
are displayed as numerical values upder RESULT
only {1f one-shot menual (MAN/S) or repetitive
manual {MAN/R} measurements are being made.

The scale Timits for the X and Y axes are
present using MODE & 52,

These limits can be altered using the GRAPH.
SCALE keys [91.

The tolerance mask can be erased using
PARAM, 924,



LINK W
BESLT

RESULT
SORT.
d8a

DOLROUL8Y f4e2s
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When the result corresponding to the upper
value of the X axis has been plotted (in this
case, +3.0 dBmQ}, the SWP/S measuring sequence
will stop. The red LED above /STOP/ wil}
Yight., The points on the screen can be joined
up with straight lines by pressing JLINK
RESULT/.

N.B.

This process can occasionally take guite some
tine, depending on the number of points to be
sorted, particularly if a few additional
measyrements are made after a large number of
measurements, or if measurements are made in
SWP/R sequence with a very small incre-

ment 4.

After pressing JLINK RESULT/, the points on
the graph are not displayed on the screen
until the sort process has ended. The prompt
SORT. appears on the left-hand side of the
screen and flashes on and off. SORT., flashes
more rapidly as the end of the process is
reached.

When the sort process is complete, the S0RT.
prompt is erased, and at the same time, the
points are plotted and joined tocether.

If the sort precess takes longer than 1w
45 5 a BEEP will be heard. In this case, the
control processor of the PCM«4 assumes that
the points cannot be sorted, and ne further
entries can be made. This condition is reset
by pressing /GENRL. RESET/, which will also
erase the points and the MODE setting,

The date (format DD.MM.YY) and the time
(HH.MM) can be entered using PARAM. 931 and
PARAM, 932 respectively. These values will be
displayed on the results page {graphical dis-
play) by entering PRAM. 934.

{N.B. DD.MM.YY = Day Day. Month Month. Year
: Year;

HH.MM = Hour Hour.Minute Minute).
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3.5.1  DISPLAY OF MARKERS INSTEAD OF MEASUREMENT RESULTS

RESULT
< ~-95.0
dBm0

RESULT
> +90.0
ds

RESULY
QVERLD

During the course of a measurement run, it is
possible that changes in the test object may
influence the measurement and render it im-
possible to display a meaningful result. In
such cases, the POM-4 displays an indicator in
place of the test resylt. The indicator is
shown on graphics and numerical displays under
RESULT, and in numerical Tistings next to the
corresponding running parameter.

< indicator

Warns that the measurement is below the lower
range Vimit., The value of the Tower range
Timit is displayed alengside the < symbol
{e.g. < -50.0 dB if the output level is inter-
rupted when making difference measurements in
MODE A21 GVERALL L0SS).

> indicator

Harns that tne upper range limit has been
exceeded, The value of the upper range limit
is displayed alongside the > symbol {e.qg.

> +90,0 dB if the output level is interrupted
when making difference measurements in MODF
AZ) OVERALL LOSS}Y.

MNote: The > indicator, together with a
measuramant result, will also be dis-
piayed if the input stage of the analog
recefver is pverdriven by a large out-
of-band or in-band noise level when the
signal level to be measured is small., A
broadband measurement up to 128 kHz may
be helpful; this can be set via VAR.MODE
533 for all MODE LIST A measurements
with the exception of MODE Al3 and MODE
ABL to AB3.

OVERLD indicator

If a voltage > 11 ¥ {analog generator output}
or > 12 ¥ {analog receiver input} is present
between wires a and b, the overvoltage
protection circuit operates, making measure-
ments impossible. OVERLD will be displayed. If
the voltage subsequently falls belaw these
threshold values, the overvoltage protection
circadit will cease to operate and the OVERLD
warning will no longer be displayed after a
period of about 100 ms.




RESULT
< >
dBml

Note: D.L. iselation of the inpuis and cutputs
can be achieved by using a GH-1 d.c.
Toap holding circuit, BN 984/00.17.

N.B. 1f PARAM 921 {MEAS. NOT POSSIBLE HALT)
setected, further measurements will be

s

impossible 1f OVERLD is displayed, The
measurement run will cantinue if PARAM
822 (MARK AND CONTIMUE)} s set,

Exception: If OVERLD occurs in the first
measurement step, further measure-
merts will be impossible in MODE
A3, A4 and BH,

<> indicator

I the indicator < > 15 shown instead of a re-
sult when the measurement cannot be carried
out, it should be possible to locate the
source of the problem with reference to the
measurement mode and the configuration. The

following notes are intended as & guideline:

A-A or §-A messdarement configquration
¢ HNo result will be possible if the auto-
ranging circuit
- makes wmore than 13 attempts to decrease
the sensitivity of the input attenuator
in steps of & dB;
~ makes more than 4 attempis to increase
the sensitivity of the input attenmuator;
-~ more than 10 alternations of the atten-

wator setting are made.

o The analog signal is overlaid with a d.c.
voltage. The resulting change in offset
level when the input attenuator switches
will not normally affect the measurement as
the software increases the watft time or
delqy.before making the measurement. If the
offset is still too large after this delay,
a measurement will be impossible and < >
will be displayed. VAR.MODE 421, DELAY
BEFORE MEASUREMENT may be of help here.

s An internal reference measurement is made
in MODE A2 [A-R], BI and B2, If the level
here 1s outside the range + 1 dB in MODE A2
or + 2 d8 in MODE 81 or B2, & measyrement
will be impossiblie.

& For measurements in MODE A5 and A9, the
wide band result is < 80 dB.



& If an error occurs in the reference
measurament for modes where a difference
value is calculated (e.g. OYERALL LOSS),
then ne measurement can be made. Possible
also in MODES AZ, A3, A4, BI, 32 and B83.

A<D or D-D measurement configuration

e If the digital receiver in the PCH-4 oui-
puts a NO FRM signal to the LED display
next to the input, it will not be posginle
to display a measurement resulf.

1f Toss of synchronisaltion occurs during
the measurement in MODE BBl ... B84, N0
SYNC will be displayed instead of < >.

¢ {roup delay measurements in MGDE

851 .... BS54 cannot be carried out if the
modutation depth (m) of the receive side
group delay signal 1ies outside the
following 1imits:
« modulation freguency 41.666 Hz:

? o= 0.16 .., 0.25
- modulation frequency B3.333 Hz:

m= 0,20 ,,. 0.32
The recsive signal level must be > 27 dBmd,
as the LOWER RANGE LIMIT is -27 dBm0.
VAR.MODE 521 can be used to set another
value,

@ If no change in the input signal occurs
within 200 ms, no measurement will be
possible in MODE BE and B7.

Hote: If PARAM 921 {MEAS. NOT POSSIBLE HALT)
is selected, further measurements will be
impossible if < > is displayed. The measure~
ment run will continue if PARAM 922 (MARK AND
CONTINUE) is set.

Exceptioh: 1f < > oceurs in the first measure-
ment step, further measurement will
be impossible in MODE A3, A4 and

B5.




RESULT NOSYNC indicator

8T ER If the digital receiver in the PCM-4 outputs a
NO SYNC NG FRIt signal to the LED display a measurement
0CT ER resuit in MODE BB1 ... B84. NOSYNC will he MO
SYNC displayed instead of < > if Toss of syachroni-

sation osccurs during the measurement,

i Note: If PARAM 921 (MEAS. NOT POSSIBLE HALT)
E '; '; R A is selected, further measurements wiil be im-
E E E E 2 E E E :; possible if MO SYNC is displayed. The measure-
A T ment run will continue if PARAM 922 [MARK AND
J:.. E....;S‘.«.,s.....é. J:n ..E .:.....‘:.....T. CONTINUE} is set.
4 M M PR
L) L) £ ] + ] L i 1) 1 A
‘B BE ‘BR R vy _indicator
1 A H 1l H HE As well as the MOSYHC or < > display in the
3 5 % E 3 E E E E E Teft hand screen margin, the C indtcator will
: :é'.O: : :0: 4+ HE be shown in the channel or time interval
" .......q..... T g— o position on the graphics display for MODE
381 ... B84,
3,34 i +id.h,
~-45 . 8@ i +28.82 * indicater
~4t.%a i FEF.81 If the result exceeds the tolerance threshold,
—i—[,%@ ’ "él?: the numerical value of the result shown on the
"ff“_f‘? ' @ screen will be marked with *,
e IS 1% i To4 .00
-25. 50 ; @ Mote: The tolerance threshold values can he
“T1 .68 i +36 .45 printed out on a printer through the use
~17.68 : +34,35 of parameters 08 and 09 {see 3.6.10).
i3.09 i +34 .98
ag ‘ 1?’8 ) I indicator
) . Signalling distortion measurement results in
RESULT MODE 86 are marked with 2 1f the closing and
I +3.0 opening resistances of the fest object lie

s within the range 300 @ to 20 k.




3.6

GENERAL PARAMETERS

-
PaRRK, % GENERAL PRRAMETERS 4

(1) DIGTTAL CONFIGURATION
() FRAME SELECTION

(3 Dig]TAL TH [WTERFACE

) DIGITAL RR ISEERFRCE

3 DIGITAL WORES IR TR FRAKE
{6>  TX ERROR INSERTION

{7y PC# ENCODING

{8 SLRNMER PRRRMETER

{3 SPECIAL PRRANETER

) PRIATER / PLOTTER

3.6.1

SELECT PRRAMETER GROUP HO. OR RTH

PARAMETER LIST 1: DIGITAL CONFIGURATION

4 | \
MR.( § LIGUTRL CONFISURATION ¥

8 (115 GENERAL CONFIG, IR/RK 247 ZKbivss
{4 AYuralEbitss
{3} 417 Mbitss
{ Hrbichitss
{15; THROUGH 2Hbit/s TRRKSP,
{18} THROUGH 2Mbit/s TNSERT,
(24} DIGITAL 1009 (R-R) Maitsefll T8
{223 Mhitsss8LT T8

B OPER/RUR, 18K,
4 B3khitss

SELECT 40, ENTER OR RTH

A11 the general parameters for the PCM-4 are
given in Tists 1 to G. These 1ists are dis-
played by pressing the appropriate number key.
The individual parameters in the lists are
selected by entering the two-figure number
followed by /ENTER/. Parameters selected in
this way are marked with *¥* gn the screen.

The parameters are used Lo configure the PCM-4
for the particular measurement to be made. If
& parameter cannot be used, an error message
is shown om the screen. The following sections
describe the general parameters jn detail.

Parameters which are set when JGENRL RESET/ is
pressed are marked {*} in this section.

AlY possible digital configurations of the
PCM-4 are listed fn parameter list 1 of the
GENERAL PARAMETERS. The activation of the
digital generator and/or receiver for both the
2 048 khit/s and 64 kbit/s interfaces is
dependent on the choice of parameters and the
chosen measurement configuration (A-A, A<D,
D-K or D-D). If the digital generator is
active, the selectad signal s output, other-
wise the idle channel signal is used {para-

meter 516).




3.6.1,1  Parameter 111 (*)

GENERAL CONFIG. TX/RX 20/ 2 Mbit/s
Yy v vV
After parameter 111 has been selected, the
B kbit/s Bhkbit/s de~ coder generator and receiver for the 2 048 kbit/s
Hhd RX coder

interface can be activated by selecting a
measurement configuration,

PCM-4 AUX,
signal <

Parameter 121 and A-A measuremeni confiqurw

ation

|
i ) ) Selection of parameter 121 causes a transe

2Mbit /g MBIt & Analag Anelog parent Toop to be set up between the receiver
R 1% RY T and transmitter of the 2 048 khit/s interface.
Selecting A~A measurement configquraiion acti-

i ] 1 3
[ -~ o L) vates the transmitter and generator of the

analog interface. If a 2 048 kbit/s signal is
fed to the digital recelver, the entire bit

stream will be retransmitted unchanged by the
transmitter. A typical application for this
combination of parameters is for measurements
an PCH MUX/DEMUX equipment,

MiX JEMUX

NOTE: You can only select parameter 121 when

the lire {interface) codes for the transmitter

484-1

{parameter 1ist 3) and the generator [para-
meter list 4) are the same. If this is not so,

the error message

LINE CODES TX/RX  DIFFERENY

will be displayed on the screen.

<IEC 625»/1EEE 488 interface bus For sutomatic measurements, a test point
scanner can be used. The MU-30 can be con-
| oooon ooo oo i
[ trolled by the PCM-4 directly, via the
@l mo oap oo
. ml og oo a o IEEE 488 bus {see 4,2.2.1}%
i ol g oo =}
o 50 oEoo W] :
= ICEEETRON) fmfmimboe] [ma e ] NOTE: The MU-30 must be switched on before or
at the same time as the PCM-4, and in any case
[ [23] [25] before the end of the PCH-4 calibration se-
4“ ?TX quence, otherwise remote control from the
PCM-4 will not be possible.
TEST POINT Tne signal from the analog generator in the
SCANNER K . ; ;
MU=30 PCM-4 is fed to the multiplexer inputs, The
V 2 048 kbit/s digital sigral from the muiti~
RX A 1 A . {E} plexer is looped through from receiver to
e ‘7 generator and fed back to the demultiplexer,
The decoded signal is then fed back to the
analog receiver in the PCM-4.
PLM
MULTIPLEXER

*mmbim

984 : 74




111 122 A-A
b 4 b A 4 bl
4 13 N 1
Bhkbit/s Bh kbitss dew
1 - coder coder
PLM- & AUX.
signal
LKL
=
| ]
2Mbit /s IMbit/s Arelog Annlog
X X ’X X
I{ 1 H i
A ~ ~ Fa)
.
7
MUx/ .
DEMuX .
3 2

Parameter 122 and A-A measurement configur-

ation

Parameter 122 aliows for digital channel
switching at the 2 048 kbit/s level. This
configuration is specially intended for
measurements on Z-wire MUX/DEMUX systems, In
this case, cnly cne channel is looped through,
the others being fed with the idle channel
signal set with parameter 516. The PCM-4, how-
ever, is connected for 4-wire operation. The
analog receiver and generator are sach cone
nected to a channel of the MUX/DEMUX. The
switching between channels is done by the
PCM~4 on the 2 Mbit/s side. In this way, the
channel with the best characteristics {in the
axample: channel 30) can be used as reference
for ali the other channels,

Example:

The contents of channel 7 are to be trans-
ferred to channel 30,

The entries under *TX" and "RX™ shown on the
screen apply to the 2 Mbit/s digital inter-
face. In this example, "R% = 7% and “TX = 30%
would be entered. This causes the analog
generator to transmit a signal from the d-wire
output of the PCM-4 to the 2-wire input of
chanpel 7 of the MUX/DEMUX. The digital infor-
mation in channel 7 is switched through to
channel 30 by the PCM-4 and the idle channel
signal is fed to channel 7. The signalling
bits for channel 7 (bits 1-4 in timeslot 16 of
frame 7} are transmitted in bit positions 5-8
of timeslct 16 in frame 15. The analog signal
from the 2-wire output for channel 30 of the
MUX/DEMUX must be fed to the 4-wire input to
the analog receiver in Lhe PCM-4,

Channel switching with é-wire MUX/DEMUX equip-
ment s also pessible, For this, the use of an
MU-30 test point scanner is good idea.

NOTE: This switching is only in one direction,
i.e. the contents of channel 7 are switched to
channel 30, but the contents of channel 30 are
not switched to channel 7.

i
S



111 123 A-A Parameter 123 (*) and A-A measurement con-

auxiliary figuration
igit i RE: CHAN 10 TH: CHAN 10 . .
digitel stonai R This is the basic setting of the PCM-4. Para-

ﬂ meter 123 does not cause a digital lTcop to be
(4] (2] formed at the 2 048 kbit/s level. In this
T case, the digital generator can be used to
Hﬂwﬂ; provide an auxiliary signal selected under

A A "WAR.MODE 2xx". A typical application for this

parameter configuration is for sidetone level
measarements (MODE A76 ... A79).

Z0LB kbits '

98475

111 124 A-A Parameter 124 and A-A measurement configur-
ation

Parameter 111 and 124 cannoct be selected koo
gether, as parameter 124 is intended for
operation with 64 kbit/s interfaces. If the
two parameters gre selected together, the

Brror message

BIGITAL LOOP  NOT POSSIBLE

will be displayed on the screen.

111 xxx  A-D A-D measurement configuration (half-channel

measurements)

<IEC 625>/1EEL 488 interface bus If softkey 2 is pressed, the A-D measurement

al aooos ooo a o configuration will be set up for half-channel
g oo aon J— measurements on PCM multiplexers. The aralog
g gg ggg o g = generator and the digital receiver are active,
0y 0o Qoo o 0o o In this setting, parameters 121, 122 or 123 in
= CIEE3ET 0w & 14st 1 have no meaning.
28 (21 [23] 1751 The digitgi signal generator supplies a
" 2 048 kbit/s signal in which all channels
ka X * contatn a static idle channel signal. The
signal is avaitable at output [21]. The code
ggigNEgENT word for the signal in the selected channel is
MU-30 found under "VARLMODE 251", that for the non-
selected channels being under "GENFERAL PARA-
“
<7 METER B16".
(2]
PCM
MULTIPLEXER
] .
2048 khitss =
=




111 xxx  D-A 3-A measurement configuration (half channel

<IEC 625>/IEEE 488 intarface bus measyrements)
T ‘ |
% moooD Dog 2 0 j
oy oo oo 00 The D-A measurement configuration for half-
o go oo [ ] }
o g oo =] channel measurements on PEM demultiplexers is
f oo ooc on ; . s
set up by pressing softkey 3. The digital
O seerenss Qoo oo [w} . .
generator and the analoeg receiver are active;
1207 [21] 12 1] the analog generator is switched off
% ("VAR.MODE 141"}, Parameters 121, 122 or 123
ﬁ){é | in list 1 have n¢ weaning in this measurement
cenfiguration,
TEST POINT
SCANNER
MU~30
1134
Tat
(4]
PCH
MULTIPLEXER
[o] 4
2048 kbitk =
111 xxx b-0 0-b measurement configuration
i The D-p measurement configuration for investi-
o coocn oon o ol o . . . .
o s gations between digital interfaces is set up
o 9o @oo ot , " \
0 OO Doy o [=ilin} a by pressing softkey 4. This enablies measure-
of oo ooo =
af A0 oo o o ments on transmultiplexers to be made, for
[ eevnenns OO0 [m ] o example. The analog generaior is switched off
("VAR.MODE 141"), Parameters 121, 122 or 123
{1 (21 ]| {25} in 1ist 1 have no meaning in this measurement
configuration,
\
TRANS - \
2 048 Kkbit/s MuLTIeLEXER | FDM J Loop
= 2o




3.6,1.7

xxx  BA2 ... BE4

Parameter 117

8it error measurement modes (B82 ..., B84)

This measurement configuration is specially
intended for bit error measurements on a
setected 64 kbit/s channel,

Overview table of measurement configurations

with parameter 111, TX/RX 2 Mbit/s-Z Mbit/s:

£ = send signal

0 = idle channel signal (can be changed with
"YARLMODE 2xx") or analog generator of F,

Config- 2 048 kbit/s | 64 kbit/s | analog
uration | TX |RX TXO| R} TR RX
[A-A] 0 XX
[A-A2 Toop x|k
[A-D7 o x X
[D~AZ X 01X
(003 PR B 0

and BB2 X X 9

to B84

GEMERAL COMFIG. TX/RX 64k /64 kbit/s

This interface is intended for two areas of
cperation:

- Mode list A and B measurements on CODECS
- Bit error measurements (B82 ,.. 884),

PLM-30-F muttipiexers can he fitied with both
speech and data channels. The data channels
{as with those of data multiplexers) normally
have codirectional interfaces to CCITT

Rec. G.703, operating at 256 kbaud. When para-
meter 112 has been selected, the selection of
a measurement configuration will activate the
generator and receiver for the 84 kbit/s
interface (see 5.1).



A

3-38
112 121 A-A Parameter 121 and A-A measurement configur-
atien
Here, parameter 121 does not cause a loop at
the 2 048 kbit/s level on the digital side,
Selecting the A-A measurement configuration
activates the analog generator and receiver.
The digital generator provides an idle channa?
signal ("VAR.MODE 251%).
112123 A-A L Parameter 123 and A-A measurement configur-
stion
The &4 kbit/s gensrator provides an idle
channel signal ("VAR.MODE 251"},
112 124 xxx ¢ The parameter combination 112 + 124 is
‘ intended for A-A or A-0 measurements on
CODEES.
NOTE: Since there are very few CODECS which
have either an 8 bit parallel or a 64 kbit/s
serial interface, some kind of interface
matching must be provided &t the input to the
coder, decoder or CODEC so that it can be
connected to the 64 kbit/s interface of the
PCM-4, or else an interface converter must be
switched into the circuit.
112 124 A-A Parameter 124 and A-A measurement configurw
ation
b ot ‘é’ Y o
1 X £ i
interface Gl khitfs b4 khitA decodar coder interface
matcehing X RX matching
PCH -4 AUX.
signail €
de- IMbits Mbit/s Analog Analog d
cader RX 4 R 1 coder
L
A A A A~

984: 80

I N




112 xxx ASD

This combination of parameters is not fypical
for measurements on PCH CODECS. Any coder at
point A can be connected to any decoder at
point 8. A-A measurements are, however,
possible. Half-channel measurements are
normally required under standard test proce-
dures. Parameter 124 causes a transparent loop
to be set up between the receiver and gener-
ator for the 64 kbit/s interface. Selecting
A-A measurement configuration renders the
receiver and generator of the anmalog interface
active, If a B4 kbit/s signal is fed to the
digital receiver, this will be retransmitted
unchanged by the generator. The array of

8 LEDs below the screen of the PCM~4 shows the
PCM actets which are looped through.

NOTE: If the codirectional interface to CCITT
Rec. G.703 (BN 984/00.01) is used, the octets
can be displayed, but the 64 kbit/s loop
¢annot be completed.

A=) measurement configuration

I

A4 "4 4 A

1 i H 3
514 khit /s B kbit /s interface

Tt R decoder coder matching

AUY. ]
PCM-4 signal <

2Mbit/s IMbit /s Analog Analeg coder

RX 1% RX X

A A A S -

! éé



112

XXX

A

This is a typical half-channel coder measure-
ment. The A-D configuration for testing PCM
coder modules is set by pressing softkey 2.
The analog generator and the 64 kbit/s digital
receiver are active.

In this configuration, parameters 121, 123 and
124 in list 1 have no meaning.

b-A measurement configuration

Y. Y .Y i
interface sLibitss bhkhit/s de-
matching T¥ BY coder coder
A% ]
signal €
da- IMbitss IMbit/s Analog Anelog
coder 1Y T¥ RY 1y
] 1| 1 1
~ ) ) -~ o
|

This is a typical halfwchannel decoder
measurement, The D-A measurement configuration
for testing PCM decoder modules is set by
pressing softkey 3. The 64 kbit/s digital
generator and the analog receiver are active,
The analog generator is switched off.

In this configuration, parameters 121, 123 or
124 in Yist 1 have no meaning.



Parameter 121 and modes B82 .., B84

048 kbit/s

; b Y hd
Bhkbitf B4 kbit/s de-
1 R coder coder
AUX.
PEM-4 signal <
2Mbit/ss EMbit/s Anateg Analog
RX X R TX
H i i 1
[ ~ Fa)

984 . 83

§-D measurements can made, but are not
sensibie, Data multiplexers can be checked for
faults using & pseudorandom sequence (see
modes BB2 ... B84). Both the digital receiver
and the generator for the 84 kbit/s interface
are active, The important point about this
particular configuration 15 that ar internal
loop is set up between the receiver and gener-
ator at the 2 048 kbit/s digital level. This
makes Tt possible to make error measurements
on data multiplexers and demultiplexers. For
this application, a MU-30 test point selector
is used, which can be controlled directly by
the PCM-4 via the IEEE 488 bus.

NOTE: Parameter 122 and Modes BR2 to B84

The 2 048 kbit/s loop {Param, 122)
aliows switching of the 84 kbit/s
signal from any RX channel to any TX
chaanal.



Parameter 113

The 64 kbit/s digital signal from the PCHM-4 is
fed to the Inputs of the data multiplexer. The
2 048 kbit/s signal from the data multiplexer
is looped through from the receiver to the
generator on the 2 048 kbit/s interface, and
fed back te the data demultiplexer. Channel
information is fed back to the 84 kbit/s re-
ceiver via the MU-30 test point scanner.

Overview table of measurement configurations

available with parameter 112, TX/RX 84 kbit/s-

B4 kbhit/s5:

X = send signal

0 = idle channel sigral {can be altered using
"VARMOBE 2xx™) or analeg generatar off.

Config- 2 048 kbit/s | 64 kbit/s { analog
uration TX | RX TX [RX % | RE
fA-a1 0 LR
[A-A1 lcop XX
{A-D} 3 X X
{D-AZ X 01X
[D-p] Toop b X 0

and BB2 Toop X X 0

to B84

GENERAL CONFIG. TX/RX 64k/ 2Mbit/s

This configuration is primarily for error
measurements {B82 ...B84} on data multi-
plexers. Other configurations are possible,
but are either covered by other parameters or
are not sensible,

After selecting parameter 113, the

2 048 kbit/s recefver can be activated by
selecting a measurement configuration. This
setting is only possible if parameter 222
{which affects the 64 kbit/s output) has not
heen selected. Otherwise, the error message:

64 kbit/s QUTPUT  NOT AVAILABLE

will be shown on the screen.




The only second parameter allowable in this
configuration is parameter 1723
(OPEN/AUX,SIGN.}. If parameters 121, 122 or
124 are selected after parameter 113 has been
selected, the error message

GIGITAL LOOP  NOT PGSSIBLE

will appear on the screen.

A-f measurement configuration

The analiog generator and receiver are active.
The generater for the 64 kbit/s interface can
be used to provide an auxiliary signal
{"VAR.MODE 2xx").

This setting is already covered by parameter
112,

A-D measurement configuration

The A-D configuration is set by pressing soft-
key 2. The analog generator and the

2 D48 xbit/s digital receiver are active, The
generator for the 64 kbit/s interface can be
used to provide an auxiliary signal {“VAR.MODE
2xx"}. This setting s already covered hy
parameter 111.

D-A measurement configuration

The DA configuration is set by pressing soft-
key 3. The &4 kbit/s digital generator and the
analog receiver are active. The analog gener-
ater 15 switched off.

This setting is already covered by parameter
112,

D-D measurement configuration

The D-D configuration is set by pressing soft-
key 4. The 64 kbit/s digital generatoer and the
2 048 kbit/s receiver are active. The analog
generator is switched off, A typical appli-
cation for this configuration fs for measure-
ments on digital multiplexers.



A,

344

Cverview table of measurement configurations

availabie with parameter 113, TX/RX 64 kbit/s-

2 Mbit/s:

X = send signal

0 = idle channel signal (can be &itered with
"VARLMODE 2xx"} or analog generator off.

Config- 2 048 kbit/s | 64 kbit/s | analog
uaration TH | RX TX | RX TX | RX

[A-A]
LA-D] X
[D-A]
£p-p1]
and B8Z X X
1o B84

EC S =
@ @ @ o e
P

Parameter 114 GENERAL CONFIG. TX/RX 2M/64kbit/s

This configuration is primarily intended for
making error measurements (B82 ... B84} on
data demuitiplexers. The other measurement
configurations are pessible, but are either
covered by other parameters, or are not
sensible,

After parameter 114 has been selected, the

¢ Mbit/s generator and the 64 kbit/s receiver
can be activated by selecting a measurement
configuration. This setting is only possible
if parameter 212 {which affects the 64 kbit/s
input) has not already been seiected. Gthep-
wise, the error message:

64 kbit/s INPUT  NOT AVAILABLE

will be displayed on the screen.

The only second parameter allowable in this
configuration is parameter 123
(OPEN/AUX.SIGN.). If parameters 121, 122 or
124 are selected after parameter 114 has been
selected, the error message:

DIGITAL LGOP  MOT POSSIBLE

will be displayed on the screen.

114 123 A8 A-A measurement configuration

The analog generator and receiver'are active.
The 2 Mbit/s generator can be used to provide
an auxiliary signal.

This setting is already covered by parameter
111,



114 123 A-R A0 measurement conficuration

The A-D configuration is set by pressing softe
key 2. The analog generator and the 64 kbit/s
digital recefver are active. The 2 Mbit/s
digital gemerator can be used te provide an
auxiiiary signal,

This setting is already covered by parameter
iz,

114 123 D-A ‘ B-A measurement configuration

The D~A configuration is set by pressing softe
key 3. The 2 Mbit/s digital generator and the
analog receiver are active, The analog generw
ator is switched of f,

This setting is already covered by parameter
111, ’

114 123 p-p =N measurement configuration

The 0-D configuration fs set by pressing soft-
key 4, The 2 Mbit/s digital generator apd the
64 kbit/s receiver are active, The analeg
generator is switched off,

A typical application for this configuration
is for measurements on digital demultie
plexers.

Overview table of measurement configurations

available with parameter 114, TX/RX 2 Mbit/s«

64 xbit/s:

L = send signal

0 = idle channel signal {can be altered with
"VAR MODE 2xx"} or analog generater off.

Config- |2 048 kbit/s |64 kbit/s |analog
uration TX JRX X JRX TX | RX
[A-A] 0 X o1X
[A-p] 0 X X
[B-a] X 0 X
[p-pJ X X ¢

and B82 X X 0

to RB4
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5] 1048 kbit/s . BEMUY 51 C)
RX l
r—C
Param, 121 Param. 127 RX code # TX code possible
3] 208 sits . ik os? @ a_g
X only if =
RX code = @ =
T4 code
3 sk iits
RX PARAMETER
i 117 13 11k
Param. 124
SR e o o
B4 khit /s
H
TX [ o
B N EF RN I

Figure 3-4 Digital loops

Parameter 115

GENERAL CONFIG. THROUGH ZMbit/s TRANSP,

If parameter 115 is selected, measyrement and

chservation of the signal are impossible.

Parameter 115 is the standby state for para-
meter 116, The 2 048 kbit/s digital interface
is active and a loop is set up between the rew
ceiver and the generator, The received bit
stream is transferred unchanged to the digital
generator.

1t 15 then only necessary te select parameter
116 when measurements or signal injections are
to be made,

This setting is only possible if neither para-
meter 212 nor parameter 222 has been selected,
otherwisa the error message:

l FRIf. TYPE TS 16 EXT., NOT PGSSISLé}

will be displayed on the screen.

The only second parameter allowable in this
configuration is parameter 123
(OPEN/AUK,SIGN.). If parameters 121, 122 or
124 are selected after parameter 115 has been
selected, the error message:

DIGITAL LOOP  BOT POSSIBLE

will be displayed on the screen.




Parameter 116

Parametar 116 and 123

GENERAL CONFIG. THROUGH 2 Mbit/s INSERT.

Parameter 116 allows for measurements on and
insertion of signals into the through data
traffic to be made.

This setting 1s only possible ff neither para-
meter 212 nor parameter 222 has been satected,

otherwise the error message;

FRM. TYPE TS 16 EXT. NOT POSSIBLE 1

will be displayed on the screen.

The only second parameter allowable in this
configuration is parameter 123 [OPEN/AUXK.
SIGN. Y. IF parameters 121, 122 or 124 ara.
selected after parameter 116 has been
selected, the errror message:

LDEG{TAL LOGP  NOT POSSIBLE ]

will be displayed on the screen,

Incoming 2 048 kbit/s signal:

Heasurements in one channsl of the incoming

2 048 kbitfs signal are only possible if the
digital receiver of the PCM-4 can be
synchronised fo the received signal, i.e. the
correct signal is evaiuated and the
measurement run is synchronous.

Heasurements in MODE BB2 ... 84 are usefsl
here, as synchronicity of the measurement run
can be ignored if the correct patters is set
{e.g. pseude-random seguence 29—1}.

A typical application for this is measurement
of the signalling bits in the selected RY
channel in MODE B91.

In MODE BY9Z, the signal in the selected RX
channel can be output via 64 kbit/s interface
in DEMUX operation.

NOTE: DEMUX operation with parameter 115
using a codirectional 84 kbit/s unit
{BN 984/00.01} is not possible.



3.6,2  PARAMETER LIST 2: FRAME SELECTION

-~

PARAH.2 £ FREVE SELECTION 4

§ (1) TEFRARE TVPE G704 / T3 16 IHT.
{1 B.70% / 15 46 EXT,
{1 6,704 7 75 16 TELEPH,
{11 ALL 32 78 TELEPH,

BOC21DRY FRANE TVPE G704 4 TS 16 N
{28 B9/ T8 16 EXT
{&n B.78% / 13 {6 TELERH,
m fld, 32 7% TELEPH,

B G R0t HULTIFRAE  OFF
(3 o

SELECT KG. ENTER OR RTN

Jutgoing 2 048 kbit/s sigpai:

In this configuration, a signal can he
inserted into the chosen TX channel. A1 other
channels are Tooped-through unchanged, The
signal to be inserted can be generated by the
PCM-4 or from an external source via the

64 kbit/s interface input in MUX operation in
MODE BY92,

NOTE: MUX eperation with parameter 116 using a
codirectional 64 kbit/s unit
{BN 984/00.01) 1s not possible. MJX
operation with parameter 116 using a
serial or paraliel 64 kbit/s unit
(BN 985/00.05 or BN 984/00.07) is only
possible if the DIL switch {see 68.1.2 or
6.1.4) is set to contradirectignal.

A typical application is the insertion of
dialling sigrals into the TX channel of the
outgeing bit stream, either with a static sig-
nal (parameter 517} or with an exiernally gen-
erated dynamic sigral input via the auxiliary
input L8601 {parameter 518).

Parameter 1ist 2 of the GENERAL PARAMETERS
Tists the available send- znd receive frame
structures for the PCM-4, To a certain extent,
the send- and receive frames can be indepen-
dently selected.

If the 64 khit/s interface is selected for 7X
and/or RX {using parameter list 1) settings
for this configuration taken from parameter
Tist 2 have no effect.

!




Parameter 213 [*)

Parameter 221 {*)

Parameter 212

Parameter 222

Parameter 213

Parameter 223

Parameter 214

Parameter 224

3-49

TX FRAME TYPE G.732/75 16 INT,

RX FRAME TYPE 6.732/TS 16 INT,

In this cese, the PCM-frames for send- and re-
ceive signals are configured to CCITT G.732,
with a multiframe in timesliot }6. The format
of the multiframe is determined by parameter
5xx, Parameter 211 can be metched with para-
meter 222 and parameter 221 with parameter 212
if required.

TX FRAME TYPE G.V/32/TS 16 EXT.

RA FRAME TYPE G.732/T8 18 EXT,

Parameter 212 and 222 also refer to PCM-frames
for send- and receive sigmals to CCITT G.732,
with the difference that an external bit
stream can be ipserted into timeslot 16 vig
the 64 kbit/s interface input {parameter 212),
or the contents of timeslot 16 can be ex-
tracted from the 64 kbit/s interface output
{parameter 222). Measurements in all the other
channels can be carried out as before, Para-
meter 212 can be combined with parameter 221
and parameter 222 with parameter 711 if re-
quired.

TX FRAME TYPE G.732/TS 16 TELEPH,

RX FRAME TYPE G.732/TS 16 TELEPH,

In this case, the send- and receive frames (to
CCITY 6.732) have 31 channels available for
telephone« or other signals. No muTtiframe is
formed in timeslot 18.

Parameter 213 can only be used together with
parameter 223, If one of these parameters has
been set, the other will be selected avtomati
cally.

TX FRAME TYPE ALL 32 TS TELEPH.

RX FRAME TYPE ALL 32 TS TELEPH.

These parameters provide for a send- and re-
ceive frame structure without alignment- and
alarm signals. A1l 3Z channels can be used for
telephone signals, The digital gemerator de-
Tivers a 8 kHz ¢lock signal for synchronige
ation purposes. The rising edge of this clock
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2048 kbit/s unframed

signal 1s in phase with the start of timeslot

%. The digital receiver reguires an identical

signal for synchronisation purposes.

Parameter 214 can only be selected with

parameter 224, 1f either parameter is
selected, the other will be set

automatically.

(Parameter 224)

PCH system

8 kHz frame trigger

rising edge indicates
start of TS5 O

{20}

RX

i

i

]

digital i

]

[163] i
]

2048 kbit/s unframed
{Parameter 214)

{71}

digital
T*
(61) 8 kHz frame frigger
rising edge indicates
(i) start of TS O

8 kHz SYNC + 0.8 Hz

{Parameter 333}

available as high pulse (> 488 ns)
if T4 and RX terminated with 75 @

Parameter 231 {%)

Parameter 232

CRC-4 MULTIFRAME OFF
In the PCM-4 basic setting, no CRC-4 check

words

arg transmitied with the 2 048 khit/s

signal from the digital generator,

Note:

2 048 kbit/s transmission systems which
use CRC-4 multiframe procedures should
be compatible with systems not using
CRC-4, according to (CITT Rec. G.704,
§ 2.3.3, PCM-4s of series A...D are
therafore alsc compatible with systiems
which use CRC-4 multiframe structure.

CRC~4 MUTLIFRAME OM

In this setting, CRC-4 word errors can be in-
Jected into the 2 (48 kbit/s output signal of
the PCM-4, so that CRC alarms and synchronise
ation thresholds can be tested. A CRC word
error rate from G.1 to 99.9% in steps of 0.1%
can be set using parameter 92%. Errored (RC

meitiframe alignment signals {2 IN 4 or 3 IN
4) can be set with parameters 627 and 628,

enabling synchronisation criteria to be
tested.

944 170

e




In MODE B81, {RC«4 errors can be detected and
measured,

Detected CRC-4 errors are output in the form
of a pulse on pin 6 of connactor £62] on the
back of the PCM.4,

CRC error detection in 2 048 kbit/s transmission systems

" A major disadvantage is that normally only a
small proportion of the bit stream is checked
for accuracy of transmission, GCITT Rec, §.704
(red¢ book) recently suggested the use of a so-
catled CRC {cyclic reduadancy check) method to
provide complete monitoring for transmission
errors in Z 048 kbit/s digital systems,

CRC~4 ¢heck word

To form the CRC-6 word, a tatal of 2 048 hits
from 8 consecutive frames are used, This b1oék
of data forms a submultiframe SMF{H), which is
muttipiied by & {i.e. four zeros are added)
and then divided by the generator polynominal
4 x4 1 {i,e, the binary number 1001).

The remainder, which is a 4 bit word, is
transmitted with the next SMF, SMF{N + 1), to
the receiver,

X

The original submulitframe, SMF(H¥}, is pro-
cessed in the receiver in the same way as in
the transmitter, so that in theory the
identical CRC word will e formed. Any differ-
ence between the CRC werd thus formed and the
CRC word recefved in SMF{N + 1) indicates that
at least one bit has been incorrectly re-
ceived, and the CRC error counter will be in-
cremented. The following binary calculation
shows how the CRC word is formed from a 4 bit
bloek of data as an example.




Data block processing on the generator side:
data block multiplier generator polynominal

101066000 : 10011
10011
111¢0
10012
11110
10011
1101 <wuw= remainder transmitted to receive side

Data block processing on the receiver side:
data block remainder generator polynominal

l1oiteoriocl : 10011
10611
11010
10011
10010
106011
goo0o00 <---- remainder is zero 1 no bit error has occurred
Division is done by module Z addition without
carry. This s done using an exclusive OR (EX-
OR} circuit.

CRC muitiframe structure

The extra capacity required to transmit the
CRC word is achieved by making use of the
spare bit gt the start of each frame alignment
signal (FAS)}. The CRC word is formed without
being dependent on the multiframe struciure
which has multiframe alignment signal (MFAS)
in timeslet 16 of frame 0. Synchronisation of
the CRC word to be recieved is accomplished
through the use of an additional alignmest
signal. further multiframe structure (see
figure 1) with CRC MFAS is thus formed. The
CRC MFAS 1is the bit pattern 001011 and is
inserted into bit position 1 in frames 1, 3,
5, 7, 9 and 11 of the CRC multiframe. The CRC
word Cl to 64 {remainder) is contained in
SMF{1) and SMF{II) of the CRC multiframe.




Bits 1 to 8 of the frame
Sub~ frame
multiframe number 1 2 3 4 5 [ 7 8
{SHF)
0 Cl 1] g 1 1 0 1 H
1 0 1 A Sn Sn Sn Sn Sn
4 62 g+ 0 1 1 0 1 1
1 3 0 1 A Sn Sn Sn Sn Sn
4 C3 0 4 1 1 0 1 1
5 1 1  1 A Sn Sn Sn Sn SH
6 C4 ] ] i 1 0 ] i
7 0 1 A Sﬂ Sn Sn Sn Sn
Muttiframe
8 s, e ol 1 o |1 |1
g 1 i A Sn Sn Sn‘ Sn Sn
10 CZ 0, { 0 i ! 0 1 1
I 11 1 1 A Sn Sn Sn Sn Sn
12 C3 0 0 i 1 ¢ 1 1
13 S}. 1 A Sn Sn Sﬂ Sn Sn
14 54 ] 0 i i G 1 1
15 Si 1 A Sn Sn Sn Sn Sn
C1 C2 C3 C4 CRC check bits
0 2 1 0 1 1 CRC MFAS

Si: Spare bits for international use
Sn: Spare bits received for national use
A: Remote alarm indication

Figure 3-5 CRC multiframe structura to CLITT Rec. .704 table 1b

CRC error evaluation and resynchronisation

Manufacturers of 2 048 kbit/s primary systems
hiave setiled on a standard monitoring period
af 1 second, During this interval, 1000 CRC
comparisons can be made on the receive side.
Setting various CRC error thresholds can be
very useful, For example, it can be assumed
that frame alignment has been Jost if more
than 213 errored SMFs are recefved in the 1 s
interval.
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At the start of resynchronisation, a search is
made for the FAS, If the FAS, NFAS and then
the FAS are correctly detected in three con-
secutive frames, frame alignment has been
achieved. After this, at least two CRC MFAS
must be correctly received within the next

8 ms (duration of 4 multiframes), before a new
moaitoring period of 1 s is started, If less
than 914 errors are detected during this
period, the receiver is synchronised to the
generator signal. This method ensures better
maintenance of synchronism than that pre-
viously avaitable, as the usual frame align-
ment 1s augmented by CRC multiframe alignment
and CRC errors net exceeding a given thresheld
valye. Incorrect synchronisation is no longer
possible.




3.6,2.1  Setting the CRC-4 error threshold

A counter circuit is used to record the num-
ser of CRC-4 word errors which occur during
continuous monitoring of the frames (PARAMETER
232: CRC-4 MULTIFRAME ON}. If a given thres-
hold is exceeded, a resynchronisation of the
‘digital receiver wiltl be triggered. The thres-
hold can he set using a pair of DIL switches
Tocated on the CRC p.c. board, which can be
removed from the PCM-4 after taking off the
cover plate on the back panel [see figure
346},

Note: Only PCH-4s from series £ onwards are
fitted with a CRC board. [t cannot be
retrofitted to series A to O

nstruments.

CHC p.c. board

Figure 3-6 Location of CRC p.c. board

The two switches 51 and $2 are located on the

left hand side of the p.c.board, as shown in
figure 3.7,
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Figure 3-7  Part of component side of the CRC p.c, board showing switches S1 and §2

The CRC error threshold can be set in the form of 2 binary number using the two switches, The
thresheld is set in steps of 0.1% from 0.1 to 99.9%.

_ number of CRC errors per interval (1000 ms)
" 1008 sub-multiframes

Error threshold {%) x 100

Note that the binary number to be set on switches S1 and 52 is one less than the number of CRC
errors per interval, i.e.:

Nbinar‘y = (number of CRC errors per interval) - 1

Thus, for exampie, the standerd setting of 91.4% is set as follows:

N = 914 - 1 = 913
binary
11 1 90 ¢ 1 o ¢ ¢ 1

bmary
decimal =512 + 256 + 128+ 0+ 0+ 16+ 0+ 0+0+1 =913

. OFF = Jogic 1
This is set on the switches as follows: ON = Jogic O

2 I8 5 8 7 8
Switch §1/ 1 z 3 4 B 5 7 3 0d H . H U
21 H i 2 4 8 1 32 64 128 H 5 ﬂ E
naai'y value | 1 [ ! OFF u
Setting 1 1} & 0 1 g i i -
Sehaller [switeh) §1

Switch S2/ 1 2 3 4 5 6 7 2 o
Binary value | 256 512 - - - - - - g i ﬂ 5 ﬂ U ! !
Setting 1 1 ¢ o @ S VR i

Schaiter [swilgh} §7

fote: A setting of a decima] number above 998 (corresponding to an error threshold of 99.9%) is

not sensible, as the counter will have no criteria for resynchronisation under such
circumstances, f.e. any pattern would be recognised as a CRC muitiframe. For this reasan,
switch positians 32/3 to 52/8 must remain ON.




3.6.3  PARAMETER L1ST 3: DIGITAL TX INTERFACE

- ~
BRALS  f DIGITAL TX DNTERFACE 4
B0 LN Ok 40B-1
(12 i
i 2
B0 OUTRUT DAPELAICE 120 08 BAL
e 75 04 NBAL
W30 L ¥, 98 ke
() 5T 4 iz
3 BT, 8k
(3 SR RECEIVER
‘ i
y

SELECT MG, ENTER OR BTH

3.6.3.1  Parameter 311 to 213, LINE CODE

Parameter 311 {*)}
Parameter 3i2
Parameter 313

3.6.3,2  Parameter 321 and 322: OUTPUT IMPEDAMNCE

Parameter 321 {*)
Parameter 322

Parameter 1ist 3 of the CENERAL PARAMETERS
1isis all the parameters for the digita
transmission interface of the P{M-4,

A choice of three tine codes is available:

s HDB3

® AMI

& NRZ

The line codes for the generator (Parameter 3}
and the receiver [Parameter 4) can be
different, except if parameter 121 (DIGITAL
LOOP {A-A) 2 Mbit/s/ALL TS) is selected, In
this case, if the line code for the generater
or receiver s changed, the same line code
will be set for both.

Two impedances are available for the gensrator
and clock outputs, Changing the output im-
pedance also automaticaliy changes the output
socket to which the generator signal is fed:

¢ 120 O, balanced, CF connector

& /5 {2, unbalanced, coaxial connector

If parameter 313 {NRZ) is selected after
parameter 321 (QUTPUT IMPEDANCE 120 OHM BAL),
the output impedance will automatically be
switched back to 75 @ and the output will be
available from the coaxial connector,

If parameter 321 is chosen after parameter
313, however, the error message:

120 OHM BALANCED  NOT PDSSIBLE

will be displayed on the screen,



AT,

3.6.3.3  Parameters 331 to 334: CLOCK

The clock driving the digital generator can be
obtained in four different ways:

Parametar 331 {*) The 2 048 kHz clock signal is generated by an
internal crystal oscillator.
6

hoeyracy: 25 x 1077,

Parameter 332 An externally generated 2 (48 kHz clock signal
can be fed in via the coaxial socket [64] on
the back panel. The input impedance of this
socket can be switched between 75 2 and
> 3 k.

Parameter 333 . An exterrally generated 8§ kMz clock signal can
be fed in via the coaxial socket [84] on the

back panel. Internal phase-locked Toops gene-
rate a 2 048 kHz clock from the & kHz

signal. Parameter 333 is useful if the system
only has an & kHz clock signal available. The
digital generator 1s synchronised with tne
system in this way, so that bit slips do net
occur.

NOTE:
If measurements are to be made using an analog
noise signal as send signal, the external
clock signal must be input via [64] after
selecting parameter 332 or 333,

The analog noise signal is generated digit-

ally, and the 10 kHz clock reguired for this
aprocess is derived from the externally gene-
rated clock signal,

Parameter 334 This parameter can be used to derive the clock
signal from the input signal to the digital

raceiver.

Hote: This fmput signal sust also be gresent
in A-A or A-D modes, otherwise the
10 kHz clock used to read out the
amplitude samples will not be phase-
Tockad,

The clock signal thus obtained is

fed to the generator, so that hoth operate
synchronously, eliminating the possibility of
bit slips vccuring.




If any of the following parameters are

chosen:

@ 115 (THROUGH 2 Mbit/s TRANSP.),

® 116 (THROUGH 2 Mbit/s INSERT.},

& 121 (DIGITAL LOOP {A-A)} 2 Mbit/s/ALL TS)

e 121 (DIGITAL LOOP (A-A) 2 Mbit/s/SLCT 1S),

the clock signal will automatically be derived
from the received signal. The parameter list 3
display will net change to indicate this,

however.

Parameter 324 must be selected for measurements on
codirectional cards {64 k / 2 M}. The clock is not
automatically recovered for this measurement .

3.6.4  PARAMETER LIST 4: DIGITAL RX INTERFACE

~ , Parameter list 4 of the GENERAL PARAMETERS
PRRAN, Y ¥ DISITAL Y INTERFRLZ & lists all the parameters for the digital re-

ceiver interface of the PCM-4,

# (1 LI coor H0g-3

h i

(0 HRZ
i (200 IRPUT THPEDANCE FAA75 O

1)) )3 kORE

RN
SELECT N0, EXTER 4R RTH
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3.6.4.1 Parameters 411 to 413: LINE CODE

Parameter 411 {*)
Parameter 412
Parameter 413

3:8.4,2. Parameters 421 and 422: INPUT IMPEDANCE

Parameter 421 (*)
Parameter 422

A choice of three line codes is available:

s HOB3

s AMI

® NRZ

The signal input to the receiver is constantly
moritored for code errgrs. Each code trans-
gression causes a pulse {width = 488 ns) to be
cutput &t pin 8 of connector [52] on the back
panal.

The iine codes for the generator {parameter 3)
and the receiver (parameter 4) can be diff-
erent, except if parameter 121 {DIGITAL LOOP
(A-A) 2 Mbit/s/ALL TS} has been selected. In
this case, if the line code for the generator
orf receiver is changed, the same line code
will be set for both.

Two input impedance values are available:

o 120/75 @

e >3 kQ

The balanced 120 9 CF connector and the 75 0
coaxial connector are always in circuit and
cannot be switched out. Both inputs for the
2 048 kbit/s receiver interface can be
switched to high impedance using parameter
422,




3.6.5  PARAMETER LIST S: DIGITAL WORDS IN TX FRAME

For detalls of the frame structure, see figure 3-8 at the end of the operating manual,

Parameters 511 {*) to 518 A1l the standard PCHM frame signals are shown
in parameter list 5, including muttiframe

PERAN, 5 § DIGITAL HORDS T TY FRRNE § \’ signals. By altering parameters 512 to 518, i1
' is poessible to manipulate the standard POM

# (11) FRILUORDS RESET 70 STANGARD VALES + 7 frame. As long as none of the standard words
{123 FRANE BLTRHE 198118 have been changed, parameter 511 is marked

UL NOT PR, BLIGHE11E113L with the double asterisk [*%}, To alter the

ﬁ%; Eggﬁgmgtgﬁgﬁgii individual words, procede as follows

{4 FREE 75 CFRE) H11G16103 * N
e FREE 19 mFRﬁlel Select the parameter regquired;

st SSAALLINE i the current bit pattern will be displayed
- in inverse field characters

-

*  ysing the numeric keypad, geléct the bit
number to be altered, Each fime the key is
pressed, the bit at the position corre-
sponding to the key number is fnverted
fkeys 1 to 8).

* Press /EWTER/, The new bit pattern will he
entered and displayed and the {**} symbol
will be erased.

Parameter 512 FRAME AL IGNMENT signal in timeslot 0 of each
alternate frame

Standard setting: 10011011

Parameter 513 NOT FRAME ALIGNMENT signal in timesiot O of
all frames not containing the frame aligrment
signal.

Standard setting: 1 1 011111

Parameter 514 MULTIFRAME ALIGNMENT signal in timeslot 16
{btts 1 to 4} of frame 0,

Standard setting:; 0000

Parameter 515 NOT MULTIFRAME ALIGNMENT signal in timesTot 16
{bits 5 £o 8) of frame 0.

Standard setting: 1 G 1 1

Parameter 518 IDLE CHANNEL SISNAL in telephone channel withw
out send signal {FREE TS (FRM) .
Standard setting: 1 1010101

Parameter 517 Idle channel signalling word FREE TS (MFRM) in
timeslot 16 of frames 1 to 15, i.e,
- bits 1 to 4 for channels I to 15,
-« bits 5 to 8 for channel 16 to 30,

Standard setting: 1 1 11 {pbits a b ¢ d}.



Parameter 518

Parameter 521 (*) - 523

§ (313 SEND SIGH. IN SELELT. CHAK,
22 ALL CHA

a8
{2 RLE CHRf. EXCL. SELEET,
SELECT HO. ENTER OR RTH

AT

SIGNALLING word in timeslol 16; assigned to
the selected telephone channel.

Standard setting: 11 1 1 {bits a 5 ¢ d}

The signalling bits can be dynamically con-
trolled via input [60] on the back panael {see
3.2).

If parameter 511 is chosen and /ENTER/ 15
pressed, all the frame words will be reset to
their original standard values, and the {**)
symbol will return to parameter 511,

If a 64 kbit/s output is selected (parameters
112, 113} or a "THROUGH MODE" (parameters 115,
116} or parameter 214 ("TX FRAME TYPE ALL 37
TS TELEPH."}, it is possible to alter para-
meters 512 Lo 518, but these have no effect on
the transmitted frame structure. If parameter
212 ("TX FRAME TYPE G.732/TS 18 EXT:") or
parameter 213 {"TX FRAME TYPE G.732/TS 16
TELEPH."} is selected, parameters 14 (MFAS)
and 515 {NMFAS) can be altered but will not be
inserted into timeslat 16,

Parameter 521 is the normal setting, with the
send signal in the selected telephone
channel.

If parameter 522 is selected, the signal is
transmitted in all channels simultaneously.

Mote: Oniy the transmit channel selected on
the resulis page contains the
signaliing word set with parameter 518,
A1l other channels contain the
signalling word selected with parameter
517,

Parameter 523 provides & send signal such as
is required for satellite measurements. The
send signal is transmitted in all channels
except the chosen one, The idle channel signal
{parameter 518) is transmitted in the chosen
channel, As all channels are supplied with a
defined signal, it is possible to measure any
crosstalk which may be present in the selected
channel.




3.56.6  PARAMETER LIST §: TX ERROR INSERTIOR

Errors can be inserted inte the outgoing bit-

4 BATAK. & § 7% ERROR SHSERTION & ) stream by selecting an appropriate parameter
from 1ist 8. Errors provided by parameters 621
U1 INSERTION OFF to 626 are caused by altering bit 2 of the
{1k A8 pattern, the other bits remaining unchanged,
{13) ERROR INSERTICH o
{31y FERME QLGNET BIT ERRORS  15E-H Parameter 612 causes an AIS to be generated.
{20 i mE'l The 2 048 kbit/s send frames are broken down
g%ég FRAVE ALGHAT HORD ERRORS %%ﬁ; completely and an all ones signal is trans-
{95% MU TIFVANE ALANMT ERRORS N 2 mitted. Tnis parameter can be selected dire
{26 22 ectly,
(277 LRC-Y MRS YORD ERRCRS 2Ny
{38 IWY A11 other types of error insertion must be
(28) (R0-4 UORG ERROR RATI0 It R selected via parameter 613, A double asterisk
SELECT NC. ENTER OR 87 {**} appears nextito 13 on the list, and a
- - second (**] indicates the type of error inser-
tion tast chosen-{Z1 with GENERAL RESET).
Parameter 621 FRAME ALGNMT BIT ERRORS 10£-d4
Parameter 622 FRAME ALGNMT BIT ERRORS 1CE-3
2 D48 kbit/s Parameters 621 and 622 cause the frame align-
———-——-——] ! TEMUY ......——‘..é ment signals to be generated with a bit error
PLH-4 digital em*‘- : ©  rate of 107 or 107, These error rates
generator Qm_g -:mo § are useful for testing the auio thresholds of

muttiplexer input circuits, so that the Tine
quality can be assessed, If the errors are
distributed evenly and a Tong monitoring
interval is used, it iz possible to determine
the channel error rate from the frame align-
ment signal error rate,

Example:

The FAS consists of 7 bits. [T occurs every

250 ns, corresponding to & channel transe
mission capacity of 28 kbit/s or
4000 words/s.

- Parameter 621: bit error rate 10”4, tast
interval 10 s. No. of errors per test
interval:

28000 bit/s x 107 x 10 s = 28,

- Parameter 22: bit error rate 30"3, test
interval 10 s. Mo. of errors per test
interval:

28000 bit/s x 107° x 10 s = 280.



Parameter 623

Parameter 624

Parameter 625

Parameter 626

FRAME ALGNMT WORD ERRORS 2 IN 4

Two out of every four frame alignment signals
are errored, causing the system to resynchro-
nise.

FRAME ALGNMT WORD ERRORS 3 IN 4

Three out of every four frame alignment sig~
nals are errored, seo that the system can no
longer synchrenise., The N0 FRM and NO MFRM on
LEDs the frant panel come om,

Example:

- Parameter 623 {2 in 4): word error rate
0.5, test interval 10 s.
No. of word errors per test interval:
4000 words/s x 0.5 x 10 s = 20000,
No. of bit errors per test interval:
28000 bit/s x 0,5/7 bit x 10 s = 20000,
As only one bit is altered in each word,
the number of bit errors is the same as the
number of word errors.

MULTIFRAME ALGNMT ERRORS 1 IN 2

Every other MFAS is errored, s¢ that the
system must resynchronise.

MULTIFRAME ALGNMT ERRORS 2 IN 2

A1l MFAS are errored, so that the system
cannot be synchronised. The NO MFRM LED on the
front panel comes on,

Example:

The MFAS consists of 4 bits. It occurs every

2 ms in the signalling frame, corresponding to
a channel transmission capacity of 2 kbit/s or
500 words/s.

- Parameter 625 {1 IN 2): MFAS error rate
0.5, test interval 10 s,
No. of werd errors per test interval:
500 words/s x 0.5 x 10 s = 2500.
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Error rate Parameter Bit errors Hord errors Notes

157% 621 28 28

1073 622 280 280

0.5 {2 IN 4} 623 20000 : 20000 System must synchronise

0,75 (3 1IN 4} 624 ‘ NO FRH, RO MFRM, no synchron-
isation,

0.5 {1 IN 2} 625 2500 System must synchronise.

1 (2 IN 2) 626 7 NO MFRH, no synchronisation |

Table 3-1 Bit and frame errors referred to a 10 s fest interval

Parameter 627 CRC-4 MFAS WORD ERRORS 2 IN 4

Insertion of errors into the CRC multiframe
alignment signal can only be done if parameter
232 CRC MULTIFRAME ON has been selected (see
also explanations of parameter 232),

Once frame alignment has been achieved in the
2 048 kbit/s recaiver equipment, it §s necesse
ary that at Teast two CRC multiframe alignment
signals are cerrectly recognised within the
next 8 ms in order to achieve multiframe
alignment,

If parameter 627 is selected, it is possible
to test these synchronisation criteria, as the
digital signal generator continuously inserts

errors into two out of every four transmitied
CRC multiframes. The error injection is pro-
duced by inverting bit 2 of the LRC MFAS.

carrect: 001011
errored: 011011



Parameter 628

Parameter $29

CRC-4 MFAS WORD ERRORS 3 IN 4

{see also parameter 627)

The digital signal generator continuously
inserts errors into three out of every four
CRC multiframe alignment signals. This means
that the 2 048 kbit/s receiver equipment can-
not synchronise to the CRC multiframe.

CRC-4 WORD ERROR RATIO

A CRC-4 word error ratio between 0.1 and
99,9% can be set in steps of 0.1%.

0.1% error ratio: 1 out of every 1000 €RC
check words is errored by inverting bit 2

(y)-

Insertion of CRC errors in this way enables
the PCM-4 to be used for testing the CRC error
monitoring performance of 2 D48 kbit/s digital
transmission systems.

Frame synchronisatfon is lost when more than
913 submultiframes out of 1000 are found to
contain errors {i.e. word error ratio of

> 81.3%). This value is preset for the receive
section of the PCM-4 before delivery, but can
be changed by using the BIL switches on the
CRC control board if required (see alseo
3.6.2.1).




3.6.7  PARAMETER LIST 7: PCHM ENCODING

~
PRRAN.7 ¥ POK EHCODING &
By THENCCOING LRk 8 .
{18 ]
B2 RHENCODINE LR A
ey 1
[
" SELECT HO, ENTER GR 7%
S/
Parameter 711 {*) TX ENCODING LAW A
The code words from the digital signal genera-
tor are encoded according to tables la and ib
of CCITT Rec. 6.711 in symmetrical binary code
with ifaversion of bits 2, 4, 6 and § {A-law).
Parameter 721 {*) RX ENCODING LAW A
Decoding of the code words recefved by the
digital receiver is also according to the A-
Taw.
Parameter 712 TX ENCODING LAW MU
The code words from the digital signal genera-
tor are encoded according to tables 2a and 2b
of CCITT Rec. G.711 in symmeirical binary code
with inversion of bits 2 through 8 (p-Taw).
Parameter 722 ' RX ENCODING LAW MU

Decoding of the code words received hy the
digital receiver is alsc according to the
u~Taw,



3.6.8 PARAMETER LIST &: SCANNER PARAMETERS

The MU~30 test point scanner can be controlled

'\
PARAH. 3 § SCANNER PARRMETER # by the PCM-4 via the <IFC 625>/IEFF 488 bys.
Parameters in 1ist 8 control the switching on
${0) UR-INPUT AL, i and of f of the balanced voice fregueacy (VF)
{4 : inputs and outputs of the test point
g%ig ?+2 scanner,
The analog or digital {64 kbit/s) send signal
82t UF-UTRUT RGL . X , i
2 2 from the PCM-4 is fed in to the MU-30 via one
{n 1 of the following balanced inputs:
. R
SELECT 40, ENTER R Am
AN J/
Parameter 811 (*) VF-INPUT NOL 1
Input [37 {(MU=30 front panel).
Pgrameter 812 VF=INPUT NO, 2
Input £301 {MU-30 back panel).
Parameter 813 VE-INPUT NO. 3
Input [31] {(MU=30 back panel).
Parameter 814 VE-INPUT NO, 1 + 2
Inputs [3] {front panel} and [30] {back
panel)
o S — B S S o 11
VF dnput 3 ——ie— gt .
{31]
-~ - ) {431 zx ;S?nne]s
W oinput 2 F—— el . “
[30} .
et —— £
—i
S-S — g |
YF input 1 }—\*—f—‘_ .

(31

G54 :157

Simplified representation of TX signal paths in the MU-30, input 1 is shown switched through
(parameter 811} to TX channel 1 (by pressing /TX CHAN/.




The analog or digital (64 kbit/s} signal is
fed to the receiver of the PCM-4 viaz the
following balanced ¥F outputs of the MUI.30:

Parameter 821 (*} YFOUTPUT NC. 1
Output [8] (MU-20 front panel).

Parameter 822 VF-QUTPUT NO. 2
" Qutput [32] {MU-30 back panel),

Parameter 823 : YF-QUTPUT NO. 3

v

Output L3131 {MU~30 back panel).

gy e g gennf, 10
YF output 3 prSe— — .
133]
— {447 RX channels
X * '
VF output 2 s ' . to LT
{32)

"'__E 2

- ....( ?
VF output 1 M B

[8]

4% . T4

Simplified representation of RX signal paths in the MU-30. Outpul 1 is shown switched through
{parameter 821) to RX channel 1 {by pressing /RX CHAN/.

Possible PCMwd configurations for a

printer sequence:
— d-wire ports:
B4 kbil/s
—«-—--»--E CONTROLLER A-D = analeg TX, RX 2 G428 kbit/s {param. B11)
¥ BuA = TX 2 048 kbit/s, RX analog (param. 821}
O QoEo Qg o o
8lop oos oo 3 Aeh = analog TX, analog RX with 2 048 kbit/s
MM-s Sicaoggoo oD =
o B BEBe B g o loop through PCM-4 {param. 12}, 811 and
T} veaastis [siwluta] o oo a ﬁ_g 82i).
et
(261421 23] (28] &8
il 64 kbit/s ports:
loop analog &3 L
18] i3 Vo DuD = TX 64 kbit/s, RX 2 048 kbit/s {param.
. BUM Test pornr | 812} '
Shibit/s 111 2;A§§ER P b-D = TX 2 048 kbit/s, RX 64 kbit/s
] i - (param. 822}
1 L DD = TX 64 kbit/s, RX 64 kbit/s with
V naio e
TAY and ~;gjta] 2 048 kbit/s Toop through PCM-4 (param.
! i kbit/s 121, 812 and 822).
PCH
MOLTIPLEXER
204 kbit/s =




3.6.9  PARAMETER LIST 9: SPECIAL PARAMETERS

p
PARRH. 5 % SPECHE. PRRAMETER #

& {300 LEUEL DisRLAY dBad
{1 450

£6 (13> THD WIRE TERY, (D-B) IRFINITE
() COMPLEE

BCID) DIGITRL CHANMEL 0. TELEPY. CHAK. 1%
1y TIE S0 .

F)
ot
=

SELECT KD, ENTER 02 RTH

Parameter 911 (*)

Parameter 912

Paramoter 913 (*)

Parameter 914

Paramater 915 {*)}

Jisplay units for send and receive levels as -
shown on the results pages.

LEVEL DISPLAY dBmQ
LEVEL DISPLAY dBC

Note: In submode lists AZ and A3, the level
is still given in dBmQ even ¥ para-
meter 912 has been selected. This only
sceurs for these two lists. Calcu~
lations and dispiay of results are,
however, in dBm0 for parameter 911, and
dBG for parameter 917,

TWO WIRE TERM, {D-D) INFINITE

the Z-wire inputfoutput [24] s open circuit
in the [D-0] measurement mode.

TWO WIRE TERM. {D-D) COMPLEX

The 2-wire inputfoutput [243 is terminated
with a complex impedance (910 @ in parallel
with 3% nF; not the same as CPLX [13] and CPLY
£151) in [D«D] measurement mode for the
measurement of hybrid loss.

DIGITAL CHANNEL NO. TELEPH, CHAN.

The digital channels are counted as telephone
channels from 1 to 30. The description CHAN.
is displayed on the results page, If /SEND
CHAN/, /RECY CHAN/ or /BOTH CHAN/ s pressed,
the telephone channels 1 to 30 can be selec-
ted. Parameter 915 can only be used in con-
Junction with parameters 211, 212, 221 or
222,



Parameter 916 DIGITAL CHAMNEL KO, TIML SL0T

The digital channels are counted as timesiots.
The description TS appears on the results
page. The numbering of the timeslots is fixed
for parameters 213, 223, 214 and 224, The
digital channels can be counted as timeslots
with parameters 211, 212, 221 and 222,

Parameter 2xx |founted as | Corresponding
timesiots to telephaone

channels

211, 212, 221, i 01 - 15 01 « 15
222

17 - 31 16 - 30

If /SEND CHAN/, /RCVR CHAN/ or /BOTH CHAN/ is
pressed, the Timeslot required can be spiec-
ted.

e ~
PARAH. 9 ¥ SPECIAL PARRMETER &

21> MERS, NOT POSSIBLE WAL
H D HARK A CONT,

BOQD TOLERANCE MASK N
) OFF

(&35 TOLERAHCE M3%K SET 1

96 OUT OF TOLGRRGE WLT
R e o oo, L

ki

SELECT KO, ENTER OR RTH
e J

Parameter 921 MEAS. HOT POSSIBLE HALT

I the measursment conditions are such that a
measurement s impossible or only partially
possible, the PCM-4 will stop. Under the
heading RESULT on the left-hand side of the
screen, the symbol <> will appear. This
symbol also appears on the numerical results
display in place of a resuit valye.



Parameter 922 (*)

In [A-A] or {D-A] measurement configuration,
the following criteria will cause a measure-
ment to be aborted:

@ Autoranging is unsuccesful after:

- more than 13 attempts to reduce the
sensitivity in steps of 6 4B,

- more than 4 attempts to increase the
sensitivity,

- more than 10 alternations of the input
attenuator setting,

& The signal to be measured has a d.c. com-
ponent which has not decayed sufficiently
even after an extended waiting period bew
fore the measurement,

8 The evaluation processor signals that a
non-allowable measurement mode has been
selected.

¢ The evaluation processor signals that the
result has a d.c. compohent only,

e Digital measurements are not synchron-
ised.

a8 The resuit of the internal reference
measurament is not within the expected
range {+ 1 dB8} in modes A2, Bl and B2.

® The wideband result in modes AS and A9 (3)
is < 80 dB.,

¢ An error has occurred in one measurement in
a sequence of measurements.

MEAS, HOT POSSIBLE MARK AND CONT

This parameter is selected if it is un-
desirable to stop measurements as described
under parameter $21, The symbol <> appears on
the screen under "RESULYT" and also in the
graphics ‘display instead of a result valus, &
further attempt to make the reguired measure-
ment fs made immediataly,

txample of yse:

Measurements across all channels using the
MU-30 test peoint scanner. In this way it is
easy to determine in which channels measure-~
ments are fmpossible,




Parameter 923 (*)

Parameter 3924

Parameter 923

Parameter 925

Parameter 927 {*}

TOLERANCE MASK oH

Parameter 923 causes a folerance mask to be
superimpesed on some resylts displays.

TOLERANCE MASK OFF
Parameter 924 negates parameter 973.
TOLERANCE MASK SET 1 {*} 70 9

A selectien of 9 different user-specified
tolerance masks for the same combipaticn of
mode/running parameters/configuration is
available under parameter 925,

[f the standard tolerance mask EPROM is
supplied, the CCIVT tolerance masks for G.712
{A-A full channel) and G.714 (D-A and A-D
half channel} for 4 wire port measurements
are available under TOLERANCE MASK SET 1.

For measurements on two-wire ports, the
tolerance masks specified by CCITT 6.713 are
provided in TOLERANCE MASK SET 2. For
settings which do not apply to two.wire
ports, the tolerance masks are identical to
those available in TOLERANCE MASK SET 1 (for
more details, refer to Appendix ).

QUT OF TOLERANCE HALT

If the result lies outside the tolerance
limits, the measurement sequence in progress
will be halted. To restart, press /START/
key.

OUT OF TOLERANCE MARK AND LONT.

If the result 1fes outside the tolerance
Pimits, the measurement sequence in progress
contipues, and the out-of-iolerance result is
shown under the haading RESULT on the
graphics display as a numerical value. On the
numerical display, the result is marked

With *,



-~

Pk, 9 ¥ SPECIRL PARRMETER #

SET £LOCK
(MY OME  DD.ew
{32y TIE  HH. ¥

B (33 CLOCK DISPLAY  OFF
3% o
INTUL, TINER

B (30 OFF
{360 0 HHLM

SELECT M2, EHTER OF &T
pN

B

Parameter 931

Parameter 932

Parameter 933 (*)

Parameter 934

SET CLOCK DATE DD.MM.YY

Date information is entered as follows:

* select parameter 931,

* enter date in DD.MMLYY format

* press JENTER/.
If an illegal entry is made, the enter line
will show 22,27,77

SET CLOCK TIME HH.MM

Time information is entered as follows:

* select parameter 932,

* enter time in HH.MM format

* oress JENTER/,
If an illegal entry is made, the enter line
will show 72,77

CLOCK DISPLAY OFF

CLACK DISPLAY ON

Date and time information is shown in the

upper right-hand corner of screen display.
This information is not printed out by the
graphics plotter,




Farameter 935 {+}, 938

Parameter 935 [*)

Parameter 936

Switching the interval Limer off {parameter
935} and on {parameter 538).

The TIMER is used to start a measurement &t a
predetermined time and to repeat it at set
intervals, each measurement being preceded by
a calipration,

INTVL. TIMER OFF

When the timer is switched off, calibratien

ocCurs:

- at switch-on,

- 20 minutes after switch-on,

- and every 2 hours thereafter {if a menu page
is displayed, the PLM-4 does not
autocalibrate until a resulfs page has been
called up},

- when called up via the IEC bus.

During calibraticn, the internal relays will
be heard switching, The keys of the PCM-4 are
disabled.

INTYL. TIMER ON

After selecting parameter 934, the interval
data is entered in the form HH.MM. If an
itlegal entry is made, the enter Yine will
show 72.77. The timer is started by pressing
the /RTH/ softkey.

Exampie:

if 00,10 is entered, the measurement will
start automatically 10 minutes after the
resuits page is called up by pressing RTH,
The autocal routine is run immediately before
the measurement starts, and takes about 15
seconds to complete. The process is repeated
cyclically, and can only be stopped hy

pressing RESET or by setting parameter 935
[TIMER OFF ).

NOTE ABCUT CALIBRATION:

During SHP/S or SWP/R measuyrements, the sweep
in progress is not interrupted in order to
carry out a calibration, A calibration
triggered by the intersal timer can only be
carried out after the last result of a sweep
measurement has been stored. In MAN/S or MAN/R
modes, the current measurement will be
completed and the result stored before the
calibration takes place. '



INVTL. TIMER ON 00.00

When the setting 00.00 is made for the timer,
the PCM-4 runs the autocal routine
immediately and repeats this at intervals of
24 hours. It is possible to make bit error
rate measurements at any time during this
period without the measurement being
interrupted by calibration.

3.6,10  PARAMETER LIST O: PRINTER/PLOTTER
- The PCHM-4 must be set as system controller

4 ~

PARAH, ) ¥ FRINTER 7 PLOTTER § {SC) 1f the measurement results are to be out-
put on a printer or plotter. This is done by
- setting the switch on the back panel of the

$ (1) M ORTBLLTS (LIMKED 3 oo <IEC 625>/1EFE 488 interface board (option) to

& REGULTS (LIRKED)

pesition SC "ON" {also see section 4). The

-PRINT~ plotter must be set to address 29 and the
{3y MAN RESHLTS printer to address 30.
% AT AL AN S A A A
I Pl
@  ForeL et Ok EW OF| DN O JOFFON | | O jOn jom | on joF¥
L SELECT 0. ENTER OR RTN ) ’ 0
system controller T "listen always" and “"SRQ" switches are
provided on the printer, these should be set
PCM-4 to OFF.
Plotter reguirement:
T?QEC 625>/ 1EEE 488 e hp graphics language
{ e EC B25/IEEE 488 bus compatible

g\}y J\J7 o addressable

Recommended type: e.g. nhp 7470

PLOTTER PRINTER w2 Printer requirements:
= ¢ [EC 625/IEEE 488 bus compatible
o

address: 29 address: 30 8 addressable

e standard ASCIT character set
& at Teast 80 characters/line
Recommended types: hp 2225 Thinkjet
Siemens PT 88
Epson FX«80
NOTE: The printer or plotter must be switched
on before the PCM-4 15 switched on.




Parameter 01

Parameter 0f

Parameter 03

Parameter 06

-PLOT-
MAN RESULTS (LINKED & FRAMED)

When the /PRINT/PLOT/ key is pressed, the
completie contents of the graphic or numeric
screen display will be plotted out, even if a
measurement has not yet heen made.

NGTE: The piotter follows the same sequence
when producing hard copy as was followed
during the building up of the screen
picture. The plotter pen will therefore
Jump from point te point on the paper,
The date and time display are not
printed out by the plotter as the area
of paper on the plot is already occupied
by the graph scales and would render the
date/time information illegible anyway.

-PLOT-

HAN RESULTS [LINKED}

It is normal to select parameter O first, as
parameter 02 only causes the st of results
produced by the Tast sweep measurement to be
plotted out and joined up when /PRINT/PLOT/ is
pressed, This setting is therefore intendad
for use where several measuraments are made
under identical conditions and the results
traces are to be overlaid for the purposes of
comparisan, for example.

~PRINT.

MAN RESULTS

Hhen a measurement run has been completed,
pressing /PRINT/PLOT/ causes the resulfs to he
printed cut in the form of a table by the
printer. As well as date and time information,
the heading includes details of the more im-
portant setiings made for the measurement.
Notes about the special symbols which may also
appear in the RESULT column are found in
section 3.5.1,

~PRINT-

AUTO ALL

The AUTC ALL setting causes all results for
each successive measurement to be printed out
by the printer. If a change is made in the
measurement mode or the configuration, this
causes the printer to print a complete heading
before Tisting the new set of results, Notes
about the special symbols which may appear in
the RESULT columm are found in sectien 3.5,1.
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Parameter 07

Parameter 08

Paramgter 09

KOTE: The speed of measurement 1s considerably
influenced by the printing cut of zl1 of
the results, To save time the printing
out of results which are out of toler-
ance is recommended {parameters 07 and
093,

«PRINT-

AUTO IF GUT OF TOL.

This setting causes all results which Tie out~
side the tolerance Timits to be printed out
with the symbol * (see section 3,5.1}. If the
measurement mode or the configuration is
altered, the compliste headings for the new
measurement will be printed out automatic-
allye.

~BRINT -

AUTO ALL & TOL, LIM,

This setting causes all results, together with
their upper and Tower Timit values, to be
printed out automatically. If the measurement
mode or the configuration is alterad, this
causes the printer to print out a complete
heading for the new measurement before the
results and tolerances are printed out.

Notes about the special symbols which may
appear in the RESULT cotumn are found in
section 3.5.1.

NOTE: Choice of this parameter slows down the
measurement rate of the PCM-4 consider.
ably, It is therefore & good idea to
priat out the out of tolerance results
{parameters 07 and 09) if a complete
Tisting is not required.

~PRINT

AUTO IF OUT OF TOL. & LIM.

This setting causes all results which lie oute
side the tolerance limits to be printed out
with the symbol * {see section 3.5.1), te-
gether with the corresponding tolerance
limits. This takes place automatically, If the
measurement made or the configuration is
altered, this causes the printer to print out
& complete heading for the new measurement
before the results and tolerances are printed
out,




3.7 MODE LIST A MEASUREMENTS

A1Y MODE LIST A measurements are described in this section, either as groups or individually.

The digital and analog send signals, together with the receive filter, &re set automatically to
the reguirements of the selected measurement.

List "A" measurements include:
e level measurements

& overall loss

¢ variation of gain with frequency
e variation of level with freguency
s total distortien

e idie channel noise

e crosstalk
¢ out of band measurements
¢ harmonic- or IM distertion

These measurements determine either absolute or referred levels.

X axis parameters:
¢ frequency

e Jevel

¢ channel number

Al nalf- and full channel measurements can be made on multiplexers without having to alter any
connections, simply by pressing the softkey which corresponds to the measurement configuration
required. The diagrams which follew show the four configurations that can be selected in this
manner:

Awp
MUY (281 digital sigral
znalog recaiver
.
generator
o
p {2 digital signal
[23] JEMyx generator -
analog s el
receiver 3

Figure 3-8  Analog-znalog measurement
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A-D
HUX {20) digital signal
analo receiver =
g e
generator b=
Figure 3-10 Analog-digital measurement
0-4A
c)_‘
: ‘ 2130 digital signal
23] : DEMX generator o
anatog [ i
receiver Sommn =

Figure 3-11 Digital-analog measurement

digital 1-
generator analog or FDOM
TRANS - Toop
MULTIPLEXER =
digital  fro ]
signal
receiver

Figare 3-12 Digital~digital measurement

Note regarding the A-A measurement configuration

After the A-A configuration has been selected, an internal loop must be formed on the digital
side, The loops can be made using parameter 121 or 122 and opened using parameter 123. If the
Toop is made using parameter 121 or 122, the clock settings feor the digital generator
{parameter 331 to 333) will have no effect, as the clock sfgnal in such cases is always derived
from the receiver signal (as with parameter 334).

Parameter 121 and parameter 111 (2 048 kbit/s / 2 048 kbit/s):

The digital Toop is on the 2 048 kbit/s level. Received frames are looped from receiver to

generator without alteraticn. The generator (parameter 3xx)} and receiver (parameter 4xx) line
codes must be the same.
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34 2 048 kbit/s ¢

i

2 048 kbit/s
by TX

PARAMETER 121

984 §1

Figure 3«13  Internal 2 048 kbit/s loop

Parameter 122 and parameter 111 (2 048 kbit/s / 2 D48 kbit/s):

Here, the digital loop is at the 64 kbit/s level, Channel switching is possibie; the inform-
atfon in one of the received frames can be transferred to ancther channel of the
output signal, The send- and receive iTine codes can differ.

H
|
|
S 2 048§§b1t/5 BEMUY E
i
7
| PARAMETER 122
}
b 4 048.;1;131'73/8 MUY l
!
t
|

884:97

2 048 kbit/s g 64 kbit/s
Figure 3-14  Internal 2 048 (64} kbit/s laocp

Parameter 123

This parameter is selected when /GENRL RESET/ is pressed. The internal digital loop output is
opened and the 2 048 kbit/s output signal can be used as an auxiliary signail, The settings for
the digital generator clock {parameters 331 £o 334} are fully operational.

Parameters 124 and 112 {64 kbit/s / 64 kbit/s):

The 64 kbit/s signal together with the 64 kHz and 8 kHz clock signals are fed from the interw
face input to the output via an internal digital lcop. When the loop s closed, the status of
the 64 kbit/s data stream is displayed on the 8 green LEDs below the display screen. The loop
cannot be closed if a cedirectional interface to CCITY 6,703 §s used (e.q. BN 984/00.01 or
984/00.02).



. S
64 kbit/s 64 kbit/s
RX —_— i
B
- - contradirectional
PLM-4 ' 1 ' T
______ T g r " !! ? | codirectional
TEST TTEM I
05 BhkHr Bkiz ) W
CODER DECODER
CLOCK -

CODEC input with
interface matching

Figure 3-1% Internal &4 xbit/s loop

3¢7.1  HODE Alx: LEVEL MEASUREMENTS

Absolute level measurement.

The received Tevel is measured directly and the result displayed. The signal can be from the
PLM-4s analog generator or from another analog sowrce. Using this mode, it fs possible to rap-
idly get ar overall view of what happens to the signal level as it passes through the system.

X axis parameters:
® frequency

e level

@ channel

p

HODE A 1 LEVEL MERS, THi-14.0 @¥r - f6r

HOOIF, ey : B

R it} : :

] | —
u.. ; v !

RESELT E g g E {8

) ottt

{ SHp/S

-F.ZI:! "5" Gn u£u i [FRES

T80 CHAH, 1 -10.30iBw)  20%%r AR HIHz

. v

Figure 3«16 Level measurement vs frequency




/
HOGE # i %.EUEI. HERS, TX!‘ - R84, 0dBr

"nt : 8-
i :
e L 0
RESULT -51‘:;
@ -0

48, ‘ I,'

: ShP/S

‘“—’S‘@:.t -5;,5 -55.; —s!ilu EIX] LEVEL
Tée CHAN. 1 -60.00dBet  813Hz &7 4,148
h S Figure 3-17  All: level measurement vs,

Teve]

HIDIF,
CE
CHA,

|

RESULT

p :
HOOE A {1 LEVEL KERS. THY 0.0 RE: - elB_ri

{End

1 ! TR
TH CHAM. 1 -10.00dBad  B13Hr il
o / Figure 3-18  All: level measurement vs, chanm
nel aumber
Mode All to Ald A-A A-D D G-D change via
Analog generator X X OFF OFF VAR.MODE 1
Analog aux, generator OFF OFF OFF OFF VAR.MODF 1
Digital generator idling idling X X VAR .MODE 2
(2 048 or 64 kbit/s) code code '
Analog receiver X X
Digital receiver X X
Receive filter and
send signals ' set using submodes VAR .MOBE 3

Table 3-2  @perational status of generator and receiver as referred te the measurement confi-
guration in modes All to Al4



Submode Filter

A1l SINE MAVE 200 Hz ... 4 kHz
Alz SINE WAVE 20 Hz ... 4 kHz
Al3 SINE WAVE 20 Hz ... 72 kHz
Al4 NOISE 380 Hz ... 8550 Hz

Table 3-3  List of submodes All to Al4

A1l to Al3

Configuration Run mode Run parameter
A-f CFE, SHP/S 1MS@, FREQ XP1,
A-D £F1, SHP/R MSL, LEVEL XP2,
b-A CF2, MANSS MS2, CHAN. XPg,
- CF3, MAN/R MS3,

Table 3-4  Softkey program words in weasurement modes All to A3

Al4

Configuration Run mode Run parameter
A=A CFB, SWP/S MSE, CHAN, xP@,
A-D CF1, SHP/R MS1, LEVEL %P1,
DA CF2, MAN/S MS2,

3-D CF3, MAN/R MS3,

Tabie 3-5  Softkey progrém words in measurement mode Al4

3.7.2  MOBE AZx: OVERALL L0SS

Referred level measurement (Tevel difference using reference loop in A-A mode).

Two signal paths are used between the anaiog generator and regeiver for this measurement:
® via an internal loop
& coxternally via the test object

Method of measurement:

- the receiver and generator of the PCM-4 are connected together via the internal loop and the
relative generator level transmitted to the receiver;

~ the level is measured directly in the receiver;




~ the taop is opened;

- the second measurement i3 made via the test object, taking account the original relative
tevel;

- the level difference is calculated and displayed.

In this way, the intrinsic attenuation characteristics of the generator and receiver do not
influence the result,

NOTE: 1f the output impedance Roge = 0 (s fitted instead of Rt = compiex, then
measurements of analog-analog overall loss will be impossibie in modes AZ1, A22, A23 and
AZ4 if this output impedance is selected.

X axts parametiers:
¢ frequency

e lavel

& channeis

- R

MODE & 21 OVERALL LOSS T BB RY%: — dfr

HODIF, i i Y

R . . B

EHAT. &

RESHLT| / b4

48 - -
-tk NP5
o O Al e a

T CHAR. 1 +0.00 dBm@  20thz A 1Bz

. / Figure 3-19  AZ1: overall loss vs. frequency

- \
HEDE A 21 OVERALL L0SS TR +0.0 Rk - dfr

e g -
tm}i«. . =
RESLT| I
# AN SO I I
L -
B av— LBE

EiN)
Té: CHAN, 1 -70.00dBe0 813t A= 5,048

- S Figure 3-20  A?l: overall loss vs. level
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hybrid decoder A 2048 kbitk digital
signal
[THR  generator
¥ O+

coder 4 {20} digital
Termination via 5ignal o
Parameter 914, ) 2048 hit/s receiver [
socket [24] on the PCM-4 =

Figure 3-2la  Test setup for measurement of
.o hybrid return loss in
e MODE A21 to A24

HGE £ 2 QVERALL L035 T8 -- Rb - dBr
s A : 5 3 @ f-A . HNote: Relative levels cannot be set in D-D
: mode, so remember to take the relative
CHAK,
i fd coder/decoder levels into account when
,._;_______;__1 | caleulating the results,
RESULT ; Co §-A
0
i U ER
i
, 1 R NG
i : Do
i ! : P
T il Rl i @EEEB
\er CRR, 1 #0.00 dBa8 202 s 1053{/

Figure 3-21b  Graphics display of hybrid

return less versus frequency

Mode A21 to A24 AR A-D DA DD change via
Analog generator X X OFF OFF VARLMODE 1
Analog aux. generator GFF OFF OFF OFF YARLMODE 1
Bigital generator idiing idling X b4 VARLMODE 2
{2 048 or 54 kbit/s) : code code

Analog receiver X X

Digital receiver X X

Receive filter and

send signals set with sidbmodes VAR.MODE 3

Table 3-6  Operational status of generator and receiver as referred to the measurement
configuration in modes AZ21 to A24

Submode Prefarred frequency and level
AZl FREQUERCY 813 Hz LEVEL OdBmd
A2Z FREQUENCY 813 Hz LEVEL ~10 dBmQ
A23 FREQUENCY 1014 Hz LEVEL O dBm0
A24 FREGUENCY 1014 Hz LEVEL ~10 dBmd

Table 3-7 List of submodes A2l to AZ4

*) Standard impedance %10 Q 39 nf can be altered in the factory on reguest.



AZ1 to AZ24

Configuraticn Run mode Run parameter
A-A CFB, SHE/S MSB, CHAN. XPE,
A-D CF1, SWP/R MS1, FREQ, XP1,
D-A CF2, HAN/S MS2, LEVEL XP2,
0-D CF3, MAN/R MS3,

Table 3-8  Softkey program words in measurement modes AZ1 to AZ4

3.7.2.1  BODE A25: Eche return loss (ERL)

Due to the finite hybrid return loss of the system, a proportion of the signa) flows from the
output port back to the hybrid circuit on the irput side of the system. Both the phase and
magnitude of this echo signal add to the original signal in the hybrid circuit. The phase angle

depends, among cther things, on the signal propagation time in the system. The magnitude depends
on the hybrid loss 4 and on the insertion loss of the 4 wire circuit ap. The higher the
ERL, the weaker the echo signal will be.

ERL = a,.. +a., * a

El E2 F
The insertion Toss a is the sum of the individual losses dg!
%1 T %1 T %2 8z % %z T gy
g3 982 -
| TR e e e e T e e e -
| ey | 5
o Ihwbrd T =
| fhybrid wi §eoder [ T decoder] . hybrid ] 2
i V) & {VF}
gl ; i { H-Gom—
*———3 ——-——-—-——1 ; ]1{3@ or )
3 fF  |decoderp 4 i coder | ¥F i ~-stmulation
| 15 ' ! _ i V) i
e |
e gy e K

Figure 3-22 Echo signal in a 4-wire ¢ircuit

If access to the dewire interface fs available, ERL can be measured directly by the PCMa4 in
A-A mode. ERL carnot be measured at the 2-wire interface in A-A mode, but can be calculated by
adding the resuylts of the A-D and D-A measurements together.
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determining ERL in mixed Z-wire/d-wire systems

The result shown by the PCM-4 §5 the difference between the transmitted and the received
levels. The generator signal is a band-limited guasi-stochastic noise signal (560 to 1965 Hz).

A,




3.7.2.2 MODE A26 and A27: Singing return loss (SRL)

An audible whistle or "singing" is heard if the 4-wire circuit starts to oscillate af the crit-
fcal frequency. This occurs if the system layout is not optimised and the difference between the
losses and gains in the 4-wire circuit approaches zero. The singing return ltoss (SRL) is given
by

SRL = ag *oagy * s

The singing point occurs when SRL < 0.

- 2y - U5z
. E o .
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Figure 3-25 SRL in a 4-wire circuit

Two different noise signals are available from the PCM-4 for the measurement of SRL:
SRL LO {260 to 500 Wz} in MODE A26
SRL HI (2200 to 3400 Hz) in MODE A27

Experfence has shown that the critical freguency lies within one of these ranges, so that MODE
AZG or MODE A27 can be used fo determine the sirging point, i.e. when the SRL has the worst
value. The columns shown in the graphics display will indicate the limit value of 0 dB or a
negative value for SRL. The result indicated by the PCM-4 is the difference between the transe
mitted and the received levels,
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Figure 326 D-D measurement configuration for determining SRL in a 4-wire circuit



3.7.3  MODE A3x: VARIATION OF GAIN WITH FREQUENCY

Referred level measurement (difference level, refersnce frequency).
Generally, this measurement is carried cut at constant level.

- Level measurement at a reference frequency {e.g. 813 Hz in mode A31}. The freguency value can
be altered via VARLMODE 611,

~ Measurement of level values at fixed frequencies between 20 Hz and 4000 Hz with a maximum re=
solution of 10 Hz. To aveid interference with the subharmonics of the 8 kiz sampling frequen~
cy, the actual frequencies differ sTightly from the nominal values; for example, 402 Hz is
used fnstead of 400 Hz (see section 3,1 under /FREG./).

=~ Calculation of difference. The difference value is displayed.

in MAN/S mode, two measurements are always made:

- the reference measurement, which fs immediately followed by

- the level measurement at the frequency pre-set as & parameter.

In MAN/R, SWP/S and SWP/R modes, the reference measurement is only made once, at the start of
the measurement run,

X axis parameters:
¢ frequency

¢ channels
-
HOOE A 32 URR.BRIN/FRE, T -- Rit #4048y
.5 : H .
oo "
CHR?. i
Tkl I o
# {r_“““‘ N 00
i i i
4 o
"‘Sz;: it T vy ERES,
TH CHAH, 1 -10.024Bet  201H: A 1512}
A

Figure 3-27  A3Z: freguency Tresponss measure-
ment

Nete: If the range 1s extended to 4 kHz, the filter attenuation of 3 dB at 4.3 kHz must be taken
inte account. IF a generator frequency of 23,7 kMz is used, the image freguencies produced
by the test filter lie at around 4.3 kHz and will be shown as out-of-band spurious signals
with a level of 3 dB less than their true value.

.
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= ; . [CHAN.
PX: CHAN. © +0.00 dBal ik a=l
™ vy Figure 3-28  A33: frequency response vs.
+ channel for 3 channels
Mode A3l to A38 A-A A-D DA DD change via
Analog generator X X OFF OFF VAR, MODE ]
Analog aux. generator OFF OFF OFF GFF VARLMODE 1
Digital generatar idHing 1dling X X YAR,MODE 2
{2 048 or 64 kbit/s) code code
Analog receiver X X
Digital receiver b4 X
Recefve filter and
send signals set with submodes VAR.MODE 3

Table 3-9  Operatioral status of receiver and generater referred to the measurement configure
ation in modes A3l to A38

Submode Filter, reference frequency and preferred level
A3l 200 Hz .., 4 kHz REF, FREQ. 813 Hz LEVEL O 4BmD
A32 200 Hz ... 4 kMz REF, FREQ. 813 Hz LEVEL -1C dBm0
A33 200 Hz ... 4 kHz REF. FREQ. 1014 Hz LEVEL ¢ 4Bm0
A3a 200 Hz ... 4 kHz REF. FREQ. 1014 Hz LEVEL -10 dBm0
A35 20 Hz ... 4 kHz REF, FREQ. 813 Hz LEVEL © dBmD
A36 20 Hz ... 4 kHz REF. FREQ. 813 Hz LEVEL -10 dBm0
A37 20 Hz ... 4 kHz REF, FREQ. 1014 Hz LEVEL 0 dBmO
A38 20 Hz ... 4 kHz REF. FREQ., 1014 Hz LEVE] -10 dBm0

Table 3-10  List of submodes A31 to A38



A3l to A33

Configuration Run mode Run parameter
A=A CFP, SHP/S MSB, FREQ XPL,
A-p CF1, SWP/R MSI, CHAN, XP#,
D-A CFZ, MAN/S MS2,

B-0 CF3, MAN/R MS3,

T

able 3~11  Softkey words in measurement modes A3l to A3S8

3.7.4  MODE Adx: VARIATION OF GAIN WITH LEVEL

R
T

I

i

i

eferred level measurement {difference level, reference frequency).
his measurement Is carried out at constant frequency.

Measurement of level with a reference level input {e.g. -10 dBmQ in mode A4l). The reference
value can be altered using VAR MODE 621.

Measurement of the level at a frequency of B13 Hz with an input level which can be varied
between 60 d8m0 and +3 dBm0, with a maximum resclution of 0.1 dB. Using this measurement it
ts possible to establish that the compressor and expander characteristics tegether yield a
tinear transfer function.

Calculation of difference, The difference value i3 dispiayed.

n MAN/S mode, two measursments are always made:
the reference measurement, immediately followed by
the level measurement with the input level as pre-set by parameter.
n MAN/R, SWP/S and SWP/R modes, the reference measursment is only made once, at the start of

the measurement run.
X axis parameters:
s level
$ channel
-
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Figure 3«29  A4l: linearity measurement
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o vy Figure 3-30  A43: linearity measurement vs.

channel for four channels

Mode A41 to A6 ’ LAY A-D DA b-D change via
Analog generator X X OFF OFF VAR.MODE 1
Analog aux. generator OFF OFF OFF OFF VAR.MODE 1
Digital generator idling idling X X VAR.MODE 2
(2 048 or 64 kbit/s) code code

Analog receiver X X

Dgital receiver X X

Receive filter and

send signals set with submodes VAR,MODE 3

Table 3-12  Operaticnal status of generator and receiver referred to the measurement configur-
ation in modes A4l to Ad6

Submode Preferred freguency, filter

241 ' SINE WAVE 813 Hz SELECTIVE

a2 SINE WAVE 813 Hz 200 Hz ... 4 kHz
43 SINE WAVE 1014 Hz SELECTIVE

ndé SINE WAVE 1014 Hz 200 Hz ... 4 KkHz
145 NOISE RECV.: 350 Hz ... 550 Hz

46 NOISE RECV.: 200 Hz ... 4 khz

Table 3«13  List of submodes A4l to A46



A4l to A4

Configuration Rur mode Run parameter
A-A CF@, SHP/S Ms@, LEVEL XP1,
A-D CF1, SWP/R MS1, CHAN. XP@,
3-A CF2, MAN/S MS2,

3-D CF3, MAN/R MS3,

Table 3-14  Softkey program words in modes A4l to A46

3.7.5 MODE ABx: TOTAL DISTORTION INCLUDING QUANTISING DISTORTION

Quantising distertion is caused by the method of converting the sampled value of the LF signal
into binary coded signals which describe discrete amplitude values, The final resolution of
these steps results in a distortion which manifests itself as noise.

Quantising- and harmonic distortions are measured with either a sinusoidal signal or a band-13-

mited noise signal between the channel inputs ang cutputs, as recommended by CCITT Recs. 6.717

G.713 and G.714. The power spectrum of the noise signal 1ies within the range 350 Hz to 550 Hz.
The level difference between the quantising noise and the test signal is determined cn the re-

celive side.

X axis paramters:

o level
¢ channel
-
NOBE R 53 TOTAL BEST. T — R A.0dBr
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Figure 3-31  A53: total distortion measure-
ment




Hode AS] to ARV A-A A-D p-A B-p change via
Anatog gensrator X X OFF OFF VAR MGDE 1
Analog aux. generator GFF OFF OFF FF VAR HMODE 1
Bigital generator idling idling X X VAR .HODE 2
{2 D48 or 84 kbit/s) code code

Analog receiver X X

Digital receiver X X

Receive filter and

send signals set with submodes VAR MODE 3

Teble 3-15  Operational status of receiver and generator referred Lo measurement configuration
in modas ABl ta AR7

Submode Preferred freguency, filter

A51 NOISE 380 Hz .., 550 Hz CCITT 0,131
ha2 SIHE WAVE 422 Hz CCITT .13

A53 SINE WAVE 813 Hz PSOPH, CCITT 0,131

A54 SINE WAVE 813 Hz 300 Hz ... 3350 Hz

A55 SINE WAVE 1014 Hz PSOPH.

A5B SINE WAVE 1014 Hz C-MESS, C£ITT 0,132
An7 SINE WAVE 1014 Hz 3060 Hz ... 3350 Hz

Table 3-16  List of submodes AS1 te ABY

AS1 to AB7

Configuration Run mode Run parameter
A-A CF, SWP/S MS@, LEVEL XpP1,
A-D CF1, SHP/R MS1, CHAN. XPg,
D-A CF2, MAN/S MS2,

DD CF3, MAN/R MS3,

Table 3-17  Softkey program words in modes AS] to ABY
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3.7.6  MODE Abx: IDLE CHANKEL MCISE MEASUREMENT

Absolute level measurement

The idle channel noise is usually measured psophometrically or C-message weighted. Idle channel

noise is caused by the more or less random switching of the minimum quantizing interval.

X-axis parameter:
@ channel

{
BODE 61 IDLE MOISE Tt 0.0 B 4,

48

'“JE'
o ‘
- L D
BESILT), b
0 0

ol

W

= T,
T CHAT, T GEROFF ey
AN vy

Mode ABl to A3

Analog side:

Figure 3-32  A8l:

idle channel nofse vs.

channel

Gererator is off, neise is measured in correctly terminated empty channel.

The digital generator outputs the idling code signal +000 or the periodically/randomly alter-

nating digital word +000/-000.

Hode ABL to AB3 A-A A-D D-A b-D change via
Analog generator OFF OFF OFF OFF VARMODE 1
Analog aux. generator OFF OFF OFF OFF VARMODE 1
Digital generator idling idiing idling | idling VARL.MODE 2
(2 048 or 64 kbit/s) code code code code

Analog receiver X X

Digital receiver X X

Receive filter and

send signals set with submode VAR, MODE 3

Table 3-18 Operational status of receiver and generator referred to

atfon in modes A6

1 to A83

the measurement configur-




Submode Filter

A6l PSOPH.

62 C~MESSAGE

AB3 300 Hz ... 3350 nz

Table 3-19 List of submodes A6l ta A63

Modes AB4 to AG6

Idie channel noise measurement on CODEC modules having integral filters {e.g. $-¢ filter). An
auxiliary signal at 2 kHz is transmitted for this purpose. This signal is a subharmonic of the
sampling frequency, and activates the CODEC without generating any quantizing neise in the
transmission fregquency range, The auxiliary signal is suppressed in the receiver with a su1table
stop~band filter, so that Just the channel neise is measured at the filter,

Mode AB4 fo Abé A=A A-D D-A f1-D change via
Analog generator X X OFF OFF VAR, MGNE 1
Analog aux, generator OFF OFF OFF OFF VARMGDE |
Digital generator idling idling X X VAR MOBE 7
{2 D48 or 64 kbit/s) code code

Analog receiver X X

Digital receiver X X

Receive filter and

send signals set with sybmodes VAR . MODE 3

Table 3-20 COperational status of generator and receiver referred to the measurement configur-
aticn in modes AB4 to ASH

Submode Auxiliary signal, filter

Ab4 NCTSE W, 2 kHz TONE, PSOPH,

A6S NCISE W. 2 kHz TONE, C-MESS.

ABG NOISE W. 2 kHz TONE, 300 Hz ... 3350 Hz

Table 3-21 List of submodes Ab4 to ABS



ABL to Asg

Configuration Run mode Run parameter
Aup CFR, SHP/S MSE, CHAN. XPO,
A-D CF1, SWP/R MSI1,

b-A CF2, MAN/S MSZ,

D-D CF3, MAN/R MS3,

Table 3-22  Softkey program words in modes AS! fo AG6

3.7,7 MODE A7x: CROSSTALK

Absclute level measurement

X axis parameter:

¢ channel
4 ™
WODE A 71 CROSSTALK T 0.0 R +0.0dBp
HODIF. [ood [@
ax
i |, .
TR B
Bl -0
~15. 9} -
M e
e ] : £ CHAR,
T CHAN. 1 +0.00 dBef it A=
\. ) i Figure 3-33  A71: crosstalk vs, channel

number

f an MU-30 is connected to the analog inputs and outputs, it is pessible to make measurements
in all channels in rapid sequence, The MU-3Q is particularly useful when making crosstalk
measurements, as an auxiliary sigral is required in addition to the TX signal. The auxiliary
signal is available from cutput [31] of the PCM-4 and is defined using VAR. MODE 152 to 154, The
stgral is input to the MU-30 which inserts it inte all idle chanmels. This causes the coder to
assume a defined state, so that the results are independent of the more or less randem zero
point of the coder.




3.7.7.1  Hear-end crosstalk measurements using an analog test signal

A-A  The analog generator feeds & signal into one of the 30 channels on the analog side of the
system, The signal is sinusoidal. All cther channels are occupied by the auxiliary signal.

The analog recetver then measures the selective level of each channel in turn to determine
the analog receive side near-end crosstalk., The digital receiver is cccupied with the
idling signal of the digital signal generator.

Mux
analog
generator

N4 (21 digital signal

QEMEX

idling generator
analog code
receiver
Figure 3-34  Measurement of near-end crosstalk with an analog test signal
3.7.7.2 Far-end crosstalk measurements using an analog test signal

A-D  The analog signal generator feeds a sinusoidal test signal into one of the 30 charnels on
the analog side of the system. The other channels are occupied with an auxiliary signal.

The digital receiver of the PCM-4 measures the far-end crosstalk level on the digital RX

side in the remaining 29 channels, one after the other,
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Figure 3-3%
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Measurement of far-end crosstalk using an analog test signal
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3.7.7.3  Heasurement of near-end crosstalk using a digital test signal

D-D The digital generator feeds one of the 30 channels on the digital side of the system. The
PCM signal Tevel is 0 dBmd. The other channels are occupied by the 1dling code word. The
analog send channels are occupied with an auxiliary sigral.

The digital receiver measures the near-end crosstalk on the digital receive side in the
remaining 29 channels one after the other.

0? Mex _{Ie] digital signal
: receiver

(711} digital signal
0 dBmG generator

GEMUY

986:36

Figure 3-36 Measurement of near-end crosstalk using a digital test signal

3.7.7.4  Measurement of far-end crosstalk using a digital test signal

0-A The digital generator feeds one of the 30 channels on the digital side of the system. All
the other channels are occupied with the idling code signal.

The analog receiver measures the far-end crosstalk in the remaining 29 channels on the
anzlog side ope after the other.

MUX

[21] digital signal

DEMUX
4 dam0 generator

+

idling code

analog
receiver

§84: 97

Figure 337  Measurement of far-end crosstalk using z digital test signal



3.7.7.5 Sidetone measurement

- A«A measurement

Tne crosstalk between an analog send channel in the multiplexer and the same receive channel in
the demultiplexer is known as sidetone.

The decoder is maintained in a defined state for this measurement by means of an idling code
word with fixed sign, to ensure that the sidetone result s not influenced.

A-h
O....._.
O
23] ; M
anaiog o
generator O]
N {1} digital signat
BEMUX . generator -
analog Idling code "
recejver &

Figure 3-38  Analog-analog sidetone measurement

- D-0 measurement

The c¢rosstalk from a digital send channel to the identical digital receive channel 1s
measured, This is done by feeding & PCM signal with level 0 dBm0 to the demuitiplexer and
measuring the sidetone at the output of the multiplexer with a digital receiver,

The analog channel send side is activated with an auxiliary signal.

D-9
O—
0—-
: MY {87F a1gital signal
) receiver
o AN
L
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Signal
o
O
: BEMUX 2NF gsgizal signal
: 0 d8m0 generator P
o =
=

Figure 3-39 Digital-digital sidetone measurement
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Mode AJLl to A7S A-A A-D Duf 0-D change via
Analog generator X b OFF OFF VAR.MODE 1
Analog aux, generator X % X X VAR .MODE 1
Bigital generator idiing idling X X VAR MOBE 2
(2 048 or 64 kbit/s) code code

Analog receiver X X

Digital receiver . X X

Receive filter and

send signals set with submode VAR MODE 3

Table 3-23  Operaticnal status of generator and receiver referred to the measurement configure
ation in modes A71 to AV9

Submode Auxiliary signral, fiiter

A7l DIFFERENT CHANNELS FREG, 3061 Hz SELECT

AZ2 FREQ. B13 Hz SELECT

A73 FREQ. 1014 Hz SELECT
A74 FREQ. 3343 Hz SELECT
A7S CONV. TEL/PSOPH.

A76 SAME CHANNEL FREQ. 301 Hz SELECT

AT7 FREG. BI3 Hz SELECT

A78 FREQ. 1014 Hz SELECT
A7G FREQ. 3343 Hz SELECT

Table 3-24  List of submodes ATl to ATY

A71 to A79

Configuration Run mode Run parameter
A-h CF@, SWP/S MS@, CHAN. Xpr@,
A-D CF1, SWP/R MS1,

D-A CF2, MAN/S M52,

b-D CF3, MAN/R MS3,

Table 3-25  Softkey program words for modes A71 to A79
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3.7.8  MODE Agx: QUT OF BAND MEASUREMENTS

I an analog signal with frequency in the range 0 teo o is scanned at a scanning freguency of
fA’ the result 1s a line spectrum n x FA with sidebands n x fA * fm. Overlapping of the
sidebands can only be pravented if fm ﬁ,fA/Z- For this reason, frequencias fm > fA/Z are

filtered out using a low pass filter.

The frequencies outside the passhand may possinly cause interference as the band-1imiting low-
pass filter has finite attenuation and the frequencies do not fulfill the condition

fo< /2
Tow pass @
fitter =
. | =
' i
| N
z !
pass band i E
E
P i 5,
0 ? I b 8 ] ) 1 I B iz 70
fm fﬁ Zfﬁ [ E— .

Figure 3+40  Out of band signals

A81 To check the infiuence of these out of band signals, a signal in the range 4.6 to 72 kMr at
a level of -25 dBm0 is fed to the analog input of the multiplexer. The resulting level in
the corresponding receive channel is measured, and should be at Teast 25 d¢B down on the TX
Tevel. This also indirectly tests the stop band attenuation of the low pass filter with
respect to out of band signals at the multiplexer input.

The «50 dBm0 tolerance mask refers o the -25 dBm0 TX signal level as specified by CCITT
Recs. G.712, 713 and 714.

484 101

— . S
generator side =] _ T~ \\\ \\\
Tow pass filter == —_— T ™~ “ ~
= ~ e \\ A \\ \\
T T } f r ’ f t T 1 |
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kil 34000z 4, Bkiz T2k

Figure 3-41  Out of band noise signals
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lihen the freguency is more than half the 8 kHz sampling frequency, large amounts of break-
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i oout of band measurement
{expanded display)

through are observed where the signal frequency s 2 multiple of 8 kHz. Less pronounced break-
through occurs at freguencies of 12 kHz +n x 8 kHz. These breakthroughs are a function of the
system itself, and are not a property of the PCM-4 or the ftem under test,

Hode ABL A-A A-D change via
Analog generafor X X VAR.MODE 1
Analog aux. generator OFF OFF VARLMODE 1

Digital generator

VARLMGDE 2

(7 048 or 64 kbit/s) code code
Analog receiver X X
NHgital receiver b

feceive filter and

send signals

set with submode

YARLMCDE 3

Table 3-26 Operational status of generator and recelver referred to the measurement configur

ation in mode A8Y



o

3-1086

Submode Generator signal, filter

- AS1 SEND 4.6 ... 72 kHz/RECV 0.2 ... 4 kHz

Table 3~27  Submode A8L

A8l
Configuration Run. mode Run parameter
A-A CFE, SWP/S MS@, FREG XP1,
A-D CF1, SWP/R MS1, CHAN. %P,
MAN/S MS2Z,
MAN/R MS3,

Table 3-28 Softkey program wards in mode A8L

A82 In the opposite direction, a signal between 300 Hz and 3.4 kHz at a level of § dBm0 is fed
into the analeg input of the multiplexer and the oyt of Hand noise Tevel 1s measured in the
receive chamel in the range 4.6 to 128 kHz. This neise may occur due to the finite attenu-
ation of the low pass filter at the demultiplexer input. It should be at least 25 dB down
on the T{ level, The tolerance mask at -Z% dBmO refers to the TX level of 0 dBm0 specified
by CCITT Recs. G.712, 713 and 714,

Either analog-analog or digital-analog measurements are made.

984 : 103
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0,3kHz 3.4 kHz .6 kHz 128 kHz

Figure 3«45 Qut of band noise level
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Mode AB2 ' a-A D-A change via
Analog generator b4 OFF VAR .MODE 1
Analog aux. generater OFF OFF VAR.MODE 1
Digital generator idling X VAR.MODE 2
{2 048 or 84 kbit/s) code

Analog receiver X X

igital receiver

Receive filter ané

send signals set with submode YAR.MODE 3

Table 3-23  dOperational status of generator and receiver referred to the measurement configur-
ation in mode A8Z2

Submode Auxiliary signal, filter

A82 SENG 0.1 ... & kMz/RECY 4.6 .., 128 kHz

Table 3-30  Submode A82

482
Configuration Run mode Run parameter
A-R CFQ, SHP/S MSH, FREG XP1,
SHP/R MS1, CHAN. XPg,
DA CF2, MAN/S MS2Z,
HAN/R MS3,

Tabie 3-31  Softkey program words in mode A82

fo
N
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A3 (ut of band ncise is measured in the range 4.6 to 128 kHz with no signal present at the LF
irput to the multiplexer. The noise level should be less than -65 dBm0.

The upper Yimit of 128 kHz has been chosen so that interference caused by the clock fre-
quency used by many codecs {2 x 64 kHz) can also be measured,

Hode A83 A~ D-A change via
Analog generator oFF OFF YARMOBE 1
Analog aux. generator OFF OFF VAR.MOBE 1
Digital generator idling idling VAR .MODE 2
{2 048 or 64 kbit/s) code code

Analog receiver X X

Digital receiver

Receive filter and

send signails set with submode VAR, MGDE 3

Table 3-32 Operational status ef generator and receiver referred to the measurement configur-
ation in mode A83

Submode Auxiliary signal, filter

£83 SEMDER OFF /RECY 0.2 ... 4 kiz

Tabie 3-33  Submode A83

183
Configuration Run mode Run parameter
AR CFB, SHP/S tiS@, CHAN. XP@,
SWP/R MS1,
D-p €72, MAN/S MS2,
MAN/R MS3,

Table 3-34  Softkey program words in mode AB3
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3.7.8  HARMONIC- AND INTERMODULATION DISTCRTION

The non-lipearities which eccur in transmission systems, such as compression and 1imiting, give
rise to intermodulation preducts and harmonics which 1ie within the speech band and which
therefore interfere with the speech signal.

3.7.9,1  MODE A91 and A92: harmonic distortion

MODE A91 measures the second order harmonic distertion 3, 25 the difference between the
Tevels of the selectively received gemerator signal with frequency fI = 1004 Hz and the
sefectively received second harmopic Efl. The receive filter for the second harmonic has a
passband of 2000 to 2028 Hz.

| #
B I E— 2
u — m
Y] %3
| T
i H E 1
i Hy Hy tf 51 f e
1 2. 3 L, harmoaic

Figure 3-47  Frequency spectrum for harmenic distortion

MODE A9Z measures the third order harmonic distortion 3y 85 the difference between the levels
of the selectively received generator signal with frequency fl = 1004 Hz and the selectively
received third harmonic 3f1. The receive filter for the third harmmonic has a passband of

3000 to 3042 Hz.

3.7.8.2  MODE A93 and AY94: intermcdulation distortion

Intermedulation distortion is the occurrence of sum- and difference frequencies as a result of

non-linearities in the characteristic of the transmission system, resulting in the distertion of
the original waveform.

The tinsarity of a channel can be tested using the 4-tone method., The 4-tone signal used
consists of four signals of equal amplitude arranged as pairs & and 8:

A T 857 Hz and 862 4z

B ¥ 1373 Hz and 1388 Hz

[H

The non-linearities in the system result in the producticn of intermodulation products of these
four frequencies. The second order products consist of four difference frequencies, B-A, and
four sum frequencies, B+A, which lie within the speech band at 520 Hz and 2240 Hz respectively.
The third order products within the speech band are six frequencies 2B-A at about 1900 Hz.

=
[
\“
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MODE AS3

The 2nd. crder intermodulation products B-A and B+A are measured selectively and the average
level caleulated. The difference between this level and the wideband level of the d-tone signal
is displayed in dB.

4 tone signal

passhand range for B-A: 480 ... 560 Hz
passband range for B+A: 2229 .., 2251 Hz

L

e

984: 165

T
528 850 1388 1740 {
B-4 A L] Be 4

Figure 3-48  Frequency spectrum of 2nd. order intermeodulation products in the speech band

MODE A94

The 3rd. order intermodulation product 2B-A is measured selectively and the difference between
this level and the wideband level of the 4-tone signal is calculated and displaved in dB.

4 tone signal

N

| |

866 1380 500 #y f

984 :158

Figure 3-49  Frequency spectrum of 3rd, order intermodulation products in the speech band
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3.8 MOBE LI1ST B MEASUREMENTS

A1l MODE LIST 8 measurements are described in the following sectiom, either as groups or
individualiy.,

The digital and analeg send signals, together with the receiver filter, are set automatically
to the requirements of the selected measurement. These values can be altered via the VAR.MODE
list (see 3.9).

List "8" measurements include:

s return joss

¢ longitudinal conversion loss

¢ longitudinal conversion transfer loss
3 peak code value

group delay
signalling distortion

interference from signalling

error measurements

Measurements of return toss, LCL and LCTEL are only possible if the measuring bridoe option
(8N 984/00.12) 1s fitted.

3.8.1 MODE Blx: RETURN LOSS

To ensure matching to a given characteristic impedance, it is necessary to measure the
return loss of cables, instruments and modules,

The return loss:

I, +1Z
X o 4B

a, = 20 log
! PR

expresses the degree of matching between the input and cutput impedances, ZX and the
characteristic impedance, 20.

The following standard characteristic impedances are fitted to the PCM-4:
600 {2, 850 @ {or 800 @ with BN 984/00.10 bridge) and a compiex impedance (220 § in series with
820 @ in parallel with 115 nF); this impedance can be modified ex-works 1f required,

The complex impedance is used for return loss measurements on 2-wire subscriber cop-
nection modules. The input impedance of the Z-wire input is complex, dug to the line
simulation circuit used in the hybrid circuit,

I the MU-30 test point scanner is used, the test object should be connected to one of the
three connectors L2331, [24] or [25):

o [23] selected as RX by softkey and /d-wire/ key
e [24] selected as RX or TX by softkey and /RX/TX/ key
¢ {25] selected as TX by softkey and /4-wire/ key.




(" 34113

mmmmmmmmmmmmmm test object

[241 or {251

964 - 108

Figure 3-50 Measurement of return loss

The loss measured with the circuit shown in Figure 3-50 is & dB higher than the actual return
loss, This difference is taken into account by the calibration process, however, so that the
actual return loss is displayed. Since any additional impedances between the bridge input and
the device under test (ZX) will also be compensated for, it is important that Zx is connected
directly to cone of the bridge inputs.

3.8,2  MOBE B2x: LONGITUDINAL CONYERSION LOSS

Heasurement of lengitudinal conversion loss is the measursment of the attenuation error
caused by the apparent impedances between the twe halanced iaput wires {a and b) and ground {(c).
The bridge is coenfigured so that points a and ¢ as well as b and ¢ form arms of the bridge.

test oblect

9L 2 172

Figure 3-51  lLongitudinal conversion loss measurement as per CCITT Rec, 0,121
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In this measuring configuration, 2 centre~tapped coil is fed from a source impedance of /4. An
impedance of 7 is connected in parallel with the coil.

Oq a qa
1 14 I in
Z[] : C = z[] £ == C
1 B 112 8
ob b y B
A B t

Figure 3-52 Electrical correspandence between centre-tapped coil configuration and centre-

tapped resistors

; z " . -
If Z; and Z, are both %, then §U1] = iU2‘ and hence U_ = 0.
If an additional impedance za is present between b and c, the voltage US between & and b is
EURRTAL
The LCL is then given by

3 4 Za
LCL = 20 log @f + oy Y= 20 Tog

R
Y

The following reference impedances (I} are provided in the PCHM-4:
600 €, 550 @ {or 900 Q with bridge BN 984/00.10).

81, B2
Configuration Run mode Run parameter
X Leg, SWP/S MS8, FREQ XP1,
RX LPL, SWP/R MS1, CHAN. XP@,
MAN/S MS2,
MAN/R MS3,

Table 3-35 Softkey program words in modes 81 and B2
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3,8.3 MODE B3x: LONGITUDINAL CONVERSION TRANSFER LOSS (LQTL)

In analog-analog measurement of LCTL, the influence of unpalance af the send side on the
unbalance of the receive side s determined {input to output unbalance),

The test configuration shows the forced symmetrical feed to the two-port network and a
similar termination on the receive side. Under norma) circumstances, switch 51 13 closed so

that Z/4 is in circuit.

Ceew-o. 1 i—“?c;fawmm___M%MWE
E f A-A | i
|
! ’?
| 1 | MUX DEMUX [ . i
!
{ ; (senn) {ompits (Rev.y o ;
! H1 .—% i |
| | I
| | | {0
L_ e . i

Figurs 3-53

The LCTL i3 given by
U

2

= 20 log

dB

Measurement of LCTL [A-A]

/éaﬂff B 31 CONLTR, LDSS Tt ﬁ 0 Rx! f‘? fdBr
§§Hﬁ . :; i
FET0] 0 S S
R B W W)
\EX# CHAH, ¢+, 004880 Ak 7 15352) Fisure 350 B3l: LETL messurenant

98- 110
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for the mweasurement of LCTL on the send side of a multiplexer, (analog to digital measurement)

the test cbject is fed in the same way as before. & PCM word analyser on the digital side is

used as the measuring instrument,

iﬁc"r}"-“f_ ~~~~~ B
!
l
l
| ) |
|
| E
[ 4 E
|
| f
B T |

MUX

" {SEND)

Figure 3«55 Measurement of LCTL [A-D]

Fciff” ““““““ “”“E

I |

| |

I digital " | .
W receiver ? }

| |

| i

| |F

S _IE

Far the measurement of LCTL on the receive side of a multiplexer (digital to analog measure-
ment), the PCM side of the test item is fed with a digital signal from the digital generator,

The twe port network is terminated on the receive side with the forced symmetrical circuit.

[oowe

digital

|
|
I
|
| generator
I
l
I
|

i_____..__..___...{)_._.__.._._

2Mbil/s

Figure 3-56 Measurement of LCTL [D-A]

Here, the LGCTL is given by:

Uy
a = 20 log, — | dB
UZ

i
DEMUX ____T !
[ 1 U
(RCY.) e
_____é} i " %
}
i
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Hode B31 and B32 Awdh A-D D-A change via
Analog generator X X OFF VAR MODE 1
Analog aux. generator OFF OFF CFF VAR MODE 1
Pigital generator idling idling idling VAR.MODE 7
(2 048 or £4 kbit/s) cade ¢code cote

Analog receiver X B 4

Digital receiver b4

Receive filter and

send signals set with submode VAR.MODE 3

Table 3-36 Operational status of generator and receiver referred to the measurement configur-
ation in modes 831 and B32

Submode Impedance
331 REF. IMPEDANCE BGO OHM
332 REF. IMPED. 8507900 OHM OR OPT.

Table 3-37 List of submodes B3I and B3Z

B31 and 832

Configuration Run mode Run parameter
A-A CFR, SWP/S nsg, FREQ  XP1,
A-D CFL, SHP/R MST, CHAN. XPQ,
DA CF2, MAN/S M52,

MAN/R MS3,

Table 3-38  Softkey program words in modes B31 and B32
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3.8.4  MODE Bd4x: DETERMINATION OF CODER OVERLOAD CAPACITY

Due to the finite number of amplitude lTevels available, limiting in PCM systems is severe, If
the send level is increased beyond the overload Timit, all sampled values with an absolute value
gregater than the decision threshold value will be output as fixed values on the receive side.

When testing PCM coders, this overlcad Timit is a very important factor. The presently-used
method for determining coder overload capacity uses a sinusoidal signal, the amplitude of which
is successively increased until the peak amplitude of the signal just reaches The maximum
decision threshold value {e.g. 127}, This occurs when the display of the maximum code word at
the digital signal receiver changes from 126 to 127. The limit value of the overload lies

(.28 d8 above this lavel {i.e. thg width of step 127).

In the PLHM-4, coder overicad capacity is determined by applying a defined overload to the
coder., The digital receiver counts the number of +127 or -127 codewords occuring within the
measurement period, and the processor calculates the overload capacity from these figures.

{ T8 o e e rem e e e e i e e o e

97 __b28d8 tep 127

Sinusoidal signal

115

LL]3

Normal method: stepwise increase in coder drive signal level unit peak code of 127 is reached

Figure 3-%7 Determining the overload capacity of a coder

41
i) IR e o o ] . N S mmmmm/imax_
{virtual) 128 A word 127
0T e TTTTTIR T N
. aoverload limit
f
t
LU »
1 g

Method used in PCH-4: system is overleaded with a defined signal level
At = no. of words with code 127;
T = number of cede words per half-period.
Catculation of the virtual overlaod capacity Tmax from the number of
words with code 127.

Figure 3-58 Determining the overload capacity of & coder

/
{
i
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HODE B M1 CUERL.ZAP(+) TX:-13,3 ROt -- 4Br

L T g

O

RN | o

l ii.ij
RESULT:
9!.!1
{8ak i
08 .
: | TR
'Hi H I !
e i A

WO T A G G A .

. / Figure 3-59  B4!: measurement of overload
capacity as a function of chanp-
nel number

Mode 841 to B44 AnD change via
Analog generator X YARMODE 1
Analog aux. generator OFF : VARMODE 1
Digital generator idling VAR.MODE 2
(2 048 or 64 kbit/s) code

Analog receiver

Digital receiver X

Receive filter and

send signals set with submode VAR.MODE 3

Table 3-3% Operational status of generator and receiver referred to the measurement configuir-
ation in modes B41 to B44

Submode Frequency

B4 OVERLOAD CAPACITY W. PGS, PEAK CODE 813 Hz
342 W. NEG. PEAK CODE 813 Hz
343 GVERLOAR CAPACITY MW, POS. PEAK CODE 1014 Hz
B44 W. NEG. PEAK CODE 1G4 Hz

Table 3~40 List of submodes B4l to B44
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B4l to 844
Configuration Run mode Rup parametar
SWP/S MSH, CHAN, XP@,
A-D CFI, SWP/R MST,
HAN/S MS2,
MAN/R 1S3,

Table 3-41  Softkey program words in modes B41 to B44

MODE 845: PLAK LOAD CAPACITY

This measurement enables measurement of the peak-peak value of a PCM signal. The maximum posi=-

tive and negative code words are determined in a single measurement, The coder offset can also
be determined manuaily with a small drive signal using this measurement mode.

The difference between the maximum positive and negative values is determined and the deviation
from zero gives the coder offsel expressed in terms of full code words (see alse under B4E},

P
HOOE B 45 PERK LORD  Té-i4.0 R4 - dBr
N o S
Rx: i!“} H
G |
x

FESILT
P,

HEE.

B ¢
T8 CRAN, 0 ~10.00cBad 8134z -4
. / Figure 3-60 Measurement of pkepk value of a

PCM signal as a function of
channe! number for 10 channals
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MODE B46: CODER UFFSET

The coder offset is determiped as follows:

~ the individyal code words are expanded to linear 18 Hit code words,
- the linear average value over a given time period is calculated,

~ the average value is companded (- or A-law),

- the result §s displayed,

Due to the computing method used, it s possible to display the coder offset in terms of
fractions of a code word, so that a trend in the offset can be spotted more easily.

/ a
HODE B 46 CODER OFFSET THi-T4.0 R - dBr
i T
Rit 1 : C
.CH&? s ‘ 3
REGULT,
i
-5
ShE/S
e - [CRR]
TH: CHAH, | GEN.OFF Al
. S Figure 3-61  B46: measurement of coder offset
as a function of channel number
Mode BAS, RB46 A-D 0-b change via
Analeg generator X OFF VAR MODE 1
Aralog aux, generaior OFF OFF VAR MODE 1
gital generator idling X VAR MODE 2
{2 D48 or 64 kbit/s) code
Anatog receiver
Bigital receiver X X
Receive filter and
send signals set with submode VAR.HODE 3

Table 3-42  Operaticnal status of generator and receiver referred to the measurement configur-
ation in modes B45 and B4S

Submode
845 PEAK LOAD
B46 CODER OFFSET

Table 3-43  List of submodes BAS and 546
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B45, B46
Configuration Run mode Run parameter
SHP/S MSP, CHAN. XP@,
A-D CF1, SWP/R MST,
MAN/S MS2,
D-b £F3, MAN/R MS3,

Table 3-44  Softkey program words in modes B45 and B46

3.8,5 MODE BBx: GROYP DELAY

Group delay s caused by phase distortiom which the signal undergoes along the transmission
path. In PCM systems, the band-l1imiting low-pass filter in the multiplexer and the demodul ator
fow-pass filter in the demultiplexer are the main sources of such phase distortion.

Group delay is measured in the PCM-4 by means of a so-called loop measursment. The test ohjact
1s fed with an amplitude modulated carrier signal [combination signal) and the group delay
referred to a reference pulse is calculated from the receive side signal.

Test frequencies:
292, 500, 604, 1000, 1792, 2604, 2791 and 3396 Hz.

Modulation frequencies:
41.66 Hz + 0.1 % or 83,33 Hz + 0.1 %

medulation
i signal 41.66 Hzi

combination
signal

: 113

,_
984

reference pulse

Figure 3-62  Group delay measurement test signal
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MOOE B51: ABSOLUTE GROUP DELAY

Absalute group delay is measured at eight fixed frequencies using the combination signal. If
the signal passes through a test cbject with non-linear phase response, the modulation frequency
{envelope) will pe phase-shifted with respect to the send side modulation signal. This phase
shift corresponds to the absolute group delay at the given carrier freguency.

-
HOGE B 51 ABS.GRPLDEL, TR:-14,0 s #4,9¢Be

it % m
el Y : Ll
EHQ?. " il : . N

Z? ; : s

ST 1 /|

ity . .
PN

ST : -

: : i SHP/S

§ .’5; HE!Q EFEM IJEN Jieh ?REQ‘

TS CHAR, | ~0.004Bad P9I 4F A Figure 3-83  B51: measurement of ahsolute
group delay

Bh1
Configuretion Run mode flun parameter
A-A CFO, SWR/S MSO, FREQ XP1,
A-D CF1, SWP/R MS1, LEVEL Xp2Z,
D-A CF2, MAN/S M52, CHAN. XPQ,
b-b €£F3, MAN/R MS3,

Table 3-45 Softkey program words in mode BSt

MODE BSZ2: GROUP DELAY DISTORTION

The group delay distortion is measured at eight fixed frequencies and referred to the absolute
group delay at 1792 Hz. Group delay distortion thus corresponds te the difference hetween the
absoiute group delay at the test freguency and the reference Trequency.

Any one of the eight frequencies can be set as reference frequency using VAR. MCDE 611,

The PCM-4 carries out two measuremenis in sequence and calculates the resuli.

Group delay distortion only sccurs if the phase responss of the test sbhject is non linear with
respect to freguency.
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3.8

Mode B5L and B52 A-A A-D D-A p-D change via
Analeg generator X X X OFF VAR .MODE 1§
Analog aux. generator OFF OFF OFF OFF VAR MODE 1
Digital gensrator idling idling X X YAR .MOBE 2
(2 048 or B4 kbit/s} code code

Analog recaiver X X

Digital receiver X X

Receive filter and

send signals set with submode VAR .MODE 3

Table 3-45 Operational status of generator and receiver referred to the measursmeni configur-
ation in modes BS! and B52

Submode
B51 ABSOLUTE GROUP DELAY
852 GROUP DELAY DISTORTION V. FREQ.

Table 3-47 List of submodes B51 and B52

B52

Configuration Run mode Run parameter
A-& CFO, SWP/S MSO, FREQ XPI1,
A-D CF1, SWE/R MSI, CHAN. XPO,
0-A CFZ, MAN/S MS2Z,

D-0 CF3, MAN/R M33,

Table 3-48  Softkey program words in mode B52

ABSQLUTE GROUP DELAY Mode B53 / GROUP DELAY DISTORTION Mode BS54
Modes BB3 and BS54 correspond to moedes B5! and B52 using a modulation frequency of 83.33 Hz.

5 MODE B&x: SIGNALLING DISTORTION

The signaiting information in PCM systems with channel-associated signalling is sampled every

Z ms and transmitted. The 2 ms sampling time corresponds to the duration of the signalling pulse
frame. If four signalling channels, each running at 500 bit/s are formed, the theoretical
maxtmum sampling distortion is z 2 ms per channel, calculated from the pulse frame duration.

A further distortion occurs in the send- and receive side signalling processor equipment, due

to the response times of the relays used for switching.

The resultant signalling distertion can therefore be of the order of several milliseconds. This
is not ¢ritical in the case of status signals, but the dialing signal tolerances can be exceeded
if {worst case} all the tolerances of the individual equipments {dial switch, relay, selector}

add together.
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For this reason, it is necessary that the signalling distortion is measured.

For this measurement, signalling pulses are simulated by feeding a 10 Hz or 20 Hz rectangular
signal with variable duty cycle onto the M 1ine {S2 in}, see also section 3.4.7.

dialling pulse, mark 40 ms/space 60 ms
Wms 8l s

LOW
|
L
!
I '
s P
[E
; distarted diailing pulse
|
!
|
|
L. ' |
| H1GH - LOW I
]
increased pulse length
% positive signalling distortion

Figure 3-64  Signalling distortion caused by sampling ai 2 ms Intervals

e pe— =
F? in &
il - ! ®
— PR

| |
| |
”oi‘.‘ih_*];_% o~ b

genarator

" "

10 Hz or 20 Hz '
square wave signa”

E & M-
fmultiplexing
M= multiplex

loop

receiver l

ok ﬂ\l

| SO W R

signalling }
distortion L st i . s e o e s e e e e signaiiing
* 10 ms M= muitiplex E = exchange

Figure 3-65 Measurement of signalling distortion

984120
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The internal impedance of the generator (electronic switch} has the following values: mark
< 30 Q, space > 20 kQ.

On the receive side, the sigmalling distortion receiver measures the duty cycle deviation of
the signal compared to the reference, averaged over 10 or 20 periods, and displays the result in
milliseconds.

The PCH-4 signalling receiver [38] is connected to the E-wire {S2 out} of the system, The
receiver input impedance is 750 & and is connected internally to -15 ¥ d.c. The input must be
connected to earth via the driving switch.

The receiver monitors the closing and cpening impedances of the switch in addition to the
signaliing distortion. The c]osing impedance must be < 300 Q; the opening impedance > 20 kB
otherwise Z will be displayed next to the value G.0.

The measursment range is + 10 ms with a resclution of 0.1 ms.

undistorted signalling

decreased

pulse Tength positive signalling distortion

—o—] Ll——ﬁi

increased

pulse length negative signalling distortion

o

i e At s

Figure 3-66 Distorted signalling pulses

361 to BEY

Configuration Run mode Run parameter
A-A CFB, SWP/S MSE, CHAN. XP@,
A-D CF}, SWP/R MSI,

D-A CFZ, MAN/S MSZ,

Db CF3, MAR/R MS3,

Table 3-49  Softkey

program words in modes B61l fo BE9



3.8.7 HODE B7x: INTERFERENCE FROM SIGHAL: ING

In order to determine what effect the sigralling has upon the quality of the received analog
signal, an analog signal of 18 Hz or 20 Hz is fod inle the signalling input of the mulitploxer.
At the output of the demuitiplexer, the resultant noikse signal in the tetephone channe! is
weighted psephometrically and measured by the recciver.

A check 1s made to see if spikes or dialling noisc in the sninralling channel exceed the igle
channel signal.

The measurement is analog-analeg.

character generator

(91 [~ 7
®l—FTn

MEX . )

analeg signal Eg%;

receiyer

@ (23] D
>} To)

-,
psophometric " DEMUX =
weighting §

Figure 3«67  HMeasurement of noise voltage at the domultiploexer anatog outpul

To determing the eoffects of digital sigratling, the digital nencrabor of the PCHe4 provides a
10 Iz squarewave to represent the b signalling bit in Lie seloched channel. The digital
receiver measures the crossfalk {psophometrically weinhted) in Lhe suitiplexer telephone
channels {D-0 configuration). it is also possible Lo soiech sionalling bits a, ¢ or d under
VAR, MOBL 7xx. Thne duty cycle ang frequency of the analog or digital sigralling can alse be
altered. '

A (26} digital
3 MU — O—7 signal
D receiver

D ) digitar [
3 heMux — O—F  signal o
A generator I -

Figure 3-68  HMeasurcment of noise signal at the digital multiplexer oubputb
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371 to B79

Configuration Run mode . Run parameter
A-h CFp, SWP/S MSP, CHAN. £Pp,
A-D CF1, SWP/R MSI,

O-A CF2, MAN/S MS2,

-0 CF3, MAN/R MS3,

Table 3-50  Softkey program words in modes B71 to B79

3.8.8  MODE B&x: ERROR MEASUREMENTS

Al arror measurements are carried out over a preseltable measaroment poricd.
H
This measurement period is set as follows:

* press /A7
the input and display field for hours appears in reverse Fieid characters

* enter the number of hours {max. 99)

*  press /ENTER/:
the next fieid {minutes) will be displayed in reverse Field characters minutes and seconds
are entered in the same way as hours.

Every time /4/ is pressed, the display jumps back to hours.

4 max. = 99 59m 595,

FOBE B&1: frame alignment signal errors

Possible measuraments:

¢ FAS bit error rate

¢ FAS word error rate

s HMFAS word error rate

¢ CRC error rate {with parameter 232)

X axis parameter:
£ up to 50 test intervals as histogramm
o test interval for each channel
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Normally, the PCM line is disconnected and bit error measurement are then made to determine the
transmission quality.

If the line is actually in operation it is possible to assess the transmission quality of the
line by measuring the FAS bit error rate with a monitor connected via a high impedance
connection.

The test interval is preset to 10 s.

2048 kbits >3 PCH-4 digital
{28} 151gndl receiver

18

119

Figure 3-68  FAS error measurement with Zin > 3 ki

881
Configuration Run mode X parameter
FAS/B ETQ, SWP/S MSO, HISIG XPC,
FAS/W ETY, SWP/R MS1, CHAN XP1,
MFRM ETZ2, MAR/S MS2,

CRC ET3,

Table 3-51  Scoftkey program words in mode B81

B82 Measurement of bit- or word error rates in the telepheone channel

B&83 Counting of telephone channel bit- or word errors

B&4 Counting of error free or errored seconds in test interval {in %)

X axis parameters:

¢ up to 50 test intervals as histogramm

» test interval for each channel.

The measurements determine bit- and octet errors in the 64 kbit/s telephone channel. Four
different configurations are possible, these being set with parameters 111 to 114,

124 RX Parameier
2 Mbit/s 2 Mbit/s i1l
64 kbit/s 64 kbit/s 112
64 kbit/s 2 Mhit/s 113
2 Mbit/s 64 kbit/s i14

Parameter 334 {clock from receiver) must be selected for measurements on codirectional cards (64 k / 2 M)
since the demultiplexer and the PCM-4 have separate clocks and would therefore not be synchronous.



3-130

The test patterns can be selected via softkey 1. The following:
- pseudorandom sequence 29—1 (PRSS]

- pseadorandom sequence Zli-i (PRS11)

- B hit word {WORD)

are available.

Setting the 8 bit word:

* select WORD with softkey 1;

on the screen next to softkey 2 the message SET/W is displayed

press softkey 2; .

the input and display field for the 8 bit word at the bottom of the screen is displayed
in reverse field characters

enter an 8 bit sequence using the /1/ and /8/ keys

* press [ENTER/

The 8 bit word can also be altered via VAR.MODE 263.

*

Display of results:

Measurement Graphical Numerical

B8z 8it or octet, Bit cr ocetet

Error rate in selection via simuitaneously

84 kbit/s channel softkey 4

B&3 Bit or octet, Bit and octet

Error counting in selection via simu ltaneous ly

64 kbit/s channel scftkey 4

B84 Error free of errored Error free and errored
Error-free seconds selection via simultaneously

in 84 kbit/s channel] softkey 4

If softkey 3 is pressed, single errors can be inserted manuaily to check the test con-
nection.

All results are updated together, the results béing displayed under RESULT on the left
hand side of the screen and updated every 0.5 tc 2 seconds. At the end of the measurement
period, the results of the measurement are displayed in the graphical and numerical display
fields,

The measurement interval is preset to 10 seconds.
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Lass of results due fo synchronisation loss

If the chosen test interval is long it is possible that the measurement result will be Yost if
synchrenisation is lost even momentarily. This risk can be reduced if the test intervals are as
short as possibie and the maximum number of 50 intervals per sweep 1s set.

Printout

The resylts are output on a printer connected to the IEC bus. If synchrenisation is lost during
4 test interval, this is indicated by the words 1O SYNC. on the printout. The duration of the
synchronisation 1oss can be determined from the number of test intervals not indicated by HO
SYNC, and the length of the test‘interval; e.g. if the test intervel = 1 minute, the start time
= 73:00, and the number of synchronised intervals is 32, then sync. loss occurred between 23:32
and 23:33.

Nate:

Up to 70 intervals in MODE B81 and 140 intervals in MODES B82 to 84 can be displayed on a
single nuymerical results page in SWP/R mode even if & printer is aot connected. NO SYNC.
intervals are similarly indicated, The shorter the interval chosen, the more exact the
determination of the time when Sync. loss occurred.

Avoiding calibration interrupts during measurements

To ensure that the autocal routine does not operate during the course of a measurement, set the
TIMER using parameter 936 {see 3.5.9} to 00.00 if the measurement is to start immediately. This
ensures that the next autocal will not occur for 24 hours. If the start of the measurement is fo
be delayed, then the difference between the actual time and the desired start time must be
entered using parameter 936. The PCM-4 then autocalibrates immediately before making the
measiurement, and repeats calibration after the time set with parameter 936 has elapsed.

B8z, B83

Conffguration Run mode Run parameter
PRSS LFg, SHP/S M58, HISTG XP1,
PRS11 EF1, SWP/R M8, CHAN. XpP3,
WORD  EFZ2, B bbbbbbbb, MAN/S MS2,

ERROR ER, HAN/R MS3,

8IT £GP,

0cT  EGI,

Table 3-52  Softkey program words in modes B82 and 883
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B84

Configuration Run mode Run parameter
PRSG EFg, SWP/S MSE, HISTG %P1,
PRSI EF1, SWP/R 81, CHAN. XPg,
WORD EF2, B bbbbbbbb, MAN/S mS2,

ERROR ER, MAN/R MS3,

EFS  EMD, '

£S EM1,

Table 3-53  Softkey program words in mode B84

3.8.9  MODE B9x: SPECIAL MEASUREMENTS

MODE B91: display of words in the PCM frame

The function of this measurement mode is comparable to that of the 8 LEDS below the display
screen, The words fn the PCM frame are sequentially checked and displayed on the screen in
binary code. The PCM words can be called up via the <IEC 625> bus in mode B9, whick is not the
case with the 8 LEDs.

Display of:

FAS

FAS

words in selected channel
MFAS

MFAS

e signalling record

2. ® % @

BY1

Configuration Run mede Run parameter
A-D  CFI1, MAN/R MS3,

D-b CF3, MAN/S MSZ,

Table 3-54  So¢ftkey program words in mode B9l
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MOBE BS2: multiplex/demuitiplex operation

For detailed information, refer to section 5.1 which describes the 64 kbit/s interfaces.

This mode is not intended for making measurements with the PCM-4, but it does allow access to

the B4 kbit/s signal of a telephone channel. An external 84 kbit/s signal can be fed into a
chosen channel of the ? Mbit/s digital send signal via the &4 kbit/s input {option}. The

64 kbit/s signal in the chosen channel of the 2 Mbit/s received signal is available at the

64 kbit/s output [(optien). Channel selection is via the /RECV CHAN/, /SEND CHAN/ or /BOTH CHAN/
keys. Timeslot 16 can selected if parameters 213 and 223 are set previously, and timeslots 0 and
18 can be selected if parameters 214 and 224 have been set.

Parameter 334 (clock from receiver} must be selected for measurements on codirectional cards (64 k / 2 M}
since the demuitiplexer and the PCM-4 have separate clocks and would therefore not be synchronous.
MUX/BEMUX cperation is only possible if

- the 84 kbit/s interface opticn is fitted, otherwise an error message is displayed:

B4kbit/s INTERFACES NOT PRESENT

- parameter 111 or 116 has been selected, otherwise an error message is displayed:

HUX/DEHUX OPERATION NOT POSSIBLE
SELECT PARAM, NO. 111 OR 115

- parameter 212 or 222 has not been selected, atherwise an error message is displayed:

Gdkkit/s INTERFACES NOT AVAILABLE

If parameter 111 is selected in mode BS2, parameters 121 to 123 can also be selected, but have
no effect, as the 2 Mbit/s Toop is always open in mode B892,

Input interface Clock generation Remarks
mode via parameters

codirectional ne choice available
contradirectionatl parameter 331 - 334

Input interface Clock generaticn Remarks
mode via parameter
error: )
codirectional codirectional operation not

possible with parameter 116

contradirectional no choice available
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3.9 VAR. MODE
The parameters in the VAR.MODE list are set automatically when a measurement mode is selected,
and are marged with **. To match the PCM-4 exactly to a given test item, however, it is
possible to modify the VAR, MODE parameters set by the PCM-4.
Note:
A plausibility check of any alterations is not made. Meaningless results will be ohtained if

implausible changes are made.

A change in the VAR. MODE parameter is indicated by the word MODIF in the upper left corner of
the results page display.

Kote:

I MODE LIST A or MODE LIST B is selected, the altered parameters in the VAR. MODE list are
automatically reset to their standard values. To retain the altered settings, store them as a
setup in the non-volatile memory of the PCM-4 {see 3.4).

/

URR. HODE ¥ MODE HODIFICRTION #

{13 BNALOG SIGHAL SENERATION
12y DIGITAL STGNAL SENERATION
B> R-FILTER

{4 HEASURERENT RUN

{3 MERSURENENT COSOITIONS
67 AUS, FONCTIONS

47 SPECIRL SIGHRLLING PARAY
(8> CHRNHEL CYCLE PRRAM.

Eati
ot
i

SELECT URRIAELE HOLE MO, CR &TH
S

The VAR.MODE 1ist can only be displayed if a measurement mode has already been selected and a
results page is displayed. The 1ist is shown when /VAR.MODE/ is pressed.




3.9.1  VARLMODE lxx: ANALOG SIGNAL GENERATION

-
URR.HOBE | 4 RNALOG GIGHRL GENERATICH ¥

-5 {HEHAVE-
# (1) 10y 3TEPS
{12) 100dz STEPS
4137 SUBHRRM. 2th:

-Flkl HQESE"
(1) 120,550 (236as)
(0 330, .. 3002 (128ms)
(23 COMLTELERN
{24) 580... 19850 (ERL)
(25 26, 000 SRR
(26 2200... 3500Kz2 <SRL AD)

SELECT RO, ENTER R R7H
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-

VAR, MODE 1

#

£ ANALDG SIGHAL SENERATION ¢

~SPECTAL STANAL-
(31) GROUP DELAY CRCDLERG. 41,85 Ho)
{12) GRCUP CELAY CHOD.FRZ, 8333 0D
{34 - T0HE

-1BLE SIBHAL-
{81 GEK. OFF

-All%, STGNAL OUTPUT-
{513 OFF
(52> 7.5, NOTSE
(33> 2z SYRC.
{54» LEVEL

SELECT N0, ENTER OB R7H

=70, bdfad

A11 possible gererator signals are shown. In A-A or A-D modes, the gemerator fransmits the sig-
nal which is determined by the mode chosen. The signal in use is marked with *¥ on one of the

two VAR.MODE list 1 pages. In these measurement configurations, the digital generator outputs
the idling code word +000. By selecting another parameter in the VAR.MODE 1list 2, this signal
can be altered. Only the send signal of the generator operating in the foreground will be shown

an the results page, however (in this case, analog),

The anatog auxiliary signal outputs £30] and [311 can be switched on or off using VAR. MODE 151
to 153, The cutput Tevel can be set via VAR, MODBE 154,
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3.9.2  YAR. MODE Zxx: DIGITAL SIGNAL GENERATION

4 N r
URMODE 2 4 DIGITAL SIGNAL GENERATION # VARLBOLE 2 & DIGITRL SIGHAL GENERATICH ¥
-$INE HAlE- -SPECIAL §18HAL-
{113tz 8TEPS (£ GROUP DELAY (NCD.FRE #1.66 42}
(12) H0Rz STEPS (42 GROUP DELAY (HGD.FRE 83,31 Hn)
{133 SUaney, (433 4 - TONE
.8, KIsE- (4> ACT, SIGN, 2ulz/-43d8nd
{20) 350,350z (25as) (U3 EXT, VIR CODER
& hw .
o ik t - - )
(243 COM, TELEPH, & (510 P13 CODER, #00 kX
(23) 380, 1334 (ERL) (327 ALT.LANER, STOCH. H e
(26 260, 5004z (SR LD) (53 RTODERFERIOD, g3t b
@ 200, Wik (SRLAD
{317 FREQUENCY/LEVEL 2 e R RTH
SELECT 0. EXTER OR ATH SELECT K0, EMTER OR RTH
. / J

-
UAR.MOOE 2 # DIGITAL STENAL GENERATICH #

-PULSE FRTTERN-
(61> PRS 2E3-1
(62> PRS ZE11-1
(673 8-B1T WERD 1015101

]

SELECT HO. ENTER 0% RTH

A1Y possibie digital generator signals are shown. In D-A or D-D modes, the generator fransmits
the signal which is determined by the mode chosen. The signal in use is marked with ** on one of
the 3 VAR, MODE Tist 2 pages. In these measurenent configurations, the analog generator is
switched of f by VAR, MODE 141. It can, however, generate another signal chosen from the VAR,
HODE 11st 1 which cannot be influenced by external factors {standard values). Only the send
signal of the generator operating in the foreground will be shown on the results page (here,
digital). The analog auxiliary output can also be used via VAR. MODE 151 to 154 (see 3.9.1
above).

The tine
<31> FREQUENCY/LEVEL Hz dBm0

only appears on the first page of VAR. MODE 2 when A-A or A-D configuration is set. This allows
you to set frequency and level for an auxiiiary signal if <31> is chosen, depending on the VAR,
HODE 2 setfings.



3-137

3.9.3 VAR, MODE 3xx: RY FILTER

N - ~
WRME 3 & B FILTER ¥ WRME T kR FILTER 8
() VIIEBLFILTER. 20082,,. ke (I15 SN TS0, SSOHARL, . 350K
() iz, i G0 B BN AT 8134
in ke, T4 S O N
i Mz T2k G100 R ATIERNITEH 18
i 4, G 204 G5 1060 DR PPN 1Dy
G600 00 C ST 31
(21 HOTEE FILTER PSOFH, Y Y
Gy - RESE ] o SEEL OB @ e
o iz FAT o L —
(38 S A0TCH 24 o Wl
{35 C-HESS.ATTCH 24y ol SELL 3343
%) 0., 3350k ATCH ke {85} TG
SELECT K. SHTER OR 17K SELECT HD, EATER 08 A7Y
A v . :
p —
WRAE 3§ Y FILTER #
HARADNIC DISTORTION-
{515 SEL, 1014 RasiL, 208 by
L 10 HAEL B iy
INTERMID, DISTORTION-
(613 300, 4000 Mo/ 0, 560 By (o)
(423 00 SU0L He/2230, . BES1 7 Chad)
(830 200 000 R 1865, 1920 d2 Cird)
1) BRSED [
T
SELECT 0, ENTER OR AT
N y

Note: Since casrtain receive filters {e.g. 20 Hz to 72 kHz) are fixed because of the evaluatien
methed dused in a given mode, free choice of filters for each mede is restricted,
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3.9.4 VAR, MODE 4xx: MEASUREMENT RUN

[
UAR.MODE % # HEMSUREMENT RGN *

1) MULTIPLLINTTINE 99,400as BY
(2iy DELAY BEFORE MERS,  00fns

SELECT HO. EXTER R RTH

Integration time {VAR, MODE 411}

To keep the natural fluctuation in the results te & reasonably small value, each measurement
mode has an integration time assigned to it. The integration time can be displayed in VAR. MODE
Tist 4&; it comprises a basfc time and a multiplier. A value between ! and 9 can be chosen for
the multiplier using VAR, MODE 411.

if large fluctuations in the signal due Lo external factors are present, an increase in the
integration time will reduce the scatter of the results but will increase the measurement time,

In certain cases, the integration time can alse be decreased,
Example:

[nterference due te lines or nearby systems is not usually & problem when measuring the
quantising distortion of a codec module. Any interference is basically caused by the codec it-
self, and quite often the effecis are minimal fluctuations, so that the results are highly re-
producibie. If quantizing distortion is measured using a noise signal (MOBE A51), the hasic
integration time is fixed at 256 ms and the muTtiplier is 2, given an integration time of

512 ms, Setting the multiplier to 1 will shorten the measurement time, but a possible increase
in the variation of the measured values must be reckoned with.

Pre-measurement delay time (VAR. MODE 421}

Some test objects have relatively Tong settiing times, for example if the osciilator is badly
synchronised or if the connection is via several convertars, In order that the measurement is
not affected by this factor, a delay can be set before each measurement using VAR, MODE 421. The
delay can be set between 0 and 900 ms in steps of 100 ms.



b

3-139

i

VAR, MODE S5xx: MEASUREMENT CONDITIONS

~,

URR.MODE 3 % HERSUREHENT CONBITIONS

{113 EXPECTED R¥ LEVEL TX LEVEL

{12} FIED -1, 0dBat
1% (13} PRE-REASURERENT

{217 LONER RANGE LINIT =35 0k
L <(3!) FAHBING AUTD

ko OEF
an WIDE BAND-LON DIST

SELECT H0. ENTER R RTH
i Y

Te reduce the activity of the atienuator switching circuits and the measursment time, it is
pessible to enter 4n expacted value for the received signal level in VAR, MODE 5, so that the
attenuators can be preset to the right level.

<1i> EXPECTED RX LEVEL TX LEVEL

Here, the expected receive tevel is the same as the generator level; the attenuators are set
accordingly,

<if» EXPECTED RX LEVEL FIXED «131.0 ¢BmO

If the receive signal levels lie within a fixed range, this value can be entered to sst the
attenuator circuits. For an expected ltevel of -11 dBmO, the attenvator is set to a 6 4B range of
-8 to -14 dBm0, for example, '

<13> PRE HEASHREMENT

The correct attenuator setfing is determined after the start of the measurement by means of a
preliminary measurement. For each subsequent measurement, the attenuator setting determined hy
the sreceding measurement {s used as the expected level.

<21> LOWER RANGE LIMIT -95.0 dBm
The tower range limit can be extended if, for example, levels which lie below the neminal range
Timit are to be measured. The characterfstic data however may not always be valid.

<31> RANGING AUTO

The auto ranging circuit ensures that the correct attenuater setting is made automatically.

<3Z2> RANGING OFF

If the auto ranging circuit is off, the full dynamic range of the A-D converter can be exploi-
ted, reducing the activity of the attenuator switching circuits. This, in turn, means that the
measurement times are reduced, but the signal to noise ratio fs worsened and the accuracy of the
measurement therefore suffers.
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<33> RANGING WIDEBAND/LOW DIST.

Qui-of-band or in-band interference (such as mains hum) can lead to saturaticn of the input am-
plifier if the receive signal level is low, i.e. the attenuator is set to a sensitive range.
This makes measurements impossible.

If VAR. MODE 533 is switched in, interference signal levels are determined by a wiceband

measyrement {20 Hz to 128 kHz} and the attenuators set acecordingly. This aveids saturating the
amplifier, but results in a longer measursment time.

3.9.6 VAR, MODE 6xx: AUXILIARY FUNCTIGONS

e ~
URRLMIDE § 4 AU FURCTIONS &

(i1} REF.FREQ.HO0E AD/BS2/B3H #1032

C21» REF,LEYEL MODE A% ¢ ~49.5Bal
B (31> CHAN. DISPLAY HITHOUT SCANNER  bE3

{32 il

Xk {810 HERS, BRINGE f/2 QUTPUT 1
{42 QUTPUT 2 (BAL)
13 QUTRUT 2 CUMBARL)
¥ (300 NERS, BRIDGE 2 5-2/% OFEM
30 8144 CLOSED AT

SELECT HO. ENTER OR RTH
e A

<1l> REF., FREG. HODE A3/B52/BS4: 813 Hz

The measurement of gain vs. frequency response {MODE A3) is referred to the value at 813 Hz or
1014 Hz. Any frequency between 20/200 Hz and 4 kHz can be set for MGDE A3 using VAR. MODE 511.

The group delay distortion measurement (MODE BS5? or 854) is referred to the value at 1792 Hz.
VAR. MGDE 611 can be used to set one of the following test tones as reference for MOBE BS2 or
B4

292, 500, 604, 1000, 1792, 2604, 2792 and 3396 Hz.

<21> REF. LEVEL MODE A4: -10 dBmG

The variation of gain with input level measurement (MOUDE A4) is referred tc a level of
-10 dBm0. Any level between 0.0 and -5G.0 dBm0 can be set as reference for MODE A4 using VAR,
MODE 621,

<31> CHAM. DISPLAY WITHOUT SCANNER YES
<32> KO

To perform rapid sequential measurements on all channels of an analog interfacs, a test point
scanner s essentiel. If a test point scanner is not used, the CHANNEL parameter can be
disabled using VAR, MODE 532 for A-A, A-D and D-A configurations. The result will be a sfngle
measurement in the selacted RX/TX channel, shown as a bar on the display. The display for the
normal 30 channel sweep measurement is blanked.



<41 MEAS-BRIDGE 1/2 OQUPUT 1

*x <47s OUPUT 2 (RAL.)
<43 OUFUT 2 [UNBAL.)
<51> MEAS-BRIDGE 2 S-7/4 OPEN

% <Epn 2 S-Z/4 CLOSED

In MOBE B3, A«A configuration, different test setups can be used with the bridge circuits, The
basie settings VAR, MODE 642 and 652 are for Torgitudinal conversion transfer loss (LOTL)
measurements. The setup corresponds to that depicted ia figure 3 of CCITT Rec, 0.171.

The LLTL is displayed by selecting VAR. MODE 641,

The test setup for VAR, HOBE 643 and 652 is for determining the transverse conversion transfer
toss {TCTL}. it corresponds to figure 4 of CCITT Ree. 0,121,
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3.8.7 _ VAR. MODE 7xx: SPECIAL SIGNALLING PARAMETERS

e Yy
VARGIDE 7 % SPECIRL SIGNALLING PRRRK. &
(P OWY CVLE Y 5

BF (210 SIGHALLIKG FRECUENCY 10Hz
(2R T

3ty SIOHALEINA 4 BIT
# G
37
1y

2
2

i3
a

SELECY M0, ENTER oR RTH
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<11> BUTY CYCLE IN ¥

A signalling duty cycle of 10, 20, 30, 40, 50, 60, 70, 80 or 90 % can be selected under MODE B6
and B7. The duty cycle can be set in finer steps using VAR, MODE 711:

-~ in osteps of 1% for A-A and A-D measurements
- in steps of 2% for D-A and D-D measurements with 10 Bz signalling freguency.
-~ in steps of 4% for D-A and D-D measurements with 20 Hz signalling frequency.

At a signalling frequency of 20 Hz, the input values are rounded up to 12, 20, 32, 40, 52,
60, 72, 80 and 82%, due to the 2 ms frame structure of the multiframe.

<21> SIGNALLING FREQUENCY 10 Hz
27> 20 Hz

The signalling freéuency in MODE B& and BV can be switched to 20 Hz with VAR, MODE 722,

<32> SIGNALLING ON BIT a

<32 BIT &
<33 BIT ¢
<34> BIT d

The signalling bit to be simulated/evaluated in A-D, U-A and B-D configurations in MODE B6 and
B7 can be set using VAR. MODE 731 to 734.

3.9.8 VAR, MODE 8xx: CHANNEL CYCLE PARAMETERS

Ve
UAR.ADDE 8 & CHANEL CNCLE PaRAn,

1Y RE - CVERE, THFIR
B2 R - OVELE, THsRXel
(133 B2 - OY0LE) T3=R¥

SELECT H0. ENTER R RTH
. /

<Ll> RX-CYCLE, TX FIX

VAR, NMODE 811 should be set for making crosstalk measurements in MODE A7 or 87. Only the RX
channels are swept, Identical settings for RX and TX channel number are impossible.

<12> RX-CYCLE, TX = RX+N

Both TX and RX channels are swept. The difference in channel numbers between the RX channel and
the TX channel is N.

<13 RX-CYCLE, TX = RX

The TX and RX channels are gwept with TX channel number = RX channel number, The TX CHAN and
RX CHAN keys are disabled. The TX+RX CHAN key can be used to set the channel number from which
the sweep is Lo start,
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The PCM-4 PCM channel measuring set is a microprocessor-controlled instrument and all its
functions can be controiled from a desk-top computer or process controller,

In order Lo do this, the instrument is fitted with a remote-control board conforming to GIN

IEC 625 and IEEE 488 standards (byte-serial bit-parallel isterface system). This differs from
the commonly used [EEE 488/78 or HP-IB systems only in the type of connector used; as' regards
the electrical properties, Tt is ifdentical., With this system, up fo IS5 instrumenis can be linked
together very easily to form a flexible, powerful measurement system.

When you cheose a cantroller, varifous factors such as implemented IEC bus functions {see
4.2.4}, speed characteristics, programming facilities, memory capacity, etc. have 1o be care-

ATl devices are connected in parallel with the interface system ({referred to as the "IEC pus”
from now on). The test system is controlled by a computer, the controller.

A1} the instruments connected to the ILC bus can, depending on type, either transmit (= Talker)
or receive {= Listener) data. However, only one Tatker may put data on the bus at any one time,
and only gne computer {controller} may be used to run the system, A1l information on the bus ig

This remote control information contains some exampies of programs for setting sp and interw
rogating the PCM-4, so that the programmer can gain experience in the programming of our
measuring instruments. A knowledge of BASIC will be of help in understanding the programs. A
good working knowiedge of the menual operating procedure for the instrument and of the general
characteristics of the IEC bus system {see "Interface-Bus <IEC 625>" brochure, order no.
6390/00.39}, will atso help in the programming procedure.

Wandel & Geltermann also supply complete "turnkey® systems, which eliminate the need for the
user to be involved with the mechanical and electrical properties of the instruments or with the

The system is set up by fitting the interface boards into the controlier {e.g. HP-85) and the
PCH-4, and setting the addresses before connecting the instruments together. A1l the procedures

4 REMOTE CONTROL
4.1 INTRODUCTION
fully considerad if you want an efficfent test system.
transmitted in IS0-7 bit code {ASCII code).
techniques used in programming the various functions.
4.2 INSTRUMENT SETUP
and settings are dealf with in the following sections.
4.2,

i IEC 625 REMOTE CONTROL BUS INTERFACE BOARD, (BN 958/74)

Tee IEC bus board BN 958/24 must be fitted before the instrument car be operated in an automated
system. The board is easily retrofitfed, as it is simply plugged into the slot exposed by re-
moving the cover plate on the back panel of the instrument.

Before the board is inserted, check that the solder links on the board correspond to fig., 4.1,
and that the CLR switch is correctly set.
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IMPORTANT INSTRUCTIONS FOR HANDLING THE TEC BUS BOARD TO AVOID DAMAGE TO THE CIRCUITS:

It is important to remember that the circuits used fn the instrument can be damaged by static
charges. As it is possible that you may be at a higher electrical potential than the instrument,
it is important to observe the following procedure befsre handling circuit boards or making
adidstments Inside the instrument:

¢ Switch the instrument off using the on/off switch, but do not disconnect the instrument from
the a.¢. mains. This ensures that the chassis of the instrument remains at earth potential.

& Discharge any static charge you may be carrying by touching'an exposed metal part of the
Tastrument {such as may be revealed when the blanking plate on the instrument is removed).

& The IEC bus board is suppliad in conductive packaging. Do not remove the board from the
packaging until you are ready to fit it into the instrument.

8 Always carry the IEC'bus board in the conductive packaging and never directly im the hand.

o If you leave your workstation for any reason, remember fo discharge any possible static
charge you may be carrying before resuming work on the instrument.

Netes about the "CLR" switch:

If the IFC command is intended to apply fo the fnsirument as well as the interface, the (LR
switch must be set to ON. In this case, the IFC command will also cause a DEVICE CLEAR and GOTO
LGCAL command to be issved. Any previously stored settings will be retained.

Interface board, BN 958/24 {1EEE connector)

This beard is fitted with a 24 way Ampheno! type connector to IEEE 488 specifications. Pin con-
nections are as shown in fig. 4«6 {right).

Important note:

Controllers having integral disc drives, such as the HP 9816, may cause “system booting® errors
if the disc drive and the PCM-4 share the same IEC bus controller interface. This will only
accur if the CLR switch is ON, and if the interface controller and the PCM-4 are switched on
simultaneously. Due to a time-out condition, the controller repeatedly sends an IFC signal,
which prevents it from loading the BASIC operating system from the disc.

The problem can be solved by efther:

- Setting the CLR switch to OFF, which means that & selected device clear command or SDC {CLEAR
782) must be sent after each IFC is issued by the PCM-4.

- switching on the PULM-4 at least 15 seconds after the controller {time relay)} if the CLR
switch 1s ON, or )

-~ fitting a second IEC bus contreller interface {eption) for the measuring insiruments, and

choosing another select code.
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|

B )
o
£

TG
L
R3T 7,5
L —'
R87 5,5—@

] i
paraliel-pcil — f
switch ﬁ :

— 1)
CLR switen E’,;J‘—

984 14D

1} Clear switch "OFF"

Figure 4-1  IEC bus hoard BN 958/24 for PCM-4, showing positions of wire links, address
switch, CLR switch and paraliel-poll switch.

4.2.1.1  Instrument address
Each instrument in the system must have a unique address so that the controller can talk/listen
to each instrument. The address for the PLM-4 is set with the instrument switched off using § 1
on the interface board. The address is set to 2 in the Ffactory. '




Example: setting up address 10 (decimal} = 21810 {binary}

ON COFF ON = ]
OFF = 0

X Al
X Az
X A3
X Ad
AD ey
LON

TON

sC

N

Fosition RS Ad A3 A2 Ad

Setting . 0 1 g 1 (1 —— S g V)
value 16 8 4 2 1

Figure 4-2  Setting up the instrument address

It is very important to ensure that no two instruments in the same system have the same ad-
dressi or the address of the controller (e.g. 21 for hp controllers). A maximum of 3! ad-
dresses are available between 0§ and 30, one of which is used by the interface. Address no. 3! is
used for resetting the ltistener function [UNLISTEN}, However, no more than 15 instruments can be
connected together to form a system. Switches 6 to 8 should initially be set to the OFF pos-
ition.

1.2 LON - TON and SO switch functions

LON, TON
The listen onty [LON} and talk only {TON) interface functions allow a minimal system configur-

ation to be set up which does not require a controller,

ins trument IEC bus connection instrument
S > B B
TALKER LISTENER | =
LON = QFF . LON = ON
TOM = ON ——————— [irection of transmission————&= TGN = (FF

5C = OFF SC = QOFF
Figure 4-3a  Minimal configuration for a test system
In this special operating mode, any instrument addresses which may have been set are ignored,

and so it is not necessary to ensure that the addresses are set correctly with respect to each
ather.

1} When an interface is used
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This minimal system is always specially designed for a particular application. [t is net poss-
ible for the devices to exchange data as data can only flow in cne direction; for this reason:

INSTRUMENTS MAGE BY WANDEL & GOLTERMANN
B0 NOT USE THIS FUNCTION

Se

Usually the system control function is the scle responsibility of the contreller, however as
test systems become more and more complex some kind of “distributed intelligence” is essential.
The 3C (system controller) function recommended by DIN <IEC 625> is available in osur instru-
ments to give users a facility of this king.

The SC switch is located on the address switch of the interface board.

Test procedures can be simplified if a test instrument can act as a system controller. As this
function can he switched on or off by the contreller, the usér can exploit his system in a way
. that would not be possible if he only had the LON/TON function at his disposal.

figures 4-3b and 4-3c show the difference between systems with and without additional control-
lers. -

In contrast to the LON/TON function, the instrument addresses for the peripherals must be
assigned defined values. Instruments made by Wandel & Goltermann assign address 28 to the
plotter and 30 to the printer. These addresses should be assigned to the instruments concerned;
follow the instructions given in their operating manuals.

cantroiier

w1
. U L

.

tast peripheral peripheral R peripheral § o
instrument no.l no.? no.n =
&
address M
SC = OFF

Figure 4-3b  Tesi system configuration: with controller

test address o
instrument 5C = O

U L L

paripheral peripheral I peripheral
no. 1 no. 2 no. n

984143

Figure 4-3c  Test system configuration: without controller



4.2.

If the PCM-4 is run with SC = ON, it performs the functions of a controller {cf. 4.2.1.5}. The
control function is, however, only tailored to specific types of instrument. In the case of the
PCH-4, the instruments are: a plotter, a printer and up to two MU-30 test point scanners,

BN 923/11 (see 4.3.5}.

The control programs are stored permanently in EPROMs, and cannot be altered by the user, in
gontrast to the programs of a normal controller.

1.2 Setting the paraliel poll .

The parallel poil function which is implemented on the IEC bus board BN 858/24 enables the
instrument to put a status bit onto one of the lines DIC 1 ... BIG 8 in response to a paraliel
pell from the controiler, without first needing to be addressed as talker.

This allows the simuitaneous identification of up to eight instruments connected to the bus
which may have sent a SRQ (service request) to the controller. The data line which will be used
by the instrument in the event of a parallel poll is sef using § 2 with the instrument switched
of f {see fig. 4-1).

Exampie: Paraliel poll response on DI 5

1] 2 3 ¢ 5 § 1 8 Only position 5 is switched on. The status of the
On E i g E 5 E E E data lines is interpreted as a binary pattern and
oFF read in as 2051 = 16 as a control variable,

Parallel poll switch § 2

Figure 4-4 Setting the parailel pcll switch

Once the address and {if required) the parallel poll function have been set, the bus board can
be fitted into the slot in the back panel and fixed in place with two screws,1 {see 4.2.1}.

The instrument can then be connected into the bus system using the ITEC bus cable, as detailed in
section 4.,4,1.4,

Note: Some controllers {such as HP SBIS) automatically make a parallel pcll each time the main
memory is addressed. If the PCM-4 and the main memory share the same line for the paral-
lel poll reply, this may jead to problems.

Remedy: Change the parallel poll setting of the PCM-4. If this is not possible due to
the fact that all the lines are in use or the main memory setting is nat known, all the
switches of the parallel poll switch should be set to off. If the controller then issues
a parallel pell, the main memory will reply with its parallel poll bit. For the HP 3815,
the addresses and parallel poll bits are assigned as given in the table overleaf:

1} These screws must be fixed tightly; good earth connections will help to eliminate inter-
ference on the 1EC bus system,
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HP-1B address PPOLL bit BIO Tine

w~Ch W e W P o O
[a-i e T PV S L
= N La R D

4.2,1.4 Bus connections

The IEC bus board is fitted with & 24 way connector; connectiens are as shown in fig, 4-5,
Cables in varfous lengths are available to connect the instrument to the systew {K 420 = 1.2 m
or K 421 = 2.0 m}, The maximum cable run between instruments must not exceed 4 metres,

ol SN
\(’O\Y’ IO
: 1
pos— 700, =
DG~ ® Goll-Dioa DIG1 —hil DI 5
BIG 7 e Do 4 Doz —Hf Em—
DiGa BO3 —f
5 & REN piIos —Hic
gt ®pp-EO EOl  —hh
ERE I R R A
gl " (@il NRFD i E
29 5IY afi-noac  RAC TG g
21 9@ = : &
3 10 IFC SRQ  —iEo o
o @ SRQ ATN i 2
1;* T @ ATN CABLE— =
L e g CABLE  SHIELD fi\ “=
\.\:_w_w, SHIELD

<tecezss | O W /EEE 488
connector connector

Figure 4«5 Pin connections for the 1EC bus connector of the PCM-4
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<{EC625>] .
instrument 1 °
<IkC 625§ . N
instrumert 2[ % o
Sl ™
5 .
g ) L
}'\’ - <IEC 625> interface bus
o N cable, 2.0. K343 (1.2 m)
& ‘ or K344 (2'm)
bt .
% .
V .
<lEG 825>, .
instrument fre=f o)
n-1
<IECE25={ "
instrumertnf * b
{EEFE 488
instrument &

Instrument with 24-way  |EEE 488/ <IEC 6252
IEEE 488 connector adaplor, e.g. § 832

instrument 1

EEE 488 [ .

EEEd8d Lo o o

Instrument with 25-way
<IEC 825> connector

Figure 4-6  Connecting IEC and TEEE systems together

instrument 2 ~ A
£ .
2 .
2 . IEEE 458
o . { bus cable,
2 . L e.g. K420(1.2m)
b . orK 421{2m)
Ly .
)
IEEE 488
instrument frsemgiom—é—g
n-1
IEEE 488
instrument n <  ant
<G 625>
instrument § - =

<IEC 825/ 1EEE 488
adapter, 8.9, 8 834

Up to 15 instruments can be connected to the same bus; the maximum length of the complate bus
mest not exceed 20 metres {see DIN <IEC 625>, Part 1 Section 31.1, p. 66 and Section 39, p. 71).

The Tength of the bus can be increased if 2 or 4-wire intarface couplers or modems are used.,
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PeM-4 interface functions
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Table 4-1 shows the interface functions {[corresponding to the DIN [EC 625 standard) which have

been implemented for the PCM-4. A more detailed description of the interface functions and the
abbreviations used is given in the <IEC 628> interface Bus brochure (Order no. 0853/00.807,

Function Comments

SH 1 Scurce Handshake Full implementaticn

AH 1 Acceptor Handshake Fyll implementation

T & Talker A1 Ffunctions excast TON (Talk only}, see 4.2.1.7

L 4 Listener ©AT] functions except LOW {Listen only), ses 4.2,1.2

SR 1 Service Request Full implementation

RL 1 Remote/Local Full implementation. Manual operation blocked by LLO command

PP 2 Parallel poll Function activated with switch

DC 1 Device Clear Full impiementation

BT 1 Device Trigger Full implementation -

c o1 System contrel function, S0 = OB

[ Sends IF{ and starts operating, SC = ON

C 3 Sends REN, SC = DN

C 4 Responds te SRG, 5C = ON

£ 5 - Transmits interface data, reieases control,
- assumes control, synchronous/synchronous controf,
« paraliel potl

o1t Assumes control, releases control, transmits
interface data, synchronous control, 50 = ON

Table 4-1 lL.ist of implemented

interface functions (cf. DIN <IEC 625>, part 1}
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Controller interface functions

The use of the HP computer recommended by us will guarantee problem-free operation of the [EC
bus system and simple, rapid programming of our remote controlled instruments.

Other computers can, of course, be used for this purpose if they are fitted with the IEC bus
interface, However, it must first be ascertained whether the computer in question can handle all
of the necessary controller functions (see table 4-2}, This information will be found in the
computer handbock or can be obtained directly from the manufacturer, Controllers which de not
have the specification recommended in the table below may not be suitable for the system.

Function Description
SH 1 Source Handshake Full implementatien
AH 1 Acceptor Hendshake Full implementation
T 6 Talker Al functions with the exception of TON
i 4 Listener Al functions with the exception of LON
SR 1 Service Reguest Fall implementation
OC 1 Device {liear Full implementation
07 1 Bevice Trigger Full implementaticn
C 1 Controller System control function
¢ 2 Lontroller Send IFC
¢ 3 Controller Send REN
C 4 Controiler React to SRG
and
C & Lontroller Assume control or release control, synchronous control,
request control, transmit interface data, parallel poll
ar
C 7 Controlier s for C B without PPOLL
or
¢ 9 Controller as for € 5 without request control
or
C 11 Controller as for £ 5 without PPOLL and requast control
£l Open collector 1ing driver

cf. DIN <IEC 625> Part 1

Table 4-2

Interface functions

recommended for the control computer (controller)




4.2.2 TEST SYSTEM CONFIGURATION

4.7.2.1 Small automatic measuring system

computer address N

f
S S [ S—

—
1
1
o
£
[

1 MiE-30 EHEE plotter printer =
B
address address address address
Ho+l B+ 2 29 g

Figure 4-7  Small automatic measuring system; instrument addresses

The PCH-4 is capable of controlling the instruments needed for z complete measuring system via
the IEEE 488 bus system, i.e. MU-30 Test Point Scanner, BN 823/11. an external plotter

{using HPGL graphics language), and a prister.

For this purpose, the "SC" switch on the back of the <IEC 825> board, BN 958/24, should be set
to "ON".

The plotter IEC bus address must be set to 29, and the printer IEC bus address must be set to
34.

The address for the MU-30 is dependent on the address of the PCM-4. To control the MU-30, the
PCM-4 adds 1 or 2 to its own address; hence, the first MU-30 address should be set to that of
the PCM-4 + 1, and the second MU-30 address should be set to that of the PCH-4 + 2.

Printer and pletter specifications

PLM-4 output sequences

- standard ASCII characiers with the exclusion of characters
{35), {38), (64}, (91} to {98}, [:23) %o {127} {decimal codes)

- 79 characters per line

- 62 lines per page

- EOL sequence <CR> <LF>

- EOF sequence <fF>



- 80 characters per line

~ page length 11" or 12¢

- standard ASCII character set

- AR 1 Acceptor handshake: full implementation
- 12 Listener function: basic versien

- HP 2225 ThinkJet

- Epson FX-80

~ Siemens PT 88

Plotter specification:

~ [EC bus

- AH 1 Acceptor handshake, full implementation

- SH] Source handshake, full implementation
- L2 Listener function, basic version
- 12 Ta'lker function, basic version with serial poll

Recommended instrument:

- HP 7470 A graphics plotter

4.2.2.2  Using the PCM-4 with an external controller
Mormally, atl instruments on the IEC bus will be controlled from one computer. The "SC"™ {System
Controller) switch should therefore be set to "OFF".

computer address N

ik
L L . v $

PLM - & Mi - 30 M- 38 plotter srinzer &
address b address address address address
S0 o= OFF N+ 1 N2 29 kil

Figure 4-8 PCM-4 and other IEC bus controlled instruments configured for computer control



Using the non-controller mode, {program word 27 ...} the computer cen be used to system control
the PCM-4, the latter directly controlling the MU-30 Test Point Scanner and the [EC bus plotter
or printer. It follows, therefore, that a program segment for passing contrsl over to the PCif-4
must be available in the control computer. The instrument addresses must be set in the same way
as shown for the small automatic measuring system, or as shown in figure 4-8,

When the PCM-4 is switched off, the controller function is automatically cleared.

4.3 PROGRANNING

Host of the programming examplies given are suitable for the HP 8% computer. Some examples are
atso given for HP 9816 or IBM PC with interface board and "PLUS 5Q@" software from KEITHLEY. The
type of computer for which the example is suitable is given alongside the program. The fallowing
input/output format is generally used:

QUTPUT 7 8 2 USING "o, K¥; * HA1L,Y
t

| SN

Select code |
HP-1B interface —j
IE0 bus address

Autput format -

{#: suppress LR LF , see p. 4-17;
K: compact output format)

4.3,1  INITIAL PROGRAM EXAMPLE

Examples maasuring the level of a 1 kHz signal, A HP 85 computer is used as controller.

* Connect the controller to the remote control board of the PCM-4 using the IEC cable,
* set the address switch on the remote control board to 2,

* set the 5 switch on the remote control board to OFF,

* switch on the PLM-4,

* connect socket £257 {analog generator} to socket [23] {analeg receiver).

The following BASIC commands can now be entered ocne at a time and executed by pressing
JEXRECUTE/,
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Interface clear [IFE) ABDRTIC 7 Sets up defined output state
and

initialise PCM~4 (50C) REMOTE LED does not light up
if CLR switch on IEC beard

is ON

Remote enable (REN) CLEAR 782 REMOTE LED lights up

and intialise PCM-4 [$DC)

Preliminary setting ) QUTPUT 742, "xxpoes.” Defines EGT character andg
SRO reguirements

Set measurement mode OUTPUT 7¢2; "MALL, MSZ," | Results page for mode All
in MAN/S mode 1s displayed

Set generator frequency 1884 Hz QUTPUT 782; "FAlppa,"

Start measurement TRIGGER 7¢2 START LED Tights briefly

Call up result ENTER 7¢2; EZ Result is read into string
variable "gg"

Display result BPRINT E3

Table 4-3  Initial programming example

£.3.2 _PRINCIPLES GF PROGRAMMING

The example given in 4.3.1 is intended teo give those users unfamiliar with the programming of
our instruments an insight into the way the instrument reacts to the various BASIC statements
given from the controller (HP-85}, Depending on the use, the controiler will aytomatically ad-
dress the instrument as LISTEMER (receiving data frem the controlier) or TALKER {transmitting
data to the contrailer).

4.3.2.1  Preparation

Before program data can be transmitted to the instrument, the interface must be clearsd {IFC)
and remote centrol enabled {REN),
HP 85 command;
ABORTIO 7
i8M PL command:
CALL IBSIC{GPIB@%)

The command ABORTIO 7 clears the interface [IFL), setting up & defined set of output conditions
on the bus. If the CLR switch on the interface hoard is ON {see 4.2.1} the P(M-4 s reset to its
basic setting at the same time {see 4.3). Any previously stored settings will be retained.
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If the (LR switch is OFF, the IEC bus command SDC resets the addressed instrument to its
specific output settings. This also ensures that no function is set that may lead to erroneous

operation of the test sequence, The HP-85 controller initiates this command with the statement

CLEAR 782

By calling up the address of the instrument (@2), it is addressed as LISTENER, and all keys on
the front panel, with the exeception of the LOCAL key, are then disabled.

Remote contrat of the instrument can also be initiated from the control computer with the REN
command in conjunction with addressing as LISTENER, e.g. with the statement

REMOTE 742

The LOCAL key can be rendered inoperative to guard against accidental operation if the LLO
command follows the REMOTE 782 comwand. This is done by programming

LOCAL LOCKOUT 7

The LLO command is cleared and manual control is restored with the 6TL command {see also I[EC
bus brochure), which is effected by the statement

LOCAL 792

4,3.2.2  Setting up the instrument using program words

Once the instrument has been set up hy clearing the interface, resetting to the basic settings
(see table 4-18) and remote enable, the instrument cam be programmed with statements of the form
(using HP 85 as controlier):

4@ CUTPUT 7g2; "(PU)"

T
|
Program tine no.
Gutput command
S——

Select code (7) and instrument address {f2) —————m-mr

One or more program words {PH}

The program words {PW) consist of a HEADER followed by the main numerical part and are always
conclyded with a comma. Each PW corresponds to a specific function of the instrument, All the
grogram words are listed in logical order in table 4«11, and described in alphabetical order in
section 4.4.2.

it is possible to put several PWs into the character string for seftting the instrument. For
exampie, the following could be input:

OUTPUT 782 USING; “<F, K" “XXP183, YY121, XQ1,MA71, Ms2,"
Each PW is executed in order of entry (left to right}, in this case starting with the setting of
the interface mode {"XX ...,"}. "



NOTES about the comma:

Every PW must end with a comma. If this is not done and, fo; example, the following is

programmed:
{a} 4p CUTPUT 782, “TM@, LAlg™ comma missing
7@ OUTPUT 792; "FA3408.° or
(b} 74 OUTPUT 782; "TMB, LAIR FA360R," comma missing

then in both cases, the PW "LALE" will not be exscuted until the computer encounters the
next comma, i.e. after the PW "FA36PB,* (in Yine 7§). However, the frequency of 3600 Hz
will not be setf

Errors of type (a) can be aveided by programming the HP-85 EOL {end of line) sequence ta
autematically include a comma. This is done by writing the statement to alter IEC bus re-
gisters 16 and 17 of the HP-85:

CONTROL 7, 16; 1, 44
L..r)

Select code

Write from register 16

EQL sequence 1s 1 character
t.e. a comma {ASCII 44)

The normal EOL sequence of CR and LF which may be required by other instruments s rew
stored by:

CONTROL 7, 163 2, 13, iG
There is ne corresponding corrective measure that can be taken to avoid srrors of type
{&).

Pz must be entered in the same order as manual commands.

Example 1: HP 9818, HP 85
CUTPUT 7@2 USING "9 K%; "MA L1, CF2, MS$2, XP1,"

Example 2: IBM PC
HWRTZ = "MALL, CF2, MS2, xP1,"
CALL IBWRT (PCM4%, WRTE)
S [ F— L_ri
Output Tnstruction u~4ﬁwmmmmmJ
Instrument address
{defined at start of
program) J

String containing P

Notes on processing the programming data:

Only capital Tetters, the numbers ¢ te ¢ and the signs "+, *=", "k" and *," are
recognised by the instrument; any other symbols in the character string will be ignored.



4.3.2.3  Reducing the tramsmission time of programming data

A character string of a multiple of 21 cheracters is always output by the HP-B5 to the instru-
ment for trapsmitting programming words, If the PW "J#,", (i.e. a short string} is entered as
the statement

8¢ OUTPUT 7p1 5 “ag,"

the string will be extended automatically to 21 characters with spaces, This results in a rela-
tively long transmission time of about 50 ms. In general, it is preferable that the commands be
executed in the shortest possible time.

The output of spaces is suppressed by the use of the K format command; the time required for
the example is reduced by

{21-3) 0.82 ms + 1 ms = 15.4 ms,
resulting in a time of 33.5 ms for execution of the cdmmand statement:

8¢ GUTPUT 7@1 USING "X* ; "4g,"

If the commands which are automatically sent when the DUTPUT command is entered are written out
in full, the transmission time ¢an also be reduced:

(a) SEND T 5 MTA UNL LISTEN 1 DATA “J4," or

{b) SEND 7 5 CMD "U?!M DATA "J@,*

Select code !

LEC bus command {[ATN = 1)

My talk address (HP-B&)} 21 - CHRE (21 + B4) = "y"
Untisten

Listen address group (PCM-4}) @1 - CHRE (Pt + 32) = "¢

Programming data (ATH = @, false): =

Execution time, example {a): 15.] ms
example {b): 12,5 ms

The examples show that the greater part of the execution time consists of the time taken by the
centroller to decode the BASIC commands.

The CR and LF characters are not required by the peM.at) and can therefore be suppressed by

n

using »“v This shortens the execution time by a further 2 ms.

Example: OUTPUT 702 USING A2 K"y “wALl,®

Suppression of CR and LF
Compact format

1) Exception: sse 4.3.6.4 b)



4.3.

2.4  Abbreviation of program words

4.3,

Some of the program words cén be abbreviated by omitting the sign or any zeros in the main
(numerical} part of the PW, OF course, the PW code and the final comma casnot be changed. If no
sign is entered, the instrument assumes that the value ¥s positive. The sign must always be
entered if the value is negative. Leading zeros and traiiing can also be omitted.

Example: LA+32.08, = LA32,
LAHA9.5, = LAS.5,

The following PWs can be abbreviated:

Channel setting CB, CR or CT

Level setting LA, LI, LE, RR, RS or Vxxxi
Fraquency sefting FA or FI

Scaling XL, XU YL or YU

Other program words can be abbrevisted if only a part of the main section of the P¥ is to be
altered, The following PWs fall into this category:

- Interface mode, Xxbbddd,

- Controller mode, YYbdddddddd ,
- Nom-controller mode,  ZZbbbb,

~ Data output mode DM fdddde ],

If a change is to be made in the main part of these program words, it is sufficient to enter
the parts of the PW up to and including the character to be changed. Any remaining characters
which are not to be altered can be omitted.

Example: interface mode = XROP0B3,

No SRQ at mains on
Mo SRG at end of instrument
function program

No parity bit for 1507
data ocutput J
Transisissions in IS0 code

A SRQ at mains on is required:

New PH: XA1p83,
abbreviated PW: XX1,

2,5 Speeding up measurements and settings

The measurement and setting up times can be reduced by applying the following measures:
8 Switch of f the VDU display (SCH)
# Use overlapping input/output mode {TM1)
@ Use variable mode settings such as:
- enter expected level,
-~ switch off autoranging,
- reduce the integration time (see 3.9.4)
@ Store complete setups and recall these as required
e Switch off the tolerance masks,

These measures are a compromise between measurement accuracy, display facilities and speed, and
these factors should be borne in mind by the programmer.,




Exampte program for HP 9816:

i@ i Ewampie : speed up Measurement

2@ I om0 ot n e e n i e e e

39 i

43 I Use - VAR MODE Bil (RX LEVEL = TX LEVEL}
53] ! ’

&R P4=705

n CLEAR P4

kel OM INTR 7 G070 2i@
3@ CUTPUT P4 USING “#,K7: "NXQLGF,0M, "
1w SET TIME &

HH DATA 4

102 DATA -69,-49,-20.0

118 H

ize P Main prograns

i3% QUTPUT P4 USING "% ,K":"MAlLl,XPZ,MBZ,UGHL,"
143 t

14 RESTORE
143 READ Numbar
144 FOR I=1 T9 MNumber

145 READ [ E
145 DUTPUT P4 USING "H,ZA,8,8" LA™, L,","
147 1

156 TRIGGER Pd
150 Ti=TIMEDATE
1

1£6 ENABLE INTR 7:2

198 Wait: GOTC Wait

2oa f

ERY] T2=TiMEDATE

o STATUE 7,1:51

@ EMTER Pt USING “#,E7 L1

i ] FREINT USING Form_l:"Input: " 4, "dBm@", "Result: L1, dBmad”
2] PRINT USING Form_Z:"Maasurement time:r " T2-T1,"s"

ey | NEXT I

252 Form _i: IMAGE 8A, 4,40, X, 4A,4X ,8A,ZX, 500,00, 2Y , 44
JEN Fore 2 IMAGE 18A~,X,1.D00 X, A
250 £ND

By selecting VARJMOOE 511 {line 13§ ..., ¥511,") the measurement time has been reduced; the
receiver expects the lavel to be the same as the generator level, s0 ne preliminary measurement
is made to determine the attenuator setting.

The measurement time is:

399 ms i VARLMODE 511 is not selsacted, or
158 ms  if VARLMODE 511 is selected.

Note, however, that for the first measurement, the attenuator will be set during the measure-
ment, so that this measurement will take longer than any subsequent measurements, unless the
attenyator has previously been set to the right value.

4.3.2.6 Non-overlapping inputs and outputs (TMp)

As soon as the PW is received by the PCM-4, the relevant setting is made. Program word START
triggers the measurement; the result is stored in an output buffer and can be read out via the
[EC bus by the controller {see figure 4-9). If a P¥ is entered during & measurement, the
measurement will be interrupted and the program word executed immediately.



4,3.2,7 Overlapping inputs and outputs (TMI}

Trigger mode TM1, overiapping inputs and outputs, is only intended for us in MAN/S mode

The program words for which overlapped input is possible {marked with *** in section 4.4.2) do
not interrupt a measurement which is in progress, These PWs are only executed after a TRIGGER or
START command (see figure 4-10). A1l other PWs are wnaffected by TM1, so thdt these will still
interrupt a measurement when entered. For this reason, trigger mode TM1 should only be set for a
single sequence of measurements, all the prel#minary instrument settings being carried out in
trigger mode TM@E. CGtherwise, 1f the preliminary settings contain a PN for which overlapping in-
put is possible, this will not be set until after the START command is given in trigger mode
THL.

Procedurs:

Preliminary settings Trigger mode "THR" recomsended
ML Trigger moede "TM1" set; PWs which can be overlapped are stored in the

input buffer of the PCM-£ but not executed
First measyrement:

TRIGGER ar START ~ PHs executed
- measurenent startad
~ next setiings transferred to input buffer

Second measurement;

TRIGBER or START

next settings executed,

« ¢nd, measurement started

- transfer of resuli of first measurement tc output buffer;
resyit can be read out with ENTER command

next settings transferred fo input buffer

Final measurement:

TRIGGER or START ~ Tinal settings executed,
« final measurement started, )
- transfer of result of penultimate measurement to output buffer;
resuit can be read out with ENTER command
THE - transfer of final result to output buffer;
result can be read out with ENTER command



I non-gveriapping data input/output

resuit new
pre-settings Trigger read out  set-up Trigger
1EC BUS- iTMB MSZ.LA-3 A% L XX LA-19,
activity|
1. value 1. value 2. value
1EC BUS measuring {EC 8us  IEC SUS messyring
PCM-4 I setting output SeL-up
activity] procedurss
end of measurement end of measurement
putut buffer T p result 1. vaiue X restit
POH-4 Prp——— —
2. value
With status non-oveclapped dats isput/output (trigoer mode "continuous” THR the measurement result
witl be stored in the PCH-4's interna) output buffer at the ead of 2 measurement. It can then be
read out via the [EC-Bus.
The measurament cen ve started by the programming word “START," or by trigger command, N
The end of the measurement can be displayed by SRO.
Figure 4-9 Non~gverlapped data input/output timing in MAN/S mode
non-overiapping overlapping data input/eutput
data input/output
new result Rew
pre-settings Trigger set.ups Trigger read out  set-up 2}
£y
1EC gus-{ ™M,  LA-30,THL, [_} F At l } LA-38 T
activity Tt :
1. value 2. value i. value 3, value:
IEC BuS feasuring measuring 2} measuring
) [
PLM-4 I setting l }— erable [£0 BUS — ! },mm enable JEC BUS mm{ i -~ enable
activity pracedures 'p t'}
0
start amasuring“ start measuring]) start measuring”

sutput buffer” "7

bt N :m//// invalid value ////X resgit 1. vaiue X resplt 2, value

1} With status overiapped data input/output {trigger mode "single” TM1) the measuring result will
he trapsferred to the fnterna! PCM-4 output buffer at the beginning of a measuremeni {started by
triguer command} and can then be read out via the IEG Bus.

2} With status overlapped date input/outpet {THM1), in addition a data exchange via the [£C Sus can
take place when 2 measurement is being carried out. If the transmission takes longer tham the
release time during the measurement, the transmission will be interrupted by the PGM-3 amd after
the end of the measurement it will be automatically continued,

The end of the measurement can be displayed by SRO.

Figure 4-10  QOverlapping data input/output timing in MAN/S mode



4.3.3  STATUS BYTE AND SERVICE REQUEST

A wait period must be provided between the computer triggering a measurement and the calling up
of the result to allow the instruments time to settle, and also for calibration and settings to
be made. An incorrect result will be obtained if the ENTER command follows immediately after the
TRIGGER command in the control program. The four different methods of providing this wait period
are outlined below for a HP 9816 controller.

la) Use of the WAIT statement

If the level change is small and the settTing time is roughly constant and known (e.g. Tess
than 800 ms) then the statement

WAIT 800
will suffice to make the controller wait until the measurement has finished. Other controllers
may need to be programmed with & FOR ... NEXT loop delay.

If large variations in level are expected, so that the instrument may nead to calibrate itself,
then the wait period is likely to vary considerably between measurements, and some kind of
automatic recognition of the end of a measurement is necessary. This can be done by repeated
interrogation of the BUSY bit in the status byte or of the SRG (STATUS REQUEST) line, or with a
SRG interrupt from the controiler.

Example:

18 t Example: Program |

A IFC and REN; HP=IB select code 7, PCH-4
3 P4=782 1 address @2

42 CLEAR P4 setting interface mode XX and data mode DM
5@ !

£a QUTPUT P4 USING "8, K" "(XGRB3,4M0, "

7 1

3@ ! —set measurement mode

99 QUTPUT P4 USING " K" "MALL, MSSD FAIGE4, " )

199 ¢

118 TRIGGER P4

e walt 400 ms

13& wAlT .4 -

148t r-caET ap level

158 ENTER P4 USING “3,K":li .

1ED  GISP “Level L1/dBm@ = ";L!

178 END

15) Serial poll

The instrument responds to a serial pall from the controller by sending the status byte [see
4.4.4); the controller evaluates the BUSY bit (normally bit 4 with weighting 2t . 163, A 3RO
fs not necessary.

The command in HP-85 BASIC is:

23¢ S = SPOLL (742} serial poll of fnstrument with address @2
2488 IF  BIT (S,4) THEM 23§ if measurement not ended, go to 23§

For the [BM-PC, the command is:

539 CALL IBRSP ({PCM4%, SPR%) SPR% contains PCM-4 status hyte

6fF IF [SPRY AND 16) <@ THEN 598

This teop will operate until the BUSY bit (true = 1) which is set by the TRIGGER command is
reset at the end of the measurement (false = 0).



Other hits present in the status byte can be used for signaliing errors or facorrect evalu-
ation; their meanings and coding are described in 4.4.4.

If this continuous serial pol! (3PCLL approx. every 15 ms using the HP-83) leads to corrup-
tion of sengitive level measurements or interference on other instruments, this effect can be
tempered by inserting a WAIT period greater than 50 ms.

Example:
o
I
P
3
)

48
CEI _
EB OUTRUT P4 USTNG 8" "XX00B3,0m0, -
T
g !
82 DUTPUT P4 USING “$,8°:"MALL,MSID,FAlOE4, "
R
1 1
3

1208 {-————iastrument status byte poll
il

e SFAQLL (R4 ) BUSY bit evaluation; when BUSY = true, repeat
146 IF BIT(S5,4) THEN 139 mm_mm_m__m“mwwwmmf—“-'903] )
53t
16Q ENTER P4 USING “3,K":LI
178 BISP “Lavel LIFdBmB =";L1
183 END

lc) Repetitive SRY interrogation

1f there is no continuous data traffic on the [EC bus, the third possibility for determining
the end of the measurement is by repeated interrogation of the IEC bus control lines, particu-
larly the SR line of the controller interface (see lc, 3.3.1 for example using HP-85)

230 STATUS 7, 7 0 IEC contrel line interrocgation
248 IF NOT BIT {9,%) THEN 238 Evaluation of RQS bit; if no SRG then repeat

The instrument must previcusly be programmed to issue a SRQ at the end of a measurement; this
is done when setting up the instrument with the PW "XXP19@@,". Lines 238 end 240 are repeated
until the RS bit in status register 2 (TEC bus contrel iines) is set,

fxample:

Y I £rample: Program 3

L] I et R R P

g P4=TQ2

49 CLEAR P4

=8 !

L& OUTPUT P4 USING "#,K"("XXQ003,0ME, " —————-wXX: instrument ocutputs SRQ at end of
K| ! . measurement

56

9% OUTPUT Fa LSIHE "8, K" "HMALL,M552 FAIGAL, ™

2a !

11¢ TRIGGER P4

128 1 r—-——————-ps]l of I1EC bus conrtrol lines

130 STATLS 7,7:0 SRQ evaluation; if SRG = false, repeat poll
148 IF WOT BIT(C, 1@} THEN 130 eeed

58 ¢

188 ENTER P4 USING "% ,K":iLl call up level

17 OISPE "Level LI/dBm® =":iL!
188 END



424

1d) SRG Interrupt recognition

Apart from continuous pelling of the IEC bus control lines at the cantroiler interface, some
controllers can be programmed to jusp to a particular point in the program on receipt of a SRO
with statements such as ON INTERRUPT GOTO ... or ON SRD GOSUB ...; whilst waiting for the S8G to
ocour, the controller can be carrying out caleulations, etc.

If several instruments are connected to the IEC hus, any of which may send out a SRQ in the
same period of time, a serial poll of all instruments must also be made to determine which of
the instruments has issued a SRQ at the end of a measurement; such instruments will have the RGS
bit set (bit 7 = 1) and the BUSY bit will be reset {Bit 5 = o).

Instead of a serial poll, a parallel poll of all the instruments {up to a maex. of 8} can be
used to determine this more rapidly, ’

The command for this in HP~85 BASIC is:

A= PPOLL {7)

The variable, A, is the vaiue of the individual bits on lines DIQ 1 to DID 8. If, for exampie,
the status bits BIO 1 and DIO 3 are set, A = 5 (2D + 22). The instrument thus fdentified
will then be serial polled to determine the reason for the SRQ from the status byte.

Example:

i0

ol

when SRQ = true, call up level result

4a Fa XXz instrument outputs SRQ at end of measure-
56 ON INTR 7 GOTO 168 ]

m mant
B8 OUTPUT P4 USING "#,R"; "XX900Z,0ME,"
70t
80 !
98 OUTPUT P4 USING “#,8": MALL,MSS2,FALDRY "
18
18 TRIGHER P4 respoad to SRQ interrupt only
29 ’ HP 9816 waits for SRQ interrupt {emnd of
128 EMRBLE INTR 7:2 measurement }
140 Wast: 5070 Wait
150 | HP? 9816 1 ister m e cleared
lte sTATUS 7.1ist I interrupt reg ust b are

170 ENTER P4 USING “#,K°iL;
180 DISF *Level L1/dBn@ =*iil
198 END

If an IBM PC, fitted with a KEITHLEY interface and PLUS 500 software, 15 used, a special command
can be used to cause the computer Lo wait for the SRQ signal, When the SRQ bit is detected in
the interface status register, the program will continue on the following Tines:

541 MASKE%=&HE0Q wait untfl SRG Tine on IEC bus is active
542 CALL IBWAIT{PCMAY,MASKES)

Note: see section 4.3.9 for details of interrupt routine



4,3.4  DATA QUTPUT

In data mode "DMd," the controller can call up the foliowing data from the PCM-4:
8 measurement results OME or DML

9 PCM-30 status oMz
8 date and time M7
8 system status M8
® BIPFOr MESSAages MY

For this, the PCM-4 must be addressed as TALXER. The necessary command in HP basfc is:

select code

HP-IB interface
IEC bus address
OJutput format

("#£" = suppresses CR and LF

DUTPUT 72 USING “#5,Kk"; “Omd,"

ENTER 782 USING “ﬁg,K"; {string variable for DMPl..., DM, DM7 and DMO)
(numeric or string variable for DMPH,..,
DM2 and DMB)

"K' = abbreviated output format}

The output is aiways in IS0 7 bit code, The output format is cetermined by the interface mode
which has been programmed {XXbbddd) and the data output mode {pMd},

NOTE:

Transfer of the result to the output buffer is dependent on the trigger mode (TMb)
when data output mode DMO s selected {see 4.3.2.6 ang 4.3.2.7.)

In data output modes DML to DMS, the dats is outpul te the output buffer
immediately after the OUTPUT... command is received,

The number of partial results per measurement is dependent on the measurement mode in data out-
put mode DMOU and DM [see table 4-4},



Mode Number of ist. partial | 2nd. part.|3rd. part, | 4th part.|5th part. | 6th part.
partial res.|resuit result result result result result

All-Al4 1 8,81 dB{m)g

AZl-p27 1 @#.81 dB

A31-A38 | 1 9.81 dB

Adl-Ado |1 g.81 dB

ASI-AST 1 P.p1 dB

AB1-ABE | 1 .81 dB{m)g

A7E-A79 | 1 F.081 dBim}§

ABL-AB3 | 1 2.81 dB{m)@

A31-AG4 | 1 .81 d8

Bii-B13 | 1 #.81 dB

B21-827 1 $.01 dB

B31-B32 | 1 2,81 dB

B41i-344 | 1 F.0L dB8{m)¢

B4S ? 1CH (POS) 1 CH (NEG)

B46 1 .l CW

B51-B52 | 1 1 yus

Be1-B6Y | 1 g1 ms

871-87% {1 Z.81 dB{m)@

881 4 1 (FAS/B} 1 (FAS/H) |1 (MFRM) 1 {CRC)

882-B83 | 2 1E~9 {BIT) 1.9 {0CT)

B84 2 F.01% (EFS) | 8.91% (ES)

Bal 3 FAS NFAS SEL.CH MFAS HMEFAS SIGN.H

B92 No data output

Table 4-4  HNumber of partial results and measurement result units

4,3,4.1  Data output mode DMB

In data output mode "DMZ", each data cutput string contains the results of a single
measurement

Outpyt format:

[<XVALUE><DESI>I<DELI><RESULT>{<BEL2><DESI><RESULT>) {<DEL2><DESI><RESULT>)uWs
L 4 Ioq i

E I S

H
% value Ist partial res. Znd partiai res. 3rd ... nth partial res,
X \

result



<BESI>: = <QESI1>» / <DESIZ> / <DESI3> / <DESI4>
<PLSIi>: = - {ASCII-space}

<PESIZE: =~/ xS L/ >/ <S5V
<PESI3»: = - J T/ Z/H/JL S/ O/
<BESI4>: = R <n> <DELZ>

<> =g /120374767677

<DESI> o=, f 5 /¢

<PESI> =,/ 5/ :

<DESI> =, /5 /

kesults designator:

DESIZ2 | DESI3| DESI4 | Meaning

B R 0 Result in range

* o | T H Result out of tolarance range

z z 2 Input/output impedance out of folerance (B 6x)
> H 3 Overrange

< L 4 Undarrange

S 5 5 No synchronisation {PLM-30 receiver)

! It 6§ Anatog input overdriven

? X 7 Measurement not possible

Table 4.5  Explanation of DESI and DEL (see also DM,.. in 4.4.,2)

YVALUE and DELY are only ocutput in DMdidddd

DEL1 s between the X value and the result

DELZ 1s placed between the partial results and between the designator and the result in DMdd3ddd
{type 4 designator, numerical designater).

DEL3 has no meaning in DM@ datz output mode,

Example: (MODE All, result designator indicates out of tolerance)
DM paasn -3.54

DM@ Oae *-3.44

DMER2 2R T-3.84

DMpE3Lae R1,-3.084

DMpLo2ge g1 -394

CMPI32PE  3PP1:R1,-3.P4

4.3.,4.2 Data cutput mode DM

In data output mode DML, & data string is output which contains &ll the results of the sequence
of measurements,



Cutput format:

[<XVALUE><BELI> J<DESI><RESULT> (<DEL2><DES I><RESULT> ) (<DEL2><DES I><RESULT> )<BEL 3>, ..
1 1L L PFod }
¥ value Ist partial 2nd partial res, 3rd ... nth partial result

‘ result

|

ist result

[<XVALUE><DEL1>J<BESI><RESULT>(<DEL2><DESI><RESULT> ) (<DEL2><DESI><RESULT> J<BEL3>. .,
1 it L i, k]

X value Ist partial 2nd partial res, 3rd ... nth partial result:

result .
1

i

2nd ... nth result

For explanation of DEL and DESI, sse table 4.5
XVALUE and DEL1 are only cutput fn DMdlddd
DEL] is placed between the X value and the result.

DEL? 15 placed between the parital results and between the designator and the result in
DMdd3ddd (designator 4, numerical designator).

DEL3 is placed betwsen a result and the subseguent X YALUE or the next partial result if no
XVALUE is output.

Example:

BH1ggees .00, -B.¢7, -@.48, -3.94,

DM1g3g92 RE, +4.p@: R@, -P.87: RP, -P.48; 81, -3.p4,

DM113008 8P4, RY, +B.pB, 1496, R@, -B.87, 1997, RZ, -8.48, 3§01, R1, -3.84,
DM113p¢1 ipgd, Ry, +4.09; 1496, Re, -Q.87; 1997, R@, -2.48; 3881, R1, -3.24;
DrM113291 1004: R§, +3.09; 1496: R@, -B.87; 15997: R@, ~0.48; 3¢¢1: R1, -3.94;

NOTE :

After the DMI program word, either two commas or a comma and LF should be entered {i.e.
DM1dddddd,, or DMidddddd,LF) so as to extend the transmission time. The PCM~4 requires this
extra time in order to reset the results stack pointer to the first result. If this 1s not done,
the first result may not be correctly transmitted.

4.3.4.3 Data output mode DMZ2

In data output mode DM2, the status of the PCM-30 receiver is given as a number between § and
255. If this number is converted to binary, the individual status bits can be determined. The
current status byte is transferred to the cutpwt buffer following:

- programming data output mode DM2, or

~ after reading out the PCM-30 status byte from the cutput buffer.

This makes i possible to set up a loop.in the program so that the status byte can be monitored
ONLINE.



4-29

4,3.4,4  Data ocutpui mede DM7

In data output mode DM7, the date and time are output as a data string.

The format is: DD.MMM,YY HHiMM

4,3.4.5  Data output mode DMB

In data output mode DMB, the PCM-4 system status 1s output. If data is lost, bit 1 is set {at
the moment, only bit 1 is used). Data loss occurs when:

- the battery is faulty,

- the (PY board is removed, )

- fCLR/ is pressed when the instrument is being switched on,

4.3.4.5  Data output mode DM9

In data output mode DM, the error messages can be called up and output {see 4.3.7, 4.3.8 and
4,4,2),

4.3.5  SHALL AUTOMATED TEST SYSTEM

computer address N

TEC bus A{\T
Y. g o 4 L

M- 30 MU-130 pliotter printer pr
3
address address address address
Mo+l N+ 2 29 38

Figure 4-11  PCM-4 as system controller

in the setup shown in figure 4-11, the PCM-4 acts as system controller for the following:
¢ Test point scanner no, 1

s Test point scanner no. 2

@ Plotter

s Printer



Setting up srocedure;

* Switch off the PCM-4

* Set the 5C switch on the interface board to ON
* Set the instrument addressesas follows:

- MU-30 test point scanner no. 1 o N+ 1
- MU-30 test point scanner no. 2 to N+ 2
~ Plotter to 29
- Printer to 30

* Switch on the peripherals and then

* Switch on the PCM-4
After the switch-on self-test of the PCM-4 is completed, all the peripherals which are
switched on and correctly addressed wé}? be initialised and switched to remote operation by
the PCM-4,

When a measurement mode is setected for the first time after switching the PCM-4 on, the screen
display for the chosen measurement mode will not be displayed until the PCM~4 has switched both

MU-30s to remcte operation, If only one MU-30 is connected, the delay will be fnftialisatien
time for the MU-30 plus a TIMEOUT for the second MU-30, If no MU-30s are connected, the delay
will be twice the TIMEOUT.

4.3,6  USING THE PCHM-4 WITH AN EXTERNAL SYSTEM CONTROLLER (COMPUTER)

compu ter address N

ik
L . < 0. .

PIM - Mt - 30  MU-30 plotter printer 1%
address N address address address address
SC = QFF N+ 1 N+ 2 29 K51

Figure 4-12  PCM-4 with computer as system controller

Here, the computer acts as system controller for the following:
¢ PCM-4

@ Test peint scenner no. 1

¢ Test point scanner no, 2

8 Plotter

# Printer



4,3,

Setting up procedure:

* Set the SC switch on the IEC interface of the computer to ON
* Set the SC switch on the IEC interface of the PCH-4 to OFF

* et the foliowing instrument addresses:

- PLM-4 to N

- MU-30 ne, 1 to N+l
- MU-30 no. 2 to N+ 2
- Plotter to 2%

~ Printer to 30

Two different control methods can be used:

1} The computer controls the peripherals directly, or

Z) the computer releases control to the PCM-4 by means of the I1E( bus command. This effects a
considerable reduction in software requirements, but the following programming techniques
must be observed in order that the complex lEC bus data exchange process functipns cor-
rectly. ‘

6.1  Control function

4,3,

If control of a particular instrument is released by means of PW 2Zhbbb, the PCM-4 takes gver
the control function and controls the peripheral instrument if the following IEC bus commands

are issued:

e Measurement mode setting MA, MB
# Configuration £F

a Channel setting B, CR, L7, LS
8 X oaxis scaling KL, X4
o Running parameter setting (X parameter) XP

8 Recall RM

e Var, mode ¥

# kon controlier mode Iz

# Trigger mode ™

o Loss parameter setting Lp

6.2  Control function eperation

- The PCM-4 sets bit 7 of the status byte to request controller function.

- If the controller mode YYldddddddd has already been programmed, the PCM-4 sats the ROS (bit &
of the status byte) and activates the SRQ line.

- The system controlier (here: computer) recognises the controller function request and
transfers control {CA) to the PCM-4 with PASS CONTROL.

- When CA is received by the PCH-4, Tt controls the IEC bus and can thus set the peripherals.

- After tnis, the PCM-4 returns the CA function to the computer.

~ The computer cannot have access to the 1EC bus when the CA function is transferred to the
PCHud,

It is thus possible for the PCH-4 to control peripheral instruments in local mode without
having to alter the instrument set-up, if an external control computer is used,



For this, a program module which enables control of the transfer of the control function to the
PCH~4 or request must be fitted in the contral computer,

Befare the system controlier transfers CA to the PCM-4, the peripherals to be controlled
(Mi~30, plotter, printer must first of all be switched to remote operation. This normally
occurs at the start of the program with the command;
REMOTE N {where N is the address of the peripheral)
ar
LEAR N

NOTE :

If the controller mask {YY) and the'non—controfler mask {Z7}) are transferred in remote
operation, the PCM-4 will also request CA in LOCAL mode each time a command for control of
peripherals is received. If YYldddddddd is programmed (SRO for request of controller function)
the CA request is triggered by the SRQ line.

N.B.

In LOCAL mode,

- nong of the controls are disabled

- TALKER, PARALLEL-POLL, and SERVICE REQUEST functions are active

- LISTENER, SERVICE CLEAR and SERVICE TRIGGER Tunctions are thactive.

4.3.6.3 Initial accessing of the MU-30 by the PCM-4

The initial accessing of the MU<30 by the PCHM-4 occurs after:

« mains on, )

- /GENRL. RESET/ is pressed .

- an IFC command #f the CLR Tink is fitted or the CLR switch on the IFC bus board is O,
- an SDC or BCL command

The inftial accessing proceeds as follows:

1} CA request - request MU~30 status - CA returned
2} CA request ~ basic setting - CA returned
3)  CA reguest - channel setting - CA returned

The interrupt control must answer the three CA reguests with CA transfer {PASS CONTROL).

The initial accessing of the MU-30 takes place at the same time as the non-controller mask is
transferred {(ZZi...), i.e. the channel numbers zlready set in the PCM-4 are set in the MU-30 as
soon as the controller function is released.
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4,3.6.4 Transfer of controller function

If no coptroller mode {ZZ1...) is transferred (also controlier mode ¥Y¥1.,.), all commands for
setting peripheral instruments must come at the end of an output command, so that the control
computer can transfer control to the PCHM-4 immediately.

This 1s necessary, as an OUTPUT command cannot be INTERRUPTed,

The PCH-4 requires a certain period of time in order to prepare for control of the peripheral
instruments. It is therefore necessary that subsequent lines of the program do net begin before
the CA transfer or return is completed, if the controlier has SRQ interrupt recognition. To make
sure that the controller waits whan a PUM-4 peripheral command has been issued until the PCM-4

is ready, the following methods cén be used:

a} After the transmission of the last OUTPUT command, two commas instead of one are sent. Tha
second comma 1$ not accepted by the PCM-4 immadiately, and so transfer of bus commands is
blocked, During this time, the PCM-4 can process the data already transmitted and activate
the SRQ Tine to request CA. After this, the handshake procedure accepts the second comma,
which does not in itself cause any instrument functions to be triggered,

NOTE: The OUTPUT command described above transmits the commands in compact format with
LF and CR suppressed.
EXAMPLE: 14
. Controlier mode YY... and
N non~controller mode ZZ1... transmitted
80

90 QUTPUT 702 uSING “#£ k¥ "cRisg,,”
100 TRIGGER 707

b} Some controllers do not wait until the handshake cycle for the peripherals, which eccurs
after the last character is transferred, has ended, The next pregram line is thus aiready in
the process of being interpreted. This means that a SRG from the PCM-4 is not recognised
until this interpretation is completed, so that the PGM-4 does not recelve the LA comwand, IF
the next program line contains an OUTPUT or a TRIGGER command, the PCM-4 receives a further
setting instruction instead. This means that the MU-30 is not set by the PCM-4, and the error
bit in the status byte is set. The error message output will be:

El **/0003 = input disabled by present imstrument status

H

REMEDY: Transmit two commas *,," or
transmit CR and LF as delimiter or
transmit 1 comma and either LF or CR.



EXAMPLE: 10 )

. 1 Controller mode YY... and

. nor-controlier mode 2Z... transmitted

a0

160 QUTPUT 702 USING “X";"CBl9," ! CR + LF
or 100 OUTPUT 702 USING “# ,K";"CB19,," | 2 commas

110 TRIGGER 702

You will need to check how the controller that you are wsing reacts, and use the most
suitab¥e method. You can put as many commas at the end of the program word as you like, as
all controllers will accept this, but the object is to keep the transmission times as short
as possible (see 4.3.2.3).

NOTE: de recommend that the non-controller mask ZZ1... is transferred immediately prior
to the Tipal channel setting command.

Example:
198 OUTPUT 7g2 "+ ,K"; "XX@L193, XQ1, THE, MALL, CF1, XL3@#@, CTo@, 771899, ."
[ - SR |

{ T
s i

Initial accessing of MU-30,
channel setting of PCM-4
set in MU-30 at the same line,

4.3,7  ERRDR TRANSMISSION

If an error occurs during the course of the program run, bit 6 in the PCHM-4 status byte is set.
Bata output mode DMQ can he used to read out the type of error. For this, the nrogram run needs
to be halted, the error analysed and the appropriste action teken to correct the error before
processing.

4.3,7.1  Program interrupt on error

We witl assume that an fnterrupt routine has been included in the program, for example:
500 ON INTR GOSUB 80D
800 QUTPYUT 702 ; “DM3,,"
810 ENTER 702 |, EZ
820 QUTPUT 702 ; "DM*, " {OM* = reset data ocutput mode which was set
830 PRINT EZ prier to OMS)
840 RETURH
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Whether the program halts when an error occurs, or the error message 7s overwritten, depends on

P

XQb" {SRQ on error}.

0@ Mo SRG on error. The error message is stored, and the program is not interrupted, If a
further error occurs, the first error message will be cverwritten.

X

4.3.8

SRQ on error. The error message is storad. If a further error occurs, the first error
message is not overwritten, i.e. several error messages will be concatenated into a string.
The program is halted and the interrupt routine runs. The error{s) are displayed (sge

4.4.2). The orror bi
DLL, SBC and JFC.

t {bit € in the status byte) is only reset by a serial pell (SPOLL), by

ROTE ¢ An SRQ does not only occur when an error occurs, but alsc when the PCH-4 reguests
AC, for example when an MU-30 is to be controlled [control bit D7 = true). For

this reason, it is additionally necessary to read out bits B5 and D7 sothat the

Racessary

ERROR MESSAGES

branch in the interrupt routine can be made,

If bit & of the status byte = true, then an error has occured. The error message can be output
using data ocutput mode DMS, and has the format:

EX-KK/nnnn
ERROR

m
H

X = error number is formed from bits I (XNP), 2 (XM1) and 3 {X82) of the status byte.

X XN2 | XHI | XN Error

[ 3 2] ne error

iy 2 1 input error

2. ¢ 1 @ meas, run error

3@ 1 1 IEC bus error

411 7] 2} MU=30 no. 1 error

511 I/ i MU~30 mo, 2 error

611 1 a PLOTTER error

711 13 1 PRINTER error
Table 4-6  Error numbers

ndicates the type of error which has occured

KX = error designhatien, i
KK designation
B "o error
*x measurement error
77 unidentified word code
Xy X¥ input error

Table 4-7  Error designa

tions



nrmn = number of error shown under X"

nnnn Meaning
1 Undefined word code
2 Incorrect integer value entered
3 Input disabled by present instrument status
4 Measurement interrupted by input
5 Measurement impossible, error {missing option, etc.)
10 Setup no. not used
11 Setup no, already used
12 Stack overflow: incorrect initialisation of PCM-4
13 Memory Tull: no new setups can be stored
14 No seguence entries available
20 Y-Error: Upper Value < Lower Value
21 Y-Error: Range too small
22 X=Error: Upper Value < Lower Value
23 L-Error: Range too small
24 A-Error: Frame Conflict
161 Measuring Bridge nof present
i02 64 kbit Input not present
133 64 kbit Output not present
104 64 khit Interfaces not prosent
105 64 kbit Input not available
108 64 kbit Output not available
107 Digital Loop not possible
108 Line Codes TX/RX different
109 Frame Type TS$16 Ext. not pessible
116 120 OHM Balanced not possibie
111 Big. Config./Frame Param, incompatible
Select Param. Ho. 111 & 231
11z Measurement not possible/Select Param, Ne. 116
113 Mux/Demux Operaticn not possible
Select Param. No, 111 or 116
114 Mux/Demux Operation not possible
115 Mux/Demux Operation not pessibie
Setect DIL-Switch on 64 kbit Input to Contradir.:
116 Telephone Channel not possible
117 84 kbit Interfaces not available
118 Measurement not possible/Select correct (onfig./Frame
118 Heasurement not possiblefSelect Param. 111, 113 or 116/221, 222 or 223
119 Hux /Demux operation net possible/ne rx frame
125 CRC-4 Multiframe not possible/Select Frame Type G.704
125 CRC-4 Error not possibie /Select Param. 232
134 Hardware Incompatible
Table 4-8  Input errors, X = 1




4,3,9 COMPLETE INTERRUPT ROUTINE

4-30g

This i3 an interrupt routine suitable for allowing the computer to temporarily release contro?
of the IEC bus to the PCM-4,

A suitable name for the routine: SUB INTERRUPT

PCM-4 serial poll

no

Ctrl bit
set? yes

PASS CONTROL

2oll computer IEC
interface

REPEAT pNTIL Computer ds
5S¢ again

set info FLAG for main vrog.

SUBEXIT

no

SRGQ bit
set? yes

ERRGR bit
ves set? no

Read PCH-4 ERROR
statusbyte with DM9

BUSY bit
no set? yes

Set £0M flag for
main prog. {Reset)

Allow Turther INTERRUPTS

Hote: See

8it 7 in statusbyte set?

PCH-4 receives 50

Repeat as long as PCH-4
is 5C

{eptionall)

Bit § in statusbhyte set?

test for error message

test for end of measurement

program example 4,5.2 DEMO 3A, lines 2080 to 269%0.






4.4

farmn Meaning
i Stoup on measurement not possible {Param. 921}
Table 4-9  Measurement run error X = 2
nAann Meaning
1 Controller address missing
Send controi werd YY.., from computer to PCMud!
Table 4-10  IEC srror X = 3

PROGRAM WORDS

4,4,1  OVERVIEW

Table 4-11 contains all the program words (instrument input data). Each program word (PW)
consists of a code letter, the main section (decimal number, + or -}, and a terminating

character {,).

Once the code for the program word for setting the instrument functions has been determined from
tabte 4-11, the program word can easily be formed with the help of the alphabetically arranged
tist of program word codes in section 4.4.7.

The program word codes are chosen as far as possibie fo serve as mnemonics for the functiens
they define {e.g. SM = Store Mode),



W code Function

A RX octet display setting

B Graphics mode functions

CA Calibration request

cB Send- and receive channel setting
CF Configuration setting

CR Receive channel setting

cs Channel step setting

eT Transmit channel setting

M Data output mode

EF Error rate setting

EG Graphics mode setting

£1 Error measurement interval setting
EM Error measurement mode setting

ER Error insertion

ET Error type setting

FA Absolute frequency setting

Fi Freguency increment setting

Fs Frequency step setting

G Graphic/numeric mode switchover
J 4-wire and TX/RX interface setting
LA Absolute level setting

LE - Expected level setting

Li Level increment setting

LS Loss parameter setting

LB tevel step setting

MA Mode A setting

MB Mode B setting

MS Measurement ryn setting

p General parameter setting

Table 4-11  List of all program words



PY code Function
R RECALL moda
RR Relative raceiver level setting
RS Retative send level setting
SC Screen controf
SM STORE mode
S0 SEQUENCE mode
START START measurement run
STOP STOP measurement run
™ Trigger mode setiing
¥ Var, mode parameter setting
XL X scale setting
xp Running parameter (X parameter} setting
13 SR} request on error
K ¥ scale setting
iX Interface mode
YL Y scale setting
¥ Y scale setting
Yy Contrelier mode
i1 Input impedance setting
0 Output impedance setting
L7 ¥on controller mode
Table 4«11  List of all program words {continued}



4,4.2  ALPHABETICAL LIST OF PCM-2 PROGRAM WORDS

A1l the PW codes are listed in this section, from which fwith the aid of the corresponding Tist
of permissible settings - example, see figure 4-13} the prouram words can be formed, The heading
of each table shows the meaning of the PW code.

The tables are set out as fellows:

. Z1idg, Input impedance setting
0 00 Q
1 850 Q
2 900
3 compl ex
4 > 30 k-

Terminating character

Permissible settings
(¢ = decimal b = Hinary number)

PW code
Figure 4-13  txample of a program woerd table

The SYNTAX given in the tables must be achered to. An exception te this rule are numerical ine
puts; inputs in exponent form are also accepted.

Leading and trailing zeros need not be entered.

Exampie:
Frequency input (Hz):

“FA gleed.ge,”
“ER 1gg9,* is the same as

Units (e.g. dB, %, etc,) should not be entered. Similarly, the data sent by the PCM-4 to the
controller will have no units specified.

1f incorrect or illegal input data is recejved:

The setting commands are checked for correct syntax, Incorrect or incomplete program words are
not accepted by the instrument and the settings remain unchanged. A corrasponding error message
may be displayed. Input values which are above or below the limit values for the instrument will
result in the upper or lower iimit value being set,



PCM-4 PWs A, B, LA, CB, CF  4-4)

Ad RX octet display setting

1 TELEPH, CHANNEL BIT1 ... 8

4 FRAME ALIGNMENT SIGH. BIT! ... 8

3 NOT FRM. ALIGNMENT SIGN. BIT 1 ... 8

4 MULTIFR. ALIGNMENT SIGN. BIT 1 ... 4
NOT MULTIFR. ALIGM, SIGN. BIT 5 ... 8

5 SIGNALLING CHANNEL  TX BIT 1 ... 48

RX BITE ... 8
6 DISPLAY OFF
Bld Graphics mode functions

] CLEAR

1 LINK

2 PRINT/PLOT

3 NuM

CoAl, Calibration request
Regquest calibration cycle before next measurement,
Calibration cycle regquest stored and executed
a) after end of measurement cycle or sweepn
in MAN/R or SWP/R modes
b} before the next measurement in MAN/S or SWP/S modes
%L L Bld Send- and receive channel setting

d PCM-30 send and receive channel
{Channel nos, 0 ... 31 for timesiots,
channel nos, 1 ... 30 for tel, channels)

¢ fFid Configuration setting

0 AA

1 AD

4 DA

3 bD

*** Gvertapping input possible in single trigger mode.

A

CA

***CB

CF






PCM-4 PWs CR, €S, €T 4-43

* kK
**% | C Rid|d|,| Receive channel setting CH

dld PCM-30 receive channal
{channel-nos, 0 ... 31 for timeslots,
channel nos. 1 ... 30 for tel. channels)

C Sis|, Channel step setting CS
* Positive channel step
- Negative channel step
EE T
¥xk 1 C Tiajd|,| Transmit channel setting CT
did PCM~30 transmit channel

{channel nos, 0 ... 31 for timeslots,
channel nos. 1 .., 30 for tel. chanmnels}

#xk gverlapping inpul possible in single trigger mode






D Mjd

Data output mode

Co e S Y

Jutput

Single result

List of results

PLM=30 digital receiver status
Bate and time

PCM~4 system instrument status
Error message

X value output 1)
off
On

[ ]

Result designator 1)

Designator 1 (see designator)
Designator 2 {symbol designator)
Designator 3 {character desigrator}
Designator 4 {numeral designator}

Output delimiter I (DELIML} 1)
, (comma)

; {semicolon)

: {colon)

Cutput detimiter 2 (DELIMZ) 1)
, {comma)
; (semicolon)

: {colon)

Output delimiter 3 (DELIM3) 1)
, {comma)

i (semicelon)

1 {coion)

1) For single result or Tist of results outputs,

Data output DM@..., DMl...,

fo designate

<DES{I>:
<DESIZ>:
<DESI3>:
<BEST4>:

rasults, any of the 4 follewing character sets can be selectad:

i

(ASCIT=space)
VAR A A
! T/ L /WY
R <n> <DELZ> (n

</tS/ Ve
LS /0 /X
Y

PCH-& PW DM

4-45

DM



The individual symbols have the following meanings:

DESI2 | DESIZ | DESI4 Meaning

fesult in range

Result out of tolerance range
Input/Output impedance out of tolerance {B &x)
Jverrange

el

Underrange
Ho synchronisation {PCM-30 receiver)

e A Y N

Analog input overdriven

R+ NS L R Z - b S -t

3
= @ P

Measurement not possible

Table 4-12  Result designator meanings

< .See 4.3.4 for more detalls on dafa output and examples

Mode Kumber of Ist. partial | 2nd. part.|3rd. part. 4th parts.i5th part. ! 6th part.
partial res.|result result result ;esuit result result

All-Al4 | 1 @.81 dB{m}g

A21-A27 | 1 2.1 dB

A3l-A38 1 g.81 dB

Adl-Ads | 1 9.81 dB

AS1-AB7 1 2.91 d8

AGL1-AG6 | 1 2.1 d8(m)g

A7TI-A79 1 1 #.81 dB{m)y

AB1-AB3 | 1 #.81 dB{m}@

A91-A%4 ] 1 B.g1 d8

B1i-812 ] $.91 ¢8B

B21-B22 1 F.01 d8

B31-B32 1 #.p1 dB

B41-B4d i $.81 dB{m)g

845 2 1cl (POS) | 1 CW (HEG)

845 1 Fo1 W

851852 | 1 Ioys

B61-B69 | 1 gl oms

B71-B79 1 #.pL dB{mj@

B3l 4 1 {FAS/B) 1 (FAS/WY {1 [MFRMY 1 {CRC)

382-883 | 2 1£-9 (BIT) 1£-9 (GCT)

B84 2 #.81% (EFSY | #.81% (ES)

891 6 FAS NFAS SEL.CH HMFAS NMFAS SIGNLW

Baz No data output

Table 4-13  Number of partial results and measurement result units



D mizy,

Data output mode

PCM-30 digital receiver mode

Data is ocutput in the form “"nran® (0 .., 25%).
Meaning of output data:

PCM-4 PUs DMZ, DMT7, DMB, DMG  4-47

DM

128 64 32 16 3 4 1
HO STAT NO STGH ALS NO FRM NG EX. F KO MFRM -
NO STAT = 1: PCM-30 Status = 128  Status not available at present
DMl7 1,1 Data output mode
Bate and time
bate and time output in follewing format:
DOJMMMLYY HHLMM
e,g, " 7.MAR.BE8 9,33"
b #ig|,| Hata output mode
PCM-4 system status
Date is output in the form "nnn" {0 .., 255).
Meaning of output data:
128 64 32 i6 8 4 1
- - - - - - D.LOST

D.LOST: Data iost because:

1. battery faulty

2. CPU missing
3. /CLR/ pressed at switch-on

0 Mior,

Data outpui mode

Lrror message




Error message output format

. rare b
Error—4 EX|-[K K)/innann
. b e ]
1 - |
¥ - L]
X Error K¥ [dentifier
0 No error - %o error
proeder ] Input error w* Measurement error

2 Measurement run error 77 Unidentifiable word code
3 TEC bus error XY Y input error
4 M3-30 error instrument no, 1
5 M3-30 error, instrument no. 2
6 PLOTTER error
7 PRINTER error

Table 4-14  Error numbers

e Crror numbers with X = 1 are input errors

nnnn Meaning

Lndefined word code

Incorrect integer value entered

Input disabled by present imstrument status
Measurement interrupted by input

L L N

Measurement not possitie due to error (missing cption, etc.)
10 Setup no, not used

11 Setup no, already used

12 Stack overflow: PCM-4 incorrect initialised

13 Memory full: no new setups can be stored

i4 No sequence entries avatlable

20 Y-Error: Upper Value < Lower Value

21 Y-Error: Range too small

22 X~-Error: Upper Vaiue < Lower Value
23 X-Error: Range too small
24 X-LError: Frame Conflict

10l Measuring Bridge not present
102 64 kbit Input not present

103 64 kbit Output not present

104 64 kbit Interfaces not present
105 |64 kbit Input not available
106 64 kbit Qutput not available

Table 4&-15  Input errors {error no, 1)



nnnn Meaning
107 Digital Loop not possible
108 Line Codes TX/RX different
049 Frame Type TS816 Ext. not possible
116 120 OHM Balanced not possible
111 Big, Config./Frame Param, incompatible
Select Param. No. 111 & 231
112 Heasurement not possible/Select Param, No. 116
113 Mux/Demux Operation not possible
Select Param. No. 111 or 116
114 Mux/Demux Operation not possible
115 Mux/Demux Dperation not possible
Select DIL-Switch on 64 kbit Input te Contradir, .
118 Telephone Channel not possible
117 64 kbit Interfaces not available
118 Measurement not possible/Select correct Config,/Frame
118 Measurement not possible/Select Param. 111, 113 or 116/221, 222 or 223
119 Mux/Demux operation not possible/ne rx frame
125 CRC~4 Multiframe not possible/Select Frame Type §.704
126 CRC-4 Error not possible /Select Param, 232
134 Hardware Incompatible
Table 4«15  Input errors {error number 1) {centinued)
£ = 2 Run errers
nnnn Meaning
1 Stop when measurement not possible (Param, 921}
Table 4-16  Run errors {error number 2)
K= 3 IEC bus error
nnnn Meaning
i Controller address missing
Transmit YY... to PCM~& from computer!
Table 4«17  IEC bus errors (error number 3}






pCH-4 PWs EF, EG, EI, EM, ER, ET  4-51

E Fid|, Error rate setting EF

Mode MB8Z - Mode MBB4S

9 PRSY 2 91
PRS1T 2 111
2|8 bbbbbbbb WORD or VAR, MOD

V 253 B bbbbbbbb,.

E Gid], Graphics mede setting EG

Mode MBEZ - Mode MBBI :

0 BIT
1 0CcT
£ Hhh:mm s stiError measurement interval setting ’ EI

Hode MRBE! - Mode MBB4 :
hh Hours
"o Hinutes
5 $| Seconds

E Mid|, Error measurement mode setting EM
Mode MBR4
g EFS
1 ES

E Ry, Errar insertion ER

£ R{[RORIY, Mode MB82 - Mode MB84
ETidi, frror type setting ET
Mode MBSI :
0 FAS B
1 FAS W
2 MFRM
3 CRC







PCHM-4 Pus FA, £, FS, GN, J, LA, LE  4-53

{d.adx]

Absolute frequency setting

Frequency value {Hz!]
Freguency value [kHzl

FI

[d.ddk |

Frequency increment setting

Frequency increment value {Hz]
frequency increment value [kHzj

F S

Freguency step sefting

Positive frequency step
Negative frequency step

G N

Graphic/numeric mode switchover

Numeric mode

Graphic mode

dwwire and TH/RX interface setting

TX/RY interface
4 wire

Absolute level setting

Level value

L E

Expected level setting

Expexted receive level value
(Level as per V5120 .sdd.dd)

*** fverlapping input possible in single trigger mode

***FA

Fi

FS

GN

***LA

LE






PCM-4 Pys L1, LP, LS, MA, MB, H§

L Iis Level increment setting
s Level increment value
L Pid Loss parameter selection setting
4 Softkey function for T
H MB11.13, MB21, 22 RX
L Ss Lavel step setting
* Fositive level step
- Negative level step
M oALd Mode A setting
d Mode no,
M Bid Mode B setting
d #ode no,
M §]d Measurement run setting

B

Sweep single
Sweep repetitive
Manual single
Manual repetitive

458

LI

LP

LS

MA

MB

MS






*

PCH~4 Pds P, RM, RR, RS, 5C, SM

General parameter setting

didyd],

didjdiB b b kb,
dididiBb b bbbbbb
dididiThh .mm,
didi¢ibdd.mm. yy
did]dix x x . %,
did]dif d

{1} no further parameter
(2 4 pit parameter

{3) 8 bit parameter

(4} time parameter

{5} date Parameter

(6) percent parameter
(7

range parameter

) PSl4, PEIG, P58
J: P52, P513, P51S
) P932, PY36
yr P931
)i PEZ29
b pGos

R Midldi(Crdl],

RECALL mede

L N ™

Setup nos. 0 to 40, 50 (sequence)
Optional configuration AA

AR

DA

o

R Risjdid|.idid],

telative receiver level setting

Level (-19,90 te +9.90 dB)

® slsidlal.jdldaf,

Relative send level setting

sidid|.|{did tavel (-19.90 to +9.9C dB)
3 Cibi, Screen control
0 Screen off
H on
S Wisiidid], STORE mode
- {did Clear setups {~99: alif)#
s idid Setup nos, G to 49

-50 also possible via [EC bus

4-57

P

RM

RR

RS

SC

SM






PCM-4 PHs 5¢, STASSTC, TH, ¥, XL 4-5¢

Sequence mode

- 1did Clear seguerce -50
dld Setup nos. 0 ... 40
nin Channel steps 1 ... 32
STRRT/STOR Megsurement run

START, [STA, ]
sTop, [STO, ]

START
STaP

Trigger mode setting

Continuous trigoer mode

Single trigger mode

Yidddl T...00,

Yar. mode parameter seiting

dddi ,
ddg| Bl bbbbbbbh,

dddiu] sdad,

add| D} dd,

ded|Fldaddd, [..dd.ddk,]
ddd|t)sdd.dd,

ddd{R|d,

no further parameter
8 bit parameter
code word parameter

}
)
)
J duty cycle parameter
}  freguency parameter
} tevel parameter

)

range paramefer

)63

}OV2B1, v252, V253
yov7iL

y V231, ¥253, V611
j

A

i

vall, V421

Vib4, yz31, V512, vb2i, V62l

X Lidid|d|d|didi,

% scale setting

sld dl.jdid
did djd
dldf.id ¥
did

Lower 1imit, X scale
tevel [Hz]
Frequency [Hzl
Freguency [kHzl
Channel

SQ

STA/STO

™

XL






PCH-4 PWs XP, %0, XU 4-61

£ Pdy, Running parameter XP setting XP
Hode WA14, NAdx, MASx, :
configuration 1 AR AD DA | DD
{ CHAN * * | CHAN
LEVEL LEVEL
Hode HBB1
configuration | DD
G HISTO
Hode NB8Z2 ~ 1MB&A
configuration | BD
) CHAN * * ! !
1 HISTO
Modes MALL - MAIG, MAZI - MAR4,
MABS1, MABS3 :
configuration | AA AD DA; ]
0 | CHAN * * | CHAN
FREG FREQ
2 LEVEL LEVEL
HModes HAGx, MABL, MAR2, 1B31,
MB32, MB52, MBSA @
configuration E A A DA | DD
G I CHAN * *E CHAN
E FREQ | FREQ
Modes MAZS - MAZY, HMADLx, MATx, MAD3,
MAZx , MBax, MBE&x, MBTX
configuration | AR AD DA | DD
o | chan = = | coan
X Qlbl, SRE request on error XQ
@ SRG request when ERR = 1 no
1 (ERR = bit 6/status register) vyes
L Ujdidididldidi,] X scale setting XU
Upper Yimit, X scale
sididi.jdld Level
did{didg|d Frequency
did].idjdlk
did Channel
did Histogran

* * In Yar. Mode 632, measurements versus channel are not possible.






PEM-4 PUs XX, YR, YU  4-83

£ Xibinjdididy, Interface mode XX
] SRQ at POWER O no
1 yes

&} SR at end of instrument no
1 function program yes
Parity bit, data output in 1530 code
a Ne parity bit
Odd parity bit geharation
z Even parity bit generation
EQY character, 150 code
0 Mo EOT characier
1 "EMNDY on tast datas byte
7 TEND® and YISO 7-bit character LFY
3 “IS0 7-bit character LF"
LOT character, non 150 code
Y Ho EOT character
“EHD" on last data byte
2 YEMDY and “ISO 7-bit character LF"
YoLjdldidid| didy, Y scate setting YL
Lower 1imit, Y scale
s|did]dd]d dB, dBlmi0
sidid)d CH (B45 « B48)
dld d|did HES (851 - B54)
i d ms {B61 - BEY)
d IE+d (B81, B83)
d 1E -d (8a82)
Y Ul d]djdl{did]|d], Y scale setiing- YU
Upper Yimit, ¥ scale
sidldi.id]d d8, dBim30
sidldia CH {B45 - B4p)
dl | didid s 851 - 854)
did ms (861 - BRI)
d 1E+d (881, B83)
d 1E-d (B82})







PCM-4 PWs ¥Y, 21, 20, 77

Y Yibididididid{did|di, Controlier mode
] SRG for request of ne
i controlter function yes
did Talker address of (¢ ... 31}
external. controller
dld Second talker address (0 ... 31)
of external controller
did Listener address of {0 ... 31)
external controller
did Second listener address {0 ... 31
of external controller
Z il Input impedance setting
0 600 R
1 850 Q@
2 9Ge @
3 complex
4 > 30 kG
7 aid|, Qutput impedance setting
4 600 €
1 850 Q
Z 900 Q
3 compl ex
ZIibibib|b}, Nen-controller mode
@ Enable control of no
1 l1st. MU-30 by PCM-4 yes
4] Enable controt of no
1 Znd. MU-30 by PCM-4 yes
4] Enable control of no
1 PLOTTER by PCM-4 yes
g Enable control of ne
1 PRINTER by PCM-4 yes

465

YY

A

Z0

ZZ



4.4.3  BASIC INSTRUMENT SETTINGS
- Switch 5 3 set to ON
iFC or 5DC commands from the control computer reset the PCM-4 and the interface {corresponds
to pressing /GENRL RESET/ in manual operation).
- Switch § 3 set to OFF
IFC command from the controller resets the interface only. To reset ths PCM-4 as well, an SO0
command is required.
function f{control) Setting corresponds to [EC program word
Hode Mode selection page 1
SRY mask: ran
Inte%face mode: RS 2 I
Controller mode: YYg3lil
Non controller mode: FaA A
Trigger mode: THE
Data output mede: DHg
Screen control SC1
Digital Word Displ. of f 133 A&
Both Channels #1 5] cCBl
Graphic mode A G N1
4-wire interface f143 I1
Gen. Parameter f1} P111 pP123
p2i1i pzzi
P31 P32y P331
L Pazl
P51 P52Z1
P61l
P77l PT7TZ1
P81 P82l
PS5l P913 F915
Ret. tevel Recv, [8} RRY
Rel, Level Send r8] Rs@
Ri-lrmedance [13] 219
T¥-Impedance (157 Z0g
Operation on "Selected Bevice Clear” {SBC): Remote
on "Interface Clear™ (IFC): Local
Table 4-18 Basic setting of the PCM-4 after reset




4.4.4  STATUS BYTE

The fnstrument issues a status byte onto the TEC bus in response to a serfal poll. The status
byte gives fnformation as to the current operational status of the instrument, thg bits being
assigned the meanings shown in table 4-19.

BI0 8 oIc 7 BIc 6 DIg 5 BiG 4 DiG 3 Ri0 2 Dio 1
Bit 7 3it 6 3it & Bit 4 Bit 3 Bit 2 Bit 1 Bit ¢
Controi RGS Error Busy Power Gn i %NZ2 XML XM
27 26 20 74 23 2? al 20

Table 4-1%  Status byte meaning

0I0 8: Control

Control transfer request

BI0 & = 1 indicates that the PCM-4 has requested control from the controller.

DI0 7: ROS

Service request

DI 7 = ] indicates that the instrument has issued an SROQ.

RI0 6: ERRCR

frror identifier

DIC 6 = 1 indicates that the PLR-4 has detected an error. The type of error is given by bits
LI0 3 to BIO 1 (error number). 010 6 {ERROR} and BIC 3 to BIO 1 {XN} are all reset by a serial
potl or by BCL, SDC and iFC.

IO B: Busy

PVeasurement 7o proyress

BIO & = | indfcates that a measurement is in progress.

BIG 4: Power On

DI04 = 1 indicates that a power supply failure has occurred. L is not possible to call up the
status byte information 1f the power supply is down. DIC 4 1is cleared by the reset functions OCL
and SDC.



DIO 3 to DIOD 1:

Error mumbers {0 to 7}, see alsc 4.3.4.6, 4.3.5 and 4.4,2 (DM9)

AN2

AN

KNO

Error

O T R

L e i R I T s v I o |

= T =R == S o T

No error

input error
Measurement run error
IEC bus error

MJ-30 no. } error
MU-30 no. 2 error
PLOTTER error

PRINTER error




4,5

EXAHPLE PROGRANS

4.5.1

DEHO 2A ON HP 9816: TRANSFER CONTROL FROM CONPUTER TO PCHM-4

HP9B14—-COMPLUTER

DEMOFROGRAM . NO 2A

i
E
t
3
E
1
'
1
'
1

1
coM sles @Fomd

FoM4 nontrels the Scanner MUT0
The Controller pamses the STATUS “"Active Contreller” to the device FLM4

TDEMOZ2AY

0OM /Stat/ Dm#lbel, INTESER S_p,Measure_flag,lont trans_+flag

DIM ERLE0O0]

i

LGQDSUB Interrupt FROM YDEMD3AY ! Bee DEMOZIA
+

N=702

ABSIEN @Fomd TO N

ASGIGN @MuI0 TO Nel

STATUS 7,13:51

1

CLEAR &Fomd

CLEAR @MuI0 !
1

Clear the Interrupt-Register.

First Initialization of the Scanner.

! Definition of the Interface-Interrupt

GN INTR 7 CALL Interrupt
ENABLE INTR 732
1

T Initialization

IF an Interrupt eocours THEN CALL

Enable HP-IB SRG Intarrupt.

DUTEUT @Fomd USING "#,R"3;"XX01035,YYI21, X081, TMO,MATL,Z21,,"

Dm#="111210"

! Measurement
b e e e e o e e

éU?PUT @Fomd HEING YK "ORED

Measure_f1lag=!
TRIBEER @Fcm4

L3

REFEAT

UNTIL Measure_flag=0

:
WAIT (12

QUTFUT @Fcmd LSING “#,K"3 "DM", Damg, -

ENTER @&Fcmd USING "#,KYiE$
1

H

FRINT CHR&(12)

FRINT “RESULTS:™

FRINT E%

1

END

EPEES

of the pert QUTRUT-statasment

Qa—-00~Hé

2. Comma suspends transfer

O B O S A B0 A6 I D A0 0 A PR 0 2 930N |
WANDEL % GOLTERMANN

¢
b
¢
t
b

TR R R T S T T e R R R S L R R S L S R L S L S S R

4469

Int.

to allow the program fo "‘pass Control

it required.

Start measurement

Wait until end of Measuremant

WRIT until Results are
stored in FPCMA-memory.
Only Series B ang C

)

PCMA are adjusted.

! Clear Screen

! Digplay results

2. Comma to suspend transfer
of following ENTER-statement
until internal pointers of
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4.5.2  DEMC 3A 0N HP 9816: OPTIMISIKG MEASUREMENT RATE

R Ty L Lk L T T T T e
HPIE18—CDompiiter WANDEL & SGOLTERMANN

DEMOFROGRAM  NO 3A PREMDEAN 04~-02-864

B W e 3 B I W b 0 KA e 3 2 36 BB 6 ORI 36 6 T A

E

!

E|

+

El

I

i

+

;

! This proegram shows some methods to achieve maximum speed of

! mgasuwremsnt. The used methods are:

P = to switch off the Display and Tolerance-masks

to- overlapped Datatransfer

P o= to switch off the Automatic Ranging

! = to send an Expected Level

!~ to gstore the Measurement—Modes for further use in the STORE-MODE-~List
1
i
1
3
1
E
¢
i
B
k
i
3

The Bubprogram "Interrupt" is a commoen program with folloewing functions:
~ Transfer of the Contreller~Active Btatus to the POM4

- Test of the SRE-Statusbit, Error~Statusbit and Busy-S8tatusbit,.

- The ERRCR-Btatus-RByte is read and displayed on the scereen.

The Subprogram "Recr _exp” is a common program for measurement-cycle
control using the TM1I Mode (overlapped input/output).

With the Intsrface-Mode (XX....) the PCM4 is forced te send an Interrupt
when a measurement is finished.

i

OFTION BASE 1

Cort /le/ GPomd

COM /Stat/ Dm$L&], INTEBER B_p,Measure _flag,Cont _trans_flag

DIM Setup$lBC]

REAL Test rpar {207 . Explev (20} ,Reaultl (20} ,Resul£2(20) ,Reeul £3(20) ,Resultd (

INTEBER N
1

i

ASSIEN &Fcmd TO 702

BTATUS 77,1381 T Clear the Interrupt-Register
FRINTER I8 1

CLEAR @Pcocmé ! Device Clear
El

1]

:

! Befinition of the Interfage-Interrupt

A6 P e e e - 1

A70 ON INTR 7 CALL Interrupt ! IF an SRE-Interrupt soours
480G ENABLE INTR 732 ! THEN CALL Subprogram
4G t ot Interrupt.

SO0 !

D510 ¢

BL0 !

520 foBetup  List

S40 P

550 Testl: BATA "MALL,VEL2L-40,VEIZ, V343, ME,FALQI4,P224, " { Mode-Setup
S60 Kpis DATA LA,& ! Meas. vs level (TXi LAY
570 DATA ~&0, =50, ~40, =30 =20, =10 :

580 Epl: DATA —40,—40,—-40, 10,14, ~10 ! Expegtad Ri-lLevel

90 '

400 Testl: LATA "MASL  VEIRZL~20,VE3R2,MER2, XF1,0F2  LA-S50,F924, "

10 Xply DATS LAa,b H

HZC DATA ~80,-40,-30,-20,~-1%,-10 B

30 Eply DATA 20,350,357, 37,3737 !



1010
{120

1030
140
105G
£
170G
1080
1090
110G
111
1124
L1EG
1140
1150
1140
1170
1180
1190
1200
*3 ,0FT
1EL0
1220
12E0
1240
128G
1260
1270
1260
1290

| Setup FCM-4
F i e i 4 kst et e e e
r
e R ST S INTE R ! Datamode
OUTEUT BFcmd USING “#,¥7p “{X0L0%, X&1, T, 800, DM, Dme, ¥,
t b Thig Inmitialization must Bbe ment in the THO-Mode.
! ! To speed up the measursment, the DISPFLAY is
: ! mwitched off.
! I X0l = Enable SRA-Interrupt
1
RESTORE Testl
READ Sebupd ApF,N,First rpar
RESTORE Ept
READ First_snplev
Stoere_mode {l,MN,Setup®, Xp¥,First rpar,First_explev)
]
RESTRORE Testd
READ Setup® , XpF,N,First_rpar
RESTORE Epf
READ Firat_suplev
Store mode (2,MN,Setup#, Xp#F,First_roar,First_sxplev)
1

t
1
i
'
'

:
'
FRINT "STATUS: Running®
¢

RESTORE Xpil

READ Xp# N

REDIM Test rpar{N} . ,Explevii)

READ Test _rpar (#) ,Explevix}

Recr sin (i,N, 1, Xp$, Test rpar{#) ,Euplevis) Resulitl i)
1

1
;
KRESTORE XpR
READ Xp#E,N
REDIM Test_rpar (M) ,Explev(N)
READ Test_rpar (%} ,Explav (%}
Recr_exp{2,N, 1 XpF, Test _rpar (%) Explevix) ,Resultl (%)}
i

FRINT "GTATUS: Stopped”
FRINT

i

END

El

;

]
i
3

SUE RecrngpleTEEQR Sgtup_nr,.B5teps,N_res,Xpf,REAL Rpar (#},Explev{#) ,Reat
IONAL REAL Reslix)  ResZ{#) Rasgd{%})
1

Setup nr Nr. of Setup to use{"RMan,":

H -

! Simps : # of Measurements

! N_res 1 # of SBubresults (1 .. 4}

toXpE t Sweep~Parameter for remote—contrel of FCM-4 (ag. “LA"}

' Rpar : Array of Sweep-Farameters

! Enplav : Array of Expected RX-Lavel assigned to Susep-Parameters
! Res. : Array for Subresult n (1 .. 4)

1



COm /Io/ @&Fcmé
CoM /Ghat/ Dm#Fls], INTEGER 5 p Measure_flag,Cont_trans_flag
1

I=1
H
IF Steps=1 THEN
CUTFUT @Pemd USING "#,K"  "RM",Setup_nr, ", " ! Rerall of the stored
TRIGGBER @Pom4 ! Mode.
GOSUR Walt_meas_end
GOBUE Read_result
ELSE
SUTFUT @Fcmd WUSING “# Ky "TML, Toe speed up the

3
OQUTRUT @Fomd USING "#,0" "RM Setupwﬂr,”,“ ! measurement, the
TRIGEER @Fomd P Overlapped input/
iLast _explev=BExplevil) Pooutput-Datatrangfer

REFEAT
CQUTHFUT @&Fomd USING "#,k"iXp¥,Rpar (I1+1),7," fis used [TML3.
Hl=Euplev{I+1}
S3is IF BlarlLast_suplev THEN

1450 OUTPUT @Fomd USING "# K“'"LL“,EE, )" ! Eupected tevel:
150G ) Last_suplev=EL While adr9551ng the PCM4 in the
1510 ENE IF . 1 Tri~-Mode, the used Cperation-~Code
1320 H s YLE". Bet the peintsr to V312
1570 ' o during TMO~Mode ( =. BUB Store_mode
1840 '
pRatautel GOSUR Wait _mmas _end
1860 !
1870 TRIGGER @Fcm4é
1880 GOSUR Read_ result
18%0 ImI+]
L &00 UNTIL I=Bteps
I610 GOSUE Watt_meas_end
1420 QUTFUT @Pomg USING “"#,K"§ " THMO," ! Datatransfermode TMC before
LA GOSUR Read_ressult ! reading the last result

1640 END IF

1650 SUBEXIT

1hhaD H

T e e e e e e e e e ottt b b et ot e o o ettt
1480 Wait _meas_and: !

16490 Measure_+1ag=i

1700 REFEAT P Waitt until End of Measurement

171G

172G UNTIL Measure_flag=0

1730 RETURN

1740 '

17EC b T e i s i T 1 S 1 S S, i o 888 24 0 049t 1 o i s
1760 Fead result: i

1770 !

1780 ! In some Measuremsnt-Modes the FCMA sends 2 (3 or 4) results. This

179¢ ! subprogram  reads such subresults.

1800 ¢

1810 Read res: IMAGE #,4(A,D,

1820 ON N_res GOSUR Readl,Read?2,ReaddReads

18E0 RETURN

1840 4

1850 Readls ENTER @Fcmq USING Read resiad,ll,Resl (I}

186G RETURN

1870 ReadZ: ENTER @Fcmd USING Read _rewjAs,kl,Resl(l),A%, k2, Res2(l)

1880 RETURN

1870 ReadZ: ENTER 6Fomd USING Read_res;A$,K1,Resi(]) A%, K2, Res2 {11 6%, 03, BResT (1)
L7043 RETURN !

1910 Readd: ENTER @Fomd UBING Read_resji A%, KiyResl (1), 8% ,R2,AF,Res2(1) A%,K3,Resl
(1} ,A% K4, Ressd {1}

1920 RETURN

1930 :

1?40 SUBEND




2080
ZOF0
2100
2110
2120
2170
2140
2180
21460
2170
2180
2190

2410

2440
F4E0
24460
2470
2480
2490
ZEOD
PR
ZERO
REZ0
540
2530
2560
2Y70C
REBQ
2EFG
SHO0
2610
2420
Z&I0
=Y R}
2HEG
2660
2670
ZEHBO

2LFO

EThis
! The
¢ Befo
SUR Bt

com /1
SUTEUT

Subprogram stores the Measurement-Medes in the "STORE-MODE-List'”.
pointer of the Expected Level is set to VILIZ .
re storing the Mode, the List-Adress is erased.

are _mode {INTEBER Rm_nr,N,Rm#F,Xp¥f,Fari;Explavi}
o/ @Fcmé H
@F'emd USING "#, 01 3Rm¥, ", ", Xp¥F,Farl, " ,VE1EL" ,BExplevi, ¥

OUTPUT @Fcmd USING “#,H"; "SM=", Hn_nr, 80, Rm_nr, ",

SUE In
1

coM /1
£ /8
1
8TATUS
§_p=EE
1

! Test
IF BIT
3

YT
PAG

EN#&

REF
s
UNT
Con
ENA
SUn
END IF
r
%
! Test
IF BIT
i
! Tes
IF

END
i
|
PT
¥
r
;
END IF
ENRBLE
SUBEND

terrupt ! smooooomoosmezzzxs Ganeral Interruptroutine s==es
o/ @Femd

tat/ Dm#¥LE]INTEGER &S p,.Measure_flag,.Cont_trans_flag

7,181 ! Clwear the Interrupf~Register
QL @Pemg) ! Clear Status _Register of PCMa
ing the CONTROLLER-ACTIVE-DEMAND of the FOM4

{8, p,7) THEN ! Not used in Program DEMOZA

ransfer of the CONTROLLER ACTIVE~Status

S CONTROL @Fomd ' Transfer of the Act.-Controller-
Status to the Interfage (POM4).

BLE INTR 73—-327&B HF-IB Interrupt ensbled only for

internal acticng of HPE9BLS.

This Interrupt will net be passed
to User-Frogram—Laysr.

Don't think abeut, DO IT!

TATUS 7,418tatcon State (POM4 passes Active Control

1
]
3
!
EAT P oWait wntil Active Controller-—
b
IL BIT{(Stateon, 15> ' oko HF9BLA)Y .

]

]

t_trans_flag=l Flag: Active Ceontroller changed.
BLE INTR 732 Re—-anable HP-1H SRE Interrupt.
EXIT

ing the SRUE-Status

(8_p.6) THEN !

ting the ERAOR~Status
BIT(S py3) THEN
El

! Reading the ERROR-Statusbyhe
PRINT CHR#112D
FRINT
FRINT USING "K'3CHRE (130 %" BRE-ERROR "&OHRF (128)
OUTRUT @Pemd USING "8 ,K"p "DMP,," !
ENTER @Pemd USING "#,k*jErrorstr$
OQUTPUT @Fomd USING "#,K":"DM",Dm#t,",," !Datamode corressponds
FRINT ‘to the main proygram.
EFRINT " Error-8tatus 1 ",Errorstr$
FRINT
FRINT © Frogram stopped -~-» Analyse the Error-Status-Byte, please”
FRINT
FRINT " Continue with hey "YCONTINUE"Y#
PAUSE ! Program is stopped
SUREXTT
IF

suting the BUSY-Status

NOT BIT(S p.4) THEN Measure_flag=0 ! IF Busy THEN return.
' Flag signals the end of
! omeasuwrement.

INTR 712 ! Re~enable HF-IR GSRO Interrupt.
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4,.5.3  TEC 13A ON HP 85: TRANSFER CONTROL

FROM COMPUTER TQ PCM-4

1o
1o !
120

el

EESEEE EEEEELS ST ST R LE LSS
S CGh- 0286

FRGRAM  “TECLTIAY

Tezt program o
FOM=-4  IED bus operation

t

'

1

i

i

1

]

1

1]

!
MALl !

Aun parameter CHANMEL !
MLIZO controlled by FOM—4 !
1
Wait for end of measure-— |
miEnt . wi bt interrupt !
Resuits output together '
oo data string (due !
H

b

i

Yo MU-Z0 centrel by FOM-~4
36 H A AN NN A%

TG BAGE 1

PEENTER 16 2 ¢
I REL LG0T
IGH £

LFFER R
0,M N, 60,51,85
T, Tl

Intarfare initialisation

fdress of FOM-4

ENTR 7 GOSUR 11460
ABELE INTR 7;8 ! Enable SRO

Start meagurement

"STATUS: Running®

aguremsnt mods

ITEUT WOUSING "# Ry “OR2D, M

of measuarement cyole
at and of measuremnent

to anable PUM-4 to centrol MU-I0 transferred at end
Therssflter, (Series A-D) & selactive channel
JLTEUT o USIng "#,0 3 "XXQLOZ,YYLZL . X081, THMo,MA7L, 221, ,"

satting s required




1000
1010
1020

1 GO0
1070
108G
1090
1100
111
1129
11320
1140
1350
114G
1170
1180
1190
12060

1230
1240
1276
1284
290

Wait for end of lagt measuremant

SOSUR 14600
1
1

Reading~in of resulits

:

WAIT 120 ¢ Walb until data in output buffer |
OQUTFUT N "DMLLGGOG, " 1 Write DML, . command
3

TRANSFER N T0O R¥ FHE 3 501
1

fEnd of measuwrement

PRINT “TEST NO 114"
FERINT

o

DISE "STATUS: Stopped” .

: |
t
El

odutput of rasults read in
1 g U P
FRINT " CHAN RESULT "
FRINT M e o e e "

1]

BTATUS RE,0 3 TG, TL ! Sheek of buffzr contents

IF Ta=T1 YHEN 1100 ! EGT character ignored and not printead
PRINT USING “X,DD,7X,8ZL.DD% & X,k

GOTO 1050

1

LOCAL N

EMD

Interrupt routine

S[O=EF0LL{N} ! Status PLOM4A CFOM4A interrupt, controlier fransfer,
¢ ! gnd of measuwrement, error)

WAIT § 1} POHPBE internal MWait

STATUS 7,1 ; S1 ! Reset interrupt flag on the centroller
IF BIT(82,7)1=0 THEM L1320

t

i Control transfer

FASS CONTROL. N

STATUE 7,5 3 85 ! Foll of controlier active status

IF BIT(85,5)=0 THEN 1270

C=1 ! Flag: Contreller active changed

BOTO 1950

EHl

fGRE status poll

IF BIT(GO,4)y=0 THEN BOTO 1§
i

3

LR
La
&

! Error status poll

IF BIT(S0,3) =0 THEN GBO0TO 13220
T

t

CLEAR
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1410
1420
1430
1444
1450
1480
Y470
1480
149G
1500
1510
1520
1520
1340
1550
1540
1570
1580
1590
1600
16510
1620
1630

DISE "SOR-ERRDRY

CUTAFUT N USING "#,K® 3 "DM9,,% | Data cutput mode: frror status
ENTER M UDINMNGE "#,k7 ; E9% | ! Reading the error status dabta
RIGE “FEHLER: Y, Ef#

FRINT "FEHLER: " ,E9¥

CUTFAFUT N USING "#,E" 3 "DMLIOOOGE," | Datamode is the same as in bhe
DIsF U omain program

DISE "Continue with CONTY

FRAUSE

5a7T9 1550
i

f Busy status poll

IF BIT(50,4)=0 THEN M=0 ! Recegnise EOM and set flag
]

ENABLE INTR 738 ! Enable SRE interrupt

RETURN

i

I3
!
U Bubroutine: Wailt for end of measuremsnt
1 . .

IF M=1 THEN GOTO 14620

RETURNM

stedrng




4.5.4  SETUPS O HP 8816 INPUT/OUTEUT OF SETUPS TO/FROM DISKETTE

HEETURG_EY

L r st st e s e st e F T TITETY
HE FE14 22 Apr 1987 P Ee 30
HHOR KKK KRR KK OR OK OR OOk KRR OO AR ROK R KRR R RCROR KR K KRR R R RO K KN X KR K

This program stores/recalls the setup memory of the POM-4 to/from
diskebte.

1

I

F

I

]

1

F

t

!ONQTE: Data is transferred in ASCII code, i.e., &€ ABCII HEX characters
! per byte {(e.g. "EG)
b

1

]

1

i

t

i

I

L

The ASCII characters in this erample are not packed before storing on
digsketia, s0 twice as much memory space will he required as usual.

EOM~4 SETUR memory start address: ER20H
length.s.ceawr 43884 bytes

! Dafinitions
Frinter=7250

Fre=CHRS (12) ! Form Feed
Cre=CHR% (13 ! Carriage Return
b

I Butfer

INTEGER Blocks
Blprke=T&

DIM Buffers[9?714]
]

Input control commands

Starti i
Ea PRINT CHR$ (12)
370 FRIMT " POM -~ 4 Saetup  Storefload UBhility®
B0 FRINT " e *®
2P0 FRINT
{00 FRINT
41 FRINT " This program SAVEs or LOADs all 40 setups”
420 FRINT * to pr from oa disk-file.m
430 FRINT
A4 FRINT
450 FRINT & PCM-4  Addr, T
A& FRINT
A7 FRINT " Filename @ ?¢
SE FRINT Functian & 7
{50 i
SO0 REFEAT
S10 DISE “Input FOM-4 1EC bus address (default = 3) ";
L0 N=P7
S0 INFUT N
40 TE hN=9% THEN Ne3

550 LRTIL Ni=Q AND No=I0
S6o ERINT TABXY (18,100 38
E70 ADSIGN &Pemb TO 700+N

SHBO i



PO REFEAT

HOO DISF "Input Filename: "3

&10 INFUT Filenama$

H20 IF LEM(Filenames)=0 THEN BEEF 80O,.5

L0 UNTIL LEN{Filenamas) >0

L4840 FRINT TABXY (18,172} Filename$

&ET0 !

L& - REFEAT

&70 DISF "Input function L=L0AD or S=5AVE: "3

&80 INFUT Function$

LT IF Functions="1" QR Functions="L" THEN Functions="L0OAD"
700 IF Function$="s" OR Functions="§" THEN Function$="BAVE"
Tia IF NOT (Functions="LIADR" OR Function$="BAVE"®) THEN BEEF 800,.5
TR0 UNTIL Function$="L0AD" DR Functiond$="SAVE"

FI0 FRIMNT TABRXY (18,13, Functions$

TaD !

730 '

760 P e e e e e e e
770 H

780 ! Main program

TR0 i

80O IF Functions="SAVE" THEN ! BAVE

810 DISF “STATUS: Reading FCM~4 setups"

822G QUTPUT ®Pomb USING "7A"i"R:iEE20," ’
ga0 ENTER ®Fcmd USING "#, 9148A": Rufferd >
B840 LOCAL BFomb

B850 '

B&O DISF "BTATUS: Baving setups into file “jFilenamed

870 O ERROR BOTOD Create_seror

880 CREATE BEDAT Filename$, Blocks ! Create new file

BIG ASEIGEN AFile TO Filenames ! Open file

FOG OUTFUT @FilejBuffers ! Transfer

F1la ASBIGN WFile TO X t Close file

PO ELBE fLaAD

PR DISF "ETATUS: Loading setups from file "jFilename$

w40 ASSIGN AFile TO Filenames '

PO ENTER ®File;Buffors

FhLC '

2?70 DISF "STATUE: Storing FOM-4 setups”

FEG QUTFUT &Fcmd USING “#, 7R, F168A,A": "WiERRC. ", Buf fard, ", "
R0 LOCAL BFomb

OO0 ASBIGN #File TO ¥

1010 END IF

020 !

100 pIsF "STATUS: Ready"

1040 BTOF

1080 !

1060 o ot o e £ . . o e 4 8- e e 41 5 - 0 A A A L i e i
LG7a '

1080 Create_sriror:

100G BEEF BOG, . D

1130 FRINT

11to FRINT

112G FRINT "File ""ijFilename$y”’ aiready exists. Frooram aborted!®
113G H

1140 !

115G END
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5-1

OPTIONS, ACLESSORIES

5.1

64 kbit/s I NTERFACES

Five different types of 64 kbit/s interface are available for the PCM-4 as options:

Codirectional 64 kbit/s input 8N 04984/00.01
codirectional 64 kbit/s output BN 0984/00.02

This interface has characteristics to CCITT Recommendation 8,703,

Contradirectional 64 kbit/s input BN 0%84/00.03
contradirectional 64 kbit/s output BN 0984/00.04

This interface has characteristics to CCITT Recommendation G.703,

Serial 64 kbit/s TTL input BN £984/00.05
serial 64 kbit/s TTL output BN 0884/00.06

Input and output are switchable between codirectional and contradirectional signal flow.
Parallel 64 kbit/s TTL input BN 0984/00.07

narallel 64 kbit/s TTL ocutput BN 0984/00,08

Inpui with codirectional signal fiow only.

Qutput switchable between codirectional and contradirectional signal flow.

64 kbit/s V.11 interface BN 0984/00.09

Input/output via 15-pin connector to CCITT Recommendation X.24 or ISQ 4503,

Fitting the interface

There are two siots on the back panel of the PCM-4 for the 64 kbit/s input and output modules.
The 64 kbit/s input module is fitted in the left-hand slot, the 64 kbit/s ocutpui module in the
right-hand slot.

INPUT QUTPUT

Figure 5-1  Fitting the &4 kbit/é interface
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NOTE:

The analeg noise signal is generated digitailly in the PCM-4. This requires an 8 kHz clock, which
is derived from the 64 kbit/s Interface in the two cases defined below. It must always be pro-
vided if an analog noise signal is selected as the output signal on the analog side.

1} A 64 kbit/s output is set for contradirectional operation and selected via parameter 112 or
1i3.

2} The 64 kbit/s output is set for codirectional eperation in a digital-digital configuration
via parameter 112 or 113, and parameter 334 {CLOCK FROM RECEIVER) has also been selected.




g
a3

5.1.1 CODIRECTIONAL 84 kbit/s INTERFACE TO CCITT G.703
With this interface, a combination signal is transmitted in both directions via one balanced
1ine each at a modulation rate of 256 kbaud. This signal contains not only the 64 khit/s data
signal, but alsc the 84 kHz and 8 kHz clock information in encoded form. The interface can only
be operated with a codirecticnal signal flow.

Step 1 A 64 kbit/s bit perfod is divided into four unit intervals.

Step 2 & binary one is coded a s a bDlock of the following four bits: 1100

Step 3 & binary zerc is coded as a block of the foilowing four bits: 1010

Step 4 The binary signal is converted into a thres-level signal by alternating the polarity of

cansecutive blocks
Step 5 The zlternation fn polarity of the blocks is vielated every 8th block.
The viotation bicck marks the Tast bit {n an cctet.

bit nuomber 7 1 % ? 3 4 ) § 7 i 1
|

64 kbit/s §

data 1 g 3 1 g i 1 1 ] § 1
i

%)

(s
b

h-
v
—

i

[

step 4

step 5

E

vinlation : .
viclaticn

octet timing

981 ; 128

Code conversion to CCITT Rec. G./u3
Section 1.2.1
Fiqure 4/G,703

Figure 5-2 Coding rule for the codirectional signal
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5.1.

1.} Codirectional B4 kbit/s input BN 0884/00 01

10
9

& ©

256 kbaud input

12052
i

(O CODIR. WHPUT

@}

4

sELang

wm (O

KB: Parameter 124 (B4 kbit/s loop at A-A} camnot be selected with the codirectional B4 kbit/s
input.

Receiver gperation with parameter 112 or 114
If this parameter is selected, the 64 kbit/s input operates as a digital receiver. The 64 kbit/s
signal received can be used for all digital measurements selectable under MODE.

MUX operation with parameter 212 or MODE BS2

If parameter 212 or MODE BS2 is selected, the 84 kbit/s input operates as a multiplexer in con-
junction with parameter 111. Parameter 212 injects an external digital signal into time slot 16,
or into the selected time slot in MODE B92,

In this mode, the 2048 kHz output clock of the PCM-4 is derived from the 8 kHz component of the
256 kbaud input signal by a PLL circuit.

NB: MUX operation via the codirectional 64 kbit/s input in conjunction with parameter 116
(2 Mbit/s tandem operation) is not possible.

The demuitiplexer and the PCM-4 have separate clock sources which are not synchronized. Parameter 334
{clock from receiver) must be selected for codirectional 84 k / 2 M measurements to prevent bit slips.
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1.2 Codirestional $4 kbit/s output BN 0984/00 02

56

“) 256 kbaud output

OO

e 256 kHz unjittered clock output

Eokdr | B COBIR. OUTPHY

T
1

=
[£5)

Cj*_:é} 256 kHz jittered clock faput

NB: Parameter 124 {64 kbit/s loocp at A-A) cannot be selected with the codirectional 64 kbit/s
output.

Generator operation with parameter 112 or 113
If this parameter is selected, the 64 kbit/s output cperates as a digital generator. All digital
signals selectable under MODE and VAR. MODE can be output.

Note: The jitter tolerance of devices under test with codirectional B4 kbit/s interface can be
determined with parameter 112 in HMODE B83 if the 255 kbaud output signal is given a de-
fined jitter. To do this, the 258 kHz clock can be be passed from output [54] via & jitter
modulator and the clock signal jittered in this way then fed to input [55].

DEMUX operation with parameter 222 oy MODE BG2

1f parameter 222 or MODE BBZ is selected, the 64 kbit/s output operates as a demultiplexer in
conjunction with parameter 111. Parameter 222 outputs the digital signal from time siot 16, or
the digital signal from the selected time slot in MODE B9Z.

N8: DEMUX operation via the codirectional 84 kbit/s input in conjunction with parameter 118
{2 Mbit/s tandem operation) is not possible,
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5.1.2  Contradirectional 84 kbit/s interface to CCITT G.703
This interface has two separate balanced lines each for the output and input directions. One -
line carries the AMI-coded 64 kbit/s data, while the other carries the AMI 1/2-coded 84 kbit/s
clock and the 8 kHz occtet information in the form of a bipolar vielation (see fig. 5-3).

E

Bit Ho.
g4 kbit/s data

-
PP

2
i

—

&d kiz clock
7
octet Tnformation .

Yiglation Viglation

484:161

dJetet start Octet start
Figure 5-3  Signal shape of the contradirectional 64 kbit/s isterface to CCITY G.703., Figure 7
In accordance with Figure 3 of CCITT Recommendation G.703 {see Fig. 5-4}, a contradirecticnal

interface carries the clock information {of both data transmission directions) in the direction
of the data terminal {0ffice Terminal Service Side}.

bata terminal Data communication
equipment ' equipment
(Service side) {Line side}
¥ 64 kbit/s data 1
Generator 64 kHz clock and 8 kiz octet iaformation My
64 khit/s data
2 Akl B
Receiver 54 kHz cltock and 8 kHz vctet information DEMUX &
=

Figure 5-4 Contradirectional interface to CCITT G.703, Figure 3

1} Contradirectional 64 kbit/s cutput of the PCM-4 operating as a 64-kbit/s generator [parame-
ter 112 or 113)

2) Contradirectional 84-kbit/s input of the PCM-4 operating as a B4-kbit/s receiver (parameter
112 or 114).

3} Contradirectioral B4-kbit/s input of the PCM-4 operating as & multiplexer (parameter 212 or
MCDE B92)

4) Contradirectional 64-kbit/s output of the PCM-4 cperating as a demuitiplexer (parameter 222
or MODE B$2),



5.1.2.1  Contradirectional 64 kbhit/s input BN 0984/00,02

64 kbit/s data input

(i) 64 &Mz clock and 8 kHz octet information.

Input when operating as 64 kbit/s receiver, output when aperating
as multiplexer
9BL/0083

]
O

Receiver operation with parameter 112 or 114

I¥ this parameter is selected, the 64 kbit/s input operates as a digital receiver. The 64 kbit/s
stgnal received can be used for all digital measurements selectable under MODE,

In conjunction with the contradirectional 64 kbit/s output, the 64 kbit/s Toop can be ¢losed in-
ternally in the A-A configuration by selecting parameter 124, '

Aote: Signal flow of digital signal and clock as per item 2, fig. 5.4,

MUX operation with parameter 212 or MODE B92

If parameter 212 or MODE BY2 1s selected, the 64 kbit/s input operates as a multiplexer in con-
junction with parameter :li. Parameter 217 injects an external 64 kbit/s signal into time slot
16, or into the selected transmission channel in MODE B92.

MUX operation is possible in MODE BYZ via the contradirectional 64 kbit/s input in conjumction
with parameter 116 (2 Mbit/s tandem operation}.

Hote: Signal flow of digital sigral and clock as per item 3, fig. 5-4.
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5.1.2.2 Contradirectional 64 kbit/s output BN 0984/08,04

(::) 64 kbit/s data output

Enput when operating as 54 kbit/s receiver, cutput when operating
as demultipiexer

)
(:i) 64 kHz clack and 8 kHz octet information

Generator operation with parameter 112 or 113

If this parameter is selected, the 64 kbit/s ocutput operates as a digital generator. All digital
signais selectable under MODE and VAR. MODE cam be output.

In conjunction with the contradirectional 64 kbit/s input, the 64 kbit/s loop can be closed in-
ternally in the A-A configuration by selecting parameter 124,

Hote: Signal flow of digital signal and clock as per item 1, fig. 5-4.

DEMUX operatior with parameter 222 or MODE BS§?

1f parameter 222 or MODE B92 is selected, the 84 kbit/s cutput operates as a demuliiplexer in
conjunction with parameter 11l. Parameter 222 outputs the 64 kbit/s signal from time siot 16, or
from the selected receive channel in MODE B892,

DEMUX operation is only possible in MODE 8392 via the contradirectional 54 kbit/s output in con-
junctiorn with parameter 116 {2 Mbit/s tandem operation).

Note: Signal flow of digital signal and clock as per ftem 4, fig. 5-4.

5.1.3  SERIAL 64 kbit/s TTL INTERFACE

This interface has three separate coaxial limes each with TTL signals for the output and input
directions, One line carries the NRZ-coded 64 kbit/s data. The other lines carry the 64 kHz
clock and the B kMz octet information (see Fig. 5-8).




Bit Ne.
64 kbit/s data

64 kHz clock

& kHz octet
infarmation

@

| 7
£ I
SR 7.7 100 S

Uudidiuuuyyu

£-9

1} Phase relationship between § iHz octet information and 64 kbit/s data can be switched over

for contradirectional companion signals (84 kHz clock and 8 kHz octet information)

Figure 5.5 TT

signats of the serial 64 kbit/s interface

Codirectional or contradirectional! signal direction of companion signals

The signal directien of the 84 kHz clock and 8 kHz octet information can be switched from cow

directional to contradirectional on the individual 64 kbit/s plug-in cards,

64 kbit/s data

1 31
Generator It e MEX
8 kHz octet
ST . LU A= L
84 kbit/s date
2} 4
. 64 kHz clock
Receiver froir e e e e s s s e e ] HEMlX
8 kHz octet informaticn
st e e o e o e o st o o e e o o e —r ]
Figure 5-6  Serial 64 kbit/s interface of the PCH«2 in contradirectional setup

1) Serial 64 kpit/s ocutput of the PCM-4 operating as a 64 kbit/s generator {parameter 112 or

113} with contradirectionz] companion signals.

884 164

The positive edge of the 8 kHz octet information marks the start of bit 1 or hit 8 of the PCM
octet in the 64 kbit/s data {switchable).

2) Serial 64 kbit/s input of the PCH-4 operating as

with codirectional companion signals.

a b4 kbit/s receiver {parameter 112 or 114}

The pesifive edge of the 8 kHz octet information must mark the start of bit 1 of a received
PCH octet in the 64 kbit/s data.

(o)

Serial 64 kbit/s input of the PCM-4 operating as
with contradirectional companion signals,

a multiplexer {parameter 212 or MODE B92)

The positive edge of the 8 k¥z octet information marks bit 1 of a received PCM ocfet in the
64 kbit/s data. The duty cycle of the 8 kHz signal is 0.5 {pulse duty factor 1:1).

Switchable:

The positive edge of the 8 kHz octet infermation marks bit 8 of a received PCM octet in the
84 kbit/s data. The 8 kHz sigral is a pulse of 7.8 us duration.

MB: The maximum permissible delay of bit | or bit 8 in relation to the pesitive edge of the
8 kHz signal is 7 us.



S

4} Sertal 64 kbit/s cutput of the PCM-4 operating as a demultiplexer {parameier 227 or MODE
Bgz).

The positive edge of the & kHz octet information marks the start of bit 1 of the PCM octet in
the 64 kbit/s data.

64 kbit/s data

64 kHz clock
Generator e e o e e e e e e e e e m . MUY

1)

64 kbit/s data

64 kHz clock
Receiver M e i o e S s e g e e DEMEX

2]

981 188

Figure 5-7  Serial 64 kbit/s interface of the PCM-4 in codirectional setup

1} Serial 64 kbit/s output of the PCM-4 operating as a 64 kbit/s generator (parameter 112 or
113) with codirectional companion signais.

2} See fig, 5-6, item 2.

3} Serial 64 kbit/s input of the PCM-4 operating as a multiplexer (parameter 217 or MODE B92)
with codirectional companion signals. The 2048 kHz output clock of ‘the PCM-4 is derived from
the B8 kHz signal with a PLL circuit,

The positive edge of the 8 kHz signal must mark the start of bit 1 of a received PCH octet in
the 64 kbit/s data.

4) See fig. 5-6, item 4.
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.3.1 Serial 64 kbit/s TTL input BN 0984/00.05

Sl kitfs
Ol

64 kbit/s data input

W

M @
&
&

64 kHz cleck input {switech & 1/1 seb to G0}
or 64 kllz cleck output (switch § 1/1 zet Lo {H)

=
-
=

(
v

bLkbits TIL INPUT

i

& kHz octet input (switcn S 1/1 set Lo JFF)

or 8 kHz octet outpub {switch S 1/ set Lo 0N}
o
i

984005

(O

Receiver operation with parameter 112 or 114

If Lhis parameter is selected, the 64 kbit/s inpul cperabes as a digital receiver. A1) digital

seasurements seiectable under HIDE are possibie with the 64 khit/s signal received.

In conjunction with the serial 64 kbit/s TTL output, the 64 kbit/s loop can be closed internally

in the A-A configuration by selecting parameter 124,

MB: Switch settings for receiver operation {see fig. 5.8, item 2, and fig. 5-7, item 2):

Switch S 171 set to OFF = codireciional
Switch $ 1/4 set to OFF = B8 kMz, bit 1

HUX operation with parameter 712 or MODE B92

If parameter 212 or MODE BS2 is selected, the 64 kbit/s Tnput operates as 2 multiplexer in con-
Junction with parameter 111, Parameter 212 injects an external 64 kbit/s signal into time slot
14, or into the selected cutput channel in MODE B92,

Ia cenjunction with parameter 116 {2 Mbit/s tandem operation), HUX operatiom in MODE B92 is oaly
possible with contradirectional companion signals (see Fig. 5.6, ltem 3).

NB: Switch settings for MUX operation with conlradircctional companion signals (ses fig. 5.6,

item 3):

Switch § 1/ set to ON = contradirectionatl

Switch 5 1/3 set to OFF = 64 kliz clock as asymmetrical TTL signal

or

Switch 5 1/3 set Lo ON = 64 kHz clock as signal symmetrical aboui zero
Switch § 174 set to OFF = 8 kllz, bit 1

ar

Switch § 174 set to ON = § kiHz, bit 8



MB: Switch settings for MUX operation with codirectional companios signals {see Fig. 5-7,
item 3}:

Switch § 1/1 set to GFF = codirectional
Switch S 1/4 set to OFF = 8 kHz, bit 1

e s .
~:~jms%’_§_§ é Ten ] b ;éé; [ [T ]
| But Bs i —R&—~ C} e B S Ty
e o= A M é SR | e ] s e 1 1 E.'_'_
o8 TR i Lo omATeme oy TR 5o
r1 =R CF Z g'
P :H“ﬂ‘ T e PR SR R S 1 |
— . o €1 i L L E
Rcilad A o~
:b;ﬁ :ﬁm" i e o Faw ] @5> ", PiE) | i_ qm?
PbLES iy
I L B i sn s R
5L I ’
in {?:1 B \ &
OFF [iE
51/
5172
S

Figure 5-8  Switch $ 1 on serial 64 kbit/s TTL input

i.3,2  Serial 84 kbit/s TTL output BN 0984/00.06

— O]

@Eﬁ.kbil/s
<«
anm 64 kbit/s data outpat
G LY
}C:j_i.iﬂz
S
S " 64 kHz clock input {switch 5 1/1 set to OH)
= or 64 kHz clock output (switch § 171 set to OFF)
Bl
2Ty,
By
“ il & kHz octet input [switen § 1/ set Lo OH)
or § kHz octet cutput (switch S 1/1 set to GFf)
984 /90.66
m ()




Generator cperation with parameter 112 or 113

If this parameter is selected, the 64 kbit/s cutput operates as & digital generator. AT] digita;
signals selectable under MODE amd VAR, MODE can be ocutput.

in conjunction with the serial &4 kbit/s finput, the 54 kbit/s loop can be closed internally in
the A-A cosfiguration by selecting parameter 124,

i

B: Switch settings fer generator operation with contradirectional companion sigrals ({see fig,
-6, item 1)

Switch 5 1/1 set to ON = contradirectional
Switch 5 1/4 set to OFF = 8 kHZ, bit 1

or

Switeh 5 1/4 set to ON = 8 kHz, bit 8

N8: Switch sertings for generator operation with codirectional companion signals {see fig, 5.7,
item 13:

Switch § 1/1 set to OFF
Switch § 1/4 set to OFF = 8 kHz, bit 1

3

codirectional

OEMUX operaticn with parameter 222 or MODE B892

1t parameter 222 or MODE B92 is selected, the 54 kbit/s output operates as a demultiplexer in
conjunction with parameter 111. Parameter 227 outputs the 64 kbit/s signal from time siot 16, or
frem the selected fime slot in MODE 392.

MB: Switch settings for DEMUX operation with codirectiona) companion signals (see fig. 5-6,
item 4, and fig. §-7, item 4):

Switeh $ 1/1 set to OFF = codirectional
Switch § 1/4 set to OFF = 8 kHz, bit ]

24 — — €3 —R B T
o m hTE ) 7T mm e o
B ¢ e g s I e
@} i© 21 1. J.> K] b oo A A [Tg I 15 ] o
o3 8 i —ftae ;;% g R ] v
P ' b 1 0] —Hiw gL I E : J
AR e::Ee. Y i §RYE S e by 7 i | BEomRi-
NNNNN e KE e & |E P En ]
[ F Tan 1 i
’ [ i
— ) @> w2 I E s e T ) | S g 1 ‘AJ
1 o bt i ; < T
— © ‘ss 5T £ e 1 Few ] ?5 £ 17 joern 1, l -
: G 3
37/ L
St
S/
0N OFF

Figure 5-9  Switch $ 1 on serial 64 kbit/s TTL output
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§.1.4  PARALLEL 64 kbit/s TTL INTERFACE

This interface has one 24-pin Amphenci socket each for the output and iaput directions, sach of
which carries 8 data lines for bits 1 ... 8 of a POM octet {8x8 kbit/s = 64 kbit/s). The octet
structure of the data is marked by a codirectional or contradirectional § kHz signal (see

fig., 5-10). The signals have TTL levels.

Bit1giall 0 i 6 =
Bt 2 (P i) 1 0 ]
Bit 3 {Pind} 1 1 0
Bit7 {Pin 18} 0 ] 1
it 8 (Pin 16) 6 1 1

in B} See Fig. 5-11, Item 4
1 Btz (Fin &) See Fig, 5-12, Item 1

—d e 2z 500 RS —emd 22 6 e
2} 8kHziPin b} I See Fig. 5-11, Item !
o] =400 as

; See Fig. 5«il, Item 2
3 8tz (Pin Bl —I See Fig. 5-12, Item 2
&} BkHz {Pin B) See Fig. 5-11, Item 3

Figure §-16 TTL signals of the parallel 64 kbit/s fnterface

1 fx8 kbit/s data 1
Generat ; > WX
enerator [T ]
7 8xB kbit/s data ¥
Receiver 3le-Hz BEMUX 5
ot s e n, e e s amrmren ramm s i e e e i s o ] B

Figure 5-11 Parallel 64 kbit/s interface of the PCM-4 in contradirectioral setup



1) Paraltel a4 xbit/s output of the PCH~4 operating as a 84 kbit/s generator {parameter 112 or
113} with contradirectional 8 kHz signal. The data at the octet output change approx. 500 ns
after the negative edge of the 8§ kHz input signal. The minimum HIGH or LOW puise duration of
the 8 kHz signal 1s 1 ps (see fig. 5-10, item 2}.

oy

Parallel 64 kbit/s input of the PCM-4 operating as & 64 kbit/s receiver {gparameter 1172 or
114) with codirectional 8 kiz signal. The data at the octet Tnput must be valid at the posi-
tive edge of the codirectional & Wiz input signal. The minimum HIGH or LOW pulse duration of
the 8 iz signal is 400 ns (see fig, 5-10, item 3}.

If tha 64 kbit/s DEMUX signal of a 24uchannel PCM system s received with Channel Associated
Signalling (CAS 7 5/6}), Pin 9 {SF = Sigralling Frame) must have a LOW signal for the duration
of the signalling frames. This means that Bit & is recognized as a signalling bit and not
evaluated by the PCM-4,

IR}
P

Parallel €4 kbit/s input of the PCM-4 operating as a multiplexer {parameter 212 or MODE B92)
with contradirectional 8 kHz signal. The data present &t the octet input must be valid at the
pesitive edge of the contradirectional 8 kHz output signal (see fig. 5-10, item 4).

.

Parallel 64 khit/s output of the PCM-4 operating as a demultiplexer (parameter 222 or MODE
892). The data at the octet ocutput change with the negative edge of the codirdctional 8 kiiz
output signal {see fig. 5-10, item 1}.

Generator

SN 1 1

BxB khit/s data

7 A . |
Receiver ; DEMEX

T

OO SO U VS OUVUNS USSR T

G8L 167

Figure 5-12  Parallel 64 kbit/s fnterface of the PCM-4 in codirectional setup

1} Parallel 84 kbit/s output of the PCH.4 operat%ng'as a 84 kbit/s generator {parameter 112 or
113} with codirectional 8 kHz signal. The data at the octet output change with the negative
edge of the B kHz output signal (see fig. 5-10, item I).

2} See fig. G-11, item 2,

3} The parallel 64 kbit/s input of the PCM-4 cannot operate in MUX mode with a codirectional
8 kiz signal. If paremeter 212 or MODE 892 is selected, the system autematically switches to

a contradirectional 8 kHz output signatl.

4} See fig, 511, item 4,



5.1.4,1 Parallel 64 kbit/s TTL input BN 0984/00.07

Pin assignment of the 24-pin Amphenol socket
Bit 1
Bit 2
Bit 3
Bit 4

Not used

8 kHz input {codirectional)

e I

8 kHz output (contradirectional)
7 fGround
8 Lround
9 SF {see Fig, 5-11, Item 2}
10 Ground
11 Ground
4 12 Ground
1521 13 Bit 5
BL57 4 Bit &
m (O) 15 Bit 7
16 Bit 8
17 to 24 Ground

g L Y

£

b kbil/s PARALLEL IRPUT

Receiver operation with parameter 112 or 114

If this parameter is selected, the 64 kbit/s input operates as a digital receiver. A11 digital
measurements selectable under MODE are possible with the received 84 kbit/s signal, In conjung-
tion with the parallel 64 kbit/s TTL output, the 64 kbit/s Toop can be clesed internally in the
A-A configuration by selecting parameter 124,

HB: Fig. 510, item 3, and fig. 5«11, item 2.

MUY operation with parameter 212 or MODE B92

If parameter 212 or HMODE B92 1s selected, the 64 kbit/s input operates as a multiplexer in con-
Junction with parameter 111. Parameter 212 injects an external &4 kbit/s signal into time siot
16, ar into the selected output channel in MODE B9Z,

NB: Fig, 5-12, item 3,

MUX operation is possible in MODE 892 in conjunction with parameter 116 {2 Mbit/s tandem opera-
tion).
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5.1.4,2 Parallel 64 kbit/s TTL ocutput BN 0984/00,08

Pin assignments of the 24-pin Amphenol socket

1 Bit 1l
____jzijj 2 Bit 2
3 Bit 3
4 Bit 4
5 Hot used
7‘?’3* & 8 kHz output (codirecticnal)
£ § E 8 kHz input {centradirectional)
=3 ¢
I C 7 Ground
il 3 ¢
jor: [ HE 8 Ground
Ao
sy . g  Hot used
;_-:- § E sPoUNg
=L 11 Ground
- §§§“#9 12 Groand
&1 13 Bit 5
ST 14 Bit 6
- @ 15 Bit 7
16 Bit &

17 to 24 Ground

Gernerator operation with parameter 112 or 113

If thts parameter is selected, the 84 kbit/s output operates as a digital generator. All digital
signals selectable under MODE and VAR, MODE can be osutput. In conjunction with the parallel

54 kbit/s input, the 84 kbit/s Toop cen be closed internally in the A-A configuration by select-
ing parameter 124,

HB: Switch setting for generator operation with contradirectional § kHz signal {see fig. 5-11,
item 1}:

Switch S 1/1 set to ON = contradirectional

HB: Switch setting for generator operation with codirectional 8 kHz signal {see fig. 5-12,
item 1}:

Switch & 1/1 set to OFF = codirectional

DEMUX operation with parameter 222 or MODE B92

If parameter 222 or MODE B92Z fs selected, the 64 kbit/s output operates as a demultiplexer in
conjunction with parameter 111. Parameter 222 outputs the 64 kbit/s signal from time slot 16, or
from the selected receive channel in MODE B92,

DEMUX operation is possible in MODE B92 in conjunction with parameter 116 (2 Mbit/s tandem oper-
ation),

H3: DEMUX operation is only possible with codirectional 8 kHz signal (see fig, 5-11, item 2h

Switch S8 1/1 set to OFF = codirectional



3 ks ] ¢ ‘ﬁm

T
ey ~H 15

P
5]
o
>
—Rt—

$11

oM ?ccntra
OFF codir.

Figure 5«13  Switch S 1 on parallel 64 kbit/s output

5.1,5 64 kbit/s V.11 INTERFACE BN 0984/09.09

This interface has & 15-pin socket to CCITT X,24 or 150 4803 to carry the symmetrical 64 kbit/s
cutput and input signal, as well as the balanced clock and control lines with etectrical charac-
teristics to CCITT Recommendation ¥,11 or X.27.

NB: The 64 kbit/s V,11 interface comprises two modules. The plug-in card with the i5-pin socket
is fitted in the right-hand siot of the two slots provided for the 64 kbit/s interfaces,

Bit No. § 78| 713 L] 5 1 & 7|8 | ?
B4 kbit/s data S T I T Y O T I E £ I T U T O
Tork ’

goeee U UL

8 kHz octet On ]
information .HJ i I
"B Off

Figure 5-14  Symmetrical TTL signals of the 64 kbit/s V.11 interface

G4L 158



Voltage assignments at the isputs

Differential input voltage

< 200 my | > 200 my
T and R i 0
S, B, Cand I OUT IN

&4 kbit/s data “T"

Generator Cantrol “g* X

o e e e i v e i e o]

64 kHz clock "5*

£ kHz octet information "8Y

T [ iR T p——

= 4

64 kbit/s data "R"
71 / : 3]

Receiver Stanal "I" BEMUX

e i

Figure 5-15  Signal flow at the &4 kbit/s V.11 interface of the PCH-4

1} Generator operation with parameter 112 or 113 ({see fig. 5-15, item 1)

If this parameter is selected, the 64 kbit/s output operates as a digital generatar. AR}
digital signals selectabie under MODE and YAR. MODE can be output. If parameter 124 is se-

lectad, the 64 kbit/s signal received on line "R" can be internaily looped to line "T" in the

A-A configuration.
KB: The logic state of Time "C* {Control) can be set on the interface card (with socket) at
DIL switch S 1/2. The ON state {(HIGH Tevel} of line "C" is the preferred setting, this

hetng oblained by setting switch S 1/2 to the ON position,

b4

Receiver operation with parameter 112 or il4 {see fig, 5-15, item 2)

if this parameter is selected, the 64 kpit/s input operates as a digital receiver. A1l digi-

tal measursments selectable under MODE are pessible using the 64 kbit/s signal received, If

parameter 124 is selected, the 64 kbit/s signal received on line "R" can be internally locoped

o Tine "7" in the A-A configuration.
NB: The state of line "I" {Signal) is not evaluated.

3} MUX operation with parameter 212 or MODE B92 {see fig, 515, iftem 2)

If parameter 212 or MODE B92 s selected, the 64 kbit/s input operates as a multiplexer in

conjunction with parameter 111, Parameter 212 injects an external 64 kbit/s signal into time

stot 16, or into the selected ouiput channel in MODE B9Z.

N8: The texts appeazring on the screen after selecting MODE B2 in cenjunction with parameter

111 or 116 are not valid.

NB: The state of line "C" (Contrel) is not evaluated.

e

984



4) DEMUX cperation with parameter 222 or MODE B92 {see fig. 6«15, item 4)

If parameter 222 or MODE 892 1s selected, the 64 kbit/s output operates as a demultiplexer in
conjunction with parameter 111. Parameter 222 cutputs the 64 kbit/s signal from time slot 16,
or from the selected receive channel in MODE B92,

HB: The texts appearing on the screen after selecting MODE 892 in conjunction with parameter
111 or 116 are not valid.

MB: The logic state of tine "I" (Signal) can be set on the interface card (with socket) at

DIL switch S 1/1. The ON state {HIGH level} of line "I® is the preferred setting, this
being obtained by setting switch 5 1/1 to the ON position.

Pin assignments of the 15-pin socket to CCITT X.24 or ISO 4503

'O—0
1 - Shield {for shielded cable}
© 2 T (a)]
(A) » B4 kbit/s output data
9 T (B)
AN
Yim Py 30N control
2l a 10 ¢c (8)
2iE e
L= a 4 R (R} 64 kbit/s receive data
g o - 11 8 (B)
= °
ZIE * 5L } Signat
=18 % 12 1(8) |
g v 3
" 8 S A p 64 kHz clock
135 (8) j
7 8 {A} . : .
; : 8 kifz oaczet information
/80 08 384 /06.09
LO 14 8 (B} }
8 g Ground {0 V)




5,2 RETURMN LOSS AND LONGITUGINAL CONVERSION LOSS

MEASURING BRIDGE

600/900 Q measuring bridge, BN 884/060.10
600/850 Q measuring bridge, BN 984/00.11
The measuring bridge must be fitted in the PCM-4 for measurements Blx, 82x and B3x.

Fitting
After removing the top cover plate of tfhe PUM-4, the return loss and Tongitudinal conversion
loss measuring bridge can be slotted into the guide rails behind the front panel.

Figure 5-16 Fitting the return loss and longitudinal conversion Toss bridge

In MODE B13, the return loss is measured using a complex impedance, In the standard version, the
measuring bridge ts supplied with 220 Q in series with 820 Q//115 nF. The complex impedance can
be modified by the manufacturer on reguest,
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5.2.1 BRIDGE TMPEDANCE ADDITION BN 884/00.18

5.2,

Additional reference impedances for measuring return loss are provided by the optional bridge
impedance addition BN 984/00.18. A pch is factory-equipped with the impedances specified by the
customer (maximum 4 impedances in complex configuration} and mounted on the bridge.

Note: To upgrade with a BN 984/00.16 impedance addition, the bridge BN $84/00.11 must be
returned to the factory.

The bridge with the added pcb is inserted in the guide rails shown in figure 5-16 after removing
the top cover of the PLM-4.

Note: The IEC/IEEE bus is used to toggle the additional impedances. The standard impedances
{800, 850 or 300 Ohm and complex) can also be addressed by menu in modes Bll, 812 and Bi3.

For impedances with magnitudes of less than 200 01, the following applies:

Mode Powar level Error limit in resulf range
refarred to 30 to 36 dB 36 to 40 dB

B1l OO Q + 1.8 dB 2.5 4dB

B12, Bi3 300 2 + 1.8 dB + 2.5 dB

A programming word is assigned to each additional impedance. A sticker showing the programming word
assignent of the customer-specific impedances is located on the PCM-4 back panel and the bridge
transformer.

The programming word for switching the additicnal impedances must be input twice (see example).

The first measurement determines a set return loss of 20 dB with a standard mismatched impedance
{factor 1.222 of the selected additional impedance). During the second measurement, the additional
impedance is activated as a test standard. The difference between the iwo measursments is used to
form the result.

Programming word: "0854.80": turn on additional impedance 1
"0@54.30": turn on additicnel impedance 2
0854 .ADY: turn on additiomal impedance 3
(@54 .80": turn on additional impedance 4
UOE54.F0": turn off additional impedance 1, 2, 3 or 4 {"RESET" for additional
impedance}

Examplie: IEC/IEEE bus program for the hp 9816 computer

18 N=702 V' IEC address PCM-4
121

15 OUTPUT N USING "#,K";"MB11,MSO,FALDC4." ! PCM-4 parameter
20 OUTPUT N USING "#,K™;"0854.80," ! Add. imp. 2

30 QUTPUT N USING "#,K";"0854.80," ! Second output

40 1

50 TRIGGER N t Start

80 !

todo Return loss measurements with external blocking capacitance

When making measurements on energized systems, d.c. blocking is necessary between the test object
and the PCHM-4 apalog input and output. The plug-in PCMZ-4 [BN 984/00.13} handles this task.

In the a- and b-wires, 100 gF capacitors block the d.c. voltage.

However, when measuring return loss with the PCMZI-4 installed, problems occur because the blocking
capacitors in the bridge fest branch add to the impedance of the test object.



5-21b

Frequently, this causes the return loss tolerances to be exceeded at low frequencies. The PCM-4
test result is correct, but is interpreted incoerrectly due to the added blocking capacitance.
To remedy this problem, a compensation capacitance must be added in the bridge reference branch.

Bue to space limitations, this capacitance must be housed on the additiocnal bridge pcb.

a) Return loss measurements with standard impedances
If return loss measurements are to be made with the standard impedances, they must be present
on the additional pch. The additional impedance chosen with the programming word is in series
with the compensation capacitance in the bridge reference branch,

b) Return loss measurements with additional impedances

when one of the four additional impedances is selected, the compensation capacitance is alreay

included in the bridge reference branch,

5.2.1.2  Return loss measurements without external blocking capacitance
For each additional impedance selected, the appropriate compensation capacitance of the PCMZI-4
blocking capacitor is connected in series on the additional pocb. If the PCMZ-4 is not used or the
blacking capacitor in the PCMZ-4 is shunted by & slide switch, then the compensation capacitance
must also be shunted.

The simulated biocking capacitance for a return loss measurement without external blocking capacitor is
shunted out as follows:

a) Bridge impedance addition BN 884/00.16 from series A to series D

Shunt capacitors
C2 and C3 with
plain wire

~R G-

HENE

—~R1L=
i 15w
~R 16

~R20—
-H21-
~RET—

@ Eﬁ L@TM_J

Figure 5-16a Additional bridge impedance board BN 984/00.15 (series A to D)

C14

1%

c18

P |
a

!
1
|
I
|
E
E
|
|
|
!
|

Shunt capacitors (2 and C3 on the board using plain wire (see figure 5.16a}



b) Bridge impedance additicn BN 984/00.16 from series £ onwards

N..gtgw_
— e

|
I
Co e
i e |

]
C23

2
I

w5

123 ”7§;
3

C]$622’+CE

eI

[ - murya|
éﬂmwwf 518t

G fumd 13
e

5-21c¢

Close links
51 and S2

Figure 5-16b  Additional bridge #mpedance board BNv984/00.15 {from series £}

Close the two links S1 and 52 on the board.
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5.3

DL 1L 0OP-HOLBING CIRCUTT GH-1, BN 0084/00.12

The BC loop-holding circuit has a DC-free output and allows the loop current to be maintained
when test instruments are connected to telephone equipment.
The connections are balanced and floating.

Eitting
The DC Toop-holding circuit GH-1 is connected to the other equipment via CF cables.

Figure 5-17 DC Tloop-holding circuit GH-1

NB: The high inductance (> 1000 H) simulated by the GH-1, together with the ferminating impe-
dance and the existing loop-holding current source, yields a netwerk with a very Tow cut-off
frequency (< 1 Hz). Consequently, longer settling times occur, particularly in ceonjunction
with switching operations relating to the test point selector MU-30, and these must be taken
into account by means of a delay before the measurement i3 carried out. This delay is ob-
tained via the setting (0 ... 900 ms)} in VAR. MODE 423.




5.4 pC pDECOYPLING UNTIT POMZI-4, BN 0984/00.13

If the DC decoupling unit PCMI-4 is installed, the a and b wires of the analog signa) gsnerator
and receiver, as well as the two-wire output and input can each be capacitively decoupled by

means of one 47 uf capacitor each.

51

P —-g.
t [“ ¥ £ i'
) i t
ib R u !
N .

! 21 Poam

I L B 1%

generator ! ¢ generatoer
X | Ty

H
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|
T
| 2y 30 :
! R e o
| ] W ; !
"’L;{‘W LN :{
L 5z : o
———cy o
: it 1] R
B Bl !
' U ! .
‘ | :
i‘ L} fows !
; 05 s SN W, _ S !
i i : w
: :
cor : X
genet"a or . P | 3 generator
recetiver : | o °Tl @l o receiver
TE-RY i f—r—to | STOTX/RX
' (=1 t
1 i 1
L R 21 !
R ey SO '
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e |
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: 5
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. (5 E- 2
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Figure 3-18 Circuit diagram of the capacitive decoupling unit



The decoupling capacitors can be switched on and off via the slide switches on the front panel

of the DL decoupling unit.

Figure 5-19  DC decoupiing unit PCMI-4

Fitting .
The DC decoupting unit PCMZ-4 is plugged into the analeg inputs and outputs [231, [24] and [25]

of the PCM-4. The instrumeni is Lhen ready for use immediately.

&

e ST BNl o
e MERS RN e g
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SEe o
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90 oo a

L R e
L

ErErmmT g e T

Figure 5-20  PCM-4 with DC decoupling unit PCMI-4



5.5

120 kHz LOW-PASS FITLTER BN DIS&/00.14

5.6

Spurious out-of-band signais can cause overdriving of the irput amplifiers in the analog receiv-
er of the PCM-4 if the smailer signal level received results in selection of an excessively senw
sitive divider range. This makes measurement impossible. If VAR. MODE 533 is activated, spurious
signals are detected by a preliminary wideband measurement (20 Hz ... 128 kHz) and the divider
range s then selected on the basis of the spuricus signal. This means that measurement is again
possible, although a longer measuring time must he taken info account.

Certain digital transmission systems generate spuricus out-of-band signals if the level is too
high, e.g. at 256 kHz, Selection of VAR, MODE 533 will not detect such spurious signals, since
they are beyond the receiving range of the PCHM-4,

Installation of a 120 kHz low-pass filter upstream of the input transformer of the analog signal
receiver is the only way to suppress spurfous out-cf-band sfgnals above 120 kHz. This low-pass
filter can be installed by the manufacturer as an option and has the Order Neo. BN 0984/00.14.

The filter yields the following attenuation values:

0.03 dB

0.10 dB

0.25 dB

5.0 kHz with a > 40 dB
18 dB

0.2 wes 3.97 kHz

4 ... 10.0 kHz

10 ... 72,0 kHz
Atten. peak at 256 kHz
Sidetone suppression

Iv I+ e 1+ 1+

NB: Installation of the 120 kHz low-pass filter automaticelly results in different technical

data. Refer to the corresponding notes in sections 1.5, 1.27.1, 1.27.3 and 1.27.8.

IEC BUS L ARD, BN 0958/24

Remote control, see section 4 of the Operating Manual,

1EC bus board

Figure 5-21  Fitting the IEC bus card
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APPENDIX A: INSTRUMENT DESIGHN

Preface:

As the PCM-4 is an extremely complex instrument, only the more important functional groups are
described in this appendix with the aid of a simple block diagram. The detailed circuit descrip-
tion is found in the service manual.

Analog signal generator

The analoeg signals are derived from binary coded signal samples stored in ROM. For example, a
total of 1999 samples are stored for forming sinusoidal signals. The ROM addresses are scanned
at a frequency of 20.0653 kHz. If all of the stored samples are used to form the signal, the
output frequency is 20.0653 kHz divided by 1899, i.e. 10.0377 Mz. This basic frequency cannot,
however,‘be setected; frequencies which are integer multiples of the basic frequency are orode
uced by combinihg gvery nth sample: e.g, every 2nd sample for 20.075 Hz or every 3rd sample for
30.113 Hz, and so on. The digital samples are then converted in a D-A converter and the resulte
ant waveforn is smoothed by a Tow pass filter. The signal passes through attepuators and finally
through the fioating output stage.

The receiver measurement rate s synchronised to the period of the basfc frequency, i.e.
99.625 ms {for sine signals); during this pericd, all of the stored samples are read out once,
trrespective of the selected output frequency. In this way, the same number of samples are
evalyated each time, leading to highly reproducible resuits with very short measurement times,
The number of sampies and the scanning frequency are chosen so as to aveid the subharmonics of
the B kHz clock freguency,

The ROM elso contains roise signals, four-tone sigrals, group delay test signals and so on, ail
stored in d¢igital Torm.

Digital sigral cenerator

The digitai signal generator provides code wort sequences which correspond to coded analog
signals. The code werds are not generated on-line, but are stored in ROM,

An ercoded sinusoidal signal is produced, for example, by scanning 787 signal samples at a rate
of 8 kHz, the scan being repeated every 99.625 ms. The signal samples are stored in Togarithmic
form as 14 bit words, so that any level can be reproduced by simpie addition or subtraction. A
simple conversion to 8 bit code words (A-low or p-ltaw) follows, and the resultant digital
sigrals are practically the same as those which would be output from an ideal coder fed with an
ideal sine wave signal.

The ROM alse contains digitally encoded samples of noise signals, idle channel signals and
pulse patterns for bit error measurements, among others,

The digital signals produced in this way can either be output from a 64 kbit/s output, or
inserted into standard PCM frames. The 64 kbit/s and ? 048 kbit/s interfaces are to COITY
Recommendation 6,703,
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Analog receiver

Attenyator and amplifier stages are used for level matching. A control circuit with high band-
width monitors the signal and prevents the amplifiers from being overdriven. A sample and hold
circuit, followed by an A-D converter converts the signal into 16 bit digital form. Depending on
the frequency and the selected measurement mode, the signal is processed in one of three

different ways:

% [In-band signals are limited to 4 kHz to avoid overlap effects. The sampling rate is 8 or
10 kHz.

o Out-of-band signals pass through a 130 kHz low-pass filter, Sampling does not take place at
regular intervals, but is stochastic, the sampling frequency varying between 2.5 and 10 kiz,
This avoids the large errors which would result if too few samplies were taken.

@ A third signal path 1imits the signal bandwidth teo between 4.6 kHz and 130 kHz. The a.c.
signal is rectified, and the d.c. level corresponding to the true r.m.s. value of the signal
is continucusly converted into 16 bit digital form.

Signal processing takes place in a digital filter and evaluation processor. The digital filter
is a fast arithmetic processor, capabie of realising more than 50 different filter character-
istics. It consists of a 16 by 16 bit multiplier and a coefficient register, The stored
coefficients determine the filter characteristics; they are altered according to the type of
operation reguired, Fast buffers store the intermediate resuité, the final results being detep-
mined in the evaluation processor which is a 16 bit microprocessor,

Gigital receiver

The input circutt is followed by a code converter circuit, which changes the HOR3 or AMI code
of the input signal inte NRZ code. A frame demultiplexer than extracts the costents of the re-
guired channel from the 2 048 kbit/s signal. The serial deta stream is converted to parallel
form and then fed to the A-law or y-law decoder, which outputs the signals as expanded linear
code words, The 18 bit code words which result are then fed to the digital filter,
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Figure A-1  PCM-4 block diagram
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APPENDIX B

B.l ERROR SIGNALS ON SELF TEST AND CALIBRATIOHN

The various audible and visible error signals which may occur during the seif Lest of the PCM-4
are described in this section. Any errors which are detected are signalled in such a way as to
make their location accurately known. Three possible signals are used:

1. Audible sigpals from the built-in beeper are possible at all times., The location of the
fault is signailed by the type of signal (i.e. the freguency, duration amd number of output
tones), Audible signals are given if a fault occurs on the:

CPU I board [master)

CPU 11 board {display}

CPU IIT board (meas. flow.}
coupling board

@ & S o «

coupling board I

2. If all the above modules are free of faults, visible signals from the LEDs on the front
panel may indicate other faults, i.e.:

& CPU IT RAM/ROM test error
¢ coupling board 1 RAM/ROM test error
8 screen control board test error

3. If all the above are free of faults, any other possible errors are signalled by means of
ciear text messages on the screen, The following errors are signalled;

CPU 111 RAM/ROM test arror
evaluation circuit RAM/ROM test error
caiibration error

® o = B

keyboard pell error {contacts closed?)

If the error list appears on the screen, a fault has occurred during calibration, and the
Tnstrument is disabled {see footnote 1 and figures B-1 and -2y,

The diagram at the end of this manual shows all the possible error messages which can eccur
during the self test and calibration routines,

1) It is possible to operata the instrument under Timited conditions by omitting the calij-
bration sequence, This is done by pressing /9/ when switching the instrument or, the effect
being that:

- the instrument does not self-calibrate,

- the error list is not displayed,

- standerd values are entered in place of the values which would normally result from cali-
bration,

- the result may differ from the nominal values.
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Meaning of errof messages:

"%" appears in the display when:

- Aa>+ 1 dB for attenuators and amplifiers

- Aa>+ 2 db for basic attenuations
- offset s > 100 digits

bit O = X evaluation circuit missing
bit 1 = X analog generator missing
bit 2 = X analog-digital converter missing
bit 3 = X analog filter missing
bt b:3210 bit 4 = X digital filter missing
1ts no. Lﬂ bit § = X clock filter missing
L»E r"'
( I
ERRIR MESSRGES ! - - —
SYSTEM AT COIFLETE 04—t bit 0 = X 8 iz clock missing
CLOGK KIstINe 288 bit 1 = X 10 kHz clock missing
_jgﬁ%f!ﬁINTﬁ[&Lﬁ%Fﬁ%T?QSﬁELEE’—‘—*'*-" bit 2 = X pseudo-random clock missing
W*—-W
3 = no error
X = error

Figure #-1 f£rror messages, part I




bitno. 76543210

=

CALIBRATING ERRORS

HEAS, SER, STEP AISSIHG

RE-OFFSET JUT OF RRKEE bl
RA/T4-L0SS UT GF RAKGE RN
RA-ATTEMURTION OUT OF RANBE ARfikiaR-~——
AX-RUPLIFLER JUT OF RANGE  XXKRAPRR-——
TE-ATTENURTION GUT OF RAMMGE MR —

,/

Figure B-2
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bit
bit
bit

™~

R

ne pre-measurement
no main measurement
hardware everload

bit
bit
bit
hit
hit
bit
bit
5it

~F O M o D P e O

I O 2E DE DB M B

ne mode

d¢ component

input overload

Tevel too high

tevel too low

eval, processor overlgad
no offset adjustment
range overload

bit

5it 1

S

offset in band
offset out of band

bit 2 = X offset 72 kHz

bit O = X receiver base attenuation in band
bit 1 = X receiver base atten. out of band
bit 2 = X recejver base attenuation 72 kHz
bit 3 = X generator base attenuzation in band
bit 4 = X generator base attenuation noise
bit & = X generator base atten. out of band

i #ﬂi~/////
FURL.CIRCHIY DUT OF RARGE %ﬁ@9X&&0~ﬁ~“v-~ijii;////,/’//////

Error messages, part 11 {calibration)

bit 0 = X interm. atten, 1 06 dB
bit 1 = X interm, atten, 1 12 dB
bit 2 = X interm. atten, 1 18 ¢B
bit 3 = X interm. atten. 1 24 dB
bit 4 = X interm. atten, 2 06 dB
bit 5 = X interm. atten, 2 12 dB
bit 6 = X interm, atten. 2 18 4B
bit 7 = X interm. atten. 2 24 ¢B
bit 0 = X input attenuator 18 dB
it 1 = X input amplifier 12 d8
pit 2 = X input ampiifier 24 dB
bit 3 = X interm. ampl. 1 €6 d8
bit 4 = X interm. ampl. 1 12 dB
bit 5 = X interm. ampl, 1 18 dB
8it 6 = X interm, ampl, 2 06 ¢B
bit 7 = X interm, ampl, 2 3D dB
bit O = X gener. atten, 42 dB
bit 1 = X gener. atten. 30 dB
bit 2 = X gener. atten. 24 o8
bit 3 = X gener. atten, 18 dB
bit 4 = X gener. atten, 12 dB
bit & = X gener, atten, 06 dB
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B.2

PCM-4  FUNGCTIOMN CHECK

Press /JCLR RESLT/ at the seme time as switching the instrument on, Hold the /CLR RESLT/ key

down until the first BEEP is heard.

The instrument now performs a self test {see 2.4}, If this is completed successfully MODE LIST A
will be displayed on the screen. If an errer is detected during the self test, the error list
will be displayed {see previous section).

Analog test

*  Connect the analog generator output [25] to the analog receiver ipput [23]
* Perform the following sequence of keystrokes: /MODE A/, /1/, /1/, /ENTER/, /START/
The following result should then be displayed on the screen:

CHOE 6 11 LEUEL MRS, TO: 0.0 B8 stbge
1@\
RXI umi 3 !
.4 ? : ;
GEA T 0-4
BB | ]
s : ‘ R
'”}% w; n; zge 5 EEE&I
Té G, 1 <0008l 2Rz A¢ I0OH:

The result curve is horizontal iine at -10 4B

* Now press softkey 6 (Tabelling changes from FREQ. to LEVEL) and then /START/

The follewing result should then be displayed on the screen:

\

HODE A |1 LEVEL MERS. TXi +0.0 R +.9d6r
e
fx xkv} ; ; i P/g EIH

S
IR
mAT / I

48l

if . ﬁf¢ q;a ‘én iEGEi
TN 1 7000EBe0 Bz £ 3B

e 4 The result cyrve is & diagonal straight line

with sispe = 1,




* Now press softkey & {labelling changes from LEVEL to CHAN.) and then /START/

The following result should then be displayed on ths screen:

[
MOE A 11 LEVEL HERS, Tt .0 EX?}@I.‘Q#?»_!

Rt
cw;, .
REGILT I8
150 00

R

The display shows vertical columns each
correspording to a level of -10 dB,

* Mow perform the following seguence of keystrokes /MODE &/, /47, /1/, JENTER/, /START/

The following result should then be displayed on the screen:

p
HOE 4 VRLGAIRAGITES 0,0 06 .0l
S 1E
Rh: ! : : :
LR
o D
g | ' o
P
O
1 el ~JA
R N R T IRy PP YT

The result curve must be a straight line
corresponding to 0 dB,

o
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*  Now perform the following sequence of keystrokes: /MODE A/, /5/, /1/, JENTER/, /Y-UPPER
VALUE/, /8/, /0/, /ENTER/, /RTN/ {Softkey 6}, /START/

The following result should then be displayed on the screen:

P
H0DE R 51 TOTAL DIST, T4 40,0 B mm%
Fal. ) : | ]
R ‘ | EIH
| DA AAA,
RESILT W I
o | -0
e Y B
[ /‘“ i i
B e R TR )
TEECHAR T -S.0000m0 WOISECZSE)  A¢ 2048
S the sawtooth curve should lie within the

Himits +50 ¢B to +65 dB.

* HMow perform the following sequence of keystrokes: /MODE A/, /8/, 72/, JENTER/, /Y¥-LOWER
YALUE/, /77, [0/, JENTER/, /RTN/, {Softkey 6), /START/

The following result should then be displayed on the screen;

/
HOOE § 82 4T OF BAND Tt 40,0 RE: #,CdEr

i | 1
R : =
(AR, e
2

-H.‘%

RESULTS ]
dBnk
" BuFsS

Jngn i;ﬂ a? s&s wii] [FRED:
TXe CHRN. 12 +0.88 dBmt 2017 A 00
N

The result curve should be within the range
-70 dB to ~60 dB between 200 and 3400 Hz,
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Measuring bridge test

* Disconnect the analog generator and receiver from each other.
* perform the following sequence of keystrokes: /MODE B/, /1/, /2/, JENTER/

1f the measuring bridge is not fitted, the following error message will be displayed:

-
HODE B 12 RETURN LSS THt +,0 Ry -~ éBr
R ]
EHE?L I
EREIRIHG BRIORE.  HIT.FRECENT
gESILT
48
GHP/S
FRER.
T4 CHAR, 1 ~10.00cBab 20142 Ar 1808

If the measuring bridge is fitted, the screen display will be:

P
POE 312 RETRN LOSS TH: 44,0 R -- d%
it ; : -
o | : : :
i : s i R
! " ﬁ~" H H
ST
dB olb.l? ‘ i T T
1 : E
1 T O
T ; -
m‘;;u‘ ii:éﬂ z‘a'zw 3::w ii;s FRER,
Tée CHRH. ¢ -10.004B8) - 200H: A 10062
L S On the Teft-hand side, under RESULT, the value

0.00 dB should be shown.
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A=A signalling distortion test

* Make sure that sockets [38] and [397 are not connected together, and then perfarm the

foltowing sequence of keystrokes: /MODE B/, /6/, /5/, /ENTER/, /START/.

The following should then appear on the scraen:

-
HCDE 8 3 81G¥, DI4T,
i oy
B &
o |, i
REBULT| -4
BS I-G
-5
o i B i @%EEJ
THe CHEN, | /T S0 0 BIT -4= ¢
e Y On the left-hand side under RESULT, the symbo

<> should be shown [measurement not
possible},

*  Now connect seckets [38] and [39] together,

The screen display should then be:

/
HOE B 67 SIGN. DIST,
it u
34 =
U b
BT, -
H 00
’ g
i 4l ARLHLLL, )
TR CHAR, © BT 50 iBHr BT -a= 1
N S The display shows vertical columns, each of

which shows a distortion of 0,
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Digital test
Disconnect &11 connections made for the analog test,

* Lonnect the digital gemerator output (CF connector £213) to the digital receiver input (CF
connector [201)

Test 1
* Perform the following sequence of keystrokes: /GENRL RESET/, /MODE A/, /5/, /2/, JEMTER/
* Ysing the softkeys, set the following parameters:
- softkey 4 D-D
- softkey § MAN/R
*  Now press /START/

The following should be displayed on the screen:

p
MIE RS2 TURLDIST, Th - R - dir

oy — ; T
EHEZ{. M
N G e
] E
{8 £ :
-
it E‘ NRH/E
o
'”ﬁné.c : T giK ] LEEL

R R 7 R P e
N y

On the left-hand side, under RESULT, the value
+17.29 dB should be shown,*

Test 2

* Perform the following sequence of keystrokes: /GENRL RESET/, /MODE 8/, /8/, 73/, JENTER/
* Using the /A / key, set the time interval fo 10 s,
* Using the softkeys, set the Following parameters:
~ softkey 1 PRS §
- softkey 8 MAN/S
*  How press JSTART/

The green START LED should light for 10 seconds

* The result §s +17.31 dB for PCM-4s of series A to D if latest sortware has not bean retrow

fitted.
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The following should be displayed on the screen:

" ™
HOGE § 87 ERROR COUNT _
" R ;@
CHAN,
[
RESLTY
BIT BR e
.3 ;
©re
Ih i
K : ¢ i i i z; H!HE
THi CHAM. 1 PESY AT 1h Baindls

On the left-hand side, under RESULT, the in-
formation BIT ER = 0 and OCT ER = O should be
displayed.
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Appendix C: Options, Accessories, Maintenance

C.1 instrument designation

When making enquiries or ordering options or accessories, the following information is
required in addition to the type number of the instrument {PCM-4):

# The series index and the serial number
e.g. C 0034; this information is found on the front panel below the instrument type number

® The version
e.g. BN 123/01. This information is found in the table printed on the back panel

® The options fitted
e.g. BN 123/00.03 or BN 958/24. This information is also found in the table on the back
panei.

© Afurther table next to the mains voltage selector shows the address of the <IEC 625>
Intetface, if this Is fitted.

C.2 Accessory compariment

A small compartment is fitted on the back panel of the Instrument; the lid opens to the left
{figure C-1). It contains the following items:

& Card puiler
for removing the lids of screening cang and extracting the p.c.boards. For service purpose
only.

# Hex {aflen) key
for the instrument cover screws.

& Spanner O
for the Versacon'™a connector system.

& Two spare fuses
for the mains voltage set ex-works.

fuses

spanner

card puller hex {allen) xey

Figure C-1  Accessory compartment

C-1
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C.3 Changing the versacon inserts

Coaxial inputs and outputs are fitted ex-works with BNC type connectors, These can be
replaced by any other type of connector in the Versacon29 system (figure C-2) by using the
spanner provided.

Figure C-2 Versacon®9 inserts

To remove the connectot:

* Turn the locknut anth-clockwise with the spanner

* Undo the locknut completely

* Remove the insert, using the spanner if necessary.

To fit the connector:

* Screw the locknut onto the insert as far as £ will go

* Screw the insert into the basic connector on the instrument
* Tighten the locknut with the aid of the spanner

C.4 Changing the fuse

C-2

A faulty fuse Is indicated i the instrument does not operate and the mains cable and voltage are
OK. Check this by

- disconnecting the instrumant from the mains
- checking that the mains voltage and the voltage set with the selector are the same
- removing the fuse from the holder (use a coin or broad tipped screwdriver to undo the cover)

checking the continuity of the fuse.

Replacement fuses are provided for the mains voliage set ex-works; they are found in the
accessory compartment on the back panel. if the instrument still does not work, contact the
service dept.
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C.5 Data back-up battery

Three hatteries are fitted in the instrument power supply for powering the instrument setup
memory {STO. MOBE, RCL. MODE]}. The batteries are trickle charged when the instrument is
switched on, and they cannet he damaged by overcharging.

if the instrument is used continuously for 24 hours, the battery charge will be sufficient to retain
the data for up to one month at normal room temperature. At higher temperatures, the batteries
self-discharge at a faster rate, so the data retention time will be reduced.

The battery manufacturer recommends a lower limit of +5°C for the charging temperature. This
is also the lower range limit for operating temperature of the PCM-4, and should always be
chserved.

C.6 Cleaning the instrument

Do not use solvents or household cleaning agents for cleaning the instrument. Solvents may
aftack the paint finish and lettering on the paneis, and some cleaning agents may damage the
lettering and leave shiny marks on the instrument panels. Use a cloth moistened with warm
water to which a little washing-up liquid has been added. Ensure that water does not get inside
the instrument, and dry off the panels with a clean cloth.

The VDU screen surface should be cleaning with a damp cloth, to avoid scratches and static
buildup. Trichlorotrifiuorogthane (TCTF} can also be used; it is non-flammable, non-toxic and
practically odouriess. We recommend the use of this substance for removing greasy marks.
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.7 Removing batteries

Before opening the instrument, you must pult out the power plug and disconnect any other
voltage sources.

Remove the top of the enclosure by undoing the six hexagonal screws and remove the left
side. The Instrument can now be lifted vertically out of the enclosure. The power supply is left in
the enclosure.

The batteries are at the front of the power supply {see Fig. C-3) and can be taken out when the
restraint (bend open) is released.

Data baf:kup {1}
with set of batteries 3 x 1.2V

Figure C-3 Position of batteries in instrument

C-4
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Appendix D: User-specific tolerance masks

B.1 Tolerance mask struciure in the PCM-4 from series AK onwards

Parameter 925 (1 ... 9} of the PCM-4 offars a selection of up to 9 tolerance masks for each
operating mode, i.e. without changing the measurement mode, running parameter or
configuration. The tolerance values of the masis are defined by the user on the forms enciosed
in this Appendix and assigned to the operating modes in lists Nos. 1to 9.

Example: With the following settings on the PCM-4

PARAMETER 925 No. 3

Measurement mode: A 52

Configuration: A-D

Running parameter: LEVEL
the tolerance mask of Operating Mode List No. 3 assigned to the operating mode
(A 52/LEVEL/A-D) is displayed on the graphic screen display.
The PCM-4 is fitted with a standard 1olerance mask EPROM where Operating Mode List Nos. 1
to 7 provide tolerance masks in accordance with CCITT Blue Book Recommendations G.712
{"full-channel” A-A} and G.714 ("half-channe!" A-D and D-A) for measurements on 4-wire
Interfaces. Masks complying with CCITT Recommendation G.792 are assignes for (D-D)
measurements on transmultiplexers.

If measurements are to be made on 2-wire interfaces, Operating Made List N, 2 can be called
up by setting PARAMETER 925 No. 2. This list takes account of the operating modes for which
the CCITT assigns masks for 2-wire interfaces in Recommendation G.713 and G.715.

Toterance masks for measuring the transmission characteristics of 2.wire analog interfaces to
Q1.552 are assigned to Operating Mode Lists Nos. 310 5.

Tolerance masks to Q.553 for measurements on 4-wire analog interfaces are located in the
Operating Mode Lists Nos. 6 and 7.

The table on pages D-7 to D-18 in this Appendix documents Operating Mode List Nos. 116 7.
This table shows which mask is assigned to which operating mode. FORM 3 documents 113
stored tolerance masks (Nos. 1 to 113), showing a graphic representation and the numerical
coordinates of the upper and lower tolerance limits.

in addition o List Nos. 110 7 defined here, the user-specified masks can be assigned to the
operating modes onn FORM 2 {original copy enclosed in this Appendix) as Lists Nos. 7to 9 ar
overwritten cn lists which are already assigned. All the data of a user mask can be listed on
FORM 4.

D1
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Form1: - For entering important instrument data

Form 2: For listing the operating modes with the assoclated tolerance masks;
Operating Mode Lists Nos. 1 to @ are possible. Lists Nos. 1 to 7 are offered.
Na. 1 contains the CCITT masks G.714/G.792;
No. 2 contains the CCITT masks G.713/G.715;
No. 3 contains the CCITT masks Q.552 Z and C2 interface, spesch wired;
No. 4 contains the CCITT masks Q.552 C2 interface, separate wired,
No. 5 contains the CCITT masks Q.552 Z and C,, interface;
No. 6 contains the CCITT masks Q.553 speech wired;
No. 7 contains the CCITT masks Q.553 separate wired
if, for example, four masks are to be assigned to the same operating mode,
these must be kept on four separate lists.

Form 3: Offers 113 masks assigned to Operating Mode Lists No. 110 9.
Each mask can be changed by the user on FORM 3 (retaining the same
mask number)} and, for example, alsc assigned to Operating Mocde Lists
Nos. 1108,

Form 4: User-specified masks can be deflned. Each mask is identified by its own
mask number.
(FORM 4, enclosed on the last page of this Appendix as a blank original for
copying., is also available in a 50-sheet block under Order No.
BN 0984/00.79).

Each user-specified mask will be displayed on the graphics display of the PCM-4 when the
appropriate settings are made. If a numerical display is selected, all results lying beyond the
user-specified tolerance mask are marked ™" on the display.

PARAMETER 08 can be used to prirt out alf the user-specified tolerance mask values and
measurement results on a printer connected via the IEC/IEEE bus. PARAMETER 09 causes
only the results lying beyond the tolerance mask to be printed out, together with the associated
tolerance values.

D.1.1 Ordering user-specified tolerance masks

After receipt of the completed forms at the factory, the tolerance masks are stored in an
EPROM.
Mask EPROMs must be ordered under Order No.
BN 0884 /00.35 "Tolerance masks submitted to user specification”.
if orders are to be handied smoothly, it is also essential to send the completed forms to:
Wandel & Goltermann & Co
Abt. Disposition
Postfach 1262
D-7412 Eningen u.A.
Federal Republic of Germany
The PCM-4 can be fitted with the EPROM containing the user-specified tolerance masks either
betore or after delivery. Appendix D.3 describes the procedure for installation of the EFROM in
the PCM-4 by the user.

D-2
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NB:

Iif the order for a PCM-4 dees not quote the Order No. BN 0884 /60.35 or contains onily the
ordering information but no completed forms, the standard EPEOM with the CCHT masks of
Operating Mode Lists Nos. 1 and 2 will be fitted in the PCM-4.

.1.2 Retrofitting the PCM-4 with the series AK mask structure

PCM-4 of series A...F

Instruments of these series can only have the series K mask structure described in Appendix
.1 i the software has already been updated and the software version of the PCM-4 has the
folfowing identifications in MODE AO01:

Software identification Instrument version

984-0083.210 BN 984 /01

984-0084.222 BN 984 /02

984-0095.218 " BN 984,03

PCM-4 units with these software identifications are prepared for accepting the user-specified
mask EPRCMs. '

If software identifications with iower numbers appear, or if no identification can be obtained

at all in MODE A01, the PCM-4 software must be updated. Depending on instrument version,
the software update to the latest status can be ordered under the foliowing numbers:

Order No. Instrument version
BN 984/00.41 BN 984,01 .
BIN 984/00.42 BN 984,02 and BN 984 /05

BN $84/00.43 BN 984/03

PCM-4 of series G to AK
Instruments of these series are prapared for accommodating the user-specified mask EPROM,

D-3
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D.2 How to complete forms 1t0 4

D21 Formi

D-4

(1) Name
You can enter up to 6 ASCII characters here to identify your tolsrance mask EPROM. When the

tolerance mask EPROM is fitted, this name will be displayed on the screen of the PCM-4, along
with the software version, after pressing the keys /MODE A/ + /0/ + j1/ + /ENTER/.

(2} Page No.

Number each page consecutively in this field. Note that Form 2 is printed on both sides. Enter
the same number on both sides of the form in field (2). Form 1 is used as a cover page and is
thus given the page No. 1. The entries in field (2) make it easler to keep tha sheets in order.

Company stamp, date and signature
should always be inciuded on the cover (Form 1).

(3} No. of pages
The number of pages is entered here and must match the page No. in field (2) of the fast form.
This is helpful if ever a page is mislaid,

(4} Serial number

If the PCM-4 has yet o be delivered, this number will be entered at the factory.
It you already have your PCM-4, enter the setial number here. |t consists of one letter and a
four-figure number and can be found near the bottom of the front panel.

{5) Version

if the PCM-4 has yet to be delivered, the entries relating to the PCM-4 version and the instafied
options are completed at the factory. Otherwise, put a tick in the boxes which correspond to
those marked with a sticker on the back of your PCi-4.

{6} Software varsion

If the PCM-4 has yet to be delivered, the software version data are entered at the factory. if you
already have your PCM-4, press the keys /MODE A/ + /0/ + /1/ + /ENTER/. The software
version information is then displayed on the screen. Please enter it in the field provided.

NB: See the notes in section D.1.2.
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D.22 Form2

Operating modes which are 1o be assigned a tolerance mask are defined in the Cperating
Mode List by entering the measurement mode, running parameter and configuration. Each
operating mode may be assigned up to § different tolerance masks in Operating Mode Lists
Nos. 1to g (io be entered under (3)).

Operating Mode Lists Nos. 1 and 2 are provided. They contain masks Nos. 1 to 7 and can
either be adopted unchanged or modified by the user. These masks are documented an Form
3.

There are various ways of retaining Operating Mode Lists Nos. 110 8 in the EPROM with user-
specified tolerance masks. Form 2 can be used as an original for copying in this case. No. 1 to
No. Gare entered in field {3).

Possible ways of retaining Operating Mode List Nos. 1 to § in the mask EPROM:

a) without changes
Nothing need be entered in columns (4}, (5), (6}, {7) and (8), as lists Nos. 1 t0 7 are to be
stored in the EPROM unchanged.

b} with deletions ‘
if the operating modes in lists Nos. 110 7 are not to be assigned masks, the entries for the
operating mode in guestion must be copled into columns (4), (5), (6), (7) and (8). A
horizontal bar is used to indicate that the information is intended for deletion,

¢} with changed masks
Changes to masks Nos. 110 113 can be made on Form 3 without changing the mask
number. The changed mask is assigned to the same operating modes in List Nos. 110 7
with the same identification (mask number). Censequently, no entries need be made in
columns {4}, {5), (6), (7) and (8) on Form 2.

d) with new masks
New masks can be drafted by the user on Form 4. The numbering of new masks should
start with No. 114,
The new mask is assighed to an operating mode in list Nos. 1 to 9 by making entries
relating to the corresponding operating mode in columns (4), (5), (6) and {7). Column (8)
contains the new mask number.

e} with additional operating modes
Operating modes not included in the table on pages D-7 to D-18 can be added on Form 2
as a supplement to list 1 10 7. Cotumns {5), (8) and {7) identify the additional operating
maode, white column (8} shows the mask number, Column (4) can be left blank.

D-5
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PCM-4

D-8

Exceptiomn:

Operating mades presenting more than one result cannot be assigned a mask.
This affects operating modes with the mesurament mode:

Bas Peak code word

B81 Frame error measurement

Ba2 Error freguency

B&3 Error counting

B84 Error-free seconds

NB: Each operating mode may only appear once per list. If an operating mode
s to be assigned more than two different masks, Lists No. 8 and § must be
used.

NE: in contrast to Lists No. 110 7, every operating mode assigned a mask must
be entered in Lists No. 8 and 9 on Form 2. If an operating mode is not
listed, no mask can appear on the screen after selecting the carresponding
operating mode on the PCM-4 and PARAMETER 925 TOLERANCE
SELECTION 8 and 9,

Cperating mode no,
Mode
Submode
Measuremen mode Operating
Running parameter mode
Configuration
Tolerance mask no.
[ Qperating mode list o,
4-wirg 2-wire
E G712 | G.714 | G792 2 G.713
1| || Overailloss IS EEEERE 1Re | 40 | 118 | 17
2 A2T/CHAAA 16 41 15
3 A21/CHA/AD | 2 4 42 -
4 AZ1/CHA/DA 2 42 -
5 Overall loss A22/FRE/DD 3 11.1/8% | 40 11/8 1
6
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PCM-4 Appendix D: User-specific tolerance masks

D.23 Form3

Tolerance masks No. 1 to 113 can be changed on Form 3 without changing the mask number.
Form 3

- identifies each mask with a MASK NO. t to 113

- lists the operating modes to which the mask is assigned in Operating Mode Lists No. 1 and 2
- shows the graphic representation of the tolerance mask

- lists the numerical X and Y tolerance values of each corner point separately for the lower and
upper tolerance limit

D.2.3.1 Changing an X or Y value

The changed X or Y value of a corner point is entered in column {3) (see example in fig. D-1).

D.2.3.2  Deleting a corner point

The line referring to the corner point in question is crossed out (see example in fig. D-1)

D.2.3.3 Adding a corner point

A new corner point must be added by entering the X and Y vatues in cotumn {3} of a new line.

Since the new corner point lies between corner points which have already been defined, it is
assigned the same number as the preceding corner paint.

See example in fig. D-1:

The added corner point for the lower fimit with the X value -30.00 and the Y value ~40 is
assigned the corer point number 6, since the corner point fies between corner points No. 6
and No. 7.



Appendix D: User-specific folerance masks PCM-4

M PCM-4/PCM-5 Form 3
& / maskno. | 7
J tolerance masks
= Bv. no.
To CCHTT Aec. G.712N10 figure 7¢
Complete this form if tha toleranca mask
- 0 o - shown opposite is to be changed or :
L : @ extandad. -
: i : : Only fiflin the sactons outlined i
5 : z ; nbeaa ype.
4 \12 /4* 13 (@) name %
- 1y : T ;
H | H S K @ page numibar
H 12 : L S )
A NS LA . s {5ame number on both sidas!)
AN A Vol MDY . . 15
H ( >_.....;. mmmmmmm ...{_« ) (@) changed comer values :
TRy : : -~ ! ] T
] : D23.4) /"5 {S86D.2.33) (_ )7 (@ official stamp, date, sifgnatura |
H : 3, oy o e e e e — = !
{ A i ha :> ;
! R ZE AN T
e s
1ea0232) | ; name
FRE : : : :
This mask Is used in 551 BTN “2.4 .4 age no.
the following opera- - 2
tng modas
List no. 1 Listng 2 Listeno. 3 Listrio, & Listno. 5 Lising & List no, ¥ Listno 8 Listno, 9
43 4G
52 52
53 53
56 56
57 57
60 0
61 61
64 54
Units: Xin 48 <0, m0> 1 Yin { a8 1
comar lowa firrit comar upper limit
int int
zzfn X value Y value 2‘:“ i X valug Y value
standard (@) ehange standard {(3) change standard | (3} change standard | (3) change
1 -55.00 -39 99 g =85.00 3800
3 6500 300 10 5500 300
3 -50.00 —3.00 11 —£0.00 a.co
4 —50.00 ) -, 50 12 50,00 1.00 By
% W iSr 1) .z it A iy
L] —40.00 ~3C.00 —50 14 —45.00 50
7 3.00 50 Uy 15 3.00 < A 50 T
[+ 3.00 ~30.00 -59.89 i6 3,00 30.00
& ~.Ug Ay - 30,00 Lo
I e SN S ] e — s =
aeenwemes = Gld mask
e o= naw mask

Fig. D-1  Example of changing a tolerance mask
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POM-4

Appendix D: User-specific tolerance masks

D24 Form 4

Uset-specified tolerance masks can be defined on photocopies of Form 4.
Form 4 is also availabite in a 50-sheet block under Order No. BN 978/00.79.

{3) Each mask is identified by its own mask number. The masks are numbered consecutively,

starting with No. 114,

{4) The mask is identified as being a straight line or a linear approxirmation by putting an X in

the appropriate box.

{5) The mask can only be assigned to operating moedes with identical units for the running
parameter (X axis} and measuring result {Y axis).

{6} The X and Y values of the lower and upper tolerance limit are assigned to 1 of up to 24

corner point numbers {see example in fig. D=2). Drawing the mask on graph paper gives

greater clarity.

Figure D-2 Exampie of creating a new tolerance mask

tolerance masks
Bv. no.
— Compieta this form i you want
2 o procadure A complotely new
Type of mask toterance mask.
@ Qaoly 88 10 the sectlons
2 outlinag In heavy fve,
iing 1 (1) name
@ page nurter
linear X (Z) number of tolarance masks
approximation
0 : (& type of mask flinear or plecewise
fingart approximation)
(&) units for (X and Y}
] @ toleranca vaiues for (KX and )
() officiat stamp, date, signature
name
©
-2
1000 2060 3000 page no.
@
(5) units X In [Hz] Y in [ 08 <0, mO> |
Units: di3 <0, m0»> Hz, ms, jis, %
comer iowar lmit comsr upper limit
point POHL
no. & X valus & ¥ value no. |® X value @ ¥ valus
1 500 -0g.499 7 10 £.00
2 500 =80 8 250 8.00
3 2000 ~.50 g 280 50
4 200C —75 10 4000 S0
] 3000 =75 11 4C00 800
8 3000 --.9%.89 12 5000 8.00
T RS I NI e

D-21



Appendix : User-specific tolerance masks ’ PCM-4

D.3 Fitting the EPROM with user-specified tolerance masks

D-22

The EPROM is supplied in an electrically conductive wrapper {biack film). It should be left in
this wrapper until immediately prior to instailation. Please pay special attention to the safety
precautions marked "!" in the instructions below in order to prevent damaging CMOS
components,

1.

10.

11,

12.

Switch off the PCM-4 at the mains ON/OFF switch, i_ea\fe the plug in the mains socket so
that the instrument remains earthed.

Remove the rear panel of the PCM-4 as indicated in fig. D-3.

If you have a PCM-4 of Series A or B, you must also remove the "64 kbit/s input” interface
board or the dummy plate.

.. Grasp the top part of the yellow board extractor 084 CPU-2A /2" between thumb and index

finger. Pull sharply downwards to release the board from its connector.

Due to static charges, you may have a higher potential than the instrument.

To equalize the potentiais, briefly touch a bare metal part of the PCM-4,

Use the yellow board extractor to remove the board from the POM-4, ho!dmg it at the edges
i one hand. Do not touch the components!

If you do not have a conductive foam mat large enough for the board, it can be placed on
the PCM-4 with the component side facing upwards.

Fig. D-4 shows the EPRCOM slot,

Carefully extract the EPROM already fitted from its connector. A small screwdriver can be
inserted from the edge of the board to lever the EPROM out of the connector.

Briefly touch a bare metal part of the PCM-4. Take the new EPROM out of the black film and
remove the conductive foam mat.

Now make sure that the EPROM is the right way round. The EPROM notch should point
towards the edge of the board. Place the EPROM onto the connector and make sure that
the pins fit correctly.

it you are sure that no pin can be bent, press the EPROM into the connector. Check that it
is level with the other EPROMSs.

The board can now be pushed back into its mount. Use enough force to make sure that it is
fully home.
The board is correctly located when the yellow board extractor rights itself again.

Fix the back panel onto the rear of the PCM-4 again and switch the instrument o at the
mains ON/QFF switch.



PCM-4 Appendix D User-specific tolerance masks

back panal {0 be removed.

B4 kbit/s input

Figure D-3 Rear view of the PCM-4
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PCM-4/PCM-5 instrument Form 1
tolerance masks detaiis
Bv. ho.
Complete this form and use it as page 1
Only fill in the sectionns gutlined in heg
Al hee AB. no.
{1 name (8 X or running parametar (8.g. FRE)
@) page no, (D configuration (e.g. AD) name E
(@ mode listno. number of applicable Q) ;
(109 tolerance mask
(& operating mode no. (9 official stamp, date, signature age no.
(8 measurementmode (e.g. A53) S
F* ’ |
PR | Serisal no. | No. of shatis
§ O moeamry oomE O ‘ ‘ ‘
[ et
| ] —— = ol || 1@ e
g A el } fows ot i R 0 s S i 4 998
e e i 4 f w3 v | -
- ey mmm O o3 &
[T ragenasn v I s | o
== = PCM—4 AustithrungVersian PCM-8 Ausfibrung/
: : : PCM—A : : : O . Version
20200 - s e s . BN 684/01 BN 984/04 BN 984/51
\ BN 984/02 BN 984705 BN sB4s2 |
BN 884/03 BN $64/08 BN 984/53
’ POM-4/0CM-5 Gption
BN 958/24 BN 584/00.06 ‘;HMB;J 984/00. 14
8N 984/00.01 BN G84/60 07 BN 984/00.16
BN 984/00.02 BN 584100 06 BN 584/00.31
BN 984/00.03 BN 984/00.0¢ BN 98410092
TTTTE ®© ®© BN 964/00.04 BN 984100.10 BN 984/00 33
5 (—-ﬁ% % - BN 984/00.05 BN 984/00,11 BN 984/00.34
S E o
e ool f @
— j - E © PCM—4 EPROMS tolerance masks 16
[ ; | © CCITT Rad book (2 list ccoupied, 7 free)
5‘ ‘ @ - @ COITT Blue hook {7 list occupied, 2 froe)
User specification (ses following forms 3 and 4
D
KODE A 01 & SOFTHARE &
VERSION: Q984-~_ _ .
e e e (-0t (STER)  REDLS .
5 -2 (DISPLAY) RED: .
o|5S 288 £ 8 CU-21 (RS BRI L
‘ S oo ggg . g o EUH{.; CIRCUIT REUa: ______
Doreeree DGO LGUPLING CRRD ! REVG
A ©oee o TOLERAMCE SET REve_ LT T
‘0 l0 o PCM4 f ot d il
o
(@ official stamp date signature







M PCM-4/PCM-5

} tolerance masks

mode list no.
@

Form?2

T name
@) page no.
@) mode fist no,
(110 9)
@ operating mode no.
&) measurementmode (8.9, A53)

@ Xor running parameter {a.g. FRE)
(D configuration (e.g. AD)
{& number of applicable
tolerance mask
@ official stamp, date, signature

Bv. no.

name
@

page no.

@ ® ® @ @ ® ® @ ®
operating | measure—| Xof configu— | mask operating | measure~ ;| Xor configu- mask
mode ment running raticn no. mode ment running ration nio.
no. mode param, ne, mode peram,

@) official stamp date

signature
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M PCM—4/PCM-5
=) tolerance masks

Mask no.

Form 3

+3@.G§ :

v

¥
v

Bv.~No.

Complete this form if the talsrance mask
shown opposite is to be changed or

axtanded,
Qniy fil in the sections outlined
in heayy type.

(1) name

e page number
fsame number on both sidss()

{3) changed corner values

@) officiat stamp, dale, signature

Name
®

- : : : : |
This mask is used LEDY IO R : -
in the faliawing 9 1o0g KL e 3N Page no.
i Dperating modes @
List o, 3 List no. 2 Listng. 3 List ne. 4 List no. 5 List no. 8 Listng. 7 Listno 8 Listno, 9
§ . — e
i -
i L
{ -
|
S Umis Xn [ hz ] Yin [ a8 ]
Corner lowar limit Corner upper mit
2?& X velue Y value igsnt X value Y value
standard | (3) change standard | (3) change standard | {3} change standard  § (3) change
i 200,00 e —59.58 . e
2 300.00 13.00 _ e -
k] 500.00 13.00 —— - B
4 500.00 18.00 _ -
5 1 pEoooo 18.00 — o
N 2500.00 14.00 e e o
7 3400.00 14.00 - .
8 1 o3400.00 -98.99 —_ e N
i@ official sltamp date signamrg




PCM-4/PCM-5
tolerance masks

Mask no.

Form 3

Bv.—No.

Complete this form if the tolerance mask

4,5 . j shown opposite Is to be ghanged or
: : ; g extended.
: : : : Qnly filt In the sectlons autlined
ot ; H I heavy type.
: : ' {1 name
: : | (2) page number
‘ i {(same number on both sidesh
i : : (3) changed corner values
R i Deesseessssssssnensnes s T— - )
bt ; : ; : official stamp, date, signature
L : E
o i . &
i | : Name
P : : @
This mask is used L5 L ; i ” Pag e no
in the following 01 i 2848 108 1opd 5
operating modes @
Listno. 1 List ng, 2 Listno. 3 Listno. 4 List no, 5 Listno. 8 P Listno 7 List no. 8 Listno. 8
17
21
25
S 29
33
37
41
45
Units: Xin [ Hz ] Yin { dB i
Corner lower limit Cornar uppar fimit
oint Qint
2o,n X valug Y valua go. X vahis Y value
standard  § (3) change standard  {{3) change standard  § (3) change standard  { {3} change
1 300.00 9988 9 10.00 0.00
2 300.00 .50 10 200.00 0.00
3 2400.00 .50 11 200.00 .50
4 2400.00 - 90 12 3600.00 o0
5 3000.00 -850 13 3850.00 (.00
5] 3000.00 -1,80 14 5000.00 0.00
7 3400.00 —1.80 o o
il 3400.00 ~99.99 == -
@ offisial stamp date signature




PCM—4/PCM-5
tolerance masks

Mask no.

141

Form 3

Bv.—No.

Complets this form if the tolerance mask

shown appesite is to be changed or

extended.

Cniy fill in the sections outlingd
In heavy wpg.

(1) name

{(2) paganumber
{same numbear on both sides!)

@ changed corner valuss

(4 official stamp, date, signature

i
1
¢
ot
4
'
'

r - L
giils - Name
' E1 : oo @©
R Te— .l | o Ba
7 This mask s use “hed e L i !
{ in the foilowing 24 {74 5193 (LI I11) I A ge no.
i operating modas
i
i tistnot Listno. 2 Listno. 3 Listno. 4 Listno. 5 List no. 6 Listno. 7 Listno. 8 iLigtne @
i3 35 . .
] 38
R ) -
23 |42
R S SO S
27 48
0. 47 .
3
34
Units: Xin { Hz ] Yin | 4B ]
Cormer lower Hmit Cornar uppar limit
point paint
ho. X value Y value no. X valus Y valuag
standard | (3) change standard (3} change standard  } {(3) change standarg | {3} change
N 300.00 -99.99 F) 1000 0,00
E 300.00 -.25 10 200.00 2,00
3T 240000 _25 11 200.00 25
4 2400.00 -.45 12 3600.00 25
3. 1.3000.00 -.45 13 3600.0C 0.00
8 i 200000 —50 14 5000.00 4.00
7 3400.0C -80 - -
8 3400.00 -98.99 o -

() official stamp

date

skgnature




| PCM—4/PCM-5
= tolerance masks

Form 3

Bv.—No.

Compiete this form if the tolerance mask
shown apposite is to be changed or

1,5 f : ! M | extended
Il r N . B .
} : : : Only fill in the sections quilinad
H ; ; ; in haavy fype.
M : z :
H ; | . @ name
k ‘ 5 @ page number
i : : {same number on both sldes?)
‘I ' @ changed corner values
+. ‘] g (@ efficial stamp, date, signature
ol E
. : : ;
Limted PRI :
Ly | ; ; Name
Do : : | B
This mask is used SIS ; i p
in the following 250 1094 2049 EEE ) 2 11 ag@ no.
oparating modes @
Listna. 1 Listne. 2 List no. 3 List no, 4 Lising. 5 Listng, 6 List ng, 7 Listno 8 Listno. 9
20
24
28
32
36
40
44
48
Linits: Xin [ Mz ] Y in [ dB ]
Carner tower limit Corner upper Jimit
ir oint
igml X valua Y value gofn X value Y value
standard (3) change standard (3) change standard  § (3) chanige standard {3) changs
i 300,00 -98.99 13 16.00 C.00
2 300.00 —1.70 T4 200.00 0.00
3 1 40000 -1.70 i5 200.00 B0
4 4G0.00 -1.00 18 3600.00 B0
5 800.00 —1.00 17 3800,00 0.0C ]
[ 500.00 —.50 18 5000.00 Q.00
? 2400 00 - .80 — -
8 2400.00 -1.00 - 3 R e
g IG00.00 =-1.00 - -
i0 3000.00 —2.40 - -
11 3400.00 —2.40 __ -
3 3400.00 —85.99 —— -
@ official stamp data signature




®
tolerance masks
Bv.—No.
Complets this form if the tolerance mask
T T g : i shown opposite is 1o be changed or
T B extended.
o ' ' Qnly fill in the_sections outlined
. ; ; inheavy fvoe.
,H 0 i ........ 1‘ : [ 1‘.. @ naing
T ! : 1
i : . @ page numbasr
‘ _____ ; ] {same number on both sidasl)
@ changed corner valies
04 | T E ‘: ? @ official stamp. date, signature
: ; ; ;
: j ‘; s
BT : : :
b ? : :
L ; : : Name
Cod : E 5 @
This mask is usad -2 L : : !
in the following -35.8 -48.9 -28.4 .4 Eage nao.
operating modes 4
List no, 1 Listno. 2 Listno. 3 Listno 4 Listno, & Listno. 6 Listno. ¥ List ne. 8 List no. &
J3- 00 R O U VORI I (RNSVUUON NN i SRS AU I WU SNNNUUS § O SN i SN S i S S S —
52
53
e 56 —
7
a0 N
51 o I
4 - -
Units: Xin [ dB <0, mO> 1 Y in { 48 ]
Cormner lower fimit Corner upper ¥mit
i ,i t
?gmt X vakie Y valua 22_1 X value Y valua
standard | (3) change . standard | (3) change standard { (3) change standard | (3) change
i -55.00 -99.99 g ~55.00 36.00
2 ~55.00 —3.00 10 - =—B5.00 3.00 .
3 -50.00 -3.00 11 -50.00 300 ]
| 4 -56.00 -1.00 12 50,00 1.00
3 40,00 -1.00 13 -40.00 1.00
5] ~40.00 ~.50 14 —43.00 50
7 3.00 —50 15 3.00 50
g 3.00 —85.99 18 3.00 30.00
{3 official stamp date signature




L]
tolerance masks
Bv.-No. &
Complate this form if the tolsrance mask
T : T T shown opposite Is (0 be changed or
U : : e extended.
iy : ; o Oniy fill in the sections sutlined
; l ; ; : in heavy type.
Lo nama
#,8 Sk : , : @
o : ; (@ pags number
R S— ;3 ‘ : {same number on both sides)
: : ; : {3 changed corner values
Ht ; i ' official stamp, date, signature
: ; i =
b : i :
AR : ; :
. s ‘{ {Name
- ; : ; 0,
This mask is used 2.4 % : : -
in the following 35,0 -39 -2, % H. 0 Page no.
cperaling modes @
Listrno. 1 Listno. 2 Listno. 3 Listno. 4 Listno. § Listno. 6 Listpo, 7 Listno. 8 Listno. 9
50
51
24
55
58 ]
549
62
63
Units: Xin { dB <0, mO> 1 Yin f dB ]
Comar fower limit Gorner upper limit
2ol int
:g\.m X value Y value ﬁg:.n X value Y value
standard {3 change standard (3} change standard {3) change standard (3) change
1 —55 00 ~39.99 9 —55.00 30.00
2 -55.00 .50 10 -55.00 1.60 R
3 -50.,00 —1.80 1 —50.00 1.60
4 -50.00 — B0 12 ~50,00 Jsie]
5 -40.60 .60 13 -40.00 B0
5 -40.00 -0 14 —40.00 .30
7 3.00 - 30 15 3.00 .30
8 3,00 —99 99 ’ 16 3.00 30.00
(2 official stamp date signatura




;P?M—d-/PCM Sk Mask no. g || Form 3
Bv.~No.
Complete this form if the tolerance mask
e : - = - shown opposite is to be changed or
L : : @ extended,
: ! : : ’ Only Al in the sections gutlined
(S 5 i in heavy type.
{ (3) nams
LR EY B ; :
Lo - (2) page number
: : } ' {same number on both sides!)
@ changed corner values
4 : (@) official stamp, date, signature
Lo : : it .
E ;- ........... ..4 '
gt 4f : S S —
N j ; . H
z ! 5 Name
S ; 5 @
This mask is used -2t : — : Pa e nO.
in the foliowing -58.¢ -4 .4 =18.0 € g
operating modes
List no. 1 Listng, 2 Listng. 3 List no. 4 Listno. 5 Listno. 6 Listnp, 7 Listno B Listng, &
|85
&8
89
72 R
Units: Xin { dB <0, mO> ; Yin i a8 ]
Cormner iower fimit Cornar upper limit
. int
igim X valus Y valua gg{n. X vaiue Y value
standard | (3) change standard | (3) change standard | (3) changs stancard | (3) change
1 —58.00 ~1.40 8 =290 140
2 --50.00 1,40 g -50.00 1.40 _
3 _56.00 80 10 =-5000 .80
4 ~an.00 - 3 ~E000 B0
5 —A0.00 50 12 4000 S0
5 ~10.00 —.50 13 -10.00 B0
7 -19.00 ~59.99 14 ~10.00 S0.0

@ offictal stamp dats signature




tolerance masks
Bv.—No.

Completa this form if the toleranca mask

Y 7 : f : o shown opposite is to be changed or
1 H ' : & axtendsd,
5 : : ; : Only fill in the sections outiined
1 . ] : f in.heavy type.
P : : ? 1) name
i : : ; g @
LA (2 page number
: : ; ! {sama number on bath sidesl)
! - ' (3 changed corner valuss
s : : : : (a) official stamp, date, signature
- iy ' e
— i ) |
IR T : : :
o : : 1 @
This mask is used SN . : ; Pag@ no
in the following ~50.8 -4 =100 2.0 - =
oparating modas @
Listno. 1 List no 2 Listho. 3 tistno. 4 Listno 5 Listno. 8 Listno. ¥ Listno, 8 Listno, 9
.86
87
¥l
71 "—
Units: X in 1dB <0, mO> ] ' Yin [ daB ]
Corner lower fimit Caormner upper iimit
i oint
ﬁg’m ¥ vaius Y value go. X vaiue - Y value
standard  § (3) change standard 4 {3) change standard | (3) change standard | (3} change
1 ~-55.00 -93.99 g -55.00 3000 -
B 5500 =70 10 -55.00 e T
3 250,00 i ~.70 1 —50.00 1D
4 -50.00 .40 12 =50.00 44}
5 —40.00 40 13 40,00 e b .
g -40.00 -.30 14 =40 .00 3
7 ~10.00 -30 15 =10.00 it
8 -16.60 -99.98 16 =10.00 3000 F

(@) official stamp date signature




PCM-4/PCM-5 Mask no. | 11 | Form3
tolerance masks
Bv.—No.
Complets this form if the tolerance mask
Ty ' ; shown opposite Is to be changsd or
I % extended.
; : : Qnly fill in the seclions owifined
: : : I heavy typs.
E : R 3 name
t e a o
! r/ | (2 pags number
T — S ——— &K ....... {same number on both sices!)
'r/ \ @ changed comer valuas
H 1 1
/ : (3) officiad stamp, date, signature
: /i : §
: /o j: |
: P : 3
: / . : :
'2{; , G‘L ....... E 3 ; .....
| : ; |
: ; 3 | Name
L/ s z | 0
This mask is used I L : ‘
in tha foliowing -15.4 4k, ¢ -HLt 1h.8 gage no.
oparating modes L
List ne, 1 Listno. 2 Listno. 3 tistne. 4 List no. S Listno. 6 List no, 7 Listno. 8 Listno. @
73
Units: Xin [ dB <0, md> H Yin { dB ]
Cormer sower limit Cqmer upper mit
Egmt % value ¥ value ﬁg{nt X value Y valus
standard  § (3) change standard (3) changs standard | {3) change standard | (3) changs
1 -55.00 0.00 - -
2 ~55.00 12.80 == e N S -
3 -44.00 27.60 - ——
4 —34.00 32,20 o ——
5 ~27.040 33.90 - -
8 -5.00 33.80 - —
7 -3,00 26,30 - -
8 -3.00 0.00 - —
{3) officiai stamp date signature




tolerance masks
Bv.—-No.
Compiste this form if the tolerance mask
TR i ; shown opposite is 1o be changed or
" % extended.
‘ : Only filin the sections outlined
; . :' : in heayy type,
T "' ''''''''''' _"E (D) name
! : /" : .
5 4 ! \ @ page number
£, Pt / R 'g _______ {sama number on both sides
i / : i
E , 4 @ changad comer values
: /i : ! . _
; / 5 ' 1 @ officlal stamp, date, signature
: - . !
N | |
20,4 7 i
V. . | [Name
E /' : : i @ L
This mask Is used H1L 0 : : :
in the faliowing -850 -44.0 =204 HLD Pag@ no.
operating modes @
Listno, 1 Listng. 2 Listnho, 3 Listno. 4 Listnp. 5 List no. 8 List no. 7 Lisino. 8 Listng. 9
74
Units: Xin f dB <0, mG> ] Y in { dB ]
Corner lower Hmit Corner upper firmit
Egm X value ¥ value ggfni X valus Y value
standard | (3) change standard [ (3) change standard | (3) change standard | (3) changa
i ~55.00 0,00 -
2 ~55.00 A T A —
AT apoo 28.10 e .
4 ~34.00 32.70 -= -
5 -27.00 34.40 -= I _
& -5.00 34.40 e T )
7 -3.00 28.80 - = —
8 -3.00 ) 0.00 e o
(@) ofiicial stamp date signature




] PCM-4/PCM~5 Mask no. 13 orm3
\2J tolerance masks
Bv.—-No.
Complate this form if the tolsrance mask
T ; * g sh?wr;opposite is to be changed or
AR : : axtendsd.
3 : ! Only Hilin the sections putined
1 . ' In heavy fype.
: : s s e o -
. : e ) § Ch
: ! /-' ; \ i) name
‘j‘ » / T ; @ nage number
VT B e b e \ {same number on both sides’;
/ ! \; (3} changed corner vaiues
E c E | .
: I ! ! @ official stamp, dats, signature
-/ ; |
: VO ; !
L : !
£, : b =
» | | |
L/ ; ; é Name
¥V s ; o
This mask is used 418 5 : : P
is mask is use N E— e
%nlhe!gﬂcwang -55.% -840, IR +L b A age no.
opsrating modes @
Listno, 1 List no, 2 Listng. 3 Listno. 4 Listng. 8 Listno. 6 Listno, 7 Listno, 8 Listne. 9
13
Units: X in { dB <0, m0> i Yin { d8 ]
Corner lower limit Carner upper limit
gzim K valus Y value ﬁgim X value Y value
standard | (3) change standard | (3) change standard  { (3) change standard  § (3) change
1 ~55.00 0.00 - ——
2 =55 00 14.10 - -
3 -40.00 28,10 e ——
4 --34.00 33,70 —— -
5 —27.00 35.40 - e cen
5} =600 35,40 — e
7 -3.00 27.80 e —
8 —3.00 0.06 — L
(1) oficial stamp date signature




1 PCM-4/PCM-5 Mask no. | 1a | Form3
} tolerance masks
Bv.~No.
Compiete this form if the tolerance mask
TR v i shown appostte Is 1o be changed or
] : i % axtended.
: ; ' Only il the sections outlined
() name
: Panhunn ';"'Hm” '''' i (2) page numbar
30,8 L e . ‘i {same number on both sides!)
A ) - .
/,/ 4 @ changed corner values
: 1 /' \ @ official stamp, date, signature
i 1) . i
: / : |
E /i !
$20 . fi : / ; |
A s i
A | i Name
: '/ N ! ! {1
This mask is used i3, E . ,./ j : “ ! ..... P
in the following 55, i BN i3 dage no.
operating modes @

List no. 1 Listno, 2 Listne 3 Listne. 4 Listno, 5 Listno € List ng. 7 List ne. 8 Listne. @
A8 A S—
dnits: Xin [dB <0, mo> ) ¥ in { s 1

Corner fower limlt Corner uppar fimit
gg:'m X value Y value :gl‘m X valus Y valus
standard @ change standard @ changs standard (3) change standard (3 change

1 ~55.00 6.00 ~ — -

2 -55.00 9.20 o -

3 -40.00 24.20 - i

4 -34.00 28.10 - -

5 2780 31.80 - ] -

5 -6.00 32,50 - g

L7 —3.00 24,90 - — I

g —3.00 0.00 - } - -

(@) officiat stamp date signature




tolerance masks
Bv.—No.
Caomplete this form if the tolerance mask
’ Y - shown opposite is to be ¢hangad or
48 QC, ; : \g extanded.
'§ : : . Only fillin the sections outlined
: : ; | in heavy iype,
: (D name
‘: 1 - _‘ ,,._E @ page number
; /,f } {same number on both sides)
933.5{*" ............ ' /_f ‘T ...................................... % @ changed corner values
‘/ ; @ official stamp, date, signature
€ ’{,1‘3 %
/ .
;o T
: | : !
L ‘?8 . ﬂ : ‘l : j ........................... .i. .....
L ; ! IName
| 5 R KO
Thi r i is used a1 ﬁs L : ! Pa e no
s magk Is use AN S DA : b
in tha foliowing 33,4 4.0 -2, HL g *
oparaling modes @
Listng. 1 List no. 2 List no. 3 List no. 4 Listne. 5 Listno. B Listno. 7 Listno. 8 List ng. @
77 Jo_ 4+ 3t 4+ oMb o .
a1
83
..... g3 " -
Units; Xin { dB <0, m0> ] Yin { dB I
Corpar lower Himit Cqmer upper kmit
igz.nt X value Y vaius ?gfnt X valua Y value
standard  § (3) changa standard | {3} change standard  § (3) change standard  { (3} changs
i —45 00 0.00 - __
2 -45.00 22,00 o e
3 —40.00 27,00 - -
4 ~30.00 33.00 - =
5 Q.00 33.00 - -
<] 0.60 0.00 o —
@ official stamp dats signature




PCM—-4/PCM-5 | maskno., |46 |/ Form3
| tolerance masks
Bv.—No.
Complete this form if the tolerance mask
' 7 ; shown epposita is to be changed or
Ty : : g] exiended.
e : : Qnly fill in the sections outined
? : : i In heavy type.
; ; 5 _Q (D name
5 ; 7 : |
: : s : ‘ @ page number
' Y ' } {sama number or both sides!)
Do D/ ' : :
38 ve prm——— % """ @ ochangsd cormer valugs
: 1 '
: I . i (@) official stamp, date, signatura
. / : . !
' “’" E i i
I b E !
: ; ! i
et i e i 3
: Lo ; | {Name
1 | R o
= N LT —— 5 ! [Pageno
is mask Is use ' 2 -
in tha follawing -55.4 -44.1 =200 .4 & g *
operating modes
Listno. 1 Listno. 2 Listno. 3 Listno. 4 Listno. 5 Listno. 8 Listno, 7 Listno. 8 Listno @
78
79
82 -
83
a0
31
94
35 S S
Urits: Xin [ dB <0, m0> i Yin { dB ]
Cormnar iower limit Corner uppet limit
izfm X valus Y value igfnt X valua Y valug
standard | (3) change standarg (3) change standard ] (3) change standard | (3) changa
1 ~45.00 G.00 - -
2 | _-4s00 24.00 . B
T =40.00 29.00 - -
4 -30.00 3500 - - .
0.00 35.06 - e —
0.00 0.00 o - .

@ ofticial stamp date signature




tolerance masks
Bv.—No,
Complate this form if the tolerance mask
g ‘ shown cpposite is to be changsd or
LT F— ; TN ,% extended.
' : : : Qnly fill In the sections cullined
: 5 : : inhgavy type.
(D name
' ) ; : @ pags numbpear
i {sama number on both sides!)
+3§'ﬂ; """ i (3) ehanged corner values
y i (4} official stamp, date, signature
| % | :
: : 3
: ! |
| /i :
2.0t e ;
o , .| |Name
; . ; i )
. Lo ;
Thie mask is used AN N b : >
in the foliowing -35.4 -40.8 il s0.4 Page ng'
operating modes @
Listno. 1 List no. 2 Listng, 3 List no. 4 Listno. B List no. 8 Listno. 7 Listno. 8 Lising. 8 i
a0 I
e — S %
a2 (
) . ‘
Units: Xin [ dB <0, mO> ) Yin { aB 1
Cgrner lawer limit c:tmar upper limit
zgi_m X vate Y value Eg{nt X value Y value
standard | (3) change standard  § (3) change standard { (3) change standard  § (3) changs
1 ~43.00 0.00 e -
2 —45.00 19.90 - e
3 -40.00 24.80 B -
4 -30.00 31.30 -
5 0.00 32.00 e -
8 0.00 G.00 —— .

@ officlal stamp dats signature




changs

Listno 9

@

Y value

]

standard
55,00

dB <0, ml=

upper Emit

[

(3) changs
signaturg

X value

Y in

standard

Cornar
point
no.
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date

Y vaiua

standard
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@ change

4
o
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M PCM-4/PCM~5
&) tolerance masks

Mask no.

Form 3

Bv.—No.

This mask is used

irt the following

Compieta this form if the tolerance mask
shown opposite is 10 be changed or

extandad,
Qoly 8 In the sections outlined
in heayy typg,

(D) name

@ pagenumbear
{same number on both sidest)

@ changed carner values

{2) otticial stamp, dats, signature

)]

Name

oporating modes

Page no.
€

List no. 1 Listng. 2 Listne, 3 Listno, 4 Listno, 5 List no. B Listng, 7 Listno. 8
104
106
114
118 N
Units: Xin f Yin dB <0, mo>
Cormner lower limit Cormer upper fimit
ir oint
201 " X valus Y valus P X vaius
na. no.
standard {3) change standard (3) changs standard { (3) change standard
- - 1 e ~£6.00

@ official stamp

date

signature




{3 change

Y value

}

standard
~75.00

4B <0, m0>

upper limit

[

signature

(@) change

X value

Yin

standard

Corner
point
no.

@ change
date

Y vaiue

standard

Iowér fimig

{3) change
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@ official stamp




Form 3

Listno 9

(3) changs

Y valus

]

List no. 8

standarg
~73.00

ha sections outiinad

dB <0, m{>

upper imit

{

{same numbser on both sidesh

Complete this form if the tolsrance mask
Listnog. 7

shown opposite is to be changad or
(2 page numbar

{3 changed cormar values

@ official stamp, date, signature

Bv.—No.
{1 name

{(3) change
signature

21

X value

Yin

bt
List no. 8

Mask no.

standarg

Corngr
point
no.

§
List no. 5

date

(3) change

List no. 4

(M PCM—4/PCM-5

G

Y value

standard

Listno, 3

lower limit

@ change

Listno, 2

X vaiue

tolerance masks

standard

[t

iist no, i

This mask is used

in the following
aparating modes

Units: X in
Corner
@ official stamo

137
139
paint

127
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@) cfficiat stamp




tolerance masks By._No

To CCiTT Rec, G.712/14.2

Complete this form if the tolerance mask
shown opposite is to be changed or
axtended.

QOnly fill in the sections outlined

(3) name

@ page number
{same numbar on both sides!)

(3 changad corner values

(&) official stamp, dats, signaiurs

Name
O

P .
Page no

This mask is used
inn tha Toliowing

operating modes g
Listno. 1 List no, 2 Listno. 3 Listno. 4 Listno, 5 Listnp. § List no. 7 Listng. 8 Lisino, § 1
) 142 ...... TR — N
143 e
144
Units: Xin { i Y in { dB <0 mo» I
Cormar lowar limit Corner upper limit
iy’ oint
igm: X value Y value 20' X vaiue Y value
standard  { (3) change standard  § (3) change standard  § (3) changa standard | (3) changs
e - i — -80.00

@ official stamp date signature




PCM-4/PCM-5 Mask no. | 24| Form3

tolerance masks
Bv.-No.

Completa this form if the iolarance mask
shown opposite s 6 be changed or

axtended.
Qnly fill in the segtions quilined
in heavy tvpe,

(1) name

@ page number
{same number on both sides!)

(3) changed comer vallies

@ official stamp, date, signature

Name

@
Tihis mask is used

in the following Pag@ nﬁ;

operaling modes @

Listng, 8 Listno, 7 Lising. 8 Listng, 8

4]

List no, 3 List no, 2 List no, 3 LUist ng. 4 List no.
145
148
149
182
163
156
157
160

Units: Xin [ } Yin [ dB <0, mb> ]

Corner lower limit Corner upper limit

‘ oint
Eg{m X value Y value :Qf X value Y value
standard | (3) change standard | (3) change standard | (3) changs standard  § {3) change

e T 7 — TEBT0

@) official stamp date signature




| PCM—4/PCM-5
| tolerance masks

Mask no.

25

Form 3

Bv.—No,

Complate this form if the tolerance mask

RTHT ; : shown opposite Is to be changed or
" H ; % axtanded.
: : : ; Qniy §lf in the sections outlinad
3 i 3 : in heavy ype.
: ! S S @ name
RINE e b
(@ page number
! ' j {sama number on both sigesh
: @ changed corner values
it &: i : (&) official stamp, dats, signature
-54.47 ) :
This mask is used LI L— : : :
in the following $641 20908 18068 E5009 72600 page Nno.
operating modas @
List no. 1 Listng. 2 Listno. 3 List na, 4 Listne. & Listno. 6 Listro. 7 Listno. 8 Listng. 8
161 § | __
162
163
184
Linits: Xin I Hz ] Yin [ 4B <0, mo> |
Corner lower limit Corner upper fimit
i 0ing
igmt X value Y value go. X value Y valie
standard @ change standard @ change standard @ change standard (8) change
—- - 7 - —50.00
(&) officiaf stamp date signature




CM—4/PCM-5 | maskno. [ 2¢] Form3
tolerance masks
Bv.—-No.
Complsta this form # the tolerance mask
Iy : : ; i shown opposite Is to be changed or
o : 1 extended,
: : : : Only filt in the sections outlined
: : : : inheavy type,
_ (@) rame
.10 ai @ page number
"‘5 : : {same numbar on both sidesl)
. @ changed corner vatues
i 5 . {4) official stamp, date, signature
40,0 : ;
! ] ! ; Name
: E : : ®
Thi k is used 500 L : 1 -
in the followng. 205 it 314 i | Page no.,
operating modes @
Listng. 1 Listno, 2 List no. 3 Listno, 4 Listno. 5 Listno. 68 Listno. 7 Listno. 8 Listng. 8
165
166
167
168
Units: Xin { Hz ] Y in { dB <0, m0> |}
Corner lower fimit Gorrer Lpper firnit
22?“‘ X value ¥ value zg!'m X vaite Y value
standard  } {3) change standard  { (3) change standard | (3) change standard | (3) change

- - 1 o -25.00

(@) officlal stamp date signature e
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@ official stamp




(M PCM—4/PCM-5

tolerance masks

Mask no.

28

Form 3

Bv.~No.

Complets this form if the tolaranca mask

TR : ! ; "] shown opposite ia to be changed or
' ; ; : % sxtendad,
; ' ' ! Qniy fHlin she sections outlinad
s z z | in hoav tvee.
e s | : ® name
43 E: : : : (@) paga number
! : ; {same number on both sidest)
é 3 : . @ changsd corner vaiugs
é 5 ‘ (&) official stamp, date, signature
428,10 : : :
T ; T Name
R : : E ©
This mask is used #10,85.) : : : e
inthe fcllowing o 1469 HELE 04y 3409 Page no‘
operating modes @
Listno. 1 Listno 2 Listng. 3 Listno. 4 Listno. 3 Listno. 8 List no, 7 Listng, 8 Listno, 9
173
174
Units: Xin [ Hz ] Yin [ dB <0, md> ]
Corner lower limit Corner upper limit
in int
igm X valug Y value ggm X value ¥ value
standard | (3) change standard | (3) change standard | (3) change standard | (3} change
1 300.00 0.00 - -~
2 300.00 20.00 - -
3 3400.00 20.00 - -
4 3400.00 0.00 o o
@ official stamp signature

date




\J tolerance masks
Bv.-No.
Complete this form if the tolerance mask
- . . shown cpposite s 10 be changed or
+34. 3 ; : g axtended.
; : : Qnly fill in the sections outlinad
; : : In heavy type,
58, @' ................................ .................................................... @ name
E {(2) pags number
: : {same numbsr on both sides!)
¥ T
. | N . E ©) changed cormer valuas
: ! : l (&) official stamp, date, signatura
'l : A S S—
+49. 0 5 e o]
H i |
H E : |
i ‘ : [
| : | |Name
3 ; ; ! 0
This mask is used ol : S . Paage no
in the following (2] 1369 280 004 3660 g "
operating modes @
Listno. 4 Listng. 2 Listng 3 Listno. 4 Listno 5 List no. B Ligt no. 7 List no. § Listrp. 9
179 | 188
=
151
182
183
184
i85
186
187
Linfts: X in { Hz 1 Yin { dg ]
Caorner lowar limit Cqmer upper Hmit
igmt X value Y valua ﬁm X vaiue Y value
standard (3) change standard (3) changs standaré  § (3) change standard (3) change
1 300.00 £.00 R e
2 300,00 46,00 - .
3 2400.00 46.00 - -
4 240000 41.00 ol o=
5 3400.00 41.00 - -
5 3400.00 0.80 —— -
@ official stamp date signature
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PCM-4/PCM-5

tolerance masks

Mask no.

Form 3

Bv.~Ng.

Complete this form i the tolsrance mask

shown opposite i 1o be changed or
exianded,

Qnly filiin the sections putlined
inheavy type,

{1 name

{2} pags number
{same number on both sides?)

@ changed corner values

@ official stamp, date, signature

Name
©

This mask is used MLl — ‘tﬁ """ : Page noe
in the following @ *
operating modes
List no. 1 List ng, 2 Listno, 3 Listno, 4 Listno, B List no. 6 Listno. 7 Listno. B Listno. &
190
Units: Xin [ ] Yin [ MIKROSEK. |
Comer iower limit Comer upper kmit
oint i
Eog_h X valus Y value ggmt X vaiue Y valua
standard (3) change standard @ change standard | (3) change standard {3 change
- —— 1 —— 360.00

@ official stamp

date

signature
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signature

date

(@) official stamp




tolerance masks
Bv.—No.

Completa this farm if the tolerance mask
shown opposits is to Da changed or
extendad.

LQnly fill in the sactions cullined

1) name

(2 page number
{same number on toth sides!)

@ changed comsr values

@ official slamp, date, signature

[T S

Name
®

This mask is used
in the following
opaerating modes

Page no.
a g

List ng. 1 List no. 2 Listno. 3 tist no, 4 Listno. 5 Listne. B Listno. 7 Listne, 8 Listine 3
192
Units: Xin { ] Yin [ MIKROSEK. |
Corner lower Hmit Comer upper imit
Eg;‘m X value Y value ngm X valug Y value
standard | (3) change standard | (3) change standard  § (3) changs standard  f (3 change
— e 1 —-= 3000.00

{4 official stamp date signature




tolerance masks
Bv.—No.
Complete this form if the tolerance mask
YT ] ? i " it shown opposite is to be changed or
H : : H 1 H % sxtended.
P ; : [ Only fill in the sections cutined
: | ; : . : in heavy tyne.
S 5 b
! o "‘j E {1} name
E 1] : g ‘ @ page number
: l : i : (same number on both sides!
4580 “] ‘I : (3 changed comer vatues
' ] : [ ‘ {4 official stamp, date, signature
: . : .
M | | Name
: : : : @©
This mask is used - -200 : : :
in the following i 1408 2R w0 3600 page ﬂO'
operating modes @
List no. 1 iistno. 2 Lisino. 3 Listno. 4 Listno. 8 Listne. 8 Listno. 7 List no. 8 Listrio. 9
193
Units: Xin [ Hz i Y in { MIKROSEK. ]
Comer tower limit Corner upper fimit
it i
ig_r X valus Y value ﬁg‘nt X vaiue Y value
standard  § (3} change standard | (3) changs standard  § (3) change stancard | (3) change
““““ . 1 500.80 10000.00
—- — 2 500.00 1500.00
- — 3 600.00 1500.06
- - 4 B00.00 750.00
- — 5 1000.00 750.00
— - 8 1000.00 250.00
- 7 2610.00 250.00
- -— 8 2610.00 130000
- ] 2800.00 1504.00
- — = 10 2800.0C 10000.00
(&) official stamp signature
date g




M PCM—4/PCM-5 Form
G to?eranée masks Mask no. | 35 | "orm 3
Bv.—-No.
Completa this form if the tolarance mask
: : : J — shown opposite is to be changed or
Hege ; ! I % extendad.
b ' ' J : Only #l in the segtions outlingd
': | f : E ; in negvy fype.
"ﬁ ) - {1 name
i ) . ; i :
. i 4 . . .
: : i {2) paga numbar
I : : E : {same number on both sidesl)
P R " e
+364 : ' : : : ' @ changad corner values
[ : L
[— ..’ f ! : @ official stamp, date, signature
. i : : :
: i . i H
: | ' I :
e ! d
Wl : | : Name
: : : : 0
This mask is used -204 : “ et -
in the following 248 Hgh 2408 I3 3600 page no.
operating modes @
List no. 1 Listne. 2 List no. 3 List no, 4 Listno, 5 Listng, 6 Listne. 7 Listng. 8 Listno. 8
184
Units: X in f Hz } Yin { MIKROSEK. |
Caornat lower limit Corner uppar limit
" int
2:1.!% ¥ valus Y valua ig{n X vaiue Y value
standard (3 change standard @ change standard | (3) change standard (2 change
e - 1 500.00 10080.00
- o 2 500.00 750.00
- — 3 600.00 750.08
- - 4 800.00 380.00
- - 5 1C000.00 380.00
—— —— B 1600.00 130.00
. e 7 2610.00 136.00
—— o 8 2610.0C 750.00
o~ —-— 9 2800.00 780.00
e P 10 2B00.00 10000.00
(@) official stamp date signature




tolerance masks
Bv.~No.
Complets thig form i the tolerance mask
. " ; n shown opposite is 10 be changed or
Hi 31}; E ' } ' % extandad,
' - : ; M Qnly fill in the sections oulined
; § : : { inheavy ype.
L : |
: i H ; i’““ | @ name
; ! : f @ page number
| : i {same number on both sidest)
#3500 } ' (3) changed carnet values
; R ; | ;
: ! | (4} efficial stamp, data, sigrature
| ! i .
' | E |
0o ; : , Name
s : : ? O
This mask is used 200 :'
in the following 219 1hEe 2008 I0RE T80 Page ne.
operating modes @
List no. 1 Listno. 2 tistno. 3 tistno. 4 Lisino. & | Listno. 8 tistno. 7 bistno 8 Listno, g
185
Units: Xin [ Hz ] Yin [ MIKROSEK. 1}
Corner towar Himit Corner upper limit
Eg‘.m X value Y valus ggfnt X value Y vaiue
standard  § (3) change standard  § (3) change standard | () changs standard | (3} changs
— o e 1 Z00.00 1000000
_ —— 2 S00.00 750.04
—— - 3 £00.00 720,00
g —— 4 600.00 380,00
- - - 5 1000.00 380.00
e - 8 10080.00 130.00
— - z 261000 130,08
e — 8 2610.00 750,00
— g 9 2800.00 780,00
e - 10 R800.00 1000000
@) official stamp date signatura




tolerance masks
Bv.—No.
Compiete this form if the wlerance mask
AT ] ' ‘ : shown oppoesite is 1o be changad ar
o ! extandad.
, i ; ! : Qrly fillin the segtions oullined
5 | : P in heavy type.
] | o @ name
' ‘| | : @ page numbar
. 1! . ; [same number on both swigsl :
: . o }
1540 : (_@ changed cornar valuss :
(4} official stamp, date. signatre \
e f 3 : :
"a"th mask is_ used 3&%9 ‘
in the following :
operating modes :
List no. 1 Listno, 2 Listno, 3 Listno. 4 Listno. 5 Listno. 8
188 ,
b
Units: X in { Hz } Yin [ MIKACSEX. | ) ‘
Cormer lowar Hmit Cormer upper imy
gg'_m Xvalus Y value igfm X valus ¥ valug

standard | (3) change standard (3) change standard | (3) change standard  { (3) changs
50000 TO000 CG
500,00 : 000 00
BOC.00 TUTEYTTBERe oY T
80000 YRGS DE YT
1600.00 1500607
1000.60 BROO0 &
610,00 50606 §
2610.00 POLEHH
2800.00 200068
BEGEH0 1000000

i
|
'
1
i D] ol ~3 ] O] Bj L] RD) —

i
i
I
i
"y

official stamp data signatiirg




im PCM—4/PCM-5
vt folerance masks

38

Form 3

Bv.—No.

This mask is used

in the following

operating modes

Complete this form if the tolerance mask
shown opposite is to be changed or
axtended.

Cnly il i the sections outlingd

in heavy type.

(1) name

@ pags number
{same number on both sidesf)

(3) changed corner values

(@) official stamp, date, signature

Name
©

Page no.
5 g

List no. 1 Listnp, 2 List no. 3

List no. B

Ligtno. 7 List no. 8 Llstnp. 9

ead

228

232

238

240

244

248

252

258

Units: Xin [

Yin

[ dB <0, mo> ]

Corner fower limit

Cotner

upper imi

poim
' Xvalue

Y valua

point
no,

X value

Y value

ng,
standard | (3} change

standard

(3) change

standard

standard | (3) change

@ changs

1

—60.00

@ official stamp

date

signaturg




ce masks
toleran Bv—No.

Comgpiste this form if the tolerance mask
shown opposite is to be changad or
extendad.

Only il In the sactions outined

{1) name

@ page number
{same number on both sidesh

@ changed comer values

(3) official stamp, date, signature

[ FE

Name
®

This mask is used
ir the foliowing

Page no.

nperating modes @
Listno. 1 Listno. 2 Listno. 3 Listno. 4 List no. 5 List no. 6 Listno. 7 List ro. 8
..... 225 | 242 . ST I,
28R | 245 3
220 1 248 i
230 1 249
233 | 250 -
234 1 253 :
237 | 254 I !
238 | 257 S i
241 | 288 !
Units: Xin ' [ 1 Y in [ oB<0 md> ] By
Corner lowar imit Cgrner upper fimit
22”“ X value Y value szmi X value Y value
l standard @ change standard @ change standard § {3} changa standard @ changs
- L= 1 - -53.00

@ cHiclal stamp dats sighature




: o : r
] PCM—4/PCM-5 Mask no. 40 || Form 3
) tolerance masks
Bv.—-No.
Complete this form if the tolerance mask
T T " ; "] shown opposite is to be changed or
el : ' : % extanded,
: : : : Only fill in the sections uilinad
; : : i inhegvy type,
; e | @ rane
o 5 —— (@ page number
29‘g: . : . {sams number on hoth sidest)
g—.—-—_ H 1 @ changed corner values
E H ; [.. ............. “] @ official stamp, date, signature
5 3 g -
14, ﬂ‘:A{ ...................... e pro———— ! l
3 ; 3 L
| o s o
¥ : B o Name
Th k ¢ i, % 5 i ; 5 p
is mask is usa ALY ! SO SO y :
in the following 20 it 3iid T age no.
operating modes @
Listno. 1 Listno. 2 Listno. 3 Listno. 4 Listno. 5 List no. 8 Listno. 7 Listno. 8 Listne. 8
1
S
3]
B NIRE
Units: Xin [ Hz ] Yin [ dB 1
Cornar lower limit Cormar upper limit
pont X value ¥ value point X value Y valus
no. no.
standard @ change standard @ change standard @ change standgard @ change
1 300,08 -98.99 = _
2 300.00 13.00 o e
3 500,00 13.00 . .
4 500.00 18.00 — - o
5 2500,00 18.00 g D )
8 2500.00 14.00 o -
7 3400 09 14.00 —— _
B 340C.00 -5%.99 - .
@) cfficiat stamg date signature
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PCM—4/PCM-5 Mask no 43 || Form 3
tolerance masks
Bv.-No.
- Complete this form If the tolerance mask
V1.5 . : 1 % shown opposita is to be changed or
! : ! extended.
: : : : Qnly filf in the sactions cutlined
U R, S ——— errsesncomesesossesissios - In heavy iype.
3 ; : : () name
:}__”__ .,......L S : - @ page number
| : {same number on toth sides!)
] (@ changed corner values
+, i f ............... :L ....... :» ......... ; .................. -
: ' : : (& official stamp, date, signaturs
¥ : I :
3 | 5 : | :
S o ; ; . B ——
3 : : ; iName
T : ' k] .
: ! : i @
This mask is usad -1.8 :j I: : iE .................. P
bttt 210 1] 7148 HITIASIY age no.
in the following 5
eparating modes (D
List no, 1 Listno. 2 Listno. 3 Listno. 4 Listno. 5 Listno. 8 Listno. 7 Listno. 8 Listng, §
— 17
21 -
25
L. 29 _
X} —_
37
..... _ .41
4% ‘
;
Units: X in [ Hz ] ¥ in [ B ] :
Cornar lower fimit Co_rner upper limit
igfm X value Y value ﬁgfm Xvalue Y value
standaré | {3} changs standard [ {3) change standard | (3) change standard  § (3) changs
1 300.00 -85 .99 13 10.00 0.00
2 300.00 —2.00 14 200.00 0.00
3 400.00 -2.00 15 200.00 .60
4 400,00 -1.50 18 3600.00 fait]
5 800.00 -1.50 i7 3600.00 0.00
5 600.00 -70 1 5000.00 0.00
7 2400.00 =70
8 2400.00 ~1.10
9 3000.00 -1.10
18 3000.00 ~3.00
11 3400.60 -3.00
12 3400.00 -95.99
(&) official stamp date signature




1 PCM—4/PCM-5 Mask no. | a4 || Form 3
wJ tolerance masks
Bv.—No,
Complete this form if the tolerance mask
R ; . . shown opposite is to be changed or
: : : g extended.
; 3 : ; Dnly fillin the sections outlinad
S . ; ; In heavy type.
: : : : ) name
@ page number
: {sama numbar on both sidesd)
f I T (@) changed corner valuss
H00 : official stamp, date, signature
3 z S
i : : 1
! : : 1
b a : S
by ! ; ;o Name
H | : ] ©
This mask is used -1 E s E P a
in the foilowing W (T F) REUH ] ag no.
operating modes @
List no. 1 Listno. 2 Listng 3 Listno. 4 Listno. 8 Listne. 6 Listno. 7 Listno. 8 Listno. 9
18 35
ig 38
22 38
23 42
26 43
27 48
30 47
3
34
Units: Xin [ Hz ] Yin i dB ]
Cormer lower limit Garner upper limit
:gint X value Y value igt_m X vaiue Y value
standard (@) change standard @ change standard 1 (3) change standard {(3) change
1 300.00 : 9-99.89 13 10.00 0.00
2 300.00 -1.00 14 200.60 0.00
3 400.00 -1.00 15 200.00 30
4 400.0¢ -75 16 3600.00 30
] 800.00 -.75 t7 3600.00 .00
4] £00.00 ~35 18 5000.00 .00
7 2400.00 -.35
8 2400.00 ~.55
g 3000.00 .55
10 3000.00 -1.80
11 3400.00 -1.50
12 3400.00 —95,99
(&) official stamp gala signaturs




tolerance masks
Bv.~No.

Complete this form if the tolerance mask
. i shown opposiie is to be changad or

! : ‘ sxtended.

! : 1 : Only fillin the sections outiined

SR ; ! : in Deavy fybe.

Y name

@ page number
(same numbar on both sides!

@ changed corner values

S Y N |
b : {4) official stamp, date, signature

Name
‘ ©
This mask is US| 7Ll i s e s ﬂj - Page ﬂ@l
in the following .0
operating modes @
List no, 1 Listng. 2 Listne. 3 Listno. 4 Listno. 5 Listho. B Listno. 7 _bListno, 8 g
a1 S
54 ;
25 ;
-1: 100 TN 1 SRR S 1 AUUNNS NN I I b W N i S S S ;
G i
4 1.B2 — i
63 B
Units: Xin [ dB <0, m0= i Y in ! daB ]
Caomer lower limit Cornar upper limit
i int
igfnt K valua Y value 2::'n A valua Y value
standard  f (3) change standard | (3) change standard  { {3) change standard | (3) changs
i —35.00 ~99.99 g ~55.00 30.00
2 ~55.00 =1.40 10 ~55.00 . 140 R
3 =000 ~1.40 11 =55.00 140 _
4 5000 =0.80 12 =50.00 +0.80
g 40,00 -0.80 13 —40.00 . +0.80
g -AQ00 -0.50 14 —.40.00 +0.50
7 .00 .50 15 3.00 +0.50
g $.00 -£9.99 18 3.00 3080

(4) officlaf stamp date signature




M PCM—4/PCN~5
=) tolerance masks

Mask no.

ag || Form 3

Bv.~No.

This mask is used

extended,
In heavy type
) name

{2} page number

e S v

(3) changed cotner vaiues

Complete this form i the olerance mask
% shown cpposite is to be changed or

Only f#l in the sections cutlinad

{same number on both sidesl)

(3 ofticial stamp, date, signature

Name
@

=344

==

- <t 2
in the following b0 {0 gage no
operating modes
List no. 1 Listnho, 2 List no. 3 Listno, 4 Listnc. 8 List no. 7 List no. 8 Listno 9
85
8g
Units: Xin <0, m0> Yin I aB
Cormer upper limit
28@ X value X value Y valug
standard  § (3) changs standard  § (3) change standard  § (3) change standard  { (@) change
1 -55.00 ~1.40 ~55.00
2 --50.00 ~1.40 -50.00
3 -50.00 ~.80 ~50.00
4 —40.00 ~-.80 —40.00
5 =40.00 =50 —40.00
[ -10.00 -, 86 =16.00
7 ~10.00 —89.99 =10.00
@ official stamp signature




PCM-—4 - Form 3
tolerance masks
Bv.—-No.
Complets this form i the tolerance mask
T - : : shown opposite is to bs changed or
B : % extended.
; : : ‘ Qaly fil in the sections guilnag
! : : : ' In heavy type.
: f (1) name
+g . 0 I\,.AH....‘...-...................“...:.....,........“..,A....:.......)..‘....A....u...,. ........................
L : : (2) page number
: _] . ; {same number ¢n bath sides!)
. | - .
: :' e {3) changed comer vaiuss
IR R g ! ; (4} ofiicial stamp, date, signature
i g e T
-
g b : 5 S
5 3 f
- ; ; ; Name
Thismaskisused 1 2,0 : : ;
in the following il -3 200 <18 Page no.
apsrating modes - H
List ne. 1 Listno. 2 Listno. 3 Listno. 4 Listno 8 Listno. B List no, 7 Lising B Listno 89 b
6E - \‘
67 1
70 !
71 A :“
Units: Xin { dB <0, m0> I Y in { a8 ;
Carner iower limit Corner upper imit
int int
izwn X valus Y vaiue 22'“ X valus Y valua
standard | (3 change standard  § (3) change standard | (3) change standard | (3} change
i =55 00 =70 8 ~55.00 .70
2 ~50.00 - 70 9 ~50.00 e
3 -50.00 =40 16 -50.80 AD
4 -40.00 =40 1 —40.00 A0
5 -40.00 -.30 12 -40.00 30
§ ~10.00 ~.30 13 ~10.00 30
7 -10.00 -39 99 14 —-10,50 3000
@ officlal stamp dats signature




] PCM-4/PCM~5 | maskno. | ag ]| Form 3
) tolerance masks
Bv.—No.
Compilate this form if the tolerance mask
T : ; "! shown opposite is 1o be changed or
HE ; : % extanded.
: : : Qniy fill in the sections gutiined
5 : ; in heavy type.
i : e e i - (D rame
: P : {
! o/ \ {(2) page number
o 43‘: P : . {same number on poth sidesl)
/ \'\ (@ changed corner values
i ! ) i
: ,/ ; : (@) officiat stamp, date, signature
| 7 | |
3 /o § |
L e |
VA '= | |Name
L/ g ; i P
This mask is used # @/ ......... ‘; 5 i """ Page n@
in the following -55.4 480 ~H .4 #
operating modes @
Listno, t Listno 2 List ng. 3 Ligt no. 4 istne. 5 Listno. B Listno. 7 Listno. B List no. 9
73
Units: X in [ dB <O, mo> ] Y in i dB ]
Cqmer lower limit Corner upper limit
:gfm X valua Y value ggfnt X valua Y valug
standard  { (3) change standard | (3) change standard  § (3) changs standard  § (3) changs
1 ~25.00 .00 e -
2 -55.00 11,10 = o
e -40.00 2810 g o
4 -34.00 3070 = e
o] —27.00 32.40 — —
@ -8.00 32.40 - o
Vi 3.00 24.80 o =
8 ~3.00 0.00 - B
@) officlal stamp date signature




tolerance masks

Bv.—~No.

Completa this form if the tolerance mask

e : ; T shawn oppoesita is 1o be changed or
el : : % extended.

: : : Qniy fillin the sections cutlined

; ' inheavy tvoa.

i L . K (@ nams

! ; - : t

! b E 4 (Z) pags number
P T S———— L/ ................................. R —— ‘\. ....... {same number on both sides!)

; o/ : ;

' o : i (3) changed corner vaiues

: /i : i

- {2) official stamp, date, signature

Tl

Name
L E : !

.

. ®
This mask is usad HIp e
i tha following -3, SN N % gage no.

ot

operating modes

List o, 3 List no. 2 List ne. 3 List no. 4 List no. 5 List no. 6 List no, 7 List 0. 8 st pe. @
74 NN UNNUR I SN S -
Unitg: X n [ dB <0, m0= ] Yin { ! i
Corner lowar fimit Cornar upper fimit
3 int
izsnt X value ¥ vaiue gg{n Xvalus Y vahia
standard @ change standard {3 change standard (3) changs slandard (3) change
1 =55 00 0.00 e - =
2 ~55.00 12,40 o -
3 ~40.00 27.40 - [ -
4 ~-34.00 32.00 - o
] -27.00 33,70 - —_—
8 -8.00 33.70 - = —
7 -3.00 26.10 s o
8 -3.00 (.00 - -

@) official stamp date signature




w PCM-4/PCM-5 Mask no. | 5o || Form3
- tolerance masks
Bv.-No.
Compiete this form # the tolerance mask
TN ; : shown opposite is to be changed or
i 5 oo % extendad.
: ' : Only fill in the sections outlined
: : : in neavy type,
: : e b -
/‘" : ‘ (1) name
. L, ! i
! : ! 1
; ,/ | \ @ nage numbar
A0 gl \ . {same numbaer on both sides!)
\ v 1
: i
/i oo {3 changed cornar values
: 3 | |
'/ : ! official stamp, date, signature
/Fo
Lo |
: / | | |
H2) Qs ; g
L/ ; i Name
/ : : - @O
Th +H3 Gz : : ! P
is mask is used Akl : - e
in the followig 5.1 SN i i age no.
oparating modes @
List no. 1 Listno. 2 Listne, 3 Listno, 4 Listno. 5 Listng. 6 Listno, 7 Listng 8 Lising. 8
78
Units: X in [ dB <0, mo> ] Y in [ dB ]
quney lower limit Coiner upper limit
igim X value Y value zgfnt Xvalue Y vaiue
standard  § (3} change stancard  { () change standard  § (3) change standard  { (3) changs
i =82.00 . £.00 = B
2 ~55.00 13.40 e =
3 4000 °8.40 - P
4 ~34.00 33,00 == e
g -27.00 3470 - .
8 -840 34.70 — e
7 -3.00 27.19 _ s
B ~3.90 0.00 e e
@ official stamp dats slgnature




PCM—4/PCM-5
| tolerance masks

Mask no.

Form 3

Bv.—~No,

Compiste this form if the tolerance mask

: . i shown opposite is to be changed or
T [ —— SO SR ,g extended.
AR i : : Only fill in the sections guliined
! : ' : i heavy tvpe,
'E : ) nama
e M ,,,,,,,,,,,,,,,,,,, ..a @ page numbaer
Y. ' ] {same numbar on both sidesl)
. ; ’ ; i
#3410 ‘ /,f """""""""" ; RS (@) changed cormer valuss
{ r"‘ ' } @ official stamp, date, signature
‘ % z g
: /! ; !
: ;o ; |
: T ? .
120, 0 et : o
5 o E ; Name
A ; o
: ;o : !
This mask ts used 14, e N, . :
in the following 55,8 -1p.4 -28.4 .9 Page no.
operating modes @
List no. 1 Listno. 2 Listno. 3 Lisine. 4 Listno. 5 Listno. 8 Listno, 7 Listno. B Listno, 8
77
81
89
N 33
Units: Xin { dB <0, m0> ] Yin { di3 ]
Cormnar towsr limit Cornar uppar limit
Egmt X valus Y value ﬁﬁmt X valus Y vaius
standaré | (3} change standard | (3) changa standard | (3) change standard 1 (3) change'
i ~45.00 0.00 - -
2 ~45.00 22.00 -— o
3 ~40.00 27.00 - -
4 ~30,00 33.00 - -
5 0.00 33.00 - ——
5 0.00 0.00 o -
(2} official stamp date signature




PCM-4/PCM-5 Mask no. |52 || Form3
s tolerance masks
Bv.~No.
Complete this form it the tolerance mask
; g T T shown opposite i3 10 be changed or
40 [}: ‘ ; - exiendad,
T : ! o Qniy fill in the sections outlingd
; ! ; : In haavy type,
s z | S @ e
; ya : .} (2) page numbar
: 7 1 {sama number on both sidesh
; 14 . \
130, 0r ek ; {3 changad comer values
H Iy H
: /' : % (&) official stamp, date, sigratura
7 . !
[ /o 3
] z |
L | E !
+£G . g E : : ............................ E..u
| L z | Name
i i ;
This mask is used HE L, : : L .-
in the following ~55.0 <406 -28.1 1.1 Pagg no.
operating modes @
List no, 1 Listno. 2 List no. 3 Lisino. & List no. 5 Listno. 6 List na. 7 Lising, B listno. 9
78
79
az
a3
20
g1
G4
95
Units; Xin [ dB <0, m0> ) Yin { a5 ]
Comer lower lmit Cormner upper limit
EZ{m X vailus Y valug Eg'_m X valie Y vaiue
standard | (3) change standard  { (3) changs standard  { (3} changs standard | (3) change
1 —45.00 0.00 e -
2 —45,00 24 00 o T e
3 -40.00 29.00 - -
4 ~30.00 35.00 - -
5 0.00 35.00 - -
5} 0.00 0.00 - v

@ official stamp date signature




PCM—4/PCM-5
tolerance masks

Mask no.

Form 3

This mask is used

in the following

Bv.-No.

Completa this form if the tolerance mask

shown opposits is t¢ be changed or
extendsd,

Only fill in the sections autlinad
lnhsavy type,

(D nams

@ page number
{same number on both sides!)

(D changad cormer values

(&) official stamp. dats, signature

Name :
D |

Page no.

operating modes @
List no. 1 Listno. 2 Listng 3 Listno. 4 Listno. & Listno. 8 Listno. 7 List no. 8 Listno. @
o1
108
113
117 _ )
Urits: Xin { ! Yin { dB«0,mo> ]
Comer tower fimit Corner upper Emit
oint Gint
20 Kvalug Y vaiue go‘ X vaiue Y valug
standard {(3) change standard @ change standard § (3) change standard  } (3) changs
— - 1 - —£5.00
{4) official stamp date signature




PCM—4/PCM-5 Mask no. |54 | Form3
J tolerance masks Bv.—No

Compileta this form if the tolarance mask
shown opposite is to be changed or
axtended.

Only fill ln the sectlons outlingd

in heavy ivpa

(D name

@ pags number
(same number on hoth sidest)

@ changed corner values

@ official stamp, date, signalure

Name
A ‘

This mask is used
in the following
operating modes

Page no.
& g

List no. 1 Lising, 2 Listno. 3 Listno, 4 Listng. § Listno. B Listno. 7 Listno. 8 Listno, 9
102
106
114
118
Units: Xin [ i Yin . dB <0, md> ]
Corner lowar mit Corner upper iimit
| in
22mt % valug Y value ﬁgE t X value Y valus
standard  § (3) change | standard  § (3) change standard  f (3) changs standard | (3} change
- — i - ~68.00

@ official stamp date signature




PCM-4/PCM-5
tolerance masks

Mask no.

55 Form 3

Bv.~-No.

axtended.
Only fllin the sactions outlined
inheavy type,

(1) name

(2) page number

@ changed corner values

Complate this form if the tolerance mask
shown cpposite is to be changed or

{same numbar on both sidas!)

{4} cofficial stamp, date. sighature

Name-
© |

This rnask is used : : Ll LA Pag @ HG.
in tha foliowing '8 4l i @
apgrating modes
List no, 1 List ng, 2 List no. 3 Listno, 4 Listng. 5 Listno. 6 List no. 7 List no B Listng. 0
103 : ’
B 107 . _E
115 - i ‘
e, 18 - _— :
Units: X in [ | Yin [ dB<O0.md> |
Carmar fower limit Cornar upper it
i in
agmt X value ¥ value i:m X valua Y value
H . .
standard | (@) change standard (3) change standard | {3) change standard | (3) change
- - 3 — ~7E50
@ offlclal starmp dals signature




tolerance masks
Bv.~No. i

Complate this form if tha tclerance mask
shown opposits is to be changed or
axtended.

Only filt in the sections ouliined

{1 name

{2) page number
{same number on both sidas!)

(3) changed corer values

(&) official stamp, cate, signature

Name
D)

This mask Is used
in the following

Page no.

.,
operating modss 2
List no. 1 Listno. 2 Listno 3 List ng, 4 Listng 5 Listno. 6 List no. 7 Listno. 8 Listno. 8
125 143
127
129
131
133
135
137
138
141
Units: Xin { ] _ Y in [ dB <0, mo> ]
Coraar lower limit Corner upper imit
in olnt
?2“ X value Y valus 201 X valug Y value
standard  { (3) change standard  § {3 changs standard | (3) change standard | (3) change
—— ‘ . ! = ~73.50

@ cofficial stamp date signature




} tolerance masks
Bv.—No.

Complate this form if the tolsrance mask
shawn opposite is 1o be changed ar
extendad.

Qnly & in the sections outlingd

(I name

(2) page number
{same number on both sides!

{3 changed corner valuas

@ official stamp, date, signature

Name
O

This mask is usad
in the folowing

Page no.

aparating modes @
Listng. 1 Listng. 2 Listno, 3 Listno 4 Listro & Listno 8 Listno 7 Ligtno. 8 Listng §
126 144 - :
128
130 B E
132 e
134
138 |
) 138 N -
140 —
142
Linita: Xin { i ¥Yin I dB <0, m0> ]
Corngr lowar limit Corner upper limit
point point
no X value Y value no. X value Y value
standard | (3) change standard | (3 change standard  § (3) change standard [ (3} changs
b - 1 e 70,00

@D official stamp date signature




| PCM—4/PCM-5
J tolerance masks

Mask no.

58

Form 3

Bv.-No.

Compiete this form if the tolerance mask
shown opposite is to be changed or

] . . e
20 ‘; ; % extended.
: : Only fill in the sections outlined
: : in heavy type,
: name
- 3@ R g’: ‘ ; pre @
; (2) page number
H . H : {same number on both sides!)
: @ changed comer values
L ! : (@) official starnp, date, signature
SN . ;
. ; : ; @
This mask is used 50,00 : : ‘
in the following T it awiynet (| Page no,
operating modes @ !
Listno. 1 List no. 2 Listno. 3 List no. 4 Listno & Lisino. 6 List ng. 7 Listno. 8 Listno 8
161
162
163
164
Units: X in [ 1 Y in { dB <0, m0> ]
Corner lawer fimit Corner uppar limit
oirt oirst
Eo_n X vaiue Y value So. X value Y value
standard | (3) change (3) changa standard § (3) changs standard  § (3) change
— -— ~50.00

(& offictal stamp

dae

signatura




PCM—4/PCM~5
tolerance masks

Mask no.

59 Form 3

Bv.—-No.

Complets thig form if the tolerance mask

TS : g shown cppesite s to be changed or
: ; : extended.
; : Oedy fill in the sactions oulined
B bt s e s e s in heayy ypa,
(1) name
-30‘35 .......................... i. ................................ é .................................................... @ pags number
: : {sams number on both sidaes!)
f @ changed corner valles
3 {4 official stamp, date, signatura
-4g, UE ............ it et .
| " | Name |
s e © “
e sk ST - 1 T A
This mask is used 255 T35 3114 L Page no.
it the following O
oparating medes 2
Listno. 1 List ng. 2 Listno 3 List no. 4 Listne, 5 Listno. 8 Listng. 7 List no, 8 Lising, 9
165 .
166
167 ...
188 .
Units: Xin { Hz H Y in { dB <0 ml> |
Cornar lowar fimit Corner upper mit
i oirn -
igm X value Y value 20. X value Y vaiue
standard | () change standard | (3) changs stancard | (3) change standard | (3) change
" _— 1 - =25.00
@ official stamp date signature




PCM-4/PCM-5 Maskno. | g0l Form3
Bv.~-No.

Compiste this form if the tolerance mask
shown opposite is to be changed or
axtandad.

Only fillin the sections outlined

in heavy.ype.

{1) name

(@ page number
(same numbser on both sidesh)

@ changad corner vaiues

(@) official stamp, date, slgnaturs

Name
®

This mask is usad

Page no.

irt the following @
operating modes
List ng, 1 Listno. 2 Listno. 3 Listno. 4 Listng, 5 List no. B Listno 7 Listno. 8 Listno. 9
171
172
Units: X in [ I Yin [ dB <0, m0> |
Corner lower limit Corner upper fimit
o aint ‘
ig'm Xvaiue Y valug iom X vaiue Y value
standard | (3) change standard (3 change standard  { (3) change standard | {(3) change
- bl el 1 - =50.00

@ official stamp date signature




tolerance masks
: Bv.--No.

Comiplete this form if the tolerance mask
s ; ; S % shown opposits is to be changed or

axiandad,
: : : Only fillin the sections cutlined
: : : : in heayy tvpa.

{1) name

: @ page number
{sames number an both sides’;

@ changed corner valies

. : : (4 official stamp, date, signature

T ; T iName
S ; P ®

: : : : |
This mask is usad +18,0 ' : : p— s
in the fallowing 1Lk 1988 2844 iohs 1g0b ;Pag& no.
operating modes \?)
Listno, 1 Listno. 2 Listno. 3 List no, 4 Listno § Listng. 8 Listno 7 List no. 8 Ligt ne 4
. | 173
174 \
175 —
176 UUIION B NN S I S
177
178
Units: Xin { Hz i Yin [ s j
Cornar lower limit Corner upper firmit
[ aint
i:mt Xvalus Y value goi K valug Y vaiue
standard | (3) change standarg (3) change standard | (3) change standard  { (3) change
1 300.00 0.00 g e
2 300.00 12.00 —— -
3 £00.00 12.00 - o
4 800.00 15.00 - .
i 3400.00 15.00 - -
5] 3400.60 i .00 - ——
7 4000,80 0.00 o .

@ offictal stamp data _ signature




E
) tolerance masks
Bv.~No.
Completas this form if the tolerance mask
AT ! ; shown opposite is 10 be changed or
! E ; g axtandad.
: : ! : Qnly fill in the sections outlined
| i z | in heavy yge.
54, g ............................... .................... {1) name
@ page number
: . . (sama number on both sidesi)
: r : 1 :
5 : ] : @ changed corner values
; : : (%) official stamp, date, signature
Y ai"“ : : -
I o
| '; | L
S : : L
T ' i | [Name
3 f i BN A
This mask is used 30,0 : — O
in the following 269 1een 2019 00 360 Pag@ no.
operating modes @
Listno. 4 Listno 2 Listng, 3 List no, 4 Listno. 5 Listno. 6 Listno 7 List no. 8 Listno. 9
178
188
181
182
Units: Xin f Hz ] Y in { daB 1
Corner lower limit Corner upper limit
igmz X vaiue Y valug 22@ X value Y vaiue
standard | (3) change standard | (3) change standard | (3) change standard  § (3) changs
1 300.00 0.00 - e
2 300.00 40.00 ——— —
3 600.00 40.00 - .
4 600.00 46.00 - -
4] 2400.00 46.00 e —=
4 2400.00 41.00 - ——
7 3400.00 41.00 e -
8 340G.00 G006 - _—
(&) ofticial stamp date signature




PCM—4/PCM-5
tolerance masks

Mask no.

63

Form 3

This mask s usad

in the followng
oparating modes

Bv.-No.

Complets this form it the tolerance mask
shown opposite is to ba changed or

extendad.

Qnly fill in the sections outlined

i neavy type.

name

page numbear

{same number an both sides!)

changed corner values

official stamp, dats, signature

Name

A}

Page no.

e

Lisino, ¥ List no. 2 Listno 3 Listno, 4 Listno. 5 Lisino. 8 Listng, 7 List no, 8 ;
- 183 " ;
184 N ) N ;
185 i ‘
18 S i
187 - i
18 i
Unitg: Kin [ Hz i Y in : AR |
Cormer fowar limit Correr upper bimit
poit It
;_g'_ﬂt X value Y value gg_ﬂ X value Y valug
standard | (3) change standard (3) changs standard  § {3 change standard  § (3) change
i 30000 .00 - -
) 30000 40,00 e -
! 800,00 40,00 - —-—
4 £00.00 468.00 o —
5 2400.00 48,00 —— - -
5] 2400.00 41.00 - -
z 3400.00 41.00 g —
8. 3400.00 0.00 - -

@ official stamp

date

sigraturs




] PCM—4/PCM~-5
) tolerance masks

Mask n

C.

64

Form 3

[

:::::::::
:::::::::

:::::::::

........
'

[ T

Bv.—No.

Complste this form if the tolerancse mask
shown opposite is to ba changed or
axtsnded.

Lnly fill in the seclions outlined

in heavy type

(1) name

@ page number
{sarne number on both sides!)

@ changed corner vaiues

e . ;
i (4) official stamp, data, signature

, — R LIt
Thls mask is Lsad i 5 T Page no,
in the foliowing
operating modes @

List no, 1 Listno. 2 tistne. 3 Listno. 4 Listno 8 Listno. § Listno, 7 Listno, 8 Listno, 9

189
Units: X in { 1 Yin i MIKROSEK, |
Corner lowar Himit Corner upper limit
oirtt aint
20 Xvalug Y valug 20 Xvalue ¥ vakie
standard |} (3) change standard  § (3) change standard | (3) change standard | (3} change
- —— 1 - 750.08

@) official stamp date signature




PCM-—4/PCM-5

| tolerance masks

Mask no.

65

Form 3

Bv.—-No.

Comeiete this form i the tolsrance mask
shown opposite is to be changed or
axtandad.

Gy Al inihe sagtions sullined

(1) name

@) pags numer
{same numeer on oI sices’)

@ changed corngr valuss

(4) cfficat slamp, gats, sigrature

4586
Thnis mask I8 ussd +h
i the following
operating modss
List ng 2 Listno. 2 List no. 3 Listno. 4 List no. 5 List no. & Ligt no. 7 List ro. 8 L
- =
- ¢
i
!
Unitst Xn [ ] ¥ in [ MIKROSEK. | ?
Comer iower limit Cornar UpRer Hmi
o oint
20 X value Y valug io. X value ¥ ovalus
standard | (3) change standard | (3) change standard  § (3) change standard  § (3) change
- 1 - = 450.00
@ official stamp date signature




tolerance masks

Bv.—No.

Carnplate this form if the tolerance mask
shown opposite is to be changed or
extended.

Qnly fillin the sections outlined

in heavy type,

(1) name

@ page number
{same number on both sidest

@ changed comer values

(%) official stamp, date, signature

Name
@

in the tollowing
operating medes

. - RS RN
This mask is used t 1 2 1) Page no.
®@

Listno. 1 Listng, 2 List no. 3 Listno, 4 List no. 5 Listno 6 Listng 7 Listno. 8 Listng. 9
197

Units: Xin { ] Yin { MIKROSEK. ]

Corner iowar limit Corner upper iimit

point olrt

no. X value Y value 20. X valug Y value

standard {(3) change standard (3) change standard || (3) changs standard | (3} change

— P 1 - 300.00

@ official stamp date signature




tolerance masks Bv—No

Complete this Torm it the tolerance mask
TS : : : 5 % shown coposite Is 1o be changed or

axiended,

3 : Cnly fitt in the seclions outlineg
! : : ; : In heavy type.

EEY : ! :
] ! | : {3} name
] ‘ ‘ : {2 page nus
: } , | : {ams m !
+540 ‘W - ) o N
’ ! ; L) S HRKE IS
! i ! (&Y athe &
] !

ask 15 used
LHSWIG

a
L
=

z Listno. 3
i
i S
!
Uinits: X i Hz
Caorner ower limit Corner :
aint aint - et |
20 X value Y vajue is X valug : ¥ value !

standard (3) change standard {3) change standard | (3) change

S00.00
500.00
G00.00 )
8C0.Q0 SO000
190000 . 9000 ]
109043.00 300.0Q
2610.00 J0C.00
£610.00 130000 .
2800.00 1500,00
280000 1000000

oy
(3} changs

t
b
1
I
XD KO 30 P~ HOR e B R

|

1

1

i
-

&) aftioial stamp date signature




CM—4/PCM-5 Mask no. | gg || Form3
tolerance masks
Bv.—No.
. ) Complete this form if the tolerance mask
s10F | : ; @ shown opposite is to be changed or
: i oo axtended.
o ; : [ Qnly fill in the seqtions outlined
N : : i . inheavy typa.
H : : et
T S @ namo
. E . ‘ | : @ page numbar
; : : 5 : {(same number on both sides!
L] Jp— .E : —
: | : ! | . @ changed corner values
: —'_'-M:i : i official stamp, date, signature
: : : Lo
: B : ! '
: ; : i :
z ] ‘ o
0o R
: : : : Name
s z z a @
[his mask s used T i ST Page no
in the following *
cperating modes @
List no. 1 Listng 2 List no. 3 Listng. 4 Listno, 8 Listno. B Listno, 7 Listno. 8 Listng, 8
194
Units: Xin [ Hz ] Yin | MIKRCSEK ]
Comer ' iower limit Corner uppsr limit
3oint ;
2?” X value Y value gglnt X value Y value
standard @ change standard @ change standard @ change standard @ change
. - 1 500,00 15006.00
- — 2 £00.60 960.00
— - 3 600.00 900,00
— - - 4 00,00 450,00
- - ] 1060.00 450.00
. - 8 1000,00 1520.00
- - 7 261000 150,00
e - 8 2610.00 780.00
_ - - g =B20,00 750,00
e —— 19 280000 10000.00

@) official stamp date signature




toierance masks
Bv.—~No.

Complete this form i the tolerance mask
% SNOWN OpnOsits is 1o be changed or
extandsad,

Qnly filt in the sections oullined

inhgavy ype,

() mame

@ page numbar
(game number on both sidesh)

o

=

o=

-

RS —
1

@ changed cornear values

(@) official stamp, date, signature

¢h ', ..... : S a m e

; s ; e
This mask 15 vead S1LE e . P Pace n
This mask is 23 i 201 76 8] 0.
in the following @
ocperating modes
Listno. 4 List no, 2 Listno. 3 List no. 4 Listng. B Listno. 8 Listno. 7 Listng. 8 Listno. 9 :
195 - RS S B
Units: X in [ #Hz ] ¥ in [ MIKROSEK. }
Corner lowsr limit Cormer uppar limi
el i t
;ant X vates Y valug sgm X valus Y valus
standard | (3 change stendard  § (3) change standard  { (3) change standard & (3) changs
. - 3 500,00 1000000
- e 2 £00.00 900.00
- e - 3 600,00 900,00
__ — 4 600.00 450,00
e - ] 1080.00 450.00
. —— g 1080.00 150.00
e == 7 2610.00 180,00
. —— 8 2610.00 750.00
- e g 2800.00 750,00
. o 10 2800.00 10000.00

@ cofficial stamp data signature




M PCM—4/PCM-5
) tolerance masks

Form 3

Bv.—No.

Complete this form if the folerance mask
shown opposite is to be changed ot
axtended.

Only fill in the sections outlined
In heavy type.
(D name

@ page number
{same number on both sides!)

{3} changed corner values

(%) official stamp, date, signature

Name

This mask is used Pag & no.

in the following @

operating modas

List no. 1 fistno, 2 Listno. 3 Listno, 4 Listne. 5 Listne. 7 tist no. B Listno. 9

Patesd 242
226 | 245
228 248
230 1 249
233 258
234 | 253
2371 254
238 257
241 258

Units: Xin { ] { dB<Q,m=> |

Corner iower fimit Co_rner upper limit

ﬁgmt X valug Y valug rr::zmt X value Y value

stancard  § (3) change standard  § (3) change (@) changs standard | (3) change
- - - 1 -50.86
@ official stamp date signature




PCM—4/PCM-5
tolerance masks

Mask no.

71

This mask is used

v.—NoO.

Complets this torm if the tolerance mask
shown opposite s to be changed or
axtandad.

Only fill in the sections ouwtlined
I hegvy fypa.
{1} name

{2) page number
{sams numbaer on both sidas)

FoY :
L3, changed corner valuss

(3) cfficial stamp, date, signature

. w1 1 Page no.
in the fallowing : 3 (n?)
operating modes -
List no. 1 List no. 2 Listng 3 Listne, 4 listns. S List no. 8 Listne, ¥ Listpo. B G
3 11 1 ]
- 12 12 1 i
) 31 18 15 ~
o 18 6 .
[ ] Y in [ uB ]
Cormer lower limi Cormer upper Hroit
point T point - -
no X value Y valus no. X valus ¥ value
standard | (3) change § sindard  {(3) change siandard  § (3) change standard | (3) changs
1 - ~70 2 e ity

(@) official stamp

date

signaturs




tolerance masks
Bv.~NoO.

Complete this form if the tolarance masi

o : : shown opposie is to be changed or
b % extended.
: : Qnly fifl in the sections autlined
! : : : inheavy lype,
@ nama
: :* ......... S ................... (@ page number
428, ag ........ eI e (sama number on both sides)
b : : +,
v/ ! : : "\,\] (3) changed corner values
{ : % @ offictal stamp, date, signature
3 | : ,
1 | | o
g, g e — P
a : L
- : : oo
i : : ; t
| ; s . Name
H e % o ®
This mask is used 1,0 l — f i oy
in the following 208 R EL] 2480 400 &M Page no.
opetating modes @
List no. 1 Listno. 2 Listno, 3 List no. 4 Ligtno. 5 Listno. 6 List no. 7 List no. B Listno, 9
] g
13 13
Units: X in [ Hz ] Yin { a8 ]
Cornar lowar limit Cormer ' upper limit
int oirst
i:‘_ I X valua Y value gom Xvalue Y value
standard 1 (3} change standard (3} change standard  § (3) change standard  § (3) change
1 300.08 . o - =
2 300.00 - -
3 500.00 - -
4 2500.00 - — -
5 3400.80 - | -
8 3400,00 I [

(@) official stamp date signature




Bv.—-No,
Comnpiete this form i the tolarance mask
e j ‘; % shawn apposite is to be changed or
; : L : axended.
; : : : Qniy L in the sections qutlineg
o0 . o e . in heavy iype,
0 : | :
f (1) name
: ; @) pags number
: (same numbaer on both skdash
, : 5 : (3) changed comner values
HA : : : : @ official starmp, date, signature
N S ;
. : ' [E— - :
: ! 5 : :
S L e 3
O D 1 = ; N
-1 8t L : Y
8 : s ; ame
: E \ | :t @)
This mask is used N R ................................ R S
i e Tollowing 2] i 5 s | Page no,
operating modes C@
List no. 1 Listno. 2 List no. 3 Listno. 4 Listno. 5 Listno. 8 Listno. 7 Listno. § Listno, 9
28 26
30 30
42 42 - "
45 46 ; :_
Urite; X in { Mz ] Y in [ ¢B !
Comer lower limit Cornar upper limit
i oint
fgmi X valie Y value iof X valus Y vaiue
standard | (3) change standard  { (3} changs standard  § (3) change standard  } (3) change
1 300.00 ~89.00 15 10.00 0,00
2 300.00 -1.00 16 200.00 0.00
N 400,00 -1.90 17 200.00 T 30
4 400.00 - 75 18 3600.00 .20
5 500.60 - 75 18 3600.00 Q.00
8 500.00 .35 20 5000.00 0.00
7 2000.00 —.35
8 2000.00 —.45
g 2400.00 - 45
10 2400.00 -70
11 3000.00 ~.70
12 300000 -1, 70
13 3400,60 =1.7G
14 3400.00 -99.00

(4) official stamp

date

signature




m PCM—4/PCM-5 Mask no. | 74 || Form3
tolerance masks
Bv.—No.
Complete this form i the tolerancs mask
.5 . T i shown opposite is to be changed or
T : Gl extendad,
; : ' ; Qnly fill in the sactions outlined
o : : . : in haavy ype
b + ! '
: 3 name
; ' (@ page numbar
N H i ‘ {same number on both sidesl)
i L \ N -
: |3 ' (3 changad comer valuss
. : ' @ official stamp, date, signature
: E ! FA— !
T ! —
Y e & ;: Name
o : : 1 ®
| | s zi
‘This mask is used RN : : i
in the following 2t 1604 chb g Jadd gage nao.
aperating modes
List ng. 1 List no. 2 List no, 3 Listno. 4 Listnp. & List no. B List po. 7 Listho. 8 Listno. 9
27 27
31 31
43 43
47 47
Units: X in [ Hz ] Yin { dB !
Corner lower limit Corner upper fimit
point point
o X value Y value no. Xvalue Y vaiug
standard (3) change standard (3 change standard | (3) changs standard | (3) change
1 30000 -99.00 15 10.0G els]
2 300.00 -1.00 16 3600.00 RCs;
3 400.00 =1.00 ir J600.00 2.00
5 500.00 - 75 18 5000.00 0.00
3 600.00 - 75
7 2000.00 —35
] 200000 —. 45
9 2400.00 — 45
10 2430.00 - 70
13 3000.00 -70
12 3000.00 =170
13 3400.00 ~1.70
14 3400.00 -99.00
@ officlal stamp date signature




masks
tolerance ma Bv—No.

Compiste this form if the 1olerance mask
; ‘ ‘ i shown oppesite is to be changed or

et % : % extended.

ey ¢ 5 2 Only fill in the sections sutlined

‘ : , : In heavy typa.

(1) name

(2 page numper
{same number on both sides!)

{3) changad cornar vaiues

’\@ official stamp, date, signaturs
= 1 s
. z | |Name
- : 1@
This mask is used A . . S e i e s Page no.
in tha following -G8t BN AN vEL 3
operating modss y
Listng. | Listng 2 Listng. 3 Listno. 4 Listno. 5 Ligt ng B Listng. 7 Listnp, & List ng. 9
58 . ] .
I 59 .
82 4
83 - S T
Unitss X in i dB <0, m0> ] Yin { B |
Cormar lowar limit Corner upper firmit
. olnt
ﬁ:gm ¥ value Y value 20_ X value ¥ valua
‘ standard | {3) changs stancard £ (3) change standard | (3) change standard  { (3) change
1 -55.00 - —85.99 9 =55.00 30.00
2 =55.00 ~1.60 10 =25.00 1,66
3 -50.00 - 1.8C _ 11 -5Q.00 160
4 —50.00 -~ 80 12 =50.00 .60
& -40.00 -.80 13 —40.00 L0
& ~-40,00 -30 14 ~40.00 30
7 3.00 -30 15 3.00 30
8 3.60 -89.99 i6 3.00 30.00 —

@ officiat stamp date signature




) tolerance masks
Bv.--No.
Complets this form if the tolerance magk
BT . : ; shown apposite |s to be changsd or
o E % extended.
, : . . Oniy # in the sections cutlined
‘};!& \ G: : : ..u...-.-..--d:-..-. .n
(D name
E ' T = (Z) page number
! S : ! (same number on both sides))
: /
: : : g @ changed cornar values
£38, v LRI AR S ———— '
: 3f'/ ; g (@ official stamp, date, signature
5, A s |
% /| é i
; /o s |
: P : i
1200 T X I
S ; i | |Name
A z R
This mask Is used 8. 0 Lot 3 o
in the following -53.9 -44,0 ~20.9 - .6 gage no.
oparating modes
Listno, 1 Listno. 2 listng. 3 | Listno. 4 List no. 5 Listno. § Listno. 7 Listno. 8 Listnp. 8
90
21
g4
95
Units: Xin [ 48 <0, md> ] Y in [ a8 ]
Cormer iower limit Cqmar upper imit
Eg!m X vakie Y vaiue igfm X vaius Y valug
standard | (3) change standard  § (3) change standard § (3) change standard | (3) change
1 -45.00 0.00 - ——
2 ~45.00 21.60 — -
3 —443.00 26.50 — - ——
4 -30.00 33.80 - o
5 -20.00 35.00 o - ]
8 0.00 35.00 - -
7 0.00 0.00 - -

@) ofticlal stamp date signaturg




PCM—4/PCM-5

J tolerance masks

Mask no.

Form 3

Bv.—No.

This mask is usad
iri 1ha following

Complata this form if the tolerance mask
shown opposits is to be changed or
axtancsad.

Cnjy fill in the sections outlinad

in heayy fype.

{1 name

{2) page numbsr
(samae nuinber on both sides!)

(@ changed comer values

(&) cficial stamp, date, signatura

Name
®

oparating modes

Page no.
@

List no. 3 Listno. 2 Listno. 3 Listno. 4 Listno. 5 List no. 7 List ne. 8 Listng. 2
1 02 -~ L p— [
] 108 e S
P 114 o
118
Units: Xin { ] | dB <0, ml> |
Corner lower limit Corner upper limit
i oint
izfnt X value Y value ga. X value Y value
standard  { (3) change standard  § (3) change (3) change standard | (3) change
o T 1 —64.50
@ afficial stamp date signature




M PCM-4/PCM-~5
tolerance masks

forl
~ o
[} | )
m @)
. = i
8s B @
£a 3 2
so 8 i g
M.mua = E % D o0
e EN B :
Fa g 5 3 3
1 E2 8 <5 E g o i
- @ 0 oo
] O] s 2t 8 § -
=> | 2% o 52 3 & (i)
S 8,58 o ip 2 3 @ |~
_ & 2o S E & E S 2] m Q
- s @® 7 & g8 493 £ E N <
0 V nmvm B = i T o T o =
ok a
W (Mt 0o@ @6 200 |
5 p
e U S UG S - [+
@ [ e A g
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, &
............................. T w-d
ESRAOIOOOREEE ARISRREIY IO RSOt SR
- ] FrmTmmmmTmms w»..ram llllllllllllllllllllllllllllllllllllllllll 5
O EOROOORAREEAIE [EROUURUN TN IR ALLES SRR Haetoos ettt g
= SRSASRS MO 105 WIUIASORON SIS -
................................... %
. 4 RODSSRISIEES MO S Rt RO
0 BUURORIE SRSt St MRS SRRSO bbo0
@© JROMAORMIITEE OOIOSENS NS IRt S OROOE -
= ROPEOOPPURONS IERESOLES et 1Sttt NS g
............................. B
............................... e mmmmmma ey i
TRy -
FORREIOONS SRS Mt OSSOSOt SRS g
......................................... Frm e e it ini,y
............................ O DN o Al B
mw. .......... am ............. - T T = ==
% = = w =
T 1 1 E

@ change

Y valus

i

standard
-£8.90

d8 <0, mQ>
upper limit

{

signature

{(3) change

X value

Yin

gtandard

Comer
point
no,

(@ change

date

Y value

standard

fowar limit

(3) change

This mask is used
in the foliowing

List no. 2
X value

standard

List no. 1

operating modes
(@) official stamp

Units: Xin
Comer

paint




PCM—4/PCM-5
) tolerance masks

Mask no.

79

Form 3

This rask is used
in the follawing
oparating modes

Bv.-No.

Compiets this form if the tolerarce mask
shown opposite Is to be changed or
exiended,

Oniy fill in the sections cutlingd

nhgavy type.

(M name

@ page number
(same number on both sides!)

(@ changed comar values

(3} cfficial stamp, date, signature

L

Name

Page no.
5 g

Listno, 1 List no, 2 List no 3 Listng, 4 Listno. 5 List no. 6 List ng 7 Listng 8 Listng, 9
125 125 — - S
127 127 -
129 (P3N S [ I A I A R B R N R . .
131 131 R
133 133
135 135
o 137 137
139 139 E
Units: Xin [ ] Y in { a8 <0, mo»> |
Carner lowar fimit Cornar upper limit
;r)lomt W valis ¥ vaiue point X valug Y value
na. no.
standard | (3) change standard  § (3) change standard | (3) change standard  § (3) change
— - 1 e -73.00

@ official stamp

date

signature




PCM—-4/PCM~5
| tolerance masks

Mask no.

Form 3 |

Bv.~No.

This mask is used
in the following
operating modes

Complate this form if the tolerance mask

shown opposite is to be changed or
saxtandsd.

Laoly fillin the sactions outlined

in hedvy tvpe,

(1) name

{(2) page numbar
{same numbar on both sidesi)

(8 changed corner values

official stamp, date, signature

Name
®

Page no.
& g

List no, 1 Listno, 2 Listno. 3 List no Listno. 5 List no. 8 Listnn 7 List no, B Listng. 9

128 126
128 128
130 13¢
132 132
134 134
138 136
138 138
140 140

Units: Xin { [ dB <0, ml> ]

Cornar lower limi Comer upper kmit

it int
gg!n X value Y value ggfn X value Y valua
standard | (3) change standard (3) changs standard  § (3) changs
— - 1 -78.00
official stamp signaturs




tolerance masks
Bv.—~No.
Complete this form if the tolarance mask
Ny : : . % shown apposite is 10 be changsd or
" i extendsd.
: : : : Qnly fill in the sections autlined
: in heavy type.
; : 1) name
=18, ﬂ? .............. ; o : .................... O
: : (2) paga numbar
: i {same numbser on both sides!})
: : ’ @ changsd corner values
-%'!}‘:. pr (&) ofticiat stamp, cate, signature
5.4 ; } !
- ] g ; Name
: : ; | ®
Thi k is usad B B s e e I
in the following it it it} SRR Page no.
operating modes @
List no. 1 Listno. 2 List no. 3 List no. 4 List ng. 5 Listng, & Listno. 7 Listro. B Lisine 9
162 162 _m_
184 164
Units: X in [ ] Y in i 4B <0, mo> |}
Cornar  lower Emit Co_rner upper Hmit
:gam X value Y vaius ngm X value Y valug
standard | (3) changs standard  § {3) change standard | (2) change standard  § (3) change
- - 1 -= -50.00

@ official stamp date signature




PCM—4/PCM-5

tolerance masks as 82

Byv.—MNoO,

Complete this form If the tolerance mask
7 e shown opposite i3 1o be changed or

% sxtended,

: Cniy fill in the sections gutlined

In heavy typg.

: (D name
: !

T f R et @ page numbsr
& ' : : (same number on both sidesh)

: : : (3) ehanged comer valuas

official stamp, date, signature

Name
g | | ®

This mask is usad -39, 0 : :
in tha following 213 iith i sl 1 Page no.
operating modes @

List no. 1 Listng. 2 Listno. 3 List no. 4 Listho. 5 Listno. 8 List no, 7 Listno. 8 Listhe. 9
186 168
168 168

Units: Xin [ i Yin { dB <G, mo>  }

Corner tower Hmit Ccrr;er ' uppar imit
aint oin
20_ X valua Y vaiua go. X vaiue Y valua

standard | (3) change standard  § (3) change standard  § (3) change standard | (3) changa

e -25.00

— — 1

@ official stamp date signature




PCM-4/PCM-5

tolerance masks

83

Form 3

Bv.—-No.

This mask is used
in the foliowing

Compieta this form if the tolerance mask
shown opposhe is to be changed or
extendsad.

Qniy fill in the sections cuilineg

(D rame

(2} page number
{same number on both sides!

(3) changed cornar valuas

(4) official stamp, date, signatire

Name

@©

oparating modes

Page no.
5 g

List na. i Listne. 2 Listno. 3 List no, 4 Listne. 5 List no. 6 Listno 7 Listno B Listno 9
iR 172 ) B
Unlts: Xin { ] Yin { dB <0, m0> ]
Comer lower limit Cormner upper mit
i oint
point X value ¥ value 4 X value Y valua
no. no.
standard | (3) change standard ] () change standard { (3) change stancard | (3} change
oy - i - ~50.00
@ official stamp date sighature




PCM—4/PCM-5 Mask no g4 || Form 3
L]
tolerance masks
Bv.—No.
Compiete this form f tha tolerance mask
TS : . . 7 shown opposita Is 10 be changed or
B ; axtended. ‘
| ; : ! £niy #ill in the sections outlined
: : f ; in haavy tvpe,
:' : ; i @ name
TR : ; 3 (2) page number
i ; ' : {same number on hoth sides!)
: {3} changed comer valugs
l (@ officiai stamp, date, signaturs
HLY : ; ;
e S
L/ : P T
P ’ : e Name
;| ; f i @®
This mask is usad o, : . : . . ﬁ
] Y
in the following 2 Al 2900 W 00 éPag@ 0.
opaerating modes 2
List no. 1 Listno. 2 Listno. 3 Listno, 4 Listng. 5 Listno. 8 Listno. 7 Listno. 8 Listno. 9
a 73 173
174 174
175 175
178 175
177 177
178 178
Units: Xin [ Hz ] Y in f g8 I
Corner ) lower limit Cqmer upper limit
ig{nt X valug Y valug 2:;!!1! Hvalue Y value
standard  { (3) change standard | (3) changs standard | (3) change standard | (3} change
1 300.00 0.00 - b
2 300,00 14.00 = T
3 500.00 18.00 - ol
4 2000.00 18.00 o Ry
5 3400.00 14,00 faad =
5] 3400.00 0.00 - -
& official slamp date signature




PCM-4/PCM-5 Mask no. |85 || Form3

tolerance masks
Bv.—~No.

Complate this form if the toleranca mask
showr opposita is to be changsed or
axiandsd.

Qniy flLin the sections autlined

i heavy ypa,

{1) name

@ page number
{same number on both sides!)

[
; @ changed corner values

{4y officia stamp. date. signatura

g, o T ; i
3 : ‘ ;
1 P
o L
. N : H i
1 . Name
% J | i 6:1
Thls mask is used L - : :
in tha foflowing it ¢80 2009 3000 Jiot gage Nno.
oparating rmorles 5
Listno. 1 Listng. 2 Listng, 3 Listng. 4 Listno. 5 Listno. 6 Listng. 7 Listne. 8 Ligtno. @
179 178 _
B 180 180
181 181
182 182 ] A
Uniis: Xin [ Hz ] Yin { 4B }
Comer lower fimit Carnar upper fimit
ngnt X value Y valua sgim Kvalua Y valiie
standard | (3) change standard | (3) change standard  { (3) change standard  § (3) change
H 200,00 .00 o .
2 300.00 40.00 e .
3 £500.00 40,00 - ——
4 800.00 46.00 — ——
5 3400.00 48.00 - o
) 3400.00 0.00 = -

@ official stamp data signaturs




PCM—4/PCM-5

tolerance masks

Mask no.

86

form 3

Bv.—No,

Complete this form if the lolarance mask

RIS { ! R il shown cpposite is to be changad or
A ; | % extanded,
C : | Cniy fill in the sections outiined
: | : | : in heavy tvpe.
i oo {1) name
1 : {2) page numbar
: ] : (same number on both sidasi)
31 """""""" e H g (@) changed comer values
: {a} official stamp, date, signature
h 5 | | Mame
This mask Is usad =200 e : I
in ;hefoﬁowmg zak 1%0 2606 1469 k130 Page no"
aperating modes @
Listng. 1 Listno. 2 Listng. 3 Llstno. 4 Listno, Listno. 6 Listrg. 7 Listno. 8 Listng. 8
194
Units: Xin [ Hz 1 Y in [ MIKROSEK, |
Corner iower Lmit Corner upper limit
‘zgfnt Xvalug ¥ value Kvalue Y value
standard (3) change standard (3) change standard  § (3) change standard | (3) change
. 1 500,00 10000,00
- Z 500,00 SO0 00
- 3 80000 900,00
e 4 600.00 450.00
- 5 10806.00 A50 00
e [} 1000.00 150.00
- 7 2810.00 15000
- 8 2610.00 750.00
- g 2800.00 750.00
- 10 2800.00 10000.00
(@ official stamp date signatura




. a
tolerance masks
Bv.—No.
Compiete this form if tha tolerance maslk
TII F i % shown cpposite 8 to be changed or
: m b extended,
3 ' P nly filtins the sections outlined
Co Do in heavy tyve.
L ~
L . @ name
N C
J ! ! | | . @ pagse numper
: i E (same numbsr on both sides!)
: E—— + ! ! ; @ changsd corner valles
] E : (2 official stamp, gate, sigratura
: 1 P
3 ] : .
: et e e o ;
H) o e L ................................ ‘: ................................. ', ................... N
: : : : ame
: : ! : ©
* : : : e
This mask is used - e s ‘ P ade noe
e e 23 it 2504 AT g .
operating medes @
Listno. 1 List no. 2 Listno. 3 Listno. 4 Listno. 8 Listno. 8 List no. 7 List no. 8 Listne. g
185 185
Urits: Xin f Hz ] ¥ in { MIKROSEK, ]
Cornar iowsr Hmit Corner upper fimit
in int
gr;;lm v Y value igf” X value Y valug
standard | (3) change standard  §{3) change standard  § (3} change standard  § {3} change
e - 1 500.00 1000000
e - 2 500,00 900.00
- - 3 606,00 900,00
- - 4 80C.00 450,00
- = - 5 1000.00 450.00
- - 5] 1000.00 150.00
e o 7 2610.00 150,00
~T -= a 2610.00 750,00
- - g 2800.0C 750,00
- -= 1¢ 2800.00 10000.00
(4) official stamp date signature




) tolerance masks
Bv.—-No.
— Complete this form i the tolerance mask
Y8 : % shown opposite is to be changed or
! : : : axtended.
! i S : Qnly fitt in tha sections outlined
?W.Qt v : : in heavy tyne,
5 : (1) name
,/ : - : {2 page number
: /,-" ! .} fsama number on both sidssl)
+3f ﬂa. : /‘/ i ...................................... .E[ @ Changed corner values
; ; i official stamp, date, slgnaturs
| /i z §
: /o : \
S s %
i | |
120, 0: d ; : % .
T 5 | |Name :
: Lo i I ® )
This mask is usad HI 0 - S—
in the following Rl e Al 4,1 Pag@ no.
operating medes @
LIstno. 1 Listno. 2 Listno. 3 Listno, 4 List no. 5 Listno. 6 Listno 7 Listno. 8 Listing 9
S0
81
94
g5
Units: X in | dB <8, mO> 1 Yin [ dai ]
Carner lower limit Carner upper limit
Egl‘m X value ¥ vaiue 2?‘”{ X valye Y valua
standard  § (3) change standard  § (3) change standard | (3} change standard | {3) change
1 ~43.00 .00 - -
2 4500 24.00 - e
3 ~40,00 24.00 - -
4 ~30.00 35.00 - -
5 0.00 35.00 - -
6 0.00 0.00 o _—

@) offictal stamp date signaturg




PCM—4/PCM—-5 Mask no. | 89
tolerance masks

Complete this form if the tnferance mask
shown opposite is to ba changed or
sxtended.

Only fiil in 1he sections autined

{1} name

@ page numbar
{samea numbar on both sides!)

@5 changad corner vaiues

(4) officiai stamp, date, signatrs

This mask is used
in tha following

)
operating modss {2
List 1o, { Lising 2 List no. 3 Listno. 4 Lisine, 5 Lisino. & Listing. 7 Listno 8 ]
SOP— — | 102 PR SR e e v m—— !
166
114
" 118 i . _
t - B o i
- i
:
Units: Hin | i Y in { GB <0, mQs ] :
Cormer awer Himit Caorner upper limit
int oint
filni X valus Y value 20 X value Y vahie
T ¥ .
standard | (3) changa standard | (3) change standard  § (D) change standart  E (3} change
e - 1 - 66,00

@ offigial stamp date signatuire
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@) official stamp
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PCM—4/PCM-5
tolerance masks

Mask no. Form 3

Bv.~No.

This rmask i3 used

Complets this form if the tolarance mask
shown opposits is to be changed or
extended.

Qniy filt in the sections cutlined
in neavy fvpe,

@ nama

@ page numbaer
[samg number or: otk sidas))

(@} changed corner valuas

{3) official stamp, ate, signature

in the following
operating modes

Listno. 1 Listno. 2 Listng, 3 Listno, 4 Listno. § Listno. 8 Listnn, 7 _hstre B |
1 e e ]
12 ] e
L= S O AN A I N SN i N
16 ] :
Units: X in i ] Yin t 4B i
Corner lower limit Comer upper fmi
in oint
:Z ' X value Y value ic. Xvalue Y value
standard (3) change standard (3) change standard | (3) change standard | (3) change
By —— 1 -— 6.C0

@ official stamp

date

signature




tolerance masks
Bv.—~No.
Campleta this form if the tolerance mask
TN : : . i shown opposits is to bs changed or
T ; , % extendad.
: ! : : Cnly Hll in the sections outlineg
(A : : P ir heavy type.
é i : : @ name
: S : (2) pags number
i rd ' .E (same number on both sidesi)
- ﬂf : i g @ changad corner values
2Bl id v
: : : |
; /{ . ' E (@) official stamp, date, signature
: /o E ‘
5 /o | '
o i !
e i |
+2@ R a‘, ! . ' }.
§ L ‘; | Name
: b : i ©
This mask is useg ML - : L
in the foltowing 2354 AL ) .t Pag@ no.
operating modes @
List no. 1 List no. 2 Listno. 3 List no. 4 Listno. & List no. 8 Listng, 7 Listrno. B L.isgtno. 8
80
94
Units: Xin ! dB <0, mO> ] Y in { dB }
Corner lowsr Hieit quner upper lmit
:gfnt Ko ¥ value 22{”‘ X valug ¥ valus
standard | (3) change | standard { (3) change standard | (3) change standard | (3) change
! ~45.00 0.00 - -
2 ~45.00 19.80 o -
3 ~28.00 2490 -- =
4 —30,00 32.90 . -
5 ~20.00 35.00 —= -
6 0.0 35.00 - -
7 0.00 0.00 - . o
@ official stamp data signature




tolerance masks
Bv.-No.
Complete this form if the tolsrance mask
Y m shown opposite is to be changed or
: 1 : : {é extonded.
! : : ! Qnly fili in the secticns gutlizad
£ P fon e i hea, -
: (1) name
: 7 T 3 {(2) page number
: :‘ {same number on both sigesl}
* (@) changad cormar vaiues
]
E {(4) official starnp, date, signature
i
)
|
i
f
§ ame
; @
!
This mask is used P a g e no. i
in the following @ ¥
operating modes
List Ao, 1 Listro. g Listno. 3 List N0, 4 Listno. & List no. & Listng, 7 Listno. 8 Lietro 9 1]
91 . 1
U T A | S O | D : o
1
Units; X in [ 9B <0, me> j Y in { a8 i
Comer lowar limit Corner uppar dmit
; it
ig’m X value Y vajue gg{n X vaiue Y valua
standard (3) change standard (3) change standard  § {3) change standard  § (3) change
1 —45.00 G.00 - ] -
2 —45.00 14.30 - -
3 ~40.04 19.50 - il
4 ~30.00 28.80 = -
g ~20.00 33.80 - .
6 =10.00 35,00 - -
7 .08 35.00 - T
B 8.00 0.00 - -

@ official stamp date signature
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@ official stamp




tolerance masks
Bv.—-No.

Completa this farm if the tolarance mask

rare ; ; ] shown opposite s 10 e changed or
' : : ' extendsd.
; : Oniy Al I 1he sections outlined
R In heavy tyoe,
f : (1) name
e @ pags numbes
. : {sarie number on both sidasl}
_____________ o e o o o o o e et et o e o]

: (3) changea comsr valuas

. " . .
(4) official stamp. date. signatirs

Name

<)
Thismaskis used | 1l i i bereeosrtee e i
i the foilowing b Page no.
searating modes 2
List o, 1 Listng. 2 Listng 3 List no. 4 Listno. % Listno 8 Lising. 7 Listpo 8 11 Cisiro 5
28 26
30 a0 _— B .
42 42 -
I 48 48 N B S
Units: X it { Hz i Yin [ e H
Corner lower lhmit Corner upper limit
oI int
ig%n X valus Y value 221 X value Y valus
standard  § (3) changs standard | (3) change standard | (2) change standard ] £3) change
1 300.00 ~8% 00 11 1G.00 500
2 300,60 ~25 12 200.00 N A
) 2000.00 —-.25 13 200.00 ) 25
4 2000.00 —35 14 3600.00 , 25
5 2400.00 ~35 15 3600.00 T oon
5] 2400.00 -850 i8 £000.00 0.00
7 3000.00 =50
3 3000.00 ~1.10 i i
9 3400.80 ~1.10
10 3400.00 -88.00

(@) officlal stamp date signaure




] PCM-4/PCM-5 Mask no. | 9g | Form3
tolerance masks
Bv.—-No.
Compilets this form If the toleranca mask
$1.50 j . : shewn opposits Is to be changed or
T : : ; % extended.
: : ' : Oniy il In the sections outlined
R 5 S S inheavy vpe,
‘ : | : 3 name
; : (3 page number
; (sama number on both sides!)
3 L (@ changed corner values
. ! ‘ l @ official stamp, date, signature
! L 7 :
| z T
b : 1
-l.g :;..%. ........ ? ....... i .:‘t% Name
| | : RO
. : : ; |
This mask is used -1.5 i ; i : :
in the following 214 A 2648 086 et Page no.
opstating medes @
Listno, 1 List no. 2 List no. 3 Listna. 4 istno. 5 Listing. 6 Listng. 7 Listno. 8 tistno. 9
27 27
31 31
43 43
47 47
Units: Xin [ Hz ] Yin [ d8 ]
Cerner lower limit Corner upper Emit
Ez{m X value Y value ggfnt X value Y valua
standard | (3) change standard  § (3} change standard  § (3) change standard | (3) changs
i 300.00 ~59.00 11 10.00 25
2 300.00 -25 12 3600.00 .25
3 200000 -25 13 3600.00 0.00
4 2000.00 =35 14 5000.0C 0.00
3 2400.00 -35
6 2400.00 -20
7 3080.00 -.50
8 3000.00 -1.10
g 3400.00 ~1.10
0 3400.00 ~39.00

@ officlal stamp data signature




PCM—4/PCM-5
tclerance masks

Mask no.

g7

Form 3

Bv.—~NO,.

Compieta this form if the tolerancs mask
shown opposits is to be changed or
axtendad,

Cnly fill In the sections gutiinad
in heavy tvps.
@ name

@ page number
{same numbar on both sidasl)

@ changed corner values

@ officiai stamp, dats, signalure

@
This mask is used Page n 0
i the foliowing *
sparating modes @
Listno. 1 List ng. 2 List no. 3 Listno. 4 List no, 5 Listno, B Listno. 7 List no. B List no.
— 58 58 S
) 55 -
62 62
. 53 || 68 |~ -
Units: Xin { dB <0, m0> ] Yin [ dB i
Cornear iower limit Corner upper Bmit
oint i
20. X value Y value ggfm X value Y value
standard (3 change standard (3) change standard  § (3) changs standard 1 (3) changs
1 ~58,00 -849.99 a —58.00 30.00
z £5.00 -1.60 10 -85 00 1.60
.3 «50.00 -1.80 11 —50.00 1.60
4 50,00 =80 12 -50.00 B0
5 ~40.00 -.60 13 ~40.00 .60
8 ~40.00 -30 14 —40.50 30
7 3.00 ~-.30 158 3.00 30
g 3.00 ~39.99 16 3.00 30.60
@ official stamp date signature




PCM—4/PCM-5 | maskno. |gg] Form3
tolerance masks
Bv.—No.
Compiete this form if the tolaranca mask
TR | : : shown opposite is to be changed or
: ' :% sxtendad.
: : : Lk Qnly fill in the sections outlined
4‘!0 . B: : :.-.--.-.. : i h
: f {1 name
T " (%) page number
¥ 3 (same number on both sides!)
: ! / ;
Lt L ! (3 changed corner vaiues
e S , !
5 3// , § (&) official stamp, date, signature
: /i ' I
: /o : |
+20, g;. ? : ........ : .......... : i .
; o ! i | |Name
ol 5 e
This mask is used HYL0: L... : — :
in the following 350 AL - o Page RO.
operating modeas @
Lis{ no, 1 List no. 2 Listno. 3 Listng. 4 Listnp. 5 Listno, 8 Listno. 7 Listno. 8 Listno. 9
90
81
94
95
Units: Xin { B <0 m0> 1 Yin { daB ]
Corner lower limit Corner ' upper fimit
point X value Y vaiue point X valua TV vaiie
standard | (3} change standard  §(3) change standard || (3} change standard | {3) change
1 45,20 0.00 - oot
2 ~43.00 21.50 - . e
3 40,00 26.50 - -
4 —30.00 33.80 bt buflos
) -20.00 35,00 - ==
g ¢.00 35.00 - o
7 .00 0.00 b bt

official stamp date signature




rance masks
tolerance Bv.—No.

Complete this form if the tolerance mask
shown opposite is 10 ba changed or
gxtanded.

Qniy fillIn the sections ouilined

in heavy type,

(D name

(2) page numpar
(sama number on both sidash

@) shanged corner values

L4} official stamp, date, signaturs

Name
®

This mask s used
in the tnflowing
oparating modes

Page no.
5 g

List no, 1 Listng 2 Listno. 3 List ng. 4 List no. 5 Listno. 8 Listnio, 7 “Eiro 8 Lising @
102 - S N
— 108
LRT% DURUNI I T T I SRR R B —
AR N . B .
Unitsr Xin [ i Yin [ dB<0me> |
Comer owaer limit Corner upper limit
. : oint
ggmi X value ¥ value 20 X vakie ¥ vatie
. = TS o pry—— (3) change standare  { (3) changs standard  § (3} changs
. P 1 e ~84.50

@ official stamp dats signature
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@) officlal stamp




PCM-4/PCM-5 Mask no. |101 Form 3
tolerance masks Bv—No

Complete this form if the tolerance mask
shown oppasite is 1o be changad or
aextendsd.

Qniy fill inthe sectiens outiined

in heavy typg.

(D name

@ page number
tsama numier on both sides!)

(3) changed cornar vaiues

{(4) officiai starmp, date, signatre

Name
0,

This mask is used page o,
in e following /@
opsrating modes =
Listng 1 Listne. 2 Listno. 3 Listno. 4 Listno. 5 List na. 6 List no. 7 Ligt no, 2
127 127 -
129 1291 G .
— RE SN I E12 NN 5 SRR R i O
133 133 - I b
135 135 {
137 SURELA WU O R N '
139 R I ke ) )
Units: X in [ I ¥ in [ dBet mb>
Cormer lower limit Cornsr upper firmit
) irit
E)]th X vaiue Y value gg' X vaiue Y value
stancard (3 changa standard (3) change standard  { (3) change standard  § (3) change
- - - 1 — - -73.00

{4) official stamp date signature




m PCM—4/PCM-5
tolerance masks

Mask no.

Form 3

This mask is used
in tha following

aperating modes

Bv.—No.

Complete this form if the tolerance mask
shown opposite is to be changed or
axiendead.

Qnly fill Inthe sections putlined
Inhaavy ype,
@ nama

@ pags number
{same number on both sidest)

(3 changed comer valuss

(@) ofticial stamp, date, signature

Name
)

Page no.
5 g

List np. 1 List no. 2 List no. 3 List no, 4 Listng. 5 Listng, 6 List no. 7 Listno. 8 listnc. 9
126 126
128 128
130 130
132 132
134 134
136 138
138 138
140 140
Units: Xin [ ] Y in [ aB <0, m0> ]
Comer lower Hrmdt Corner upper imit
ol . aint
io_ Xvalue Y value ggi X value Y valus
standard | (3) change standard  § (3} change standard { (3) changs standarc | (3) change
— e 1 —— —70.00
@ official stamp data signature




M PCM—-4/PCM-5
s=d tolerance masks

Mask no.

rorm 3

Bv.—-No.

Complate this form if the tolsrance mask
shown opposite is o be changed or

extanded.
in heavy tvpa.

@

nama

o

(2) page number

@

changad corner vaiues

This rrask is used

Coly fill in the sections outlingg

{same number on both sides!}

(@ official stamp, date, signature

Name
5

in thae following

Pa ,
P ge no

oparaling modes
Listno. 1 Listng. 2 List no. 3 List no. 4 Listno. 5 Listno. 8 Listna. 7 Listno 8 Listno. 4
S 145 143 .
149 149 N
153 153
e 157 157 ]
Units: Xin [ } Yin { dB <0, md> |}
Cormner iower limit Caorner upper limit
i oint
22'”1 Xvalue Y value 2{3. X value Y vaiue
standard | (3) change standard | (3) changs standarc | (3) change standard  § (3} change
- - 1 - —66.00
@ official stamp date signature




«J tolerance masks Bv—No

Complate this form if the tolerance mask
shown oppoesits is to be changed or
extanded,

Cnly fill in the sections outiined

in heavy type,

A name

(@ page number
{sama number on both sidesh

(3 changed corner vaiues

(&) officlal stamp, date, signature

Name
)

This mask is used SRR SN NI IR0 i e |36! Page no.
in the following : i ? @
operating modes
List no. 1 List ng. 2 List no, 3 Lisino. 4 Listno, 5 Listpo. B List ho. 7 List no. 8§ tistng. 8
148 148
182 152
156 168
160 160
Units: Xin { i Y in [ dB<O,mo> }
Corner towear Himit Corner upper timit
in oint
Eg“"f X valus Y value '20. X valug Y vaiue
standard | (3) change standard | (3) change standard | (3) change standard | (3} change
—— - 1 e 8800

@ official stamp date signature




PCM—-4/PCM-5
tolerance masks

Mask no.

105

Form 3

Bv.~No,

Complete this form If tha tolerance mask
shown opposite is 1o be changad or

-20‘6‘: ‘ @ extanded.
; ! : Cnly fill in fhe sections outined
' : i heavy tvpe.
3 . ; . {1 name
BN e:. ......................... ................................. ................................. ...................
! @ page number
: : : {same& number on bath sides!)
: 5 {3) changad cornar valuss
P G e (& official stamp, date, signatire
-5, § 8
! g Name
: ©
This mask is used L — : : :
in the following 8600 29488 o000 88400 72000 page nNo.
npsrating modes @
Listno. 1 Listno. 2 Listno. 3 List no. 4 Listnio. & List no. § Listno. 7 Listno. 8 Listng. 9
162 162 T DT B P
164 184 R
Units: Xin { i Yin i GB <0, mo> ]
Comar iower fimit Corner upper lirmit
int Girt
igm X value Y valus io‘ X value Y value
standard | (3) change | standard | (3) change standard | (3) changs tandard | (3) changs
- S~ 1 - -50.00
@ official stamp data signature




M PCM—4/PCM~5
¢ tolerance masks

Mask no.

106

Form 3

Bv.—No.

Compiete this form if the tolerance mask

-20.4 : : shown opposite Is to be changed or
- % extended,
; ; : Oniy il In the sections outlined
. H ; inheavy type
; @ name
R ; : {2) page number
- ﬁ @‘ ....... p
el : : {sare number on both sidesl)
. {3 changed corner vauas
: (&) official stamp, date, signaturs
40,8 ; :
This mask is used 50,00 : : Page no
in the following 208 ik 2008 :
operating modes @
List no. 1 List no. 2 Listno. 3 tistng. 4 Listng. 5 Listno. 8 List ng. 7 Listng, 8 Listnc. 8
168 166
168 168
Units: Xin [ ] Yin | dB <0, m0> ]
Cormner lower Emit Corner upper fimit
| int
igmt X value Y vaiue ig. X value Y value
standard | (3} change standard  {(3) change standard  § (3} change standard | (3) change
- e i - —25.00
@) official stamp date signaturs




PCM—@/FCM—E Mask no. 107 Form 3

tolerance masks
© Bv.—No.

Compiete this form ¥ the tolerance mask
shown oppasite is to be changed or
axtanded.

Qnly fill In the sections guilined

inneavy type,

(1) name

@ page number
{same number on hoth sidesl)

@ changed corner vales

(&) official starmp, date, signature

Name
®

in the following it
operating modes

This mask Is used 66,4 e e él}‘ el ;& gag@ no.

List no. 1 List no. 2 Listng. 3 Listno. 4 Listno B Listno. 8 Listno. 7 Listng 8 List ha. g
172 372 IR S
Units: Xin H i Yin { dB <0, md> |}
Corner lower timit Cqmer upper limit
igi'nt e Y value zgl‘m X valua Y vaiue
standard | (3) changs standard | (3) change standard | (3) change standard | (3) change
-~ e 1 —-— -50.00

@ official stamp date signature




M PCM—4/PCM-5 Mask no. |1p0g| Form 3
) tolerance masks
Bv.~-No.
o Complete this form if tha tolerance mask
44,0 . ; ; shown opposits is to be changed or
o : % axtended.
! : : : Only fill in the sactions outlined
| : ' . in
. : (& name
1 n : : (2 page number
A : {same number ot both sidesl)
@ changsed corner valuss
, (@) official stamp, date, signature
2.0 ; : pom—
| : s L
4 % s P
O ! E P
| : | .| {Name
| s 5 o ©
This mask is used YR : : o D
is mask s use A . : : :
inthe following 24 i3 531 TR age no.
operating modes @
List no. 1 List no. 2 List no. 3 Listno. 4 Listno. 5 Listng. 6 Listno. 7 List no. 8 Listno. 8
173 173
174 174
1758 175
- 178 176
177 177
178 178
Units: Xin { Hz ] Y in [ aB ]
Corner lower limit Cormner upper limit
igfnt X valug Y value ggnt X vaiua Y vaiue
standard | (3) change standard [ (3) change standard  § (3) change standard | (3} change
1 300.00 0.00 o =
2 300.00 20.00 ~ = el
3 340000 20,00 == - =
5 340000 .00 S NS SR SO
@ officiai stamp dats signaturs




G tocieranéecxagks Mask no. |109] Form 3
Bv.—-No.
Cormnpiete this form if the tolarance masi
5B : E shown opposite is to ha changed or
o : : extended.
: ; : Qnly fll in the sections outlined
: 5 ; in heavy type,
*56. 9:: .......................... :. ................................ ; ..................................................... @ namea
@ page numbar
L : e {same number on both sidas!)
; i : : i
[ 5 (3 changed corer vaiuss
+ 1 ' N !
: E 4: (1) official stamp, date, signature
44, QE;“‘“* ............. ettt v e ersreen 3 ............................................. -
| | | o
T 5 -
il é i o .
" v ' ' i
1 3 | . { {Name
1 | | | @
This mask is used WL ; ' : 1 Pa g e no
in the following 238 111 PERE] 6 34EE “
aperating modes @
List rig. 1 Listno. 2 List ne. 3 List no. 4 Listno. 5 List no. & Listno. 7 lList ng. 8 “Listno. 3
179 179 o
180 iB0 ;
181 181 |
182 182 ;
- i
Units: X in { Hz ] ¥ in f a6 ]
Corer tawar limit Corner upper fimit
int int
22{;1 X value Y valus ggi‘ﬂ X value Y valus
standard @ change standard @ change standard @ change standard (3} changs
1 300.00 0.00 o -
2 300,00 40.00 — -
3 800.00 40.00 - -
4 £00.00 48.00 o _—
5 3400.00 48,00 i -
] 3400,00 0.60 - T

@ official stamp

date

signature




/ Mask no. |q1g}| Form3
tolerance masks
Bv.—-No.
Complets this form i the iolerance mask
YTy i . i shown opposita is 1o be changsd or
| . [ % exiended.
b ; : [ niy fill In the sactions outlined
Lo a | in hoav ype.
IR o © rare
; | : : . :
: ! (2 page number
: 5 ; . : {sarme number on Doth sidesy
sap i i :
L0 t : f (3 changed corner valugs
- .} { (@) official starmp, date, signature
%i L
: i : P
: A U B
i I : : ............. : : -----
v ; g ; Name
This mask is used 1 L : [ 1 .......
) {hefgigowmg 20 111 2608 186t 3600 Page ne‘
aperating modes @
List ng. 1 List ng. 2 List no, 3 List no. 4 List no. 5 Lisino, 6 List no, 7 List no, 8 List ng, &
194 194 A
185 195
Units: X in [ Hz i Yin [ MIKROSEK. ]
Cormner lower limit Cqmer upper fimit
gg!nt X valug Y vaiue izfm A value Y value
standard  § (3) change | standard | (D) change standard [ (3) change standard [ (3} changs
e —— 1 500.00 10000.00
- - 2 580.00 750.00
- — 3 600.00 750.00
— - — 4 600.00 380.00
- - - 5 1000.00 380.00
- = - 3] 1000.00 130.00
= - 7 2610.00 130.00
- - 8 2616.00 750.00
o - g 2800.00 TEC.0D
— - —-= 10 2800.00 10000.00
&) official stamp date signalure




PCM—4/PCM-5 Mask no, 111 Form 3
tolerance masks
Bv.—-No.
Complete this form if the tolerance mask
ATy ' j shown opposite is to be changed or
- ; axtanded,
' ‘ : : Qnby fill In the sections cutiined
A1 M Taas promn : o inheavy type,
{1 name
’ : "‘ - - @ page number
: : e | (same number on both sidesh
‘ 7 : !
h : /' : ]
+18, n\‘ ........................... B ¢% @ changed cornar valuas
: / ‘i (3) officiai stamp, date, signaturs
: /o : :
| /o 5 E
| !
n |
178, B." ; : s —— ‘!-
L ; | |Name
L : S e
it k N - : | =]
s mask is uaad 0 N el LI
in the following -33.0 -0 -0, MAL) age nO.
oparating modes @
Listnp. 1 Listno. 2 List no, 3 Listno. 4 Listno. 5 List no. 8 List ng. 7 Listne, 8 List ng, o
90
91 i
94
95 T D
Units:  Xin | dB <0, mO> 1 Yin { ab ]
Cgmsr lower dmit qunar uppar limit
Egs.m Xvalue ¥ value 22{“‘ X value ¥ value
standard | (@) change standard {(3) change standard | (3} change standard  { (3) change
1 ~45.00 0.00 e .
2 -45.00 24.00 - -
3 —~40.00 28.00 - -
4 —30.00 35.00 e -
5 0.00 35.00 e e
B 0.00 0.00 e -
@& officlal stamp date signature




tolerance masks

:._u
=
O
o
1
=
O
0.

Lisino. 9

(3) change

Y value

]

standard
—86.00

afd <0, mi>

upper limit

[

signature

(3} change

Xvalug

Y in

=
[x1
£,
@ O o @
2w 4 5
88 w ] =
5 e @ g
mm £ £ g 2 |
20 2 2 7 g
= @ i3 & &
& 8 z 3 o® |
= & & @
- S @ v e}
=] £  H & £ g
i 2 © .0 5 g
| D) Es £t § E
w G o
_ = T (4]
m “ 58 2o 5 5 @ -
| | e&gs g2 & £ 3§ m g
2 = | 2282 s B8 & £ £
O =>|e5528 = =% ° ° @ |@ [eygze
o & g5 2 vt B
5228 o @ 20 T
L (0| 32550 @ ©6 0.®
© “
=0 R T IO AR, g
= B i ROy MR DR £
<o O S IS S S S S 2
® NSRS N ISR SRR SRR o
€ ] e ¢
.................................................... 2
ﬁ ............................ R R TRV N m
...................................................... b
x| o 0 AOOias OSSO
< J I O e N e «
s | s e e et :
3 -
................ R R e R LR ®
RN 3
O HWHHHHHH SRR SR @
VRN S0 NSRS SRS OS SR 2
................ I IORIORMIEE SRRSO SHMSAARN %
;;;;;;;;;;;;;;;;; ._;Aaannnxuit VR P 4
SRS I RN RO L
[y s - wy Py
L T L Ly <X
: ; ; : ;

standard .

Corner
point
no.

(3) change

date

Y valug

standard

lowar Hmit

(3) changs

Listng, 2
X valus

standard

Xin

Listne. 1

This mask is used
@) cfticlal stamp

in the tollowing
opserating modes

Units:
Corner
point
ne.




] tolerance masks
Bv.—-No.

Complete this form if the tolerance mask
shown opposite s to be changsd or
extended.

Qniy il in the sections outlingd
in heayy type.

() nams

@ page number
{sameg numbar on Hoth sigesn

(@ changed comer values

@ official stamp. dats, signature

Name
0]

This maasik Is used
in the following

Page no.

aperating modas @
Lisino. i Listno. 2 Lisino. 3 Listno. 4 tistno. § Listng 6 Listng. 7 Listno. & -
o . 103
| 107 R N
115 .
B : ji1ig " o )
Units: Xin { H Y in f dB<0 m0> |
Cormner ower limit Corner dpper Hmit
int oint
igm X value ] ¥ value io K value Y value
standard (3) change slandard (3) change standard | (3) changs stardarg (3 changs
- - i - 7500

@ official stamp data signature







PCM-4/PCM-5

=] tolerance masks

MASK NGOG,

FORM 4

-/Bv. no.

Complete this form 37 you want

te produce a completely new
tolerance mask.

type of mask

Cnly 7111 in the sectigns

ocutiingd 3n heavy tvpe,

©

@ N

¢
Droags no.

Tine

@ma sk oo,

Tinear

@

ADProxi-

vpe of mask
age o0

simation)

mation

ts (for ¥ and V@

@) tojevance values {For ¥ and

@cfsﬁcéa] stamp, date, signature

“qname

#page no.
47

@) Urits % in C

¥ in [

dnits:

dB{g, m@) Hz, ms, ps, %

Order no.

BN 984/00.79

Lor- Tower limit “or= upper limit

ner neyr

point point ®

}O_ ® X vaiue © Y value no. © X value ¥ ovalue
@D official stamp date signature .

/1348







