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Addendum to PCM-4, Operating Manual, BN 0984

July 06, 1895

Supplement to section 1.41GENERAL SPECIFICATIONS

Electromagnetic compatibility (EMC)

Spurious emissions

This instrument fuifits the requirements of EN 50 081-1 and thus the limi class B of EN 55 (22
(identical to CISPR 22:1985 modif., DIN VDE 0878 Part 3) and of FCC Rules Pant 15 Subpart J
Class A, The instrument meets the safety targets of Europearn Directive 89/3368/EWG of May 3,
1989 with respect to spurious emissions. No special operating permit is required. Sufticient
shiglding must be provided.

Thig instrument has been inspected such that the requirements for spurious amissions from this
instrument are also mest when it is used as part of a system.

The prerequisite is a correctly designed system and the use of proper tonnection cabiés, 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 #self (e.g. if the connection to the DUT is not uniformly shislded), the operator must
take paing to ensurs that no unaliowed spurious emissions ars generated. Suitable shislding
must be provided.

immunity to eiectrostatic discharge per IEC 801.2

*Reduced functioning, autormatic recoveryupto . . . . . . .. L L L0 oL 8kY
Iminunity to eleciromagnetic fields per {EC 801-3

Fully functionafupto . . . . . . . .. L 3 V¥/m
inthe frequency rande . . . . . . o e e e e 26 40 1N MMz
Immunity to rapid, transient disturbances per IEC 801-4

On the supply network

*Reduced functioning, automaticrecoveryupto . . . . . . . .. oL oo L0 L T kV
On the signal lines

“Reduced functioning, automatic recoveryupte . . . . . . ..o L Lo 0L 500 V

™ Definition of "Reducsd functioning, automatic recovery up to”:

Buring the impairment, the signal recsivad by the instrument can ba impaired such that an airor
is detected or a measuremeant error can ocour, This can be a code error, for example, and

gepending on the point in time, a bit, FAS or parity error. Errar bursts can cause alarme. The
ertors or alarms occur only during the impairment,

To minimize the influence of the impairment, the system must be correctly designed and proper
connaction cables used. Sufficient shielding must also be provided. (!” his applies especialiy o
the measurement of low level signals.)

EC Decilaration of Conformance / CE Label

Thig instrument fulfils the reqguirements of EN 50 081-1 and EN 50 08241,

M
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Change in the operating manual for the PCM-4, BN 0984

Option: "Analog interface”

for measuring signaliing distortion and
crosstalk of the signalling signal.

The signalling measurements iisted in the specifications {section 1.26) and describsed in the
operating part (sections 3.8.8 and 3.8.7) ara available from series AU cnwards as a option.

The ordering information is as follows: Analog interface BN 984/00.19

Accessory: "LabWindows® driver” __

i
for infegrating the instrumenrt into automatic test systems
ueed in development, production and service/calibration,

Using the LabWindows driver, it is easy to integrate the PCM-4 into software platforms. This is
ideal tor tests and measurerments 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 sequence is integrated into the
application. :

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

31. January 1985
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IMPORTART

The serigs numbar of the hardware and the fnstrument serial number are printed ta a small window
in the tower part of the front passl,

Fhe software version can be seen on menu page MOGE AD by pressing

JMIBE LIST A/

16/

I2vi

FENTERS .
This number, todether with the series and serial number, should always be quoted when making
enquiries about the instrument,
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SUPPLEMENT TO DESCRIPTION
PeM-4, BN 0984/04, from series T onwards

ANDE QPERATING MAKYAI

i. Change in trigger signal ouiput frem socket {&61)

Different trigger signals can be optained From socket [61] by closing one of the wire inks
A-B, €-D or £-F on board 384-T1 of ine PEMed,

Link Signal Synchronous with rising edge of
A-E 8 kHz Frame trigger signal
b 4 kHz Mot frame trigger signal MFAS
E-f 4 kHz Frame aligrnment signal FAS
T34 T ; T
\—; TS F S ] c 3 JF Tee |5 Sk - ) fn ] IP 1 ]O: L“‘T-' __ELL
L] S5 TR Pomet 15 wa & i ] oy W%
g T DU O3 U 08 O 7 IS e SAMCKCIMS S W D 5
=" R T > ' a
| Fem 3 o3 om |F 13 30 ] 211 | PN i G
'E—':‘é‘j S T |} rEn ez |5 izas T IR A T G
| 5 L
/ \ﬁj 1 Poakss 3 ooxms | b wa | ShEm & Sm i %
- (LN " 1
r—i [N O T R e e B FANET I T e
| Bez TR 3
e 0 T’ | £ R BWME m g
El r pr}
s TRR Y Y e wmy wmw | VTR ] SR | T m s l: = =3| [ "'":)
TP3 “ { ;

Link; A-8, £-D, E-F

2, inversion of stanalling distertion signal

The signalling dfstortton signat can be inverted {positive/negative Tegic) using switches § 3/1

through 5 3/% on board 954-%.

Position of
“switches S 3/1 to¢ § 3/8

1 negatiye
Z pogitive
-
L -,
il LR ) R n e
(.. 1 —hte 8 whio=  C -
O] . bk @,  -w- T g emiec] T g
y Bud ' Ry e . ™ TE We E[;"hl‘éiﬁ 5 H y tha
oy fha) Rl W3 DT @ B —ei~ © iy s -
a2 pr
o~ T =] o AR i
/E T e T 32 e ey ] |
| o I @T"“ in Sick |
= . E|
U] 1: =] n:’% "' sam— —on—  $71 wmr— T - II I s ] [ ‘
4 kg J— ey - N H
[: o azé ;g"': XL R Sy, t hie 1 T E L] _ T “EE::I o i - I
av: . :2::“ i te marre o @ | | T e %u—-
- - o ft iR
v —ta b= —ea— ol B T Ui !
{ - 3%4:‘:{”“ o fi: g EELG o j

248
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THTROGBECYION

Rising costs have Torced telecems autharities and industrial users to seek economical salutions
o test and measurement problems. The PCM-4, equally suitable for mamtal or remote-controlled
aperatton, kas all the funcliens needed for a complete coder/decoder tesi set, representing 3
cost-effective answer to this particular Lest requirement. A1l measuresents conform to the
relevant CCITT standards.

COMPACT COMSTRUCTION

The PCH«4 covers the functiens of several different test saws, making measurements easier and
redacing the number of connections required. A further plus is the reduced transpsrt cost,

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

& an analey s¥gnal generator for sine-, muTtftone-, and "naise" signals;
a a digital sfgnal generator which provides varieys sigqrals via a 64 kbit/s interface or
inserts them fnto standard PEM Frames;

8 an analog receiver for rapid wideband measurements in the telephore channel ar for out-of.-
band measuremerts wp to 128 kHz and for selective measurements at particular frequencies;

s a digital receiver for evaluating the digftal words in both speech and signalling channels,
the signal status befng indicated by LEDs,

These unfts, together with a processor system comprising several microprocessers, make a wide
range of measurements passible. These are summarised in the table at the end af this introduc-
Lion,

SIHPLE GPERATION

The use of a VDU and three pperator levels make warking with the PCM-d very easy:

o All the different types of meashrement are contained in two lists, 195t A for the measure-
ments which are often used, ard 1ist § for the less common ones. To setect a measurement, the
measurement number is entered. A 1ist of parameters, such as signal type, frequencies ang
signal lavel, s shown o the screen. Once you have selected one of these parameters, the YOU
stows all the relevant parameters and tolerance masks for the selected measursment. The PCH-d
fs ready to make the measurement.

The framework for the various measdrements, i.e. the parameters, are set to standard values
when the instrument is switched on for the first time. These parameters can ba altered if
required, but are reset to the standard vatues if /GEMRL. RESET/ is pressed, ar if the backe
up battertes become discharged hefore the tastrument §5 switched on again,

® If you need to alter the parameters, prasy /GENAL. PARAM./. This casses a mene to appear ¢h
the VDU, showing a nunber of parameter 1ists, Entering the 1ist number causes the selected
Tist to be displayed. Parameter changes are made by selecting one from a number of possibilie
ties or by entering a new value, The P{H~4 displays error messages which warn you if you have
setected & combination of parameters which is fllegal or has no meaning. The new vaiues are
stored ard used for all subseguent measurements amd are not erased when the instrument is
switched of f and on again.

® Once you are familiar with the instrument and its operation, 1t fs alea possible to make
changes fn the individual measurement modes to suft reguirements. This 15 done using the
JYAR, HODE/ key., This allows different referehee values or integration times to be selected,

for example, These alterations are erased when a new measurement mode fs chosen or {F the
PCH-4 13 switched off,
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MINIMAL MEASUREMENT ERROR

One of the mast important features of the PCM-4 is its accuracy. This is of particular
importance when making half-channel {analog-digital or digital-analog) measurements, as the
21towakle arrer 15 nalf that sermitted for full-channel measurgments,

The two descriptiens which follow may serve to explain how it is possible to obtain such a
smaltl measursmest error:

s A1l actuat signal processing i st the digital level., Received amalog signals are sampled and
digftised and a digital fiiter is used for weighting the resultant digital signal. The
tolerancas for such f1lters can be caleulated, and are independent of temperaturg or ageing
effects. In this way, the analog fitter, which Is a major source of errors, is dispensed
with,

o Only one highly accurate atiesustor is used in the PCH-4. This is a transformer-typs ’ ..
' attenuatar, the accuracy of which is solely determined by the turns ratios: All of the re.
maining attenuators are tapped resistor chaing. When the instrument {3 calibrated, first the
receiver attenuator and then the geperstor attoeuator are compared with the transforﬁer
attenuator. Any deviations are noted for each attengator stage, these being stored as
correction facters which are taken into account for sach subsequent setting of the atiens

uators,

CLEAR DISPLAY OF RESULTS

A1 resylts are displayed clearly on the ¥DU., You have a choice between:

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

~ pumerical display in tabufar form,

If you want to keep z record of the rosults, & wideo pletter, graphics plotter or printer can he

zsed, For the video plotter or graphics piotier, an IEC 62% interface is required.

The following can be output on the printer:

- the caomplete contents of the measured value memory on marual Command

-« each complete result automatically, or

~ measured values which are outside givens telerance 1Tmits. If required, the itmit value can be
printed together with each measured valuea

RAPID AUTOMATIC TESTING

Forty completz Iastrument settings ({setups) can be stored and recalled as required. The PCH-4
van automatically ¢all up and execute a1l the setups in address order. When coupled with 3
printer programmed to print out values whick are out of talerance, the PCHM-4 forms & pewerful
aatomatic test set.

The use af a desk-top computer and IEC 625 bus network opens up further possibflities. For
example, the computer can be used to cabl up and start preset setups, only the running parameter
{e.g., frequency} being changed between measurements. As the data transfer and the measurements
overlap, measurements are not interrupted when rew settings are made.

If a fuli-scale computer is used, the FCM-4 becomes more than just a test sef; here are twp
axampTas:

» Stetistical evaluation of the resuits allow tast engineers to determine the accuracy of erroer
predictions made during development;

¢ Long-term measurements on transmission 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-telerance performance of a given module can be seen easily.
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Table of measurements which can he made using the PCH-4

Measurement mode

Measurement conditions

A-ALADD-A| DB

Level measurement

With sinusgidal sigmal 20 Hz to 4 kkHz (72 kHz).
With naise sigral to CCITT Ren. 0,131 and Norih American siandards

Crerall loss
Echo raturn loss
Singing return loss

Transhybrid oss

With sinusoidal signal gt 813 or 1014 Hz "and a level of - 10 or $ dBm0O

With noise signai ERL and a levat of - 10 d¢Bm0, to Nerth American standards
With noise signal SRE or SRL HI and a tevel of — 10 dBmD. to North American
standards

2-wire termmination with 910¢ 39 nF?

-
»
L]
&

Variation of gain with
frequency

With sinuscidal signal 20 Hz to 4 kHz and a level of — 10 or 1 ¢Bm0.
Ref. frequency 813 ar 1014 Hz 7 {ather refarence frequencias available using
VAR, MOBDE}

Warlalion of gain with inpul
level

With sinusoidal signat at 813 or 1014 Hz " With noise signal 1o CCITT Ree. 0131
and Morth American standards

Total distortion

With noise signal al 350 Mz .. 580 2 or smusaidai signal at 422 Hz wm CCOITT
Fec. O.131 and North American standards.,

With sinusoidal signat at 813 or 1014 Hx ", propit. or C-message waightad te
COITT Ree. .182 and North American standards.

With sinusoidal sighal at 300 Mz ... 3350 Hz

{ldle channel noice

At 300 Hz | 3350 Hz or weighting with psoph. or C-message Hier. Activating;!one
al 2 kHz possibie

Crosstalk diff. channat

With sinusadtal sigrat at 301, 813, 1014 "M or 3343 Hz,
With “Conventicrial Telephona Signal” to CCITT Rec. G227 and North Armerican
stardards {BN 984/01 psoph. wid/BN 884702 C-message weighted)

and 1388 Hz

Crasstalk same channel With sinusoidal signas at 301, 813, 1014 " or 3343 Mz L
Out-of-band measurement | With sinuscidal signai in the range 4.6 ... 72 kHz, raceive range 0.2 . 4 kHz * ]

With sinuzcidal signal in the range 0.2 ... 4 kHz: recelve range 4 6 .. T2 kiHz . L]
Harmonic distorfion 2nd of 3rid order hErmonic ratic with sinusotdal signal at 1014 Hz ™ s i ¢ | 8 8
d-tne intermodiiation 2nd or 3rd order distortion with four aqual-feve! tones at 857 Hz, BBZ iHr, 1373 Hz . a - -

Raturn loss [option)

Using BN 984/00.10 bridge: reference impedances 604, 900 L and complex ¥
Using BN $84/00.11 bridge: reference impeadances 600/85( 12 and complex™

Ak frequency pans

Lengiudingl conversion 10ss

Meastied 0 CCITT Rec. 0,121

{aptiom lJging BN 984/00 10 bridge: reference impadances B0, 900 L2 Audio frequaency ports
Using BN 984/00.11 bridge: reference impedances 500, 850 2

Longitsdinal conversion Measured (o COITT Rep. O.121

transtar inss {option) Lising BN 284/00.10 bridge: reference impadances 600, 800 52 [ ] v | @
Using BN 984/00. 11 bridge: referéence impedances 800, 850 12

Overload capacity With pos. o neq. peaic code, at 813 Hz or 114 Hz » »

Peak load » '}

Coder offsat ] -

Absolute group delay
Group delay disiortion

Loop measurements: AM-Signal with 8 fixed measuring frequencies sirmitar to the
signat deserbed in CCITT Rec. O.81 and {EEE Standards

Signalling distortion

Measures tha gty cycle deviation of a rectangular signai of 10 or 20 Hz.
Duty cyele settable in slaps between 10 and 90 %

Imarferance from signalitng

Weighted measurarmant (to CCITT Reo. G4 and North Armerican standards)
in voiee channel, Outy cycle of rectangular signal adjustable

Error measuraments Framing errors {FAS and MFAS), CROC arrors. Error ratio, artor count and ervor L
free 3800nds with pseudorandom sequences of user programabie 8 bil word in
gne channel at 84 kbit/s or via 84 khit's interface

AX frame gvaluation Evaluation on sereen of words and bits ® L4

MUXDEMUX operation One channel muliiplexer: with 64 kbit/s input {option] only L]
Cna channel demultiplaxer: with 64 kbit's output {option) only -

3 BN EBAOZ: 1004 He

2} Complex impedance can ba modified at factory

3) 220 {2 in series with B20 $2§ 115 nF, can Le modified at factory

Note: Measurements on digital Transenit {TX} or Receive (RX) interfaces can be carred ouf using the 2048 kbil's (BN 984/01), 1544 kbii's (BN 884/02) or
A4 Khil's imerface (opfion), The following TX/RX cambinations are possibla: 2 M2 Mbit's; 54 10084 kbi's: 84 )02 Mbit's; 2 M/B4 koitfs; 1.5 M4 1.5 nbit/s;
64 /B4 khit/s; £4 +/1.5 Mbitfs; 1.5 MAES kbit's.

Heasurements of return toss, harmonic- and intermoduiation distortion are available in
instruments from serfes £ onwards, or from software versian {984.0093,061.
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i

SPECIFLCATIONS

AN AL DG

Unless otherwise stated, the 1imit values given below are valid within the specified nominal
ranges of uge for the influence guantities,

1 6NMAL GENERATOR

GEHERATOR QUTPU Teaavarrannans sewavaraaes batanced, finating 3 pole {F connector

Qutput impedance, SWIECRADT @ v vsnssrsssessessnsensrvaseussnnsssras 00, 8§56, 900 @ and Comp?exi}

Return loss

Output impedance

20 Hz to 200 NHz

204 Hx to & kHx

4 kHz to 72 kHz

600 2, 850 Q, 500 Q

>34 4B

> 46 4B

>36d -

compTex

>30d8

Longitudital conversion transfer loss {00177 0,121)

.for atl real impedance walues:

in range 20 HZ 10 20 KHZueevssvauransnravannvnrintinnisisasvnsnnnesrnssrrsrsnsssennnasss > 50 48
n range 20 KHZ £0 72 KHZveussisnsnnsvossvonsonranssnronsssnssarsonoronssosconssnaasanss > 46 d8
Far comptex impmdance (measured with 900 2 resistive bridge}

in orange F00 Hr t0 4 klzZaerivneiiomananannaas sarmsiaramamnan ressnmaan creresrasrrransnces » 40 48
D,E. Trading

Parmissible dete voltage L0 BArTNeescasssismnsvammnsinsnasnanrmnsannnnnnna vaRTErarr s <800
dvervoltage profection SWItCRES alesssvsssseississisitinnnrnnsnrensrervnnnns wnvenasssanas 2 110

between 1ines a and & -
Leep nolding circuit {dec. free cutput} and doc. decoupling circuit can be connected externally
{both available as options},

.2 GEMNERATOR SIGNALS
Sinusoidal_signals
Frequency MamgB cessanannassstasrtasssnisttntsbabnrensns seaesruscessrasaranannan 20 Hz to 72 kHz

Frequency entry via keypad
in range 20 Hz ta 4 kHz in 10 H2 steps
in range 4 kHz to 72 kHz in 100 Hz staps

Thke best approximatfon to the selected frequency fs foung and dispiayed. The freguency comb
does not contafn subeharmonics of the & kHz sampling fregquency, The generated frequency s

crystal accurate {+50 x 10'5)- The generator can be synchronised with an 8 kHz system clock
sfgnal.

1] Complex impedance 200 R in series with 115 nF in parallel with 420 . Sther values available
4N reguest, )
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1-2

genarater freguency comb

Frequency range

Possthle fregeency valves {Hz)

20 Hz to 4 kHz

n o 10.03752; no= 2 to 398

4 kHz to 72 kHz mx M0.3752; m o= 40 to V17

190 Hz to 4 kHz ko 100.8291; k = 1 10 29

Direct subharmonfc 2800
Harmonic ratio
for fundamental gsciilatfons in'the_range
20 HZ 10 200 Hiwesssuesavanernonnnsrsanaanna rreosasssranrnARTaRRERETRREE veannnsnnanannas > A0 4B
200 HZ 10 4 KHZuisecusenncarnnnsernsssnassaranscasrsdnnsssnscassrsanssanssnnsrnsrrssrmennas > 60 4B
4 kHZ £0 72 KHZuiiecreensensrovaarsassnssnvassnrssasmrnssomsrsnnsanss [ B -

Measured with gemeratar Yevel O dBmd. Evaluafion includes the 3fd harmonic, bt fs n any case
ug to at -least 20 kMz.

Hoiss band Agcommendation ipectral line spacing Peak factor
20 Tag Vplvrms

350 to 550 Hz LCITT 0.13: 3.906 Hz 1.5 + 0.5 d8

340 to 550 He CLETT 0,132 7.813 Hz 10,5 + 0.5 dB

Conventianal tele- CLITT G.2727 7.813 Hz 16.5 1 0.5 d8

phcne signat

560 1o 1965 Hz Carrespond 7.BL3 Mz 0.6 + 0.5 o8

(ECHO RETURN LOS5) to Rerth American

standards

260 o B0 Hz 7,813 Hz 10,5 + 0.5 8

{STNGLNG RETURN LOSS)

2200 to 34{0 Hz 7.812 Hz 1.5 + 0.5 dB

(SINGI#S RETURN

LYSS HIGH)

Group delay measuring signal
Similar to the signal recommended by CCETY 0.81 and IEEE standerds.

The measurement is made fn Toop mode, so an internally geserated reference pulse is fed to the
receiver fnstead of a reference signal,

Measuring frequenciese aviresssrvaancsaanannss . 292, 500, 604, 1000, 1792, 2604, 2792 and 3390 Hz
Modulation Frequentyeremnassnesnssassssnsvarrsranrsansanns vesversrseresnnereans 11,66 Hz + D.5Y
Modtt] 4100 QEPth, seeiussermacansssrsnaaransserssstarasrasnatissnssrnrsnaborsnnsnans moe 0.4 + .05
ar

Modulalion freqUency arssanensaransssnvobnnsmnanyamsnnmnnnnns amymmanare wersseres BIL3I3 HE d 0.1 %
Modulation deptheeeeeriavavevrannrsnns “vreuanerramnannnan cesvnramreana wesasnrsers @ % 0,5 + 045

Four tones aht equal 1BVelSuesvesssannssnvnsenrveanananernaass b 857 Hz, 862 Hz, 1373 and 1388 Hz

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




1-3

1,3 GCERERATOR LEVYEL

Caiibrated as power Tevel {dBmD), switchable to voltage level {dR8).

Relative Tevel

Input T Stens OF Gul GBeeiverariensrsenronsssrnosnsnsannaboistsibonsaniinites =~1%.9 to +9,9 dBr

Lavels retative to 1 mil at 0 refative level

for generator signals outlined in lu2ieeiieiacensscenrsnrsnsrrsananaas iARUL in steps of 0,01 o8

tevel range in the preferred range of relative level -17 to +3 dBr fnto 600 @

for sinusofdal sigrals (f » 200 Hz}, at 1ea3ste.aueievrrrsssssssassasiaasaans #0800 to +10.0 d8md
for sTnusoidal signals (f < 200 Hz), 8t 1285 eieaesnanssssresssnanueransanrss =600 Lo +2.0 d8md
FOr Noise, 4% 1eaSTesssrraanasrnaamsaranraasnasnannsrnssrsarvuasvanssnnvassne ~00 0 Co +2.8 dEmG
For 3kl other send 5¥9nals, 3t 1EaStaieeuvassasnuvassrsvesmrnnanasnnannaaness <3008 o +2.0 dBMO

Dutpet level range

Dutput impedance Zout:

neise signal: from {-77 - Lol = ¥y £o {+3 - bt ™ K] dBm0
sirusoidal sigmals: from {77 - L g < K} to {+13 = Loy - K} cBmO
Correction ?ector K: zaut Power ievel Yoltage level

806 Q O dB G di

850 Q 1.51 ¢8 0 ds

940 @ 1,76 d8 048

CRLX 1.74 dif 0de

= { 7.78 d8 0 dB

if customer-specified Tmpedances have been factory-fitted, the relevant power Tewel correction
factors will be stored Tn the tolerance mask EPROM and will be automatically appTied to the test
rasults,

The correction factor for a modified complex impedance refers to the apparant pouwer Tevel at
approx. 1 kHz,

1.4 DTHER OUTPUTS

Auxiviary signal for crosstalk measurements; pseuds random nefse signal in frequency range
350 to 550 Hz or the subharmonic 2 kHz, T

Balanced oatput
D pUt IR dANCE . s se e rrraressunrasanssarssaruusuniioninsbansnanandassmbnnnnn reamsemaanas BOO0 @

Return loss
in frequency range 300 Hz t0 B0 Hzoieinrnoisaneininmincunirinnenaiomenivnisrinsinanas > 268 B
SO0 Hz 10 3.4 kHZa i iirerarssirsrrsssrsntsisas s na i anaans eves > 30 dB

Signal balance ratio
to CCITT 0.121 in the frequency range 300 Hz 0 3.4 KHZ.ieeceiaiiriscnionasiaiisnicncssss > 45 d8

Max. doo, voltage to earthe e ivecrananniaasanas B ervvean B0V
Max. d.¢. voltage between 1ines & aNd Baerecrarsvecrnvrsasnanssrnnsmosnasanansa P
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Jutput impadarce and FELLIM T085 e cisavurssrrvcnnveronnnscvrssnssssrses 588 a5 balanced oyipul

Qutput_level

Input takes fnto account the relative level setting Lre! ir dBm.

If a tevel of Lx is fnput, the level Lal) will be output ard displayed:

Balanced output, level range La""""" ............. neeamann {-72 - Lreij te (~40 - Lre]} B
Coaxial output, Tevel PangE...ivsermrvmevnssrssssrvacsmsnssnnssnnnes (=32 - Lrei> to {LreI) dBml

Error Timits of output level L, referred to indicated valulecisasamrmrsonrsnorarenacnay, 0.5 db

ANAL DG RECEILI WER

1,5 RECETHER T H PY Tovnaverraarsssanrsnnsnenronranteancareesnss 58ME 2% Generator output

with additional Tnput impedance ofeeiceivevernonacncs ddreesrnmmnnaan dersannaran venae > 30 kG

Signal balance ratia to CCITT 00123
for all real impedance values

in the range 20 kH2 £6 128 KHZuururereneenvrecnenreensuensserasassrammassnnenrenesanns > 48 db¥)
For compiex input impedance {measured with 900 Q resistive bridge)
-in the range 200 Hz 0 & KHZivarsaraavaovevnsenssronassasnsssnonssnrarsananssvanararesrs > 40 di

Generaztor output for Analog/Digital measurements, receiver Input for Digital fBnaleg measure-
ments. For Digital/Digital measurements, the Z-wire connectiaon may be terminated with a complex

impedaﬂc@B} or switched £o a high impedance value.

Loop holding circuit (d.c free cutput} and doc. decoupling gircuit can be comnected externally
{both available as optiens).

1.6 RECEIYE LEYEL

Calibrated in power level (dBmd}, switthable to voltage lavel (dBO).

Input in staps of 0.1 d8 frofMeesresrsssssrsaarsrsnsnansmensnnnseassvunrsnannns “13,.3 o +3,9 dBr

Levels relative to 1 mW at O relative lavel

Leve]l range within the preffered relative level range -9,9 to +0.% dBr into 600 @
for signal leve? measurements, 3L TRAStuieiavesssatnarnreraonsnnnnn vessvnsns 80,0 to +16.0 dEmO
for neise and cresstalk meesyrements, at Teast........... wnasaserernsannnvaans =80,0 to 0,0 dBmd

1) Balanced outputs L. > -40 dBa0 - 1,5 | hby| ~30 dBmG i*)
a - ret

*

e

integer valie
From 20 kHz £0 72 KHZ svvuvvvorvavrrensnnsannnsnsscsnrrssssnnyynnnannnsssransnnnasves > 40 08

T
Paid

from 72 kHz to 128 KHZ sauasimssenrsssstasinrasssnsnccanssnassassnersasasnsascnnaransas > 30 df
if customer-specified 120 kHz low pass filfer (BN 984/00,14) fitted,
3} Complex fmpedanee: 910 G in paraliel with 19 oF
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1.7 RECETVYE FELYIERS
Wideband filters
Attenuation Passhand range Attenuation
> 30 df 3d8 fy:: > 30 d8
100 Hz 177 Hz 200 Hz to 4 kHz 4.3 kHz 4_8 kilz
- Z Hz 24 Hz to 4 kiz 4.3 kHz 4.B kHz
1BO Hz 303 Hzl) ' 330 Hz to 3100 Hz 3.35 szl 3.9 khz
- ? Hz . 20 Hz to 72 kMz - -
3.6 kHz 3.95% kHz 4.8 kHz to 128 kHz 165 kHz approx. 22] kHz
Filters for measuring harmonics gnd IM_disfortion
Pagshand
#nd harmen ic ak” 2000 ‘te 2028 Hz
3rd harmon ic ak® 3000 to 3042 Hz
nd order B -4 420 to 580 Hz
M product B+ A 222% ta 2251 Hz
Ird order ‘B - A 1855 to 1920 Hz
IN product
Filters for weighted noise measurements
Psaphometer Tilter (CCITY P.53/0,41)
C-message weighting f1lter {to Horth American standards)
3 kHz flat filter (to North American standards)
Paophameter filter with 2 kHz notch filtar
C-message weighting filter with 2 kHr notch filter
Bandpass 300 to 3350 Hz with 2 kBz netch filter
Baprgw band filters
Attenuation fassband Attenuat ion
» 30 dB d dB £ 0.5 4B 3dB + 8.5d8 > 30 dB
2} 2}
250 Hr 281 Hz 301 He 320 Hz 360 Hz
700 Mz 792 Hz 813 Hz 828 Hz 510 Hz
S04 Hx 992 Hz 1614 Hz 1028 Hz 1110 Hz
3250 Hz 31288 Hz 3343 Hr 3356 Hz 3400 Hz
200 Mz 312 He 350 to 550 Hz 580 Hz B30 Hz
{= 19 dB}

1] 3d8 &+ 0.5 dB
2] 3d5 ¢t dB
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1.8

Signal filter Natgse f1ilter Recommean-~
dat ion

350 to 550 Hz B8 to 3350 Hz CCITT .13}
800 to 855 Hz Channel filter with 813 Hz notch -

800 to 855 Hz Psophometer with 213 Hz notch CCITT D.132
1000 to 1025 Hz Channel filtter with 1614 Hz notch -

1000 to 1025 Mz Psophometer with 1014 Hz rotch -

1000 to 1025 Hz C-message welghting f1iter with 1014 Hz notch CCITT 0,132

DIGITAL SIGNAL GENERATOR

PCM FRAME STRUCTHRE

32 channel PCH frame containing either

30 telephome channels. . . ..o iiiu e i i nneeiaeseirerea. to ECITT Rec. 6.704 {red book)
information is injected in time slot 16 either internally or from an external source

ur 31 e lephome ChaNME S . . . i e e et ety time slots | to 31
Time siot 18 iz assigned & telephone channe!l

or 32 telephone charmels. ... ... .. ey a1l time slots (0 to 3L} used

Start of frame indicated by 8 kHz trigger signals,

1.9 GEMNERATOR OQUTPUTS, DIGETAL STHENAL & £LODCEK

Interface chardoterisbins. .. i i i e, to CCETT Rec. G.763

LA =T oL < NRZ, AMI and HDB3

Coaxial oubpUL™ L e i i e Versacon(:)g universal connector system
can he adapted to a3} commoniy used connectors

R s LT v e s 75 0

Balanced OutPUL. ..o L e e e 3 pole &F conmnector

Dutput impedance. ... ... ... e 4 e e r et s b e e daa ettt ed e e bmaeae s eaa e 120 @

Return loss

within frequency range 40 kHz to 2.5 MHz............ R O 4

OUEput s SHADB. . .. ... ittt e e e approximates SquUare wave

Pulse amplitude

Coaxial output terminated with 75 B vuiuviirreeeineinrrrreiinrinionioririreeineees 2,37 ¥ & 10%

Balanced output terminated with 120 (... v iviirrieeannnnns e e 3V 10%

Pulse width for AM! and HDR3

At half pulse REight . L e e e 244 nz & 30 ns

Aise tima from 10% to 9O0%. ..., ...... RPN oT48 2 Y G N -

Phase relattonship between digital and clock signals:
The leading edge of the signal and the rising edge of the clock {Vh/a symmetrical) are in
phase
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1,16 S PERATIRG NADES ANND CLOGK GENERATION

Insertion of a test pattern into one channel of a PCM frame which s looped-through the PCH-E,
The digital signal znalyser and the digital signal generator are combined far this measurement.

Bit ralfenssenvescinsunann Levematnasnannacnnnnns vessasvoersrenssasvsoverrnsnnsnserase od8 kbit/s

BIE rate erPor HMiZesesvocssnmneacaanes fe vt eenvetieteaeeieneaeaeneranecavacansans $25 x 107F

BTl TahBevemwvesusrmrnanarsontannansarassssansrrrnstssssarastssssransnnransarrarenss 2L48 kbitfs

Max. deviation from nominal values.cessrssrnsncrsssnransrarrrsarorsnrrarnnsrnsressnss 100 % it

£ kHz synchronising signal

internal derivation of frame, time slot, and bit clock from the extersal synchronising signal.
Max. deviation From nominal valu.eeseiieiasesrninassvisasnninsessinisrransnsesvanas #3100 1076

External clack and synchronising $ignal input

1EO"HIGHY palse width > 488 ns, for BX and TX terminated with 75 &

Inout fmpedance, switehableeeiiiiencnsrcennnan vteadsresseseseuna [P aperox, 7B ar > 3 kG
Input voltage range {square wave signal )i sieesscuannsanausiarasnsnarssennsanas L ¥ 405V

Duty eyele, exfarnal clock,eerivnorsnirnnenas 5

............ U P 4 1.

2 MeTt/s toop, all time sTots switched through.
2 Mnit/s Toop, seiected time slobl switched throwgh {send and receive channels chosen separatelty).
64 xhit/s loop at relevant interfaces {option).
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i.11 pl6ITAL WORDS TN TIME SL4TS5 & AND 16

with 30 telzphane chamnels, or time slot 0 with 31 telephone channels: may he sef as reguired.

Standard values {follow RESET TO STANDARD VALUES)

Frame alignment sfgnal without CRC-4 check bits in fime siot O

of EVETY SECON0 FIaMB. . usvessssitotnrrrttastnsmnnnnamedntonsanubrinanns tirrrnaseeanns «. AO0I1GILE

Frame alignment stgnal with CRC«4 check bits in time stot O
of every second frame Tn the CRO multiframe. . sscmscnmncanmanass Wadramssessannarasansa .. CO011I0YY

ot Frame alignment signal without CRC-4 check bits in time siot 2
of every frame not containing 2 frame alfgnment signal.ceciasevnnmssavssrrarearsesnceas L1011

ot frame aligmnment signal with CRC-4 chack bits in Cime slot O
of every frame not containing a frame alignment 59gnal.ceviivsussmesisisvsssssnnsmvsses MIOIE1I1

Hultiframe alignment signal
in time stot 16 of frame 8 [Bits 1 £0 @)uovusivsavrisnrsnsriisvsnsvencavrnsnvnrvrnrsnsnssssrs B00

Mot multiframe a}ignmeni signal
in Lime s1of 16 of frame § (Dits 8 £0 8lvucevemecccvravrmrresvensnamnsnannnnnns basrsmmans wees 1011

Idle channel signatling word in time slet 16 of frawes 1 te 15
for che time slots 1 te 15 and 17 to 3 ianremincnacancanas [ —_— emaramana wessvrmvsnneans 1111

Signalling word
in time slot 16, assiagned teo selected telaphone Channelaeuv.vecevuensssassnvnasssnennnsnas LI11
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1,17 DIGITAL MOGRDS IN TELEPHOME CHANNELS

Code word may be inserted as required into ane of the telephone chanrels I to 30 {or 31, 32],
or into atl channels, or into all channels with the exception of the selacted channel.

may De set as desired; sStandard valul,sceusesssssncansnrs drwharnsurEmEmaE s saE AT 31010101

L T o L LT T T T Awlaw, peiaw
A-taw coding:

symmetrical binary coding of digital woards with inversion of bQits 2, 4, 6, B.

p-law coding:
symmetrical binary coding of digital word with inversion of bits 7 te 2.

Theoraticat Toad capacity

The peak value of an 1deal sinusnida) signal PS at a level of +3,14 dBm0 (A-law coding} or
3,17 dBme [p-law coding) carresponds to the virtual decision valve 128,

Transgission tevel definitinn

The transmiscion lavel Ps is defired 83 thet input lavel which would produce at the output of
ar ideal coder (A} the same PCM words as t?nse supplied by ths digital signal generstor {B).

!
IDEAL i TDEAL
Py Orme COBER ® DECOBER O Py
OIGETAL SEN,
send level p, —J}—- E}ggéjﬁiﬂ m-.-opH ©
froquency fs i -
I 2

Figure 1~1 Defimition of transmission lewel

Level errors:

PEE’PEI: Digitat signal generator error

PEQ'PS: Difference hbetween aciual simulated fevel and set Tevel dug to quantising error,
inctuding the digital signal generator errar.

Total distortion error:

11 arrgr valtues quoted refer to the theoratical value af the generated s‘lgmﬂi‘;l

1} The theoretfcal and actual walues are given in a separate table.
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1,13 GEHERATOR STGENALS

Frequency MNg@. scesrasssaanssvastoasasrsesbrsasmtsnnbnssrnanansanannan ennruens 20 Hz ta 3,99 kHz
Frequancy selected via keypad. When a frequency value is input, the nearest possible value will
be selected angd the actual fregquency displayed. The frequency comb avoids direct subharmonics of
the 8 kHz sampling frequency. The frequency generated 1s erystal accurate.

Gengrator frequency comb

Frequency range possibte Frequency value (Hz)

20 He to & kHz {STANDARD) A X L0376, n = 2 to 398
100 Hz to 4 xHz (VAR. MODE} k x 101,286, k = 1 to 39
Direct subbarmonics 250, 504, 840G

3 dBmQ ievel (VAR, MODE}
Direct subkarmonics
-45 dBmD level {VAR, MODE) 2000

1 x 268, i=4+tals

Generatar leyel

Level range, 1n 0,1 dB SEEPS.eruvescnrancnnnn nemrasnaas veavesasvaavasrrennene ~B0.0 Lo +7.5 dBmd
Error 1imits of simulated Tevel within the standard range of sinusoidal sicnal, selective
measuremant (see figure 1-1):

A-Taw coding, in generator leval range

Pg Ppz - Py Pea - ¥
+7.5 o +3.2 dBmd +0.02 ¢B -
+3.1 to ~40.0 dBmD +0.02 9B +0.05 48

=48.1 to ~50.0 dBm@
=50.1 to -60,0 dBmd

+0,02/-8.03 d8
+0,04/-8,0¢ d8

+0.27-0.3 d8
+0.97-1.7 48

ptaw ¢oding, Ta generator Tevel range
Ps Pez - Py Pz~ F5
+7.5 to +3.2 dim0 +0.02 dB -
+3.1 to -40,0 4Bm0 #0.02 ob +(. 06/ 0. 05 o
-40.1 to -50.0 dBmd 0,02 dB +0.10/-6.11 dB
-50.1 to -60.0 dBm@ +0.02 db +3.37-0.5 dB
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Frequency responsa
#ax. freguency dependent error in simulsted level (PEZ} for constant ievel setting.
fefarence frequency 813 Hz.

Level range freguency range Ap

+3.2 to -60 dBml 20 Hz te 3.9 kHz + 001 dB

Boisg signals .
fseudo random noise signal, 350 te 550 Hz corresponding te CCITT Rec. 0,131,

spectral line separation.......... e et e e e rr et 3.9406 Hy
Pseudo random noise signal 350 ta 550 Hz, speetral Tine separation................ ..... 7.813 Mz
T LI Yo £+ (A e e r e e e e 10.5 % 0.5 dB

Generator level

Level range, in 0.1 cB steps.. e e er e ... “B5.0 to +7.5 dBm0
Error Timits of simulated 1evei For netse signal te CCEYT 0.131, measured in the freguency
range 350 to 550 Hr

A-law coding, in generator level range PEE - PEI PE2 - PS
B TR L t 0.01 dB | £ (.02 dB
40,1 to -80.0 dBmd.. .l s e eeraseaataar e, + 0.03 di8 | £ 0.10 dB
u-taw coding, in generator level range . pEZ _‘pEi PEZ - PS
T T T . + 0.01 dB| £ G.02 dB
451 1o B0 O dBmB. e e + 0.02 dB | + (.05 dB

for levels outside the theoretical load capacity {noise > -45 diml). the absolute cutput level
Ps is limited by the A-Taw or g~law coding characteristics.

Error limits for total distortion ratio for simulated noise signal to CLITY 8.131 referred to
the theoretical value {reference handwidth Af = 3100 Hz).

b and p-law mading, in send leval range -85.0 to -4 2 dBmd.. ... ... .. o, £ 0.2 dB
Other noige signals
Broadhbsnd noise signal in telephane channel, noise band......... ... ... .. ... 300 to 3400 Hzil ]
Generator Tevel PaNge. ... .o cvuiirnn. . a sa e st cesaianaaae —B5.0 to 0.0 dBmd
Conventional telephone signal... ... .. ... ..o i oL B0 EEITT 6.22?1
BEneTator JBVE Y AN . . . i e e e e -30.4 te 2.0 demd
ECHG RETURN LOSS test signal, noise hand. . ....e oo il i ia e EBO to 1965 Hz1
SINGENG RETURN LOSS, noise band. ... ... i i s e e 260 to 500 Hzl
SINGENG RETURN E0SS HIGH, nofse band. .. ... ... ... .. iiiianinn... 2200 to 3404 Hzl
Generator level PAMGE. ... i ittt it s eras b eearee s . -30.0 to 0.0 dBmd

I} Swectral line separation 7.813 Hz
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............ e raanaeenan e, 300 to O dBmd

Four_tone zignal_{see: genevator signals; Analog signal generator}

A i

Generator Tevel range. ... ... ...

Idle_chapnel signals

................................. «30.4 to ~5.0 dbmd

Fixed as well as periodicaliy- ar pseudo~randnm]y variahle {between two adjzcent values)

codewords can be selacted as desired,

Idle channel signals following RESET T STANDARD VALUES:

fixed idie rchannel code word (FiX)

7T TN S E1610101 {+0}
{p-Yawh. ... ... .. .. deveesee..a. BRELLIZY {40}

Idie channel code word with pseudo
random sign change, fregquency range
0 to 4 kHz

Idle channel code word with periodic
sign change at same freguency as set
sinusoidal signal

(A-Tawd ...l between 11010101 {+0}
and 01010161 (-0}

{u-taw). ..o hetwean 11111111 {+0)
and 01111111 (-B)

Bigifal puise pattarps

The following are available for bit error measurements:

Pseudo random sequence to CCITT V. B2 .......
Pseudo randem sequence te CCETT Q.i52.. . ........000tt,

Freely selectahle 8 bit word

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, length 2°-1 bit

Ceverersinecnnns langth 2M1 bit

Externally generated analng s1gnaTs can be processed with the aid of a PCM coder.

External coder fnput. ... . ...l

Input impedance. ..

P

Ralative level. ., . ... ... .. et e

Theoretical load capacity, A-law..
u-law, .

Residual attenuation at 814 H2 and 0 dﬁmU

Frequency response hetween 300 Hz and 3350

Artisan Technology Group - Quality Instrumentation ...

P T T T LT T

................................... 3 pole CF socket

P < . 1
0 dbr
oo 3.4 dir
. 3.17 dBr

5 0.5d8

HZ ......................................... < 0.5 dB
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1.14 TEST FACIELITIES ANG ERROR T H&#JELTION

A15 signat

b comtineous seguence of 1's is transmitted (no frame structure].

Generation of a bit error rate for the Frame aligrment signal, selectablee.veereens 10'4 ar l{]‘3

Generation of frame alignment <ignal Containing Errorcuiceeassasnsanssva 2 0Ut of & or I out of 4
) words containing errors

Generation of CREC multiframe aligrment signal €rrorSceseevensssnnnsaans 2 QUL 0F 4 0or 3 out of 4
' ' words containing errars

Hultiframe alignment test

Gengration of multiframe alignment signal CoRtainiRE BrrbFu..ysaccsaaaa 1 out of 2 or 2 sut of 2

wards containing errars

Paratiel input on back panel for exiernally set 4 bit signalling words, operates with frame
structures to CCITT G.704 and "time slot 16 imternal®,

INnUt vO LA e snaasnavansassnsssssnnnnsnsnnrrnssnansapannnns e wernsevess FTL Poyal

1,18 TRIGOER DUTPUT Siiniiasancasansoncasannansas ReisessmEsanmans coaxial BHNC sockets

Frame trigoer output [61]

Frame trigger signal with riging edge correspanding to start of time stot 0.

CULput VOTEROCa sawanrrrranunusanersannrncsarsoruusarsonsanannsnrssanssssnsssnnsnavenas F1L JEVEL
MHax. delay of start of time slot 0 referred to frame ErigUere e e ierseiamsnrcnass raaraara BO TS
If generator is used with axternal frame teiggering {[64] ext. sync.}, the 8 kHz input or output
trigoer signals are kept in phasge.

HMax, deviation of output trigger sfgnal from Imput trigeer sigmal. . rcirersransrnnnenens #30 ns

Generator signal trigger owtpui [32]
Trigyer signal synchronous with ihe generster signal in the selected channel,

SEPUT VOTLE08a renuwnsrsrntrrbanrrnsbetinnrsnmurnrisressasvadrntrsnnnnannsesnasassnans 11k 18VE]

016Gl FPAL S{GNRNAL RECEIVNER

J.W6 PM FRAME STRUCTURE

32 channel PCY frame, containing

M teTephons CRANMEISwswrresssnrssrransrerasnraswsursanrvnsvasnnmeaannnsann 590 CEITT Rec, 6,704
or 3} telephone channelsscessissivsvsssrurinnntuenimamennnassnonsmsasrnnvers LiME 5i0LS 1 o 31,
if time siet 16 is & telephone channed,

or 37 telephone CHANNE S . aauascesrasrmcemcssannmsasnsansvonsnnsriasansavnensnases 211 Lime sipts

if an externzl Frame alignment signal is avaflable.
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1.7 DIGITAL STGHAL [MNPUTS

Interface Characteristits. i iusamerrrrrroinaranesaran rianans wesansseasass £6 CCITT Rac. 6,703
LT OB m s sm v v r s s rnesssssiorsaasmitonnnasonnssosannsesnsstnesroninannnans e HRZ, AME, HDB3
E0AXTAl INPUL® . s cvarnnrnrrsososnrsossmssasansasnmanannnannan semneerrens YETSACONSY G yniversal

copnector system adaptable teo all commonly used connegtors
IBpUE IMPEdaNC R e rsasunsnnnsrtansnansssremnens nrateemEE T ARE TR AN R e e PR 0r> 3 KR

Balanced TNpUE. crsaaammsnrrsorusirissiannnsnsssransnarrrrnannns wanaremenwnns 3 pole CF connector
Input impedance. . ceeeeeincnceca S, R R R L R R LT 120 @ or » 3 kR

Inpet voltage
Pulse amplitude reguired. veneerseerrenrcirrinerirrsrrtnssrmasuinenan rrraneranasre SO WY te 3V

Max. rom.s. input voltage..cueeuen. e L

Max. tolerable peak-peak jitter

peak to CORE: HDR3
peak -
Jjttter E:
LEN R
Jgm—— stnusoidal medulation

e I i

[ 4o - —— — —-i mmmmm

] T t t

Tkiz Wiz Tk 75PkHz modulation frequescy

Figure 1-2  Maximum tolerable peak-peak jitter

input signal monitoring via LEDs
BO SIGMAL. veseaaaas bhbiadrmranymsmms samsssaserasevsasvnnnsnasannas STgnal amplitude too Tow
Al savaacsasssaunasasncisiansnsnsrerssas Alarm Indfcation Signal (continuous sequence of "1%)

B PR as ciicainraiicsianuntrsenranimssannmnansansnarrsnnasnsrsves BFFGred frame alignment
MO M T I RAME  amavecvassnssasunnssasransrsrarnasanranenrnnnsnsaases BFPOPed multiframe aiigament

Clack

Ciock recovery

Internal clock recavery from 2 048 kbit/s digital sigeal input
Pulling range, clock regenerdior..eeeesenss Grdmamerrmrm s AN ey terrararaes . F10D x 1078

Recovared bit clock output (653

DUEPUT VO t a8, uraurssnrrasssnssnrseanrsnssasnnsanssmennrnnnsonayrnanrsnsnsnanasa eevens TTL Tavel

External frame trigger iaput [63]

indicates the start of a frame whern there is no frame alignment signal

Max. deviatign of rising edge of frame trigger signal From start

A L N o L I T

STgnal Tnput voitace reduiredssseviirvesssrnassnrnrrrissrssassssnnsnmnnnnns vensraraesa TTL Tevel

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



118 FVALUATION OF DJI168TTAL MWMORDS TN TEPFPHONE AND
SIANALLING CHANMNELS
Telephone channel selaction
A code word from one telephone channe] frem | te 30 ([or 31, 32} can be evaluated.
Code word measurements
Positive or negative drive range or coder of fset may he determined.
RAPHJE. . 1. o v r et e s i e e i iiiaa e, e 3 to +127 or -0 to -127

1.1 ANALOG MFEASHUEFMENTSE &N TELEPHOMNE CHANNEES
Method: the r.m.s. values are calculated after the digital signal has basn expanded and passed
through a digital filter.

Daeoting JawW._ . i i same as digital signal generator coding law
Foad CaPACTEY . o cnn i i RPN ... same as digital signal generator
Recaive level range at Feast..... ... ... ... ... ... Frr et aaar e -80 to +§ dBmd

1.20 RECEINE FTILTERS
Wideband filter

Passhand range, selectable..................... P00 Hz to 4 khHz, 20 Hz te 4 kHz, 3084 to 3 3RO Hz
Attemuat fon FrequUenCy TAMOB. ... .. vvrtvvonrrirsrisncanmrrnsrran e same as analog receiver
Harrow bamd Tidber. . . e aieaae s same as analog receiver
Hotse weighting FilLers. . .. i e it e e e same as analog receiver
SN meastrement i EErS. ot it e e, same as and log receiver

120 ANALOG DECODER OUTPUT {37}

E T T e 2N+ BA0 &
Relative output Jevel. ... v i iar o ceiinmnanns i et e G dir
Frequaensy Pam@B. ... .. uuuuot v it arevaa e na i aa s u ey 300 to 3400 Hz
Transmission loss at 814 Hz and O dBmb. ... ... .. . i it iiiiareea e .5 0548
fttenuation/frequency rasponze, 308 Hz €0 3350 Hz. ..ot iina e e 2 0.5 d8

1.22 ERROR WEASUREMENRTS
may be made in telephone channels (B4 khit/s) using the bit patierns from the digitad signal

genarator.

Displayed as & histogram with X axis corresponding to time intervals (max. 50) or telephone
channals.

Test time interval may be set between....... e e i s and 39 b 59 min 59 ¢

Error ratio [MODE B&Z) )

fleterminat ion of hit and octet error ratios

Error ¢ount [MODE R33) h

Courting of bit and octet errors

Frrar free ssconds (MODE BR4)

Percentages of error free and errored seconds cccuring during the test period.
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1.9 EVYALUATION AND INDICATION OF THE DIGIITAL WORDS
WITHIN A FRAME
LFD indication of the digital words:

Sctet in telephone chanrel.............. e e a et et iaa e, bit 1 ... 8
Frame aligament STONAT. .. ... iiiieiiiierraine ot i eaaeeen .... Bit 1 ... 8B
L T T T hit 1 ... B
Hultiframe alignment sigral and signelling word. .. ... oonyveiienn s bitt ... 4dand 5 ... 8B
Character signals for send”. ... .. o o i e PR (3 § A SN

for “recaive”......... e heea e e e Bit 5... 8

VDU dispTay of the digita) words:

frame aligrment signal {FAS) miltiframe aligament signal {MFAS)
not frame aligrment signal {NFAS) non multtiframe aligrment signal {NMFA&S)
signaliling word gotet in telephone channel

T
5

124 ERBAGR COUNTS ON FrRAME AND MULTTIFRAME ALIGHNMENT
S1GNAESS

Displayed as histagram; test time fnterval may be set (MODE B81)
e =)= AN P 1 s and 93 h 59 min 59 s

Bit errors in frame alignment signals.

word errars in Trame allgnment signals.
Word ervars in multiframe aligrment signals.
CRC word errors,

1,25 PARALEEL o@TPHTS (62 {on back panell
Qutput voltages... . ... ... .. iiiiiiiinnns S HS C£HOS

Errer guiputs
PO M BT OIS L ittt et eatot et iy Errored frame alignment signatl
' Errored multiframe alignment signal
CRE word errors

Code @rrars. ..o a s b e for AWM and HDB3 codes

Qutput_of 4 bit signalling words For selected time slof

For PCH frame structure conforming to CCITT Ree. &. 704 and for "time slot 16 interngl”
[Paramater 221). '
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1,6 STGHALLING DFSTORTION HEASUREMENTS

Hethed: measures the duty cycle deviation of a rectangular sianai.

Frequancy SBltindescverrensnnsoororsvasrsasssorassancrnsssnrnaanse rrarsrannansssunnca 14 8F 20 Hr

Duty cycle, settable in steps of 10 {115 DetWeetsvssvirirsesrscsttnsiirininnannas vee B0 and 90%

tatpyt F397 {back pansl)

Dutput impedance (MArE}eaeceas raretessueTrisstertianansEnanauvananan nnny sesressavaveess < 300
(S PACE ) 4 eressrermncrsmasanroaranrranrsnsssrrassasrarrramareaansnnnsnans > 20 ki

Hax, d.C. 1oadinge et ianie it ire i i s s rra e s s s venes 200 mA

Har, twitohing volthaqe, iuveanosessrssssmrsrsonransonascnrsantnsnrssnsnsenstvanneinnnnennans 1o

MEasSuring PanNOC useurerrarrsrnrerarrnrssrrrssnsnrssnrarrrrntsssrrrsassrrassnaravavernsonas Tl A

Resolution..iieaaeans e dna kb b dr b hydme e m R bt e ey wvrrrrrrrrannrs Bed M5

[aput [38} {back panel)
The input rmust be switched to ground.

Closing restistence of drdve SWitoheoieeiiuiovinniovmsnnrannnans mesmenana e nddmermeaean . €280 0
Input impedance {connetted Tnternally 0 =15 Yuoieiirireiaranaraiamannnasanssussunnsancnn 750 Q
SROPE~CTFEMTE CUFTEIEy i tvrinsnnnssnnrrmnns r e re v et et et ataan iy et nnn 20 mh

If the clesing impedance 2 > 300 & and the apening impedance & < 20 k&, this is indicated by
"E" in front of the result "G.0" shown on the screen or on the printout,

1.27 ERROR LIMITS

Within the recommended range for relative Yewel (T¥: «17 ta +3 dBr and §X: =10 to +10 d8r),
analay signal generafter terminated with ZO.
3ee 1.2 for definition of errors for digital signal generatar.
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f.27.1 LEVEL MEASUREMENT

Error Maibs Remirks
Mode A | Send Receive Lavel 1 fneleg Anzlog Bigital frgitst
signai Frequency | range signal sPgnal signal signal
range qenmrator TELR iver genEraior recedvar
=lix sinus= 200 Hz +1d to
oid o A% dBmd .1 a8 | HEDE 48 .02 2B
4 ihx
«48 ta 0,047
60 dBmG Hh1E gB 18 da 0,03 o3 .02 g
<lix sinus~ Z H2 LA 2 1
oid to -40 B0 H.1 4R 18l 4B 18.62 df 20,07 a8
4 kHy
=4 to 23 3 #0047
63 dBm L1 #.15 d8 L0063 B 20,07 48
< 1ae TS - 20 Hz +1% ta - * 1}
bid ta -4 dbno 1.3 o 183 0% - .
72 kliz
«A0 g e wt n
53 gmD H dg *B.4 dg - -
<ige R 1) ket 0o
50 tn - A0 4B .18 28 ELRE:) 20.01 o8 10,42 4B
380 Hz 550 #x
=A% ta
60 48} .2 6.2 43 0,03 48 20,402 d8
1) Upper level range limit for ddeital generator {simusoidal signab); +7.5 ddm}
’ for digital receiver [siouscidel signalls +6.0 dfimd
2} Addittonal ana¥ag geeerator error 30 Hz to 50 Hr . +3/-0, 25 4B
S0 Kz To 200 Hz ... +3S-0.01 45
1) Adaittonab anateg recelver oreor 20 Mz b0 S0 HZ ... #3/-0.2 4B
* Dk db if 120 &H: lowpass fiiter Fiteed [BN S5a/06, )43
Fx o+l 6 dl if 120 kHz lowpass filter fitted [BN 954/00,14)
1.27.2 INSERTION LOSS
Hode A | Send Taceive Recalve Errer 1imigs Remaris
signal frequancy Teved
range range L2 LaH -4 BT
<Zlx sinusqid
te 213 He +3 50
e or 40 dED 0,55 6B 30,45 48 0,05 48 £0.05 4%
W4 e | filter .
) Hz
level: o =40 Ly
0dEmE | 4 khz 50 dilend FOL1 a 0 dB 1,1 4B 0,1 d
Qr
=10 Bz
<75 noise Results
to ERE range
<7 She TG0 H
SR OHI to
4 &z
i
levet: 0t 6.5 b 0.4 4 4.4 g8 0.3 45
UL +9G 4B
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1,27,3  FREGUENCY RESPONSE, referred to the value at 814 #z or I 014 Yz

Hode A | Semd Racaive Recaive 1 Errgr iimits fanarks
signat Frequency Tevel
ranGE rangs Fidy A=l HES B0
<> ] stnuseid; 20% H2 +3 o * .
ta 0 er to 20 dBan .05 ¢ HE 05 48 0,05 1R .02 a8
<34 -1 dReR | & kHI
flg tn - . ' Ll
S .1 dp #0848 18,08 48 0,02 ¢B
<153 sinutoid | 20 fir 3 to 0,05 dB?] 3 0,00 dHEj 8,08 4B 40,02 4 addftianat
te 0ar 253 =44 dBmil | - error a1 20 Hi:
<343 =50 dBmii] 4 nHr -0 Al
vi e PRI L R A2 401 g 20,02 48
=Gl dSimd o

1} Oigital sfonal receiver: max. *#7.5 dRmd ,
2% Addfiforal errer duz to aralog generstar, 20 Hz fo S0 Hz L., +0F-0.7Y% 4B
50 Ha te P00 H: .., +0/-0,) 0f

3) Addttional error dus to enaleg receiver, 20 Hr te S0 Hr .., H/-0LF OB
v 0P R

bl V) if P20 kiz lTompase flicer fitted (BH %8400, 541
uw oap.] 4R

1.27.4  VARIATION DF GAEN WITH INPUT LEWEL, referred to the valte at -i0 dBmid

Mgz B | Send Racofve Receire Errar liats Remarkz
stgnal frequency Teyel
range range A-h Al D=4 %
<4l stnuspdd | selective +3 ta
e 03 e for -0 gomm 1 48 <008 48 20,08 d8 20,05 4B
<44 -1g 200 Kz ta
\B1d He [ & kHz A0 to
50 dBRg 0,15 d8 0,12 48 .12 dE +0.05 dB
=45 noise D te 1 to
to 150 ta | 550 He -5 din0 i1 a8 50,68 o 60845 10,05 a8
<A 80 Hz nr
20 Bz to -4 e .
- -5 ding *0.15 d8 0.1 o8 st oag #0.05 48
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1.27.5  TOTAL DISTORTION [including guantising distortion}

Made A [ Semd Aeceive Results Errar iimits Remirks
$ighe! baved range
range b-h fult [dh 0-b
<h1x i sg fistortion 1 te The rasults of
150 tg a0 48 .5 d8 0.4 08 b B A3 28 urweighted mease
5D b&# Hz r =i dfm) Uremants are pxe
oF pressed §n terms
sinusaid of 4F = 1 108 He;
AZE He wefghted meas-
dremenls in teems
<h % simypsnid | welghted 0te af the bancwi:dik
813 #z | distortion | 44 B 20.% o8 0.5 da .54 2038 0 o an ideai
<gar o w76 bl waighging filter
lokd bz
<E6>
<fda sinuseid | unwelghbed
13 Hz distartion
<E ar > =14 dlimt R}
iGLE Mz 47 a8 0.5 JB H 4B 0.4 4B 0,3 4B
1.27.6  T9LE CHAMNEL NOISE
Hoge B | Send Receive Resuits Error Timits Rumark s
signal 1 requeney range
rapgs fi=h L] Dl -4
<b 1= generatoer fweightad o to The results of
B or 70 dheh .5 a8 +kh3 4B Hl,5 48 0.3 8 urug ighted moas-
by statie ar UFERBNTS ATE @X-
1dle il Lo Hessed in Lerny
<B¥  fchanneE  |unweighted —B0 dlmk a8 i0-5 48 sl a8 #0.5 dB af AF = 5 106 Az,
sipaal . wetahtad measura.
menis {n terms af
<B4 generartor (wedghtes 1 to the bandwitth of
“gEEF ap 70 dbnd 0.5 di M3 4B 0.5 ¢R .3 4B an idas
<BE> statks ar weighting FEftar
idia =70 e
<Eé» | chamnel |unweighted | -30 dbed it #0.5 a8 2o 20.3 o
sfanal
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1.27.7  CROSSTALK ARD GO-TORETURK CROSSTALY

Mode A | Seng fecalive Besuits Crroe 1imits Rmma ris
signal Frequancy range
range A-A -9 B -8
<= s1nesoid 9 to * . The sz of ae ack-
to - 70 0.3 4B M2 dR 0.3 dB 0.7 8 feating signal
<l [FRtH selestive isr :nded
<76 1414 Hr -0 to * * for erosetakk
ko 3343 Hr -80 4Bt .5 dR .3 db .5 de 0.3 ol measarements in
<o arggr Lp redqece
idte charnel
cenyeni- (weighted 0t . nokbse from che
<18 fiomal  [psophemet- -76) 48m0 0.5 40 ) A5 4B 205 d8 0.3 28 test ohject
telephonefricalty fziling in the
signai =T Lo measuTenrnt band-
a0 abmo 0.2 8 0.3 42 LB OB 0.1 a2 width,

* Al ang D-A configurebions not sossible §p HODESs A7S to 479

1.27.8  0UY OF BARD MEASHREMERTS

Hode A | Send Recatve Fosubts . Error Theits Remarks
signal frequency range
range A=k h=tf I=A
<&1> sinuseid [200 Wz 0o
8.6 Kz [0 60 dBng H.4 d& 0.2 8 -
1.3 4,4
T2 KKy
<R sinuseTd jd.6 kHz ¢ Lo * e
64 e -0 gl SIS - 0.3 4B acditisnal error
ta 128 kHr ~ bet
3. E kHzZ =40 1o wha b 4.4 amd 5 kHz
-5 abel b5 dB - s gk < d0/-0.2 4B
<53 enaraiar| 4.6 kHE G to
upen to 50 GBme iﬂl.‘t +H El _"_0.3 [:1.3
128 wilz
«&) te
50 JBac HLF ol - . F0.4 a8
+ G dB
*rHhG B it Frogueactas belbow 72 kHr if JED kM2 jowpass Filter fitted {0N Q84/00,14}
“an 40,7 dB
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C1.27,8  HARMOMEC- AND IM DISTORTION

Hadg Send Recoive Result Error Tmiks Rasinarss
A signal frequency TARGE
Fange’! foh i p-r2) 9%
Prie sinuzs- A0 te G tg
nid 28 4z 45 48 105 o8 18,5 o 245 M5 a b Upyeruging pen
o0 He ] o distortion i
e 1066 o +45 Lo digikat signal
I4E A2 452 dB Hh5fe1,0 A1, 10.5/-1,3 Hi,5/-1,0 generaTer
<G | Fmir B-A -
tone 680 to 0 tg
signal R M +15 ot .50k 0,5 B 0.5 ab - X3 de
#rd
B+a
2229 to +15 Lo
2751 He 2 g H1,54-1.0 HES/-1,0 0.5/-1,4 iR
84> 2 3-8 1t
1085 to A0 o8 0,508 Jul R 10,5 48 Mo dE
142 Ha +40 19
47 of 20§ 3,0 HE-14 #,5f-1,0 MG/

t] BRecetve fevel ramge for sipuseidal and 4 cons sigeal -30 to O dBmd

1.27..0  RETURH EDSS AND EONGETUIOEMAL CONVERSIGN LOSS

dade L) Send tecpive dasutes Errse 1imits Rpmarks
sigral frequency range
range TR A-A -0 =h
<ilx simusosd | 200 2 r 4] refererce inpedanca
210 démd | ta 1 48 A5 4B . - - 504, 853, 900 0
=i 4 khz
3 e
40 gB 20,0 df - - -
<13 | sinuseid} 700 Hz ¥ ta reference inpedance
-10 dBmg | b 30 db 0.8 4B - - - compl e
5 &Hr
30 to
10 af 41 48 . - -
3 ) sinysofd § 200 Hz Ote - refarance impecance
0 Gid §te 16 an 0.5 dB - - - 504, B5G, 900 O
L=y 4 kHz
40 %o
50 ¢ 8.8 db - - -
Al ta
50 dB M.z 48 - - -
AL sinusoid 208 Az 4 to - 5.8 ok .5 48 0.8 referenee impedsnes
i dBap to 4 gk . . 600, £50, 200 £
i 4 §Hz
50 to
0GB - +loag .4 de g
50 te
40 48 - +1.5 48 1.2 d8 1.2
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1.27,11 OVERLDAD CAPACITY and PEAK LODE DETECTION MEASUREHMENT

Mode B [ Send Raceiue Rasul s Crrpr Fimics Remaris
£ignal range fange
h-li o-n
<4l #inusoid | relative *2 o
1o B13 #e number af 4§ dfirs} .08 4B -
<t or the rode
10i4 Hz | word
He, B27
LG s1musald CUGE generatar see sectisn 1.3G.0
wirdy : recelver: direct indication of
o ta #3137 peik tode value.
aind
-0 in ~¥27

1.27.12  Group DELAYY

Hode B f Gend faeoive Results Error Tgits?! \Remarks
sfoniet rangea} range
Fosft A=l B-1 M)
chi se8 1.2 898 Mr HAOE (&1 includiag the
foe Lo 0 ta B s 1B us £35 45 HlE s acedattan
details 3.4 kHz 20 a5 cased by the
af test and tatal distortian
stanel HI0E 453 of the test
ablect,
o to 7 ops - - + s Fetluding total
0 ms cgistortion of

test abject,

wii spe |.E 3362 Hr WL K52 Tncludfng the
far to <40 i E2LURTH 30 us +20 s ¥R ps LHARM IR
detalls 1 5.4 khx 4] cavsed by tie
af iest +10 ws batal Efstoriion
slgnat apat of the Eest
MODE 054 pbiect,
-5 o 44 s - - - Exchuding Eotal
+h ms . disvertian of

Lest objeck.

1) MODEs 851 amd 053 gbsoiute group datay
MONEs %2 and 854t groep <elay disterbion, referred to ihe walue at | 792 Hz.

2] Recedve range =340.0 to 0.0 GOk

1] Meaguremant time approx, G 3. The effect ¢f the asciliatips, caused by the Lotat Gistertion of the test ¢hiect, can
be reduced Dy extending ihe measurement Lioe.
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1.27,13  SIGNALLING DISTORTION and CROSSTALK

Hode B | Send Recs fve Reselts Errop Heits Ramarks
signat ranqe ranga
Al - T=A -0
<BE» quara- Hpgsupement or
wave L{y similation en the
to M Az +10ms H.Zms AR ws 10.2 ms .2 ms digttal side of
daty bits a, b, ror d.
<Bdx cycie 10
ta G8%
<7t» sgquare- Tte
wave LOf | weighted -7% ding 2.5 10,3 g2 b 0B .3 dB
to 20 Fig paophomadei-
duty catiy =70 Lo
79 [ egele 10 -85 d5mD * 40 0.5 42 148 20.5 48
te 503
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125

leg MEASUREHENT TIHES

The average measurement time is dependent on the mode, the relaticeskip between the measurad
value and the expectaed valug, and the number of discreie steps and chamnels for each test
sequEnce.

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

HODE Ho, Average measurement Lime per step
LEVEI. <11 approx. 2531 ms
<1Z» te <14> approx, 300 ms
IMSERTION LG5S <21> 1o <24> approx. 340 ms
YARTATION OF GAIM <31 to <3 approx. 254 ms
WITH FREQUENCY <38 to o3f> “approx. 2300 ms
VAREATION COF GAIN <4l» to <dd> aporox. 250 ms
WITH LEVEL <45> 1o <db> approx. 300 ms
TOTAL DISTORYION <B1l» to <57> approx. 806 ms
TOLE CHANMEL NOISE <61l to <B6> approx. $00 ms
CROSSTALK <7l> to <79> approx. 300 ms
GUT OF BAND MEASUREMENTS <81 to <B3» approd, 100 me
RETURN LOSS and § <l1> to <I3>
LOMSITUGTHAL B o<?ln, <80 approx. 30 me
COMVERSEON LOSS B «3l>, <32»
HARMONIC/IM DISTORTION <#lr tg <94 ipprox, 800 ms
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1,28 COGIRECTIONAL 64 kbit/s TN BT, B4 294/00,01

Serial fnterface to GCITT Rec. 6.703 for incorporating a 64 kbit/s digital signal to be trans-
mitied with 64 XHz and 8 kHz cieck signals as & 256 kbaud combination signal.

Bata and CTock SigRaIS.asuasannnsvsnssaiaiunssnrannsrsorrassssnnsnransnnnansassaransass Dalanced
Input P edanCle s aasas i iesinrrorraaratmrntrranansarrrsrrararassaeanannsansnsassssnnnsnne LoU 0
Return loss between 20 kHz and 520 kHzo e oiivirinssirvmrmenvrsorrnmmsnnssnenarnaaraesrs > 20 B

Input sTgnal shape and COdTrgesaiavavrrvrsanrrsseasnnsnasannssasnanas ta LCITT Rec. 6.703, fig. 4

Pulse amplitude requirede e avesascsrsnrnsnnaortassaserressasssonsnnssnnansonasnaars Do £o 3 Y
Maze ramas. In0UT VO LAQ e cvvsuvvsnrrarecnnnnnen et e nE¥mabhbbratiararrrrrararrrrarrasasian 4 ¥

Max. Lolerable peak-peak JIEEer urseverraresrasscanantynisarcusrnnmisnsrenrrnssanns e 745 bitsl}

inserticn of &4 xhit/s signal fn time slet 16 or the selected time siot.
In this mede, the 7 048 2y sand tTock sigral of the PCM-4 is derived from the § kHz input signal
by means of a PLL.

.30 CopTRELTIAONAL 64 kpitfs O U TP T, BN GB4/00.02

Serial interface to CCITT Ree. €.703 for transmission of 64 kbit/s digital sigral to be trans.
mitted with 64 kHz and & kHz cleck signels as a 256 kkaud combination signal.

Data amd clock Signalseeeiueeac ieuns W tetarrresranmT T T e Tr et e AR a e n R ira s Lbalanced
OUtpUE IMDEdRAC R st vrsmtrmsrnnernes Fearaanerrar e Mhnewsersnerranana st nTe e ns 120 @
Return toss between 20 kBz and 520 KHZvoeiaovvnnurnnnanes wanresvsersvaveraaversanrnsanss 2 20 dB
Codingu.iuuneras PR Wvrevurarrransrnensonsaanansrrsvasnvrrrenasas t0 CCITT Rec, G.703, Tig. 4
Lentre of pulse amplitede {120 Q termination)eeiciareiesianas N N
TR TS T - recrnaann Priesassrssvssvsesannsesarnnaanas PRCLEROUIAF
THO pUTSE" SHPTTLUGE. oy aasssvanrrvarrarnrariarrscsssssssortrsnrmrresasuresnsnnsnsnn BVva+o.y
PUlSE QUFAL TN isrssasrrsmanasnmmnsesnnasnansassannarsas AnibsermarsassR s enans 3.9 ps or 7.8 ps

Amplitude ratio positive to negative at centre of PUTSE, teuuveevunrsnsenensnsennsas 0s95 Lo 1,05
Putse duration ratfo, positive to negabive, 0,5 V puTse volta0f.eersrennresnraanses 0295 to 1.05

1] Jditter value referred to 64 kbit/s
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A1 available digital generator signals may be fransmitted.

External jitter modulator may be coannected

Clock fraguentyeis.veseusciasanananraansnrsssasanarrarsnn Hr e LMt N bt rr e sty 256 kHz
Clock output for non-jittered clack signal

OUtpUt Voltadeeacasnaaourersenarasannassaarssaanaasrrysnrnevvnunarnsavssurasnrsnarsens §1L 1BVE]

Jittered clock signal imput

Input voltage. suvsnsnanes - Grrrmaearrrranaartit i it ar iy waesmrwsansanas FTL Tovel?

Outpat of the 64 kbitfs signal from time slof 16 ar the selected time siot,

1.31 64 kbit/s CONTRADIRECTIONAL IHPUT BN 384/00.03

Serial interface ta CCITT B.703 for receiving 84 xbit/s data signals. The 8 kHz octelt timing
signal it transmiited as a bipolar violation of the 84 kHz clock signal.

Fata and clock STOMmAT0. caseanenaresessstsnosstasesssnstansnssnnnsssronvacsasnasessrs SYMELFiCAl
Inpui impedance...e.ea. s tdmt bt VAN raat i ar b kb et Gedrsemsamnnsa wenacan 120 8
Return Tass, 20 to 520 KH2 . ueoiiusasscasacanssassnnsnsnsnasaassanassssnasisnasssnsnnacas * 20 8B

Input signal shape and todaucisasecnnassccnrenrcenrnsannsvrarnasassaer B0 CEITT G703, figure 7
Input pulise amplfiude requirede.iecassarsssessuunasrarrassansnnanansssrasassrsnsansaas Ga3 0 3V
Max. input voltage, V

T L T T T

Max, ailowable peak 1o peak JItLEFiciecivovesvverenrcassssnnesees 7.0 Bits referred te 64 kbitss

{Parameters 1172 or El4)

AFT digital measurements which can be selected with MIDE can be carried out on the received
a4 khitfs stenal.

A 54 kbit/s logp {LOOP, PARAM,. 124} can be formed if 4 contradirectional 84 kbif/s interface is
fitted,

The digital- and cTock signals are codirzcticnal.

{PARAM. 212 or MODE BS2)
Insgrifan of a 64 kbit/s sigral into TS 18 or a se1ected.autput TS.

The digital- and clock signals #re cantradirectional.
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1.32 64 kbitfs L ONTRADIRFOTIQGHAL GUTPUT BN S84/00.04

Serial dinterface to CCITT 6.703 for transmitiing 64 kbit/s dats §fgmats. The B kHz actet timing
signal is transmitted as a bipolar vielation of the 68 kHz clock sigpal.

Data and clock 514n8ISscsvasvrrarsessnmannaans reamssmarnzsrrmnsTassaenroneasrunsunnn SYMRLFICA]
InpuL IMpRdantea crunrnssrrrarssierssrrmnnannnnns i -4 1 R ¢+
Return toss, 20 £o 520 KHZeeveesnenas P - = ]

Output sfgral Shape and COO8aauescieviorvrnsvrivnnnsnnnrnasansansansans 10 CLITT GL703, figure 7
Fulse amplitude at mid-poipt,

terminated with E20 Qouisrievcrsertsrvnnnnnarsansnsrsnrasnrassnnssnsssnacsacnaransss Lol} FOL Y
PUTSE ShapErsarsrsnnrarrrenrrarsrneatantaassreasonisnarninnaannnaasaansraranaeansanae FECLENGUIGLR
“Ho pulse” amplitude.cveesceceens D N L
Pulse widtheseeirisrianiinaccesiasniiecanaans Vertwsevesesksbisanadrssnresnsnenne T8 OF 15,8 us
Positive to negative amplitude ratio ab Midepointaiiesccnsccscessrasnsnnsncas eneasa $u85 Lo 1,04
Pasitive to negative pulse width ratio,

measured &t pulse amplitude of 0.5 V.ewweaanss Hhrettttanerrarraer e seness DuUE to 1,45

{Parameters 112 or 113}
AT} vutput signals which can be selected with MODE gr VAR, MOBE can be transmitted.

The digital- and clock siagnals are contradfrectional,

[PARAI, 222 or MOODE BG2)
OQutput of the 54 Kbit/s signal from TS5 16 or a selected input TS,

The digitat- and clock stgnals are codirectiomal.

1.33 64 kpbit/s TYL SER I AL THNPUT, BN G84/D0.05

Serial interface Tor receiving of 64 kbit/s signais. The accompanying 64 kHz and 8 kHz signals
may be Co- or tontradirectional depanding on application.

Input and output vOlLagRS vassvssnersrorrassarensnnssssrestassacinasninrmnrsnns vavescaes TTL lovel

ALl digita} measurements are possible with the received 64 kbit/s stqnat. A 64 xpit/Ss Toop
(COBEC LOOP) can be comnected to the 54 kpit/s TTL output.

The rising adge of the 8 kHz clock signal must correspond to the start of the first bit of a
received PCH actet,

Buty cyele of codirectional 1iming signal reqUIred..eicccssinerorsassscasasrancssrsrssasvase Tulb

Feeding of 64 kbitss 37gnal into ©ime s10t 16 or 1ntp the selected time slot.
The direction of the 64 kHz and 8 kifz timing signals may be switched fnternally between co- and
cantradirectional,
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Codirectional 64 kbit/s input

ip this mode, the 2 048 kHz generator clock signal of the PCM-2 is derived fram the B kHr faput
siqral by means of & PLL, .

The rising edoe of the & kHz sigmal must corraspomd to the start of the first bit of a recefvad
PLN octet,

Buty cycle of codirectional 1iming $7gnal requlred.ciueeesssiasraasissnsenrrsnsmnsnssssssres 0u5

Contradirectional 64 kbit/s input

The output signe] amplitude of the 64 kbit/s clock may be switched between asymmetrical TTL
voltage and symmetreical about zero.

Dty ByeTe, B EBTE/S CTO0K e tiavaesnrrsouomnnnmonnsasssnnnnnsssssesstusnnenesnes P £ .4
Quity cycie of § kHz cutput sfonal and phase relationship with the PCM octet switchable between
the following: '

Rizsing edge of & kHz clock corresponds io the start of the First bt of received PCH gctet,

Uy ] Bt aaea s ta s s arnaar s maaasadiadndncnnms cryrar st sset s nasetn s rnnnsunysns acnonnnnns ¢.5

ar

Risfrg edge of the & kHz clock corresponds te the start of the eighth bit of a received PCH
octet,

PUTSE BB 00 yarsavrrurmramsrsssatassasenetsssrasssnssoneensionssnsonssnnnssstonssnsonn Fufl us

1.3 &4 kbiefs T S ERIAL OUTPUT, BN 984/00.06

Sertal interface for transmissien of B4 kbit/s sigrals. Either co- or contradirectisnal timirg
signals can be used depending on application,

Input and otrtpul voltagesSeenanaan PN b akdebasarar i a b bt nrrnananrarnannnsrentanenneonn FIL TEVEL

Use as 62 kbit/s gengrator {TX}

ALt availabte digital generator signals may be transmitted. A 64 kbit/s loop {CODEC LOOPY can he
conngsted to the 64 kbit/s TTL serfal inpyt,

the direction of the 64 kHz and 8 kHz timing signals may be switched internally hetween 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 PCH ociet in
the 64 kbit/s signal. o

Buty cycle of Liming sTgnalaveucereiairsrsaiintnnnracassstcassssennnn NRNve skt reE sty £.5
Contradirectional 64 kbitfs ocutput

Buty cycle of G4 KHZ CTOCK STOMAT i tunevetonenmnmasrevanrarosnnsnnnsirsiinnnnnnnsnesonnens ver o6
Duty cycle of 8 kHz clock and phase relationship with the PCH actet switchable between the
Following:

Rising edge of & kHz clock carrespands to the start of the First bit of a PCM octet in the

B4 kbit/s signal,

Dty cpelevvnnsersrasennaaa st uvesvrran PR IR ibrenrrelarrrnaan A € I8 -1
or

rising edge of A kHz tlock corresponds to the start of the eighth bit of a PCM octet fn the

4 khit/s signal

Pulse durationeecssenntaanana R R T L L L L L L L L LT O eI J8 - 1T
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Outputs a 64 kbitss sfgnel from time slot 16 or from the chosen time slot.

The rising edge of the 8 kMz signal corresponds to the start of the First bit of a PCM actet in
the 64 kbitfs signal.

Juty cyele of codirectional timing sfgnalo..... Versbarmnenan ubrtrrrasananasraratennnananss 040

1,35 64 kbit/s 77L PARALLEL TNPUT, BN SG34/00,.07

Parailel interface for receiving PLM sctets.
The & khz timing signal may he o= or contradirectional as required.

Input and oULput volbageSe.s.au.. R M N E R T E ARSI e Nt P Ak b adan A e enan e TTL Tawel

ATT digital measurements are pessihle with ihe received PCM octet,

A 84 khit/s teop (CODEC LOOP) can be connected to the 84 kbit/s TTL output.

The data and sfgnalling bit of a 7 Bit p-law word at the octet input must became valld with the
incidence of the rising edge of the 8 kMz fnput signal.

Hin. pulse duratian of 8 RHZ ST008T et ie e aereavassvrnnmrannerenarsasssssrassnncnnrees o 400 ng
STaraliing of 7 bt wWorde,esesseeomnvans arasEsrer st as artrmrassimana barrwnens I signal

Insertion of PCH octets into time slof 16 gr inte the selectad time slot.

The data at the octet input must became walid with the fncidence of the rising edge of the
contradirectional 8 kHz output signal.

Duty cyele of 8 kHz clock Sighateeveveeeneneennn Vb rErE s m s st et etk an st aaa wvveans 045

1.36 a4 Kbit/s Tik PARALLFEL GUTPUT, 2% 984/00,08

Parallel interface for transmission of PCH petats.
The 8 kHz timing signal may be ce- aor contradirectignal depending on appltication.

Dutput and nput vOTLageSa s eessnssarrrorurarans seerreareraannun R L £ T 11773

AT avaiiabte digital signals may be tramsmitted.
A 64 kbit/s loop {CODEC LOOP} ¢an be comnected to the &4 kbit/s paraiiel TTL input.
The B klz clock signal direction can be switched internally between co- and contradirectional.

Codirectional sctect output
The data at the octet output changes with the falling edge of the 8 kHz sutput sigral,
DUty £YcTe 0F 8 KRZ STaMAT. e e vaanvessvassnnerrnnsacsssssstssnmnnonnsnnrannenssesssnssss seres Bu0

Lontradirectional octet output

The data at the octat cutput changas approx. 500 ns after the falling edge of the § kHz {nput
signat.

Hin, plse duration 0f 8 EHZ STOME]ceesuacnonnrsnsroscnsesneesonsereasansannes vanraasssnes 00 ns
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Bse as demuitiplexer

Jutput of PCM pctets from time sfot 16 or from the selected time siet,
The data at the octet output changes with the falling edoe of the codirectional B kHz outget
signal,

Duty cycle of B kHz signal..veevsnisnnsen S e 0.5

1,37 54 kbit/s V.11 I N YERF ALE BH 984/00,08

Serigl fntarface with electrical characteristics to LCITT Rec. V,1l; for transmitting and
receiving 64 khit/s signats, The 15 pin conpsctor 15 configqured teo conferm with COITT Rec, X,24
{Is0 £903}. )

Dutpyt Vines

Data-, timing= and Comirol ST0RA1Sessevnarsnnsersrnonsersnsanrnnensnness SYmEIrical TTL signals
Pulse characiaristiCerassvanansnavevnessrrrmnanrsnnsvarversiesmsobnsonnnsnnnvarnas L =2 < 5,5 ¥

HIGH = > 2.5 ¥

Ingut lines
Bata-, Ciming- and Contral STQMalEcue i irrrrrratnrareansnnsrensronsnsnrasbanbonsranss symmeirical

High 1nad fopedance; if the limes are unterminated, cable Tengths of up te G m are possible.
E¥ longer ryns are reguired, suitable Lerminating resistors can be soldered into the appropriate
positions on the p.¢.b provided,

Difforartial 1np0t oTEaGE vt esvansanansssmanensasnsonssrsssssacsnnamnmnna vesereresvae 2 200 @Y
COMRIGNR-=MIEe TABUL WD L A0 aw vt snssontatrorsubrsoniansiomtnnchinrboasoiatesismnnanann npos & 7Y
Hag, perissihle differential o 0B iesive i voisonaansnscansannsniumnsssssnsnnnana seeae +2EY
Meds pervissihTe Common-Mode YOl a0 s taussieribsanititsibniitnuribinbbibsinnnananan searae IR Y

(PAREH. 112, 113, 114}

A11 digitsl transmit- and recefve modes which can be selected with MODE are available. If A=A
configuration is used, the 64 kbitss loop (PARAN, 124) cam be closed. If PARAM. 112 (&d8k/64k)
iz seiected, the PCH«d acts as a O7TE.

(MOOE [92 or PARAM. 212, 222)

Insertfon and extraction of separately selectabie &4 kbit/s signais.
Timezlet 16 is always selected if PARAM. 212 or 222 i1s used, In MUS/DEMUX mode, the FCM-4 acts
as a JCE.
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1.3 RETYRN LOSS 24D LONGITUDINAL COWVFRSION
TRANGSFER LO5S5 BRIDGE o CCITT Rec, 0,121

for measurement of return Toss and lonaitudinal converston transfer loss of 2-wirg/d-wire
connections on the analog transmit and receiye sides of muTtiplexer installations, Heasurement
of Tongitudinal conversipn lass can be made from the analog te the analog level, as wel! ag
across levels (A-D, B-A).

1.38.1  AETURN LOSS AND LONGITUDINAL CONVERSION TRANSFER LOSS BRIJGE, BM 984}00.101]

2

Heference iMPedanCe. seenranssranrrrtsnnsnranvssanvaansnremrnnannenas U0 &, 900 O and compTer

1.38.2  RETURM LOSS AND LONGITUDINAL CGRVERSION TRANSFER LOSS BRIDGE, BN 984/03.211)

fefarente IMpPedanseserennsorsnnsssannnsnssnnssssansssnsenssnsannys SCGI G, 450 O and cmrp_:ﬂexz}

1.38.3  SPECIFECATIONS

Max. d.c. voltage to carthessssrennnanass rimsrasesserrrvenss demvraasmrismsmasssaraenean reaan 80Y
B.C. voltage between Tines 8 and baevrrvvreiertrsiranrsssnrsnisnsnnanrssrarsssss. N0t permissible
Error timits

within the recommended range far relative level (TX: -17 fo #3 4Br and RX: <10 ta +l{ d8r)

see B,27.49.

1.3 REMOTE £ 0KRTROL V1A  <IEC 620G>/FEEE 488 1 WM TERFARCE BHS

Option: <iEC 625> interface board BN 958/21 with [EEE 4338 connectyr

1.3%, 1 EXTERHAL CONTROL COMPUTER

femote control of all funetions and interregation of resylts of measurements.

i.39.2  CORTAGL OF MU.20 TEST POINT SCANNER

The PCH-4 can be used to control the chennel selection of 2n MU-30 connected to the 1EC bus
system, without the need for a control computer.

1.39.3  GRAPHICS PLOTTER {using HP Graphics Language}

Plots scoresh contents n graphical form.

i} Either one or the other ¢f the bridges can be fitted to the PCH-4
2) Complex impadance for return loss measurements:
220 2 in series with 115 of In paraliel with 220 &; other values available oo reguest,
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1,40 VIDEQ OUTFYT
Cennection for video plotter or external moniter for display of screen contemts as hard copy
or at remote iocations

Qutput to CCIR recommendations:

Gutput Tevel TnE0 75 fl oo i it e e a 1 ¥pp
T o - UL ¥ L5 6 kHz
Frame Freguenty. . .o e et e e e e 50 Hz

Monitor requirsments:

g BAS signal input

s Line sync, on 180" phase shift < 0.6 ms
¢ Horizontal sync.

Ml

I-—-— 111?,us~——i

TR
s Vertica]raj'L e
IS i

Recomnerded type:
ELECTROHOME Mod. EVM-1410X MMIR, No. 38-Vifd22-62/220 ¥ 6D Hz

984 70

1.41 GENERAE SPECITFICATIONS
Unless otherwise stated, the Vimit values givenm in the preceding seciions are valid within the
nominal ranges of use for the influence quantities specified helow.

1.41.1 POWER sUupprY¥

Voltage selector setting Homiral range

110 ¥ 96.5 £o 121 ¥

17 ¥ 103 te 1268 ¥

127 ¥ ' t11.5 to 140V

228V 193 to 242 ¥

227y 199 to 250 ¥

237 v 208 ta 261 ¥
Mains freguency, nomimal range of use. ... . .. .. i i it inrirairaeeaain .. 47,5 10 B3 Hz
Power ConSUMBE TON L. e e e e e e approx. 150 VA
Safety class to JEC 348 and VDB DALl o i i it e aaar e 1
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JGh.g_ ANBEENTY CORDITIONS

Temperature

Rl N e B B U . . . i ittt ittt e e e e, 23°C
L e o T o - TR 1T O U +5 to +40°C
Absolute Mmaximum range. USE...... . corcrocccvssainariiirarecaranasra.s —10 1o +55°C {for 2 hours)
Storage and LranSpOT . . oo ve i i ca i b sttt aasnssraa. —40 £ #7070

Air hupigity

Refarente range. .. ... .. ... ... ... e e e s 45 to 754 r.h.
Nominal range, use.......... e rraaer i aena 20 o 80% r.h., in any case £ 20 g/m
Absolute maximum Fange, MSe....o.vv.ov.s b r e 20 1o S0% r.h., in any case 5 25 g/m

Condensat ion

Accidental condemsation s permissible,

The PCH-4 may be operated if condengation is present, and will be fully oparational B0 minutes
after switch-on. Conformity with specified limits cannot, however, be guaranteed under such

concdit jons. i

Mechanical stress. ... vvrionsranererinries S eerat e asaa s P T T GrouplZ}
1.41.3  MECHANTCAL CHARACTERISTICS
Jimens tons
Dimansinn Bench model 19" rack mount model [DIN 414464}
chassis front panel + handles
Width 477 mm ) 443 e 483 mm
He ight 244 mm 220 ) 220
Depth 434 m 379 mm 55 ma
Waight.. ... .. .. ciiivenn. i, DN e aeeeeeiaaeiaanan approx. 25 kg

1} The FCM-4 conforms to point 4.3 of preliminary standard FTZ 27 AM 1 {edition 4.82).

‘2) Further details can be faund in the publication "Machanical & climatic capabilities of
measuring aguipment”, which we will gladly send om reguest [order no. & 2482).

3} The rack-mount chassis is the same height as the bench model without locating strips, fest
and compartment far short-form operating manual. Corresponds to standard § U height.
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1427 ACCESSOGRIES

1,421 D¢, LOGP HOLDING CIRCRIT 6H-1, BN 884/00.32

Two d.c. Toop helding circuits with a.c. coupled outputs in ene housing. For maintaining the

loop current on the anzlog send and receive sides of multiplexers.

Inputs and outputs. ... ... oL oo baianced, floatirg, 3 pnie CF conmector
Signal balance ratio to CCITT D.121
from 200 Hz b0 B MHZ. .. . i e e et > 45 df
Max, doo. voltage 0 Barth. oo i e e i e e 66 v
Dynamic internal impedance
from 200 Hz te B kBz......... e approx. 100 ki
From B kHz to 20 kHz. L e approx. 50 kit
Max. halding current,.............0 N 100 mA
Yoltage drop at G0 mA. ... ... ... ... ... ... N apprex. 12.5 ¥
Ambient temperature
Bominal Fange, USB. . ... e i e e +5 to +40°C
Storaga and Eranspr . i e e e e -4 to +79°C
Air humidity, use, rE iV, e e 20 to 80%
132 T ) ot P < 20 g/m3
Condensation.  ......cooniiniiiiiene e, e e P see 1.4].2
Dimensions {wx hx d} inmm._....... .. e e e e e 149 x 47 x 108
B e L Lt e e e e Ea e e e approw. 400 g
£.42.2  PCMZ-4 D.C. DFECOUPLING UMIT. BN 984/00.13
Capacitive decoupling of the analog signal generator {25}, the analog receiver [23] and the

Z-wire inputfoutput {243. Can be switched in or out an a- and b-wires. Capacitance value is

100 pF switched in parallel with 1 MDQ.
Max., d.0. voltage 1o arth. ... e e e
Max. d.¢. voltage between 2- and b-wires with decoupling capacitor switched in......._..

Insertion loss, decoupling capacitor shorted out. ..o oouo oo i £ 002 0B

Insertion loss, decanpling capacitor switched in

for input and load impedances Ein = Enut ............ e r ey e ea > 8660

in the frequency ramge 20 Hz to 50 Hz.o o oo i e i veeee < 3,5 48
B0 Hz to 20 Hz. oo e e e < 0.1 dB
20 Hz B0 4 RHZ. o e e e e < 0.02 a8

Longitudinal conversion transfer logs with

E00 {i termination, as par COIET Ren. BL12E/ 2.0 .. it i i e e = 50 df

Ambient temperature

LRt T A= e 1= VT =1 +5 to +40°C

STArage ARG LransPOTE. ..t o et cr e et e e s e -4 to +10°C
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fir humidity, nominal range, use

L S R T 20 to BO%
BBEO E L L e ke e et e et iaa e 5 20 gfm3
LT 0T LT3 1 sea 1.38.2
Bimengions (b X h X L) 30 MM, i i e e e e 188 % 50 x 52
LT 15 approx. 329 g

2043 kbit/s version, menu fn English BN G84/01
1544 khit/s version, menu in English,

WECO connectors _ ) S8 4B4AS02
2048 kbit/s version, menu in German BN §94/03
1544 khitfe version, mers in English, .

I 214 APS connectors BN 5R4/05

Options {charoed extra) .
Codirectional B4 kbit/s input BN 984/00.01

Codirectional 64 kbit/s output BN 884/00.02
Electrical characteristics to CCITT G.703

Contradirect ional 64 kbit/s input BN 9B4/00.03

Contradivestional B4 kbit/s output BN 984/00.04
Eiectrical charagteristics to CCITT G.7a3

Serial 64 kbitss TTL input BN 984700, 05

Serial B4 kbit/s TTL output BN 9BL/00.05
Co- or contradirectional, depending on mode

Parallel 64 kbit/s TTL input BN 984/00.07

farallel 64 kbit/s TTL output BH 984/00.08
Parallel 8 bit input/output with 8 kHz clock signal

84 kbit/s V.1l interface BM 8B84/00.08

input/output via 15 way plug to CCITT X.24
Return Loss and Longitudinal Conversien

Transfar Loss Oridge 600/900 Q.I} BN 984/00.10
Transfar Loss Bridgs 8007850 N 1 BN 484,/00.11
120 kHz low pass filter BH 9R4/00.14

for out-of-band notse suppression
Analog generator output impedance modifiaed
to Zout = & § in place of cemplex impedance \ BN 0B4/00.24
Talerance masks programmed BN BB4/00.35

to user specifications

1} Only one bridge can be Titted at any one time. For return joss messurements: additiemal
comp lex impedance 220 00 in series with 820 9//115 nf; can be madified at factory.
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Software retrofitted to the latast status for
PCHM~4 BN 984/01
PCH-& BN 934/02
PCH-4 BN 984703
<IEC 625> Interface Card
with 1FEEf 488 connecteor and cannecting cahle K 420

Test Potnt Scanner MU-30
with <IEC £25» Interface Card
Balanced through-switching of 24 or 30 VF channels
in TX and RX directions
0.0, Loop Holding Cirguit GH-1
with capacitor-couples output
1.5 m connecting cable
CF (male} to WECO 310 {ADC jack)
1.0 m conmnecting cable
CF {mate} to I 214 APS (male}
D.C Decoupling for analog inputs and outputs, PCMZ-4
for use with BN 984/01 and BN 934/03 only.
{Mot required if GH-1 i used).
{EEE 488/<]EC 625> Adaptor {m-m}
for <IEC 625+ interface card
Fromt and Back Panel Covers 30-5, [1 set}
18" conversion kit

* Couipped with the versaccn<:)9 75 0 hesig connector and BHC adaptor.

1-37

BN 984/00.41
8N 984/00.42
BN Q84/00.43

BN 958/24

B 823/11

AN 9B4/04.12
K 348
K438

BN 984/00.13

5 832

BN 700/00.23
BN 700/00.05

For other adaptor

types, see "Specification Sheet Yersacon R 9”, and order chosen type when ordering

instrument.
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2.3
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2.5

Impontant safety INSIrUCHONS ..o 241
A.C. mains voltage

Safety Class

Protective earth conductor

Safety procedure for damaged or malfunctioning instruments
Fuses _

Opening the instrument

Repairs:

Spare parts

Safety tests after repair and maintenance

Ventiation and rack Mourting. ......coeveeeeveee oo 2-2
Temperature, ventilation

Rack mounting

Temperature within rack

Ventilation

Power SUPDIY, TUSES ... e e 2.3
Mains frequency

Setting the mains voltage

Fuses

Mains connection

ol 1 X ot 4 F OO R O TRP VRO RO RO ORI~ o
Mains switch

Self test

Brightness

Calibration procedure

Readinass for use

Disposat of built-in batteries ..., 248
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BOM-4 ' General inforrmation

2 General information

2.1 Important satety instructions

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

Satfety Class

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

Protective earth conductor

Before the instrument is connected to the measuring circult, & protective ground conhection
shalt be made. i 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 protactive
ground condugtar, then this should be connected to the instrument casing before the rest of
the test circuit is connectsd.

Bafety procedure for damaged or malfunctioning instruments

If the instrument

- shows visible damage

- fails to perform the Intended measurements

- has been subjected to damp conditions,

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

Fuses

Oniy the specified fuses shail be used.

Opening the instrument

it may be necessary to remove the instrument covers to carry out repairs, malntenance and
adjustments. This may expose live circults, so the instrument shall be disconnected from all
power sources before it is opened. Repalr, maintenance and calibration of the apened
equipment under voltage shall be carried out by a skiffed person who is aware of the hazard
invaived,

Repairs

Repairs must be made by competent technicians. Care must be taken to ensure that the safety
characteristics of the instrument are not alterad. In particular, the dimensions of clsarances 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 retainad.

2-1
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Safety tests after repair and maintenance

Protective ground cohductor {est:

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 Instrumernt

casing. The resistance shoufd be < 0.5 {I. Shake the cable during the measurament; resistance
varlations mean that the cabie is faulty.

Insulation test:

Messure 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
rmust be > 2 M.

2.2 Ventilation and rack mounting

Temperature, ventilation

The PCM-4 can be used In ambient temperatures between +5°C and +40°C. The instrument
does not employ forced ventifation, so It is particulary important that the convectional air flow
through the instrument is not obstructed by covering the ventilation slats in the panels.

Whan stacking severat instruments together, ensure that the upper temperature limit will not be
exceaded.

Rack mounting

The case dimensions conform to DIN 41 484, IEC 297 and ASA C 83.9 (USA). The instrument
can therefore be fitted into a 19" rack.

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

Temperature within rack

The maximum ternperature limit must not be exceeded when the Instrument is rack-mounted. A
space of 1 U {44.4 mmj should be left above arxd below the instrument. The spaces at the front
of the ragk can be coverad with dummy panels.

Ventilation

The rack must be adequately ventiiated. It may be necessary to buiid In a fan which draws air
through & filter in order to minimise problems caused by the accumulation of dust.
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Generat information

& Plastic guides

Hinggd suppert

Figure 2-1  Converting the bench mods! for rack maownting

2.3 Power supply, fuses

Mains frequency

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

Setiing the mains voltage
The mains voltage selector switch on the back panel 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:

10,117, 127 V: T2 4 (2 A anti-surge)

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

Gre 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 I. The casing and ground
connector are thus directly connectad 1o 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=-0n

Mains swiich

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

Self test

Aftar swiich-on, the instrument performs a seif test. All the important functions of the MASTER,
DISPLAY, MEAS. FLOW and EVAL -CIRCUET processors are checked by this routine.

if a fault ks detected, the test is aborted; in such cases the PCM-4 canmot be used. Depending

on the type of fault, flashing LEDs and/or an acoustic signal Indicate the defective area of the

processor. Fault Jocation procedures are explained in Appendix B. Normaity, the LEDs fight up
for 2 s at the start of the test. If no faults are detected, the message "0.K." will ke displaved on
the screen,

Brightness

As soan as.the EHT voltage has reached its nominal valus, the result of the self 1est is displayed
on the screen, The display brightness can tie regulated with the control an the back panat [34].

Calibration procedure

The amplifiers and aftenuators 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 successfl, the massage "Q.K" will appear, and the
instrument is then ready for use.

~
CFU-2rt (MRSTER)  SRH-ROM 4.1
CPU-3/2 0LSPLAY)  AAH-ROR L1,
CPU-2/3 14ERS,) BAH-208 0.1,
EYRL.-CERENIT RRH-ROE Gk
CHLIBRATING .
TEST KEYS ’ 31
BHTTERY CHECK Gk

J

Figure 2-2 Display following successful self fest and calibration

24
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PCM-4 General information

Readiness for use

The key funclions 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 last settings used
before the instrument was switched off are stored in RAM {far approx. 1 month) and are
restored, $0 that the instrument is set up with these old settings.

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

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

WD OERROEN OE LS e )

(h LEVEL HERSURERENT

{2y LSS BEASURENENT

{3 VAR, OF €A3Y HITH FREQUENCY
{4y URR, OF GAIH RITH INRGT LEVEL
1y HTRL DIGTORTINN

0y HOLE CHRMNEL HOYSE

37y (RASSTRLE

iy OUE-OF-BAG HERSUREMEM

48y AR, /ENTERS, DLSTORYICH

SELECT ¥DDE K0,
hN Y

Figure 2-3 MODE A listing

- ~
HOOE A 11 LEUEL MERS. TE:ef.0 EXt4R.4 4B¢
” ek T g
T ey
Lo, | :
15 Ag
Gk i 5, :
RESULFL Bk
PR Py — : e B
: . , , IS
-k : i |
"“;:: "E“ "E“ JT:aTTiiEq
3CHRNE -HA0dRal  201H: A= Hily
A

Figure 2-4 Graphical display of resulis (IMODE A 11 shown here as example)
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PCM-4

-
HOBE & fF CVEL MRS, THreb.3 RXEsd§ dbr

FRERMr  RESASnDL LFREG/Mr  RESASRE

f

8 .

RESlET g

i 3
RIS

THOCKAN Y -10,6Be0 203K JCl [
S

Figure 2-5 Numericat display of resulis [MODE A 11 shown here as axample)

2.5 Disposal of huilt-in batteries

2-8

NiCd batteries are used in this instrument to back up data. Thaese rechargeable batieries
contain heavy metais which could be a danger to the environment when the instrument is
serapped.

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 them in at the nearest toxic waste collection paint or

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

This is & simple way of daing saomething for the environment.

The disassembly instructions in Annex C only apply when the instrument Is being scrapped at
the end of its useful iife. if the batteries have o be removed for any other reason, contact your
nearest Wandel & Goltermann Service Center.

The Service Center shouild also be contacted if you do not want to remove the batteries
yoursalf,
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I OPERARATING

THSTRUCT IOHS

3.1 FROMHWT PAXFEL

CONTROGLS

AND

CONNELTORS

far tocations, see figure 3-1 at the end of this operating manual,

SET FUNCTION [0

wope | {mooe | feewait [ sio 1 no | wbgE
15Y & 1LISTE!} FARANY MAADE MAGE LIST &
MEaE
LsTE

_ MEAS.AUNGD
QO O o

] ) (=

SPECIAL FET

YAR
IEODE

LERRL

=2
m
=
=

aTH
MOBE

mo E .
%]

T =

= rh

Al MODE A measurement medes are displayed on
the screen. A measurpment mode is selected by
pressing the MODE number key in the DATR ENTRY
keypad [67.

AT MODE B measurement modes are displayed on
the screen, A measurement mode 18 zelectad by
pressing the MOOE number key in the DATA ENTRY
keypad B},

A1l GENERAL PARAMETERS are displayed ¢n the
screen. A PARAMETER SROUP i talected by
pressing the appropriate number key in the
DATA ENTRY keypad [6].

Stores & complete instrument setting,
A resuits page must previously have been dis-
played on the screen [see 3.4).

Recalls a previcusly stored instrument
setting (see 3.4},

Setection between GRAPHIC display {results

Shown s a graph or bar chart) and NUMERIC

display [reselts shown as a segquence of ni-
merical valuwes).

START measurement; green LEB lights and key
functions are disabled except for SSTOP/ and
JGENERAL RESET/.

STOP measuremant; red LED Tights and key fune-
tions are enabled. The [MAN/SD and [SWP/SJ
Measyramént sequences stop autometically.

A page of resylts must be displayed on the
sereen before the MORE MODIFICATION Tist can
be called up using the VAR MDDE key. Chotce of
YARIABLE MODE is made by pressing the appro-
priate number key in the DATA CXTRY keypad
£61.

N.B.: MODE MODIFICATION fs naot part of the
normat operating sequente and should
not be attemptec unless absojutely
nacésgary for the measurement ree
gqufred,
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e REMOTE

— PARAM E5]

BOTH
SEND
LiaM
RELY
LHAN

LEVEL

REMOTE LED lights when PCH-¢ is remote cone
tretted via the <IEC 625 /ICEE 488 {nterface,
The frant panel keys are disabled. Switch over
to manual control by pressing fFLOCAL/.

If a send igvel 15 displayed in the last line
of the results page, this can be treated as a
parameter and altered.

After pressing JLEVELS, the mew vaiue can be
entered using the DATA ENTRY keypad [6]. The
new vaiug fs displayed in reverse field
characters and is valid only after the ENTER
key has been pressed. If the level entered is
tot tow or too high, a BEEF will be heard when
the ENTER key s pressed, and the Tevel wiil
be set to the nearest Himit value,

If a send frequency is displayed in the last
1ine of the results page, this can be treated
as a parameter and altered, After pressing
FREQ., the new value can be entered using the
DATR ENTRY keypad [61. The rew value is dis-
played in reverse field characters, When the
EMTER key i35 pressed, the frequency will be
set to the nearest possihle fraguency value to
the one chosen within the following ramges:

20 Mz to 3,99 kHz in 10 Hz sieps with
possibie frequancy values
in Hz:

nox 10,0375, n = 2 to
358

in 100 Hz steps with

possible frequency values

4 kHz %o 72 RHz

in Hzs
mx leF.375: m = 4 to
717

Both sets of fixed freguencies aveid any
direct subharmontes of the 8 kHz sampling frae
fuency .

If the frequency selected is o0 Taw or too
high, a BEEP will be heard when the ENTER key
ts pressed, and the freguency will be set to
ihe nearest 11mit value.
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Sweep/Single ESWR/S] and Sweep/Repetitiva
[SWP/R] measuremants are made on the basis of
measurament steps which are determined by the
increment switch /4/. 4 depends on the
running parameters, such &s level step, fre-

quency step or channel step, which are dis-
nlayed in the lower rinht-hzed corner af the
results page. [f f4/ is pressed, new values
far the level or frequency step {but nat the
channel step} can be entered using the DATA
ENTRY keypad [5]. The new value is displayed
in reverse field characters, and only becomes
vatid when the INTER key is pressed. level
steps can be sef with 0.1 4B resolution in the
range 0,1 Hz to 10,0 kHz; frequency with 10 Hz
resolution in the range 18 Hz ta 10 kHz, Too
high or too fow a value 1% isdicsted by a BEEP
when ENTER ¢ pressed. The parameter wiil
aetomatically be set £o the ncarest limit

value.

ROTH A different send and recaive channal <an be

CHAM entered using the DATA ENTRY keypad [5] after
pressing /BOTH CHAMS, The new channel number

(for bath send and receive) is displayed in
reverse field charscters and is valid only
after ENTER is pressed, Only the telephons
channels 1 to 30 will be accepied in the basic

setting,
As for BOTH CHAN but oniy for send channrel
LHAN TA: CHAN,

PRy As Tor BOTH CHAN but only for receive channel
CHAN RX: CHAN.

Every time / <> / is prassed, the running
parameters {level, fraquancy and receive
channel) are fncreased by the value of 4 | If
pressed continuousty, the parameter §s in-
creased in steps of A automatically.

(]

Every time / <o / is sressed, the running
parameters {level, freguency or receive chan-
nel} are decreased by the value of 4 , If

2]

pressed continuousiy, the parameter {s de-
creasad fn steps of 4  automatically,
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Keypad for input of all screen menu codes or
for entry of all parameters and vaives far the
measurement sequence and the dispiay of re-
silts, Keypad antries which are displaved in
roverse field charactars become valid only
after /ERKTER/ has been pressed,

To optimise the graphical'disp1ay of the re-
sults, the upper and lower scaie Timits of the
£ and Y axes can be aitered after the results
page is displayed, By pressing ane of the
GRAPH, SCALE (71 keys, the scale limits are
displayad o the screen and the particular
valug to be glitered is dispiayed in reverse
field, The new value can be entered using the
DATA ENTRY keypad [6). This new value is also
displayed in reverse field characters, and be-
comes valid when /ERTER/ i3 pressed.

HOTE: The valee entered for UPPER YALUE myst
2luays be the highest valuz entared.
The difference between the scale limits
mst be

0.3 dB for Tevel,

30 Hz for freguency, and

3 for channei.

|v

-
>

The new axes are displayed after softkey 6
[RTH1 is pressed. If the scales have been cor-
rectly entered, the results curve previously
displayed wtll autematically be redrawn to fit
the new scales,

IF TX: - - is dispiayed in the top lime of iha
results page (digital send signals} then rela-
tive send levels cannot be used. Otherwise, a
relative send tevel can De set in steps of

9.1 dB within the range ~19.9 to +3.9 dBr by
first pressing /SEND dBr/ and entering the
vatue with the DATA ENTRY keypad [63. This
relative Teyel will be added to the send Tevel
when fEMTER/ f5 pressed,
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[f RX: - - is displayed in the top line of the
resutts page {digital received gignals) then
relative receive levels cannot be ueed. Gther
wise, a relative receive level can be set in
steps of 0.1 dB within Lhe range -19.9 to

+8,% dBr by Tirst pressing /RECY dBr/ and then
entering the value with the 0ATA ENTRY kevead
£61. 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 MIE selected; the key Funé-
tions arg displayed next to sach key on the
Seresh.,

™ Softkeys 1 to ¢
bepending on the MIDE selected, wp to four

) D test configurations are available {except in

hODE B1, 82 and B8), The actual configuration

is indicated on the screen by an enclosing
ﬂ'ﬁ [:::] frame .

softkey [ ¥s pressed for Analog-Analoeg
B"ﬁ D measyremants between the snatog signal genera-
3 tor and the anzlog receiver of the PLM-4,

B—ﬁ [::::] H*ﬂ Softkey 2 is pressed for Analog-ligital

weasurement on PCM coders (half-channel) be-

SHPXS [::::I tween the analeg slanal generator and the di-

gital receiver of the PLM-4,

LEUEL [:] O Seftkey 3 is pressed for Digitol-Analog

measurements an PCH decoders {half-channel)
betwesan the digital sigral generator and the
‘) analag recalver of the PLM-4,

-0 Softkey 4 is pressed for Ifgital-Digital
measurements on transmultiplexers and digital
circufts between the digital signal generator
and the digital receiver of the PLM-4,

Softkey 5
Softkey 5 determines the measursment se.

quence.,

e One-shot {Manval/$ingle) measurement using

the parameters selected; numericat display of
the result is under RESHLT on the Teft-hand
side of the s¢reen,

ﬂﬁﬁfﬁ Repetitive measurement (Manual/Repetitive)
using the parameters selected; numerical dis-

play of the result is undar RESHLT an the left
-nand side of the screen.
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ﬂSNF!s Displays resyult of a single sweep measurement
{Sweep/Single} in the form of & graph. The
measurement steps are determined by the value
of 4 set previousiy.

Displays results of repetitiva sweep measure-
ments {Sweep/Repetitive} in the form of a
graph which is overwritten by successive
measurements, The measyrement sieps are deter-
nined Dy the value of /4 sat previously,

FREQ Softkey §

W3 The measurement results are displaved against
frequency, the frequency set for the send
channel being shown gt the lower edge of the
screen, [SWP/S] and [SWP/R] measurements start
fram this value.

LE EL The measuremant results are displayed against

U Teval, the Tevel set for the send channel TX
beiny shown at the lqwer edge of the screan,
FsWE/5] and [SWP/R] measurements start from
this value,

HHH; The results are displayed in the form of & bar
chart, each bar corresponds ta the receiver
channel that has heen set {displayed at the
battom of the screen as Ri: CHAN)., SWP/S or
SWP/R measurements start with The R§: CHAN,
thus displayed.

[

EISTE The results of measurements made in MRBE BB
{bit error rate} are displayed in the form of
a hittogram,

The softkeys 4 to § are assigned additional
functions,

By pressing softkey 4, the next page of re-
f i sults 15 displayed on the screen.

By pressing softkey 5, the previoss page of

results is displayed on the screen,

RTH By pressing softkey & the original page of re-
sults will be returned ta the screen,

GEMRE, RESET Standard settings are reset by pressiag this

D @ butten,

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3=

. AlE the ppssible digital POM words which can
SHGH O
w2 P99 ¢

be indicated by the LEW array (correspending
to bits 1 to 8) are displaved on the screen,
The PCM word is displayed by the LEDs after it
has been seircied by pressing the apprepriate
kay in the BATA ERTRY keypad {671,

o[ (3

RESE i

[ oLR } PR![?] Results displayed as points are joimed up to
RESGE) o ) RESLT form & graph by pressing SLINK RESLT/.

If the resultts are given in numerfcal form,

NUM

successive pages of results are displayed by
pressing this key. After the tast page, the
dispiay will revert to the first page.

. £lears numerical or graghical results dis-
e played an the screen.

PRIy Depending en tha setting of GEN. PARAM

FLOF PRINTER/PLOTTER, the results can he output as
hardcopy on a HP-GL compatisle plotter con-
nected via the <[EC £285-/lFEE 488 interface,
or ot 3 suftable printer (see 1.5.10).

Note: o PCHM-% must be in system comtroller
mode; S0 switch on <fE0 4255/10EF 468
interface board should be set to ON,

» Plotter address = 29

s Printer address = 3f

8 Switch on printer {plotter) before
switching on the PLM-4,

RX-HIPEDANGE/ 2 T8 3ats the snalog signal receiver imput impe-
dance, The display scans through the settings
=r . _ ,
L 6t0 | #50 [ 500 jeeLk] | E if the key is held down. The impedance ic
switched ipto circuit as spon as the key is
released,

CPLX: 220 G in series with 820 G in parallel
with 115 nF fitted as standard,
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C NOSEN RY SIGNAL B

O B[S = mTa 0

£ oM

O nommM  ~E '.
O 25312 C)an

fTR/RR/ can only be used for A-T or D-A
megsurements. The analog send sigral can be
taken frem the 2 wire sutput [247 Ffor A-D
measurements when JTXRY/ §s pressed. The ana-
Tog received signal can be fed into the 2 wirs
inpyt [24] for Db measuremants when the Ti/RX
key is pressad,

Sets the andalog signal generator cutput impes
dance, The display scans fhrough the setiings
if the key is held dewn. The impedance fs
switehed infg ¢ircuit as spon as the key i3
reteased,
“CRLX™: 220 0 in series with 820 @ +in paratlel
with 115 nF 13 fitted as szangard.
Note: If the tmpedunce value has been modi-
fipd, refer to section 1.3. If Ein = 0
has bean fitted in place of
zin = [PLX, measurement of analog-ana-
1og overall Tass in modes R21, AZ2, AZ3
and AZd is nat possible i this ifmpes
dance 1s seiected.

Digital receiver input with ¥ 048 khit/s ine
terface to CCITT Ga783.

The Tine code setting following GENERAL RESET
is HOBE3, which means that a 2 048 kbhit/s WOE3
caded sigral cen be input via the balanced
120 @ input or the 75 & coaxial input. The
1ine code can be changed Lo AMI or NRI using
PARAM, 4 of the GENERAL PARAMIERS; the impe~
dance ¢an also be changed to > 3 k& in this
WY .

MOTE: [f the digital recelver 'ine code 13 set
ta NRZ, the sigmal can onfy be Input via
the 75 0 coaxial fnnul. The halanced in-
put can only be used For HDRZ and AMI
(pﬁeudu-ternary} coded signats, The
F.m,5. input voltage must not axgeed
4 .

The puise amplitude of the input signal can be
petween 30 my and 3 V. If the siqgnal ampiitude
1s too low, the LED Tights,
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If the AIS EED lights, and Atarm Indicaticen
Signal has been recefved, It consists of g
continaus sequence of 1s (no frame structupe]
and simutates an interrupted connection,

The frame structure is monitored for confarm-
ity with CCITT G.732 after a GEMERAL RESET.
The MO FRM LED tights if there is an errored
frame fndication,

The frame identification LEB can be disablied
{PARAM. 223} for use with 32 telephone cham-
nels with external 8 kHz frame synchronisa-
tion.,

The frame structure is monitored for conform-
ity with CCITT 8,732 after a GENERAL RESET.>
The RO HFRM LED Vights 1f an ecrored multi-
Frame identification s detected,

The multiframe ideetification LED can be dis-
abled for use with 30 channels with external
time channel 16 (PARAM. 222), as well a5 31 or
32 telephone channels [PARAN, 223 or 724,

For monitoring the signal, the faput impedance
of both inputs can be set to > 3 kG using
PARAM, 4, The Z » 3 kG LED Tights to fndicate
this condition,

Digital signal generator sutput with
2 D48 khitss interface ko CEITT G702,

In the basic setting which follows GEMESAL
RESET, HDBI code signals at 2 048 kbit/s may
only be taken from the 120 { balanced output.
the tine code can be altered to AMI er MRZ
using PARAM, 3 of the GENERAL PARAMETERS. IT
the output impedance is changed to 75 0 using
PARAM, 3, then the 2 048 kbit/s signal can
only be taken from the coaxial autput,

NOTE: MRY coded signals can only be taken from
the coaxial output.
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Z 08 kHz clock signal output

In the basic seiting following GENERAL RESET,
the 2 {48 kHz clock is generated by the PCM-4
and can only he taken from the 120 © output.
if the impedance is ¢hanged to 75 R using
PARAM, 3 of the GENERAL PARAMETERS, them the

2 (48 kHz cloeck ¢an only be taken from the co-
axial autput.

Phase relationship between clock and digitat
signals

The leading edge of the signal bit and the
rising edge of the ¢loek signal are im phase
¢if Yy, 1s symmetrical).

¢-wire input for analeg receiver, halanced,
floating, The input impedancs RX-IMPEDANCESD
{133 can be altered by pressing fed/.

HORMINEG

B.L. feading:

® Max. d.c, voltage referred to
garth potentialecsivivivrbadinnamsnncas 60 ¥

@ vervoitage protection circutt operates if a
vottage > 12 ?F 15 proesent between wires 2
and .

The message GVERL wil! be displayed on the
graphic or numeric display of results under
RESULT.

Megsurements are mot possible under ihese cone
ditfons!

This problem can be avoided if a GH-1 d.c.
toop holding circuit, BN 9B4/00.12 s #fitted,
or if a PLWZ-4 d.c. decousting unlt,

BR 984/00,12 {5 piugged in to the front
panal.

Z=wira ine or sutput, balanced, flpating.
Zewire outpul From aralog signal generatar for
A-U measurements only, by pressing fTA/RX/.
Gutput impedance (TX-IMPEDANCE/G L333) is
¢hanged by pressing /o /.
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NOTE: [LC. teading - as for 4 wire outpui
{251 '

2 uire input to analog signal receiver for
Dwh measurements only, by pressing /TX/RY/.
Enput impedance [RU-IMPEGANCE/Q [131) is
changed by pressing fef/.

HOTE: B.C. leading - as far 4 wire input
fz31.

REMARES: For B-D measurements, the 2 wire con-
nection can be terminated with a
complex impedance of 310 @ ia paral-
Tet with 3% nF by selecting PARAN,
. 914 of the GLHRAL PARAMETERS {use:
) hybrid tass measurements).

SENBTX@'@ 4 wire cutput of aralog signal generator,

@ balasnced, fieating,
~£) Butput fmpedance {TX-IMPLDANCESGQ E151F ds
@ changed by pressiag /=D /.

HWARNING

B.L. Teading:
o Hax. d.c. voltage referred to
earth poteriialeernesrsscroesvronnannas 680 ¥
# Overvoltage protection circuit operates if a
voltage > I Up is present betwesen 1ines
& and b.

The message OVERL will be displayed on the
araphic or numeric display of results under
RESGLT.

Heasurements are noi pogsible under these
cond{tions!

This problem can be avefded i a 6H-1 d.c.
Tosp holding circuit, BN G84/030.12 is Fitted,
or if a PCNZ-4 d.c. decoupl ing unit,

BN 984/00,13 {5 plugged in to the front
panet,
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3.2 BACK PAMEL THNPUTS AND OUTPUTS (EXCLUDING OPTIONS)

For laocations, see figure J«2 at the end of this operating mamual.

Aktivierungssigralf AL, SISNAE Auxtliary signal ouipuis

; £} = O
00 0™ =) rondom notse 5
o A guasi-random noise signal, frequency range
L

@ e 380 to 550 Hz, is auiomatically avaflable as
Pow—00 . — T e Py +40 00
auxfiiary signal only when crosstalk messore-
ments are belng made., The signal levels are
45 ¢Bm at the 600 & balanced output and
approf. =5 d8m from the 600 @ coaxial output

{relative send Tevel of O dBr).

If an analog suxilfary cignal is required for
other purposes, then after the results page is
displayed, a MODE MODIFICATION can be entered
using the /VAR. MODES key. VAR MDBE 152 sets
the psaydg=-random noise signal, and VAR,

MOBE 153 5 used to set & 2 kitz sinusoidal
subharmonic sfgnal, The signal output levels
can b set (In dEmO} using YAR. MODE kB4, in
steps of 1.5 4B referred to the relative senc
Tevel.

Level range: (-70 « pel. Tevel) to (-840 - rel.
level} dEmG,

The coaxial output signal Tevel is approx.

40 d8 higher,

SIGNAL-TRIGGER Signal trigger output {321, osutpyt impedance

O 75 Q.
- A HIGH TTL pulse 1s available at cutput [32]
FeE]|

a5 a trigger signat [synchronous with the
transmitted signal Tp the selegted T3).

ANALOG-ENCODER Analeg enceder inmput [33]

An anaiog signal Tnput at {333 can be applied
to the chosen TH: CHANMEL wia am encoder far
D-& or B-D measuremsnts. #efore this gan be
done, a MODE MODIFICATION 1s necessary using
the [VAR, MODE/ key. WAR. MODE 245 should he
set in this case,

BB E

50 OO0
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input impedance ........ PR [P L 804 G
Relative Jevel ,vivierarniirionincnnn v & dBr
Frequency Fang€..vear.enass 300 Hz to 3 400 Hz
Loading Capacit¥erensrinsaaeas 3214 dBr (A-Taw)

3.17 dBr {p-law)

Unbalanced LF output [36], output 600 Q.
The analag receiver LF 1nput signal is
avatlable at auxilfary oufput 363 with 2

tevel in the range -3 to +3 4B,
BO¢ 13

&
© ©0 :

=

ANALOG-DECODER ’ Analog decoder outpuk, unbalanced, oytput
impedance 600 & [37],

Eode wards received from the seltected RX:
CHAM, are decoded and output from 377 as
analog signals.

w00

&
=© ©0

Signalling distortion input E3B], input imped-
ance 758 § referred to internal d.c. voltage
of -158 V¥,

&

The input must be switched to earth,

Closed resistance of driving switch.., < 300
Opened resistanteeiiiiancassanssrsan. » 20 k7
Short circuit CUPFERt.caicviiavinnanunena 28 HA
The signalling distortion input is used to
measure the duty cycle deviation of & 16 Hz ar
20 Hz rectangular signal,

SIGNALLING
DISTORTE N
5 0B

b

Signalling distortien output {391, a.c.
coupled.

By setting a MODE MODIFICATION, using the

VAR. MDDE key aftar a results page has been
displayed, the duty cycle of the I0 Hz 51gnal
can be varied in 13 (A-A ar A-O conflgura-
tions] or 2% {D-A or D-D configurations} steps
within the range 10% to 90%, This is done with
VAR, MODE 711, VAR, MOBE 722 is used {0 change
the output frequency of the signal to 20 Hz,

Kennzeichen
VEFIBTTUNG
00
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Qutput impedance felectronic switch):
Pl SRrvsnasmnresravavannnssnrirsranss < 308
PRUSCrrsenrmrnannnsannnranen vanavars > 20 KD

{‘fuuuuuuul .[
\uﬂﬁnhﬁﬁhgf
B3 SIGNALLING INPUT Max, doca 10adingucevnnea

Maxe switch voltage.e.ean.. serravmradunan JO ¥

Signalling fnrput [60]

in place of 2 static sigralling setting
{PARAM, 518}, the status of the signalling
bits a, b, ¢, d for the selected TX: CHAN. can
te varied dynamicaliy by means of TTL lavels
applied to pins 1 to 4. Ffor this, pin 11 must
be.pulled LOW and PAROM, 211 of the GENERAL
PARAMETERS must be selected.

Pin 10 i i 1% i

_ 18 ps LE- — 19 s e R
Bl 05 . AFBns &5
—f ~ 8

® £ d

* Data on pins 1 to 4 must be valid,

Pin 1r & bit input
Pin 2: b bit input
Pin 3: «c b¥t input

Fin 4: d bit input

Fin 10: 500 Hz clock output
Pim 13z [LOW for ext. signalling
Pin 13: +5 ¥, 50 a1t

Pin 14: ole
*45) - ERAME Frame trigger output [61}
0 TRIGGER Frame trigger signal with TTL Tevel, rising
Ll
. 5 K5 edge cerresponds to start of time slot O,

Fermissible devatation of start of timesiot 0
raterred.ta the frame fripger signal:

< 6 ms.

Mo signal for A-A measurements,

When operating the generator with exterral
frame trigger {PARAM. 333}, sockset [E4]
gasures phase continuity between the B kBz ina
put and output trigger signals {permissitie
deviation +30 ns},
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SIGNALLING/ERROR OUTPUT

P

— () EXT. FRAME
_

£

T

Signalling/Error output [623

If PARAM, 221 of the GEHENAL PARAMETERS i3
setected, the status of the signalting bfts a,
b, o, d of the 84 CHAN, selected are output
at pins 1 %o 4. The 500 Hz ciock sfgnat 1s
anly available at pir 1@ when PRRAM, 221 is
selected.

ims -

Data exchange with rising edoe of clock on pin
1. ’

Pin I: & bit output

Pin &3 & bit output

Fin 3: ¢ bit sutput

Pin #4: d bit output

Pin &: approx. 125 us errer pulse if frame
error detected

Pin f: Error pulse, duration approx. 125 ws,
oubtput each time a LRC error s
detectad by the 2 048 kbit/s
receiver.

Fin 7: approx. 125 ps errer pulse §F multgi.
frame error detected

Pin 4: 488 ns error pulse 11 code error de-

tected
Fin 11: 800 Hz ¢lock output
Pin 13: +% ¥, 5C md
Pin 14: ok

Error pulses will onTy be ouwiput at pin & or
pin 7 when frame- or muttiframe errars oceur,
if the frame aor multiframe structure corres-
ponding 1o G.732 95 sti)] recegnized by the
digital receiver and the NO FRM or HO MERM
LEDs are not 1ft.

Ext. Frame trigger input [G3]

For operation without a frame sfgnalling word
{PARAM. 228}, am external 8 iz frame signatl
i3 needed to signal the start of each frame,
The rising edge of the frame trigger signat
corresponds to time slot O, Max. deviation of
rising edue of trigger signai fram start of
time stot 0 is +150 ns,
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Ext. Takt/Clock
43 Kz

BXT, SYNE $kHr

Yakt/Clock

© -

5 Q¢ MAE ki

Clack and synchronfsatieon input [G4]

If the PCH-4 is to be synchronfsed ta the

2 048 ¥Hz clock or the 8 kHz synchronising
signal from the test item, then PARAM, 332 or
PARAM, 333 or the GENERAL PARAMETERS should he
selectad respectively, The imput impedance san
be switched between 75 0 and > 3 &, The s]lide
switch for this purpose is accessible by
pulitng oui the plug-in module. The ractangu-
lar fnput signal required must be between 1
and 5 ¥.

CTack freguency

TEAUTFEdT vusnnsaannseess 2048 kHZ + 160 ¥ 1070
Duty eycle sovrernnsnrssvavnrronrsrsnnanns o3
OF4ecinnannnas arevanvarens B KHZ ¥ 100 x 108
If terminated with 75 @ {74 and R) sides),
irigh puise {width > 488 ns} alse availshble.

Z 048 kHz clock output [653

Recovered bit c¢lock output, TYL tevel, & frae-
running oseiTiater i gyhchranised with the

2 048 kbit/s signal. Pulling range of
regeneralor, vevieiisenrasnmrnnaaey 2100 x 160
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3.3 OGPERATING PROCEDURE FOR THE POMdg

FLOWCHART The eperating procedure for the PLHM-4 can he
rapidly understoed from the three page flow-
chart. Important aids to selection and other
remarks are in the following saction: these
should be studfed careful Ty beforshard.

HAEXS aN o A self test routine is rum in the PCH.4. The
important funciions of the MASTER, DISPLAY,
HEAS, FLOW, and EVAL,-CIRCULT processars are

checkad,

SELF TEST s During the self-test, the LEDS will 1ight
far 2 s. The switching of the relays will be
audiple,

& When the EHT ine reaches its nominal welt-
agae, the screen will display the results of
the self test. If no errcrs are detected
during the seif test, the tegend G,K. will
be dispiayed, {if this is nob the case, re-
fer to the functional tests given in Appen-
diz B)

CALIRRATING

The CALIBRATING disptay indicates that the
amplifiers and attenustars in the POMed are
being calfbrated, If this procedure gives
tihe resutt 0.K., then the instrument is
ready for use.

BATTERY CHECK # Hhen the PLM=4 is switched of ¥, the RAM
contents are retained if the rechargeable
back-up batteries are sufficiently
charged, [f the PCH-4 is operated
cortinuousty for 24 hours, the battery
charge {s sufficient to maintain the RAM
cohtents for 3 to 4 weeks at normai room
temperature,

MNATE: If insufficlent charge 5 availadle, ft
is poszibie that the memary contents
will be lost, leading to incorrect
npperation.

For this reasen, 1F BATTERY CHECK BAD
ts displayed, the instrument
automaticatly resets to standard
¥alues. This means that amy setups myst
be entered again.
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GENAL. AESET

{hange
further
parametars?

HO

YES

The MME A Fist or the results page {(without
resuitst} witl be displayed on the screen
with the previous measuring sequence sef-
tings.
if there 13 any doubt that these settings
are <orrect - particatarly the GENERAL
PARAMETERS - then press /GENRL. RESET/.
The instrument will then revert to t{he
standard settings.
FXCEPTIDN: Settings made in STORE MODE will
be retained,

Befars starting a measuremant

RGTE  the following peints:

» Wait until the result page is comlete
on the s¢reen

L] Check the parameters which are displayed
at the edges of screen to see that they
cerrespend to the new measuring mode:
- Test configuration
- Relative jeval
~ Receive and send channels

Running parameters
= Measurmment saquence
- Increment
« % and ¥ scale Himits

* Make any alterations necessary using the
softkeys and the PARAM. [51, REL. LEVEL
£8], and GRAPK SCALE {73 keys.

’ Check that RX and TX impedznies are cor-
rect and atter if necessary.

] Set analog interface tp 2 or 4 wire
conflguration.

Other garameters are very lmportant (as
GENERAL PARAMETERS) for setting up the PCM-4
carrectly, particularly the settings of the
digital sigral generater &nd receiver,

1T digital signals are te be sent andsfor re-
celved, (D-B, B-A, or A-D configurations),
then the GENERAL PARAMETERS shouid he checked
and corrected i pecessary.
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3.4 3YTODRAGE AMD RECAEL OF

3-189

INSTRUMENT SETTIRGS {SETEPS)

STORE function

(v 12 TORL DIST, T - Bt - g
e e e
CHET. ; é é ; -
e e .
8 |/ S
“ :f GTs
e I A1
T ERET R A L

A

4 N
ST0-M09E - L TP LIST Y
AL N
Ty Tt m
g &
<n‘1§ P+
s B
<gs:» <265
By €37
1185 PEH
169> <83y
€103 <3
1% <313
112> £33
€133 {332
Qi T
%y 235
<15} <%
17 <§;5
18} <\
2133 P
2> H3
513
FREE 184 % Rm
M- A

The STORL and RECALL functions atTow complets
instrument settings to be stored and recalled.
Standard or modified GENERL. PARAM, and VAR
MORE values are stored together with the
measurament mode,

- To store 3 measurement mode as & SELuD, & re-

sults page must previsusly have been displayed
an the screen,

Example:
Hode ABZ is to be stored as a setup.

This f¢ achieved by prescing:

FMOBE LIST B/ & f&¢ + f2/ + JENTER/.

Mode A5 = total distertien.

Suhmode 2 = 127 ¥z sine wave, to COCITT 0,131°

The heading STC MODE and a 1ist of all setups
is displayed on the screen whes /STO BODEZ s
pressad, [T no setups have bheen stored yat,
the memory poasition numbers (L1 to 40) and the
availabie memory space (100%) will be dis-
played, The meaturement mode setup can be
assigned to any memory positigm by pressing
the appropriate number key{s} followed by
FEMTERS {memory pasitian 7 has been used 1n
the exampls),

Important: A program far HP 9816 is given in
section 4.5.4 which aTlows the
.setup memery to be transferred
toffrom diskette,
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§76-NOpE ¥ SETLP LIST #
Lot NCE. 8T, )5 N, WIDE OCH,
2y 422}
<0 2N
<Dt HER
09 [R5 3]
£36+
73 §5Z D=0 L2373
LIB)
i 29}
(3133 <3
43 B 3
(3% 138
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213 Py
413 <35
a5 &
£f
i &
Lefiy MR
{503
P
N
1
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§10-HQEE #GETIP EIET ¥

A, 1] POOE WCH, L5 T, NHKE Iy, -ﬁﬂ
iy {2!;
<@y {22
01y 128
04 L]
PYLTY 25
E} [
2 #5820 {27
ﬂ 2] teEy
% mEE 1D 123
3 ;3
<113 <31
£ 323
<132 <3Er
<1l ity
m I3
216 £33
7 7y
4ilr L3:v)
Cis) £33)
CH) Lanr
L1}
FREE W %
v
Memory CLEAR
/ N
HO-HIIE ¥ GETUP LIST 8
[t MGEE wC, 5, ML, BODE MR
iBE3 4212 STB
s0Er 422y
a3 frald
51023 Ly
L] {25y
oy <2y
bired - o] <37}
> <28
RLEH [
110 <30}
LTE 31
b1 <32y
1ETy €33
T 434}
114
<EBY <38
Mires <3
118 <IBY
Livid <34
<207 il
R
e oo x | (B0
EE2E BE, ALRERDY USED #hix
.

The measurement mode and configuration are
then immediately displayed mext to the memary
posftion aumber: "A52 D«0". The memory space
remaining is 59%.

A further 3% setups can be stored in 4
simitar manmer. To Teave the STORE mede, press
softkey & "RTH".

NOTE: Results {rumarical values, poinis and
curvas) arg not stored.

if an alteration has been made to a measure-
ment made via the VAR, MODE kay, this will be
fndicated by ! when the mode is stared,
Exampie: "AEZ! p-a®

Measurement modes stored in memory posttfons
are protected against accidental overwriting.
If this is attempted, the message M. ALREADY
USED will be displaved. If it is, nowever,
desired that the memory contents be aver-
written"the previousty stored information
myst first be srased. This i3 done by entering
the memory position number preceedsd by &
minus sign {e.g. -%) and followed by JENTER/S.
This clears the memory pasitfon concerned,
whichi can now be f411led by the new mgde data,

The compiete contents of the setup memory can
be cleared by entering =99,
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RECALL function R measurement mode ¢an be recalled from the
memary by prescing /RCL MDDE/. The current
4 ™ setup 1ist 1s displayed on the screen, this
ACL-HBDE # SETHP LIST # tima with the heading "RCL-MODE". Tha memory
| B0, PCOE wch )
e 21 O position number of the required setup should
5% E% then ke antered and JENTER/ pressed. Exi® fram
1
9 3 3 I3
- b RECALL mode is achizved by pressing softkey §
Eﬁi P E%i - “RTH", The PCM~4 wili then he set to tha
iy an seasurement mode which has heen recalled.
E{g%’ Eﬁ’; : Heasurement <an then be started by pressing
1
& & - STARTY
{18 {3y
€19 3%
<30 MG
1% MERS, BROUEWE (¥}
FREE 7 % @
e /
e Y if an unused memory position 1s selected for
RCL-MA0E ¥ SETHP L1867 # recall, the message NO SUCH STD MODE will be
| din, MRS w0 (5. ML G00E e, |
iy g%; BiL displayved on the sereen, Simply enter the
Eﬁ; §§§ right memory position number followed by
Egr?,; sz b 528 JENTER/ to contimue,
L 28>
&0%» RI2t O-D § L
EiE g
L3 Ik
[y pr e
HE a1
(4L H {34
€352 €35
G167 s
£y L7
<18y fx[-H
<5 L )
4203 43
4305 WERS. SECUENE (43
FREE 97 % RTH
b H0 SHCR ST0-RODE ki
. -
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3.4.1  LIRKING SETHPS TOGEYHER 10 FDBM A SEQUENCE

The setups (max. 4G) Tisted in the SETUP LIST
van he iimked togeiher inte a sequence, thus
atlowing any stored instriment seftings to be
made zuiomaiically within 5 serizs of measure-
ments.

Note: If the results are to be output onte an
ASCIT printer connected t¢ the IEEE 488 bus,
the PRIKTER/PLOTTER parameters {PARBMETERS D4
to 09} must de set accordingly before the
settings are stared in STORE MOOE,

The SETUP LIST is catled up using /STO MODE/
or RCL MODE/. /STO MOGE/ can anly be used if
& graphic or numeric results display is al-

ready shown on the screen. Pressing sofikey
ST in STORE MODE or RCL in REL MDDE catls up
the PROGRAM MGDE. The upper sofikey fs then
iahelled PRO and tne SETUP LIST i3 indicated
by PRO MODE.

. ™ Any of the setups under the SETUP LIST can now
FRg-100E § SFTHR LIST 8 be linked togetner inte a sequence, Selecting
I S B D the address of the setup in the 1tst and
'EE% CESE E%f pressing JENTER/ causes 4 * t¢ appear fin the §

' ;Z;gg A Eg; {ssguence) calume mext to the chosen satup,
gﬁ% g%é and an input field B is indicated under #CH,
a1 2y {ro. of channel steps) sc that you can input
gg% §§§ the number of channel steps to he carred qut
<18 €36} for this measurement setup.
48 &
i britd Example: A measurement of the vartfation of
s gain with frequency in 1100F 231 is to be
rwE owm carried out in aTT ¢hannels with frequency as
\ g the running parameter, before storing MODE A3l

in STORE #10DE, the startfng chanmel number far
the send- and receive sides is set with
CHAML 1. The meximum number of charsel steps i3
30, so this valee 13 also inpui. This will
then cawse MODE A3l to be executed in chammels
L wev 30 with the running parameter of fre-
quency. if, ¥or example, channel 4 fs given as
tha starting channel, fhe meascrament will
5t7HY consist of 30 steps, carried out in the
sequence CHAN, 4 .., 34, GHANG 1 ... 3.
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o b, ok =, L5, M. WOGE. M,
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€112 (31
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€13 sy
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197 o v
<303 &y
450>

FREE % & AT

3.4.1.1 Remaving a sefup from @ sequence

3.4.2  RUSAAING A SEQUERCE

0dBr 50, ;)

d

3-23

Hote: I channel has alreagy been chosen as
the running parameter by pressing softkey
CHAN, the symbol ~- will be shown upder #CH.,
and it will not be possibla to input the
number ¢f channel steps fo he exefutsd,

Exception: Channel 15 preselected as running
parameter for MODE A7 CROSSTALK, A
possibie Input of the number of
charre? steps to be carried out
refers to the send chanmels, In
this way, 29 receive chanrels can
be checked for each of the 30 send
channels.

With the SETUP LIST in PRO MODE, anmy SETUP
{*) can be remgved from a seouence simply by
gressing -/ before entering the sddress.

A sequence of measurements <an only be

started with the SETUP LIST fm RCL MODE. This
mend 15 ¢alled up by pressing fRCL MOBE/. in
the Towest line of the SETUP LIST under
address «<50=, the words MEAS, SEQUEHCE (*) are
shown. If the address 50 i35 entered and the
FENTERY key thern pressed, the results page for
the measurement setup in the secuence with the
Towest address will be displayed, The address
is shown in the top right hand side of the
screen (e.g. S.: 03], This information is
updated as the seguence continues. The se-
quence is started by presstrg /START/, and atl
setups markad with 2 * will then be carried
out in numérical order of thefr addresses.

Note; The speed at which measurements can be
made 15 considerably decreased if all the
measurement results are srinted out via the
ASCEI printer. It & therefore & good idea to
print sut oniy thoze results which 1fe outsida
certain Timits (PARAMETER Q7 or also PARAMETER
09}.
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¥B: The {ime taken for the setting up of 2 new
display on the screen when the measursment
mode or the configuration 1s changed can he
aliminated only if the screen 15 switched off
With the instrument operating under remote
control,

3.4.2.1  interrupting a sequance

A sequence can be interrupted by pressing
JETOP/. If the GENERAL PARAMEYERS are chamged
or a MOBL MODIFICATION is made subsaquenily,
the sequence mode will ae exited, and %he
setup address {*} at the top of the screen
display will be erased, To restart in such
cases, address <50> must be entered agcais. If

2 menu page which does not have a RTH
{return) function, such as MODE LEST A, is
calted up, this aiso forces the sequence to
restart.

Changes in the parameters for the satus (*)
that has been called up will be accepted if
made using the keys [5). in such cases, the
seguence will not be exiied, and pressing
JSTART/S will cause ths sequence to resume
from where 1t wes halted.

3.4.2,2 Clearing a sequence

By entering ~-50, the sequence set under PROG.
is cleared. Setups stored in memory ara net
#ffected.
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.5 GRAPHIC DILISPLAY OF RESULTS

e ™, Example of 3 page of results as a graphic dis-
KOOE 4 52 _mﬁl BT, W~ R “é‘% play for & ¥ODE ASZ measyrement.
Lot ; oA |
meo VAW
CHiH, \/ ‘/V 5
| : i
RESOLT VAR L
: |
& |
'% SHiF 5
: !
: | H |
e : i gN] ] [LEVEL
THE CHA, 1 -55.004Dm0 22Ky 27 2068
N J

HQBE & 52 TﬁTHL GIST- Uisplay of mode chosen from the MODE LISTs A

ar B, In this case, #ODE A G and SURMOGE NO. 7
have heen selected, f,e. TOTAL DISTDRTION
using SINE WAVE 422 Hz, CLITT. 6.131.

?x: — Rx: _— éBf Dispiay of relative send« (TX] and receives
{RX}) levals in dBr, In this case, relfative
Tevals cannot be shown, since semnd- and re-
ceive-side measurements are made using digital
signals (0-D).

a-ﬁ Bepending on the mede chosen, up to four
ieasyrement configurations can be selecind
{except in HODE BY, B2 and B&). The actual

ﬁ-B setting 1s indicated on the seraen by an
enclosing frame.,

D'H A-A for Analeg-Analng measurement between
anglog signat generator apd analog
recaiver.

A-0 fur Analog-Digital measurement between
the analeg stgnal genarator amd digital
retetfyer,

D-A for Bigital-Analag measurement between the
digital s7gnal genzrator and the analog
recetver.

D-b for Bigital-Digital measurement betwsen
the digital stgral generstor and digital
receiver.
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SMPfs Single sweep measurement {Sweep/Singie].

Measurement steps corrsspond to the valye of
the increment A set previously.

LEUEL The resuits are displayed as levals (X-axis
e = send levelj. In this case, the range of
Yevels is between ~55.0 and +3.0 dBmi,

A 2.0R Increment disptay 4,

Tx: CHHH: 1 '55:336850 . *EEHZ Code words are sent frem the digital signal

generator (D-D measurements) in channel OF at
a level of -55,09 dBmG, and at a fraguency of
427 Hz.

After the start of the mpasurement, the level
displayed is ingreased by A = 2.0 4B for sach
measurement step {n SHP/S mode.

Rx: The code words recefved in channel 01 by the
digttal receiver {D-0 measurement] are evalus

tRﬁH' ated and the result Tt displayed as a point

l cerrasponding to the send Tevel, The results
are displayed as numerical values spder RESULT
RESHLT anly if one-shot manual {MAN/SY ar repetitive

mapized (MAN/R) measurements are being made,
dE The scale 1imits for the ¥ and ¥ gxes are
presant using MODE A B2,
These limils can be altered using the GRAPH.
SCALE keys [9].
The tolerance mask can be erased using
PARAM, 324,
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F When the resuit corresponding to the upper
1 value of the X axfs has heen plotted {in this

casg, +3.0 dBmQ), the SWP/S measuring sequence
will stop, The red LED above /STOP/ will

: tight. The points gn the screen can be Jained
__,k..;.....--—--—-—-‘*--—--"' 47 with straight lines by prassing JLINK

: RESULT/.

v
'
1
i

o

v
3
i
1

N.B.

[Rihetuial

This process can'occasiuna?ly take guite soms
tine, depending on the number of goints to be
sarted, parttcelarly if 2 few additional

measurements are made after a large number of
y : QESHLT measurements, or ff measurements are made in
. SGEL SWPSE sequence with a very small incre-
4Bnl menz A,

After pressing SLINK RESULT/, the points on
the graph are not dispiayed on the screen
until the sort process has ended, The prompt
SORT. appears on the lefi=hand side of the
screen and flashes on and off, SORT, flashas
mare rapidiy a5 the end of the process i3
reached.

khen the sort process is complete, the SORT.
prampt is erased, and at the same time, the
pafnts are plotfed and joined tegether.

IT the sort process takes fonger than 1 m
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 aisa
arase 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, 832 respactively. These valuss will be
disptayed on the results page {graphical dfs-
play) by antering PRAM, 934,

1T HOE BN (3228

{M.8. DB.MM.YY = Day Day, Month Month, Year
) Year;
HEME = Hour Hour.Minute Minute).
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J.5.5  BISPLAY OF MARKERS INSTEAD OF MEASUREMEKT RESULTS

RESULT
< -05.0
dBm

RESULT
> +908,0
dB

RESULT
OVERLD

During the course of a measurement run, it is
possible that changes in the test gbject may
influence the measurement and render it Im-
possible to display a meaningfu! resylt. In
such cases, the PCM-4 displays an indicator in
place of the test result. The indicator is
shown on graphics and numerical displays under
RESULT, and in numerical Tistings naxt to the
corresponding running ndrameter.

< Trdicator

Warns thal the measurement is bzlow the lower
range bimit. The value of the Tower rangs
Tinit ts displayed aloras tde the < symbo)
{&ege < -30.0 dB if the cutput Tevel is inter-
rupted when making difference measuyremsnts in

MODE A21 GVERALL LOSS).

> indicator

Yarns that the upper range limit has been
exceeded, The valve of the upper rangg limit
is displayed alongside the > symbol {e.g.

» 90,8 dB if the output level is interrupted
when making d&i fference measurgments in ¥ODE
AZl OVERALL LOSS).

Hote: The > indicater, tegether with a
maasurement resylt, will 81so be dfs-
ptayed if the iaput stage of the analog
recetvar 15 pverdriven by a ltarge out-
of-band or in-band noise level when the
signal Tevel to be wmeasured is small, &
broadband measyrement up to 128 kHz may
be helpful; this can be set viz YAR.MODE
533 for il MODE LIST A measurements
with the exception of MIDE Al3 and MODE
ARl to AR3,

OVERLD indicator

I » voltage > 11 V {analog generator output}
or > 12 V (amalog receiver input} is present
botween wires 2 and b, the gvervoliage
protection circuit operates, making measure-
ments impossible. QVERLE witl be displayed, If
the voltage subsequently falls below these
threshold values, the overvoltege protection
circuit wiil cease to operate and the QVEALD
warning witl no Tonger be displayed after a
period of about 100 ms.
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Mote: D.C. isolation of the inputs and cutputs
car e achieved by usiny & GH-1 duc.
leap halding ctrouit, BN 984/00.17.

N.B, If PARAM 521 [MEAS. HOT POSSIRLE HALT) is
sebected, further measurements will be
impossihte 1F QVERLD 75 displayed, The
magsurement run will cantinve if PARAN
422 [MARK AND CONTIMUE) s set,

Exception: [f OVERLD occurs 7o the fipst
ressurenent stes, furiher measera-
ments will he impossible in MODE
A3, Ad and B5.

RLSULT ) < > indicator
< > If the indicator = > is shown instead of a4 re-
dBmi} sult when the measurement cannot be carried

aout, it should be possible to ltocate the

seurce af the preblem with refarence to the
maasyrement mode and the configuration. The
followirg notes are intended as @ guidelfne:

A-fl or D-4 measurement confiquration
¢ Ho result will he possible if the autoa
rafvging circait
- makes mare than 13 attempts to decrease
the sensitivity of the input attemuator
in steps of & dB;
— makes more than 4 attempts to incresse
the sensitivity of the input attenvator,
~ mgre than 10 aTternations of the atten-

water setting are made.

8@ The analog signal is ovariaid with a d.c.
veltige. The resulting change in offset

Tevel when the inpurt attenvator switches
will Aok normally affect the measurement as
the seftware increases the wait time or
delgy_bgfore making the peasurement, If the
offeat 15 still too large after this delay,
a meaturement will be impossible and < >
will be displayed. VAR.MODE 421, BELAY
BEFGRE MEASUREMENT may he of help hers.

v An internal reference measurement is made
i MOOE A2 LA-R], B1 and B2. If the level
here fs cutside the ramge + 1 dB In MODE A2
or + 2 d8 in MODE Bl or B2, 3 measurament
will be impossible.

@ For measurements o MDOD AS and A9, the
wide band result s < B0 a8,
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e If an error occurs in the reference
measurement for wodes where a difference
vzlue s calculated ([e.g. OVERALL LOSS),
then ne peasurement can be made. Peossible
also in MOBES A2, &3, A4, BL, 27 and 83,

A-Dl or D=D measurement confiquration

e If the digital recefver in the PCM-4 oui-
puts a NG FRM sighal to the LER display
next to the input, Tt wiil not he possible
to display a measurement result.

{f Toss of synchronfsation occurs during
the measurement in MODE BBL ... B84, NO
SYNC will be displaved instead of < ».

¢ Group detay measurements in MODE

B51 .... BS54 cannot be carried cut 1f the
medutation depth {m} of the recefve side
group delay signal 1ies outside the
following Tfmits:
- modulation frequency 41,666 Hz:

m o= 0,16 ... 0.25
- modulation freguency 83.333 Hz;

m = 0,20 ... (.32
The receive signal level must be > 27 dfmd,
as the LOWER RANGE LIMIT is -27 dBmd.
YARMODE 5721 can he used to set another
valye.

* If no change 1n the inpet signal ogeurs
within 200 ms, no measurement will be
possible in MOOE BE and B7.

Note: [f PARAM 921 {MEALS, NOT POSSIELE HALT)
is salected, further meacurements will be

fmpossible if < > s dispTayed. The measure-
ment run witl continue if PARAM 922 {MARX AND
CONTINUE} s set,

Exgeption: If < > gccurs in the first measure-
mant step, further measgrement will
be impessible in MODE A3, A4 and

35,
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RESULT NGSTHC indicatar

BIT LR : If the digital receiver in the PCM~4 outputs 3
O SYNE NG FRI sigral fo the LED displtay 3 measurement
acT ER resutt in MDOE BAT ... BO4, NOSYRC wild he RO
SYHC displayed instead of < > if Toss of synchront-

sation oocurs during the measurement,

Note: [f PARAM 921 [MEAS, NOT POSSIBLE HALT)

L

E ! s selgcted, further measurements will bae im-
E ‘ possible if N0 SYNC s displayed. The measures
H ment rup will continue £F PARAM 927 {MARK AND
[ ] ‘

Firutnins -

CONTENBE) is set,

A

v indicator

As well as the HOSYNC or < > display in the
teft hand screen margin, the G indicator will

»ﬂ_h-»_----w-_*---_---_.__
Tremanusmmeanmbanaanan-
oo psnoy- SIS ST
mwﬂ'—w-—-vv-v‘vw‘-vl—-—!—l—d—“d—‘hn.a‘
 prpprrrgeyrepy SR SR

A o R
T o

[y S A

?CJ
o

be shown in the channel or time interyal
positioen on the graphics display for MODE
EaY ... BE4.

—1i
e

2.4 +Zd.,4,
~45, 4@ i +2B. 82 * Indicator
=4i.a@ i +E3.8i If the result excesds the tolerance threshold,
_53-6'2’ ! "§i§z the numerical value of the result shown en the
"ff":’f" ' L‘;{T) sereen will be merked with *,
_fff‘f ) 73:5? Hote: The tolerance threshold vatues can he
L3, Uy ! TID, 49 ¥ Y
T80 1 36.45 printed out on a printer through the use
- 7.08 i +34,33 of parameters 08 ard 09 {see 3.6.10}.
PD.E9 i +34.88
A v38 ” 7 indicator
) " . Signalling distortion measurement results in
RESULT MODE 86 are marked with I if the closfng and
T 0.0 apentng resistances of the fest object Tie
M5 within the range 300 o to 20 kQ.
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3.6 GEHNERAL PARAMETERS
g

FRREH, # GENERAL PRAANETERS &

(1) DIGITRL COMFIGURATION

(2) FRRME SELECTIGH

(3 DIGITAL TX INTERFACE

0> TIBTTRL RY INTERFAGE

{35 UIBITRL WDROS I¥ TX FRAHE
{6} TH ERROR IMGERTION

{7y FCR EHCODINE

(8} SCANNER PRRANETER

() SFECIAL PRRAMETER

{0 FRINTER 7 PLOTTER

Eacd
15
=

SELECT PARRMETER GROP WD, OR RTH

3.6.1 PARMMETER LIST 1: DIGITAL COHFISURATION

¢ p

FARRN, { ¥ QEGITRL TONFISURATION 3
B (107 GENERRL GONFIG. TRRR 2 ZHbitss
e ahe/fekit/ s
(B §h Mhitss
(1 eidLhitss
(% THROUGH EMbisss TRAHSR,
(1 THRGUBH ZHbivss THSERS
(2t BIRITAL LAOP {R-R) 2Mbis/a/BLL 18
(22 bt s/aLeT 18
H] Eg% EEEE!E!JE.SIEH.
kBitss
SELECT MO, ENTER (R R
. A

111 the general parameters for the PCM-4 are
oiven in Tists 1 to O, These Tists are dis-
played by pressing the approprfate number kay.
The individual parameters 1a the lists are
satocted fy entering the two-figure number
followed by /JENTER/, Parameters selected in
this way are marked with ** on the screen,

The parameters are used te configure the PCM-4
for the particular measyrament to be made. If
& parzmeter cannot be wied, a0 error message
is shown on the screen. The following seetions
describe the general parameters Ta detail,

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

A1t possible digital configurations of the
PCM-4 are Yitted in parameter }ist 1 of the
GEMWERAL PARAMETERS. The activatfan of the
digitat generator and/or receiver for both the
2 048 kbit/s and 84 kbit/s interfaces is
dependent on the choice of parameters and the
chosen measurement configuration {A-A, A0,
Q~ﬁ or -0}, If the digital generator 1s
active, the setected signal is output, other-
wise the idie channel signal is used {para-
neter 516}.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




3.6.1.1  Parameter 11l {*%)
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’zu:s kbit/s

BEL 7L

GENERAL CONFIGR. TH/RX 2M/ 2 Mbit/s

After parameter pil has besn selected, the
generator and receiver for the 2 048 kbit/s
interface can be activaied by selecting a
measuremant configuration,

Parameter 121 and A-A measurement confiqur-

ation

Selectfon of parameter 121 causes a trang.

parent Toap to be set up befwees the recoiver

and transmitter of the 2 048 khit/s interfare,

Selecting A-d medasurement configuration acti-

vates the transmitier and gererator of the '
analog fnterface, if a 2 048 kbit/s signal is C
fed to the digital receiver, the entire bit
stream will b retransmitied unchanged by the
transmitter. A typical apnlication for this
combination of parameters is For measurements
on PCM MUX/MEMUX equisment,

NOTE: You can only select parameter 121 when
the Tine {interface) codes for the transmitier
{parameter 1ist 3} and the generafor (para-
meter 1ist 4) are the szame. If this is pot sa,
the error message

LINE CODES TK/RE  DIFFERENT

wiltl he displayed on the screen.

For autometic measurements, a test point
scarner gan be wsed. The MU<30 can & con-
trolled by Lhe PCH-d directly, via the
[£EE 485 bus {see 4,2,2.1Y,

HOTE: The MY-30 must be switched an sefare or
at the same time as the PCM-4, and in any case
before the end of the PCH-4 calibration sew
quence, ctherwise remote control from the
PCMad will not be passible.

The stgnal from the anaiog gererstor in the
PCM~4 is fed to the multiplezer inputs. The
2 048 kbit/s digital signal from the miiti-
plexer is lcoped through from recetver to
generator and fed back to the demultiplexer,
The decoded signal is then fed back to the
analog receivar in the PCM.4.
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111 122 A-R
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Parameter 122 and A-p measurement configur-

ation

parameter 127 allows for digital channet
switching at the 2 048 kbitfs teval, This
configuration is specially intanded for
megsurements on 2ewire MUX/DEMUL systems, In
this case, only one channel is logped through,
the others being fed with the 1dle channel
signal set with parameter 516. The PCH-4, how-
evar, 15 comnected for 4-wire operation, The
analog receiver and gemerator are each con-
nected to 4 channel of the MUN/DEMUX, The
switching between channels ts done by the
PCM-4 on the 2 ¥bhit/s side. In this way, the
channel with the best characteristics (in the
example: channel 30} can be used as reference
for all the other channels,

Example:

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

The entries under "TX" and "R:™ shown on the
streen apply to the 2 MbitS/s digital inter-
face. In this example, "RX = 7" and *TH = 30"
would be entered. This causes the analog
generator to transmit a signal from the 4-wire
sutput of the PCM-4 to the 2-wire input of
channel 7 of the MUX/BEMUX. The digital infor-
mation tn channel 7 is switched through te
channel 30 by the PCM-4 and the idle channel
signal s fed to channel 7. The signalling
bits for channel 7 {bits 1-4 in timeslot 16 of
frame 7} are transmitied in bit positisns 3-8
of timeslot 16 in frame 15. The analay sigeal
from the 2-wire output for chanpnel 30 of the
MUX/DEWMUX must be fed ta the 4-wire input to
the analeg receiver in t{he PCM-4,

Cianna! switching with 4ewire MUXSDEMUX equip-
ment is also possible, for this, the use of an
Mi.30 test point scanner g gqood idesa,

ROTE: This switching is enly 4n one direction,
{.¢. the contents of channel 7 are switched teo
channe]l 30, but the contents of chamnel 30 are
not switched to channel 7.
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Parameter 123 (*) and A-f messurement con-

figuration

This is the basic setting of the P{M-4. Para-
meter 123 does not casse a digital lgop kg be
formed at tne 2 048 kbit/s Tevel. In this
case, the digita! generator can be used te
provide an auxiliary signal selected under
"WARLMODE Zax", A typical application for this
parameter configueation is for sidatone lavel
measurements (MODE A7E ... AT9).

Parameter 124 and A-A measurement configur—

acion

Parameter 111 and 124 cannot be selected to-
Getner, 4s parameter 124 is intended for
operatien with 64 kbit/s interfaces. If the
two parameters are selected together, the

Error massage

PIGITAL LOGP  NOT POSSIBLE

Wwitl be displayed on the screan.

A~ measurement configuration (half-channel

9t 77

measurenents)

If softkey 2 is pressed, the A-D measurement
configuration will Be set up for halfechannel
measurements on PCM multiplexers, The amaleg
generator and the digital recetver are active.
In this setting, parameters E21, 122 ar 123 in
115t 1 have no meaning,

The digital signal generator supplies a

2 048 Qbitfs signal din which all channels
contain a statlec idle chanael signal. The
sigral is avaliable at cutput [21]. The code
ward for the signal in the zelacted channel is
found under "YAR,MODE 251", that for the non-
selectad channels being wnder "GENERAL PARA-
METER 516°.
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111 amx D=3 O-A mezsurement canfiguration (half channel

<IEC 625>/[EEE 4B8 dnterface hus RMEBSUIEMENLS )
g ooopo o o |
8| Do oo W a The D-p measuremant configuration for half-
o] 9 ouD o u ]
H s ag gz:u:: o g chantel measurements on PCM demiltiplexers is
ao R .
| il B o B et up by pressing sofikey 3, The digital
[w IEEEEREEN o oo =
Qanso generator and the analog receiver are active;
(28 [0 123 1 the analoy generator is switched off
i {“VAR,MODE 141"). Parameters 121, 122 op 173
R!# ' in 1ist 1 have no meaning in this measurement
configuration,
TEST POINT
SCANNER E,
H-36 :
1
13 4
é} ves
214
PCH
MULTIPLEXER
[ 4
. =
2L kbits i
S
I11  xxx  D-R D-0 measurement configuration
= The B-D measurement configuration for invesii-
o{oobcD ez o Qi =« . . )
a e gations between digital interfaces is cet up
ol oo ooo 2 Oif & o
HOF oo ooy o g o o by pressing seftkey 4. This enabies meagure-
Qf 98 Qo [m} !
O DR Qoo o [» ] ments on trapsmultiplexers to be made, for
O oescmenne GO0 o . Q example. The analog generator is switched off
["VAR.MGDE 141"}, Parameters 171, 122 or 123
{97 [ 123 125 in Hist L nave no meaning in Lhis measurement

configuration.
4
by
TRANS= \
Z D43 kbit/s MuLTIPLEXER | FEM ) LOOP
>
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irl =xxx  BE2 ,,. BE4 Bit error measvrement modes {BR2 ..., B&4)

This measurement configuration 1s specially
intended for bif error measurements oan a
salected 64 kbit/s channel,

Overyigw table of measurement configurations
with parameter 111, THX/RY 2 #bit/s-2 Mhit/s:
R o= send signal

U = {die channel signal {can be changed with

. "YARLMOOE 2x2") ar analog gensrator off,
Canfig- 2 DAS kbftfs | 64 kbit/s | anaTog
yration TR TN | RX T | Rx
[A-4] 0 bOEX
[8-22 Toap 1

| {a-0] N ¢ 1
£B-4l % 0 fx
[D-B7 [ ¥ s}
and BB2 X i D
to B4

Jab.l,2  Parameter 112

GEMERAL CONFIG. TX/RX 68k /64 kbitfs

Tnis Trterface fs intended for two areas of
ogeration:

- Mede list A and & measurements on CODECS
- Bit erroe measurements (822 ... Ba4),

PCH-30-F multipiexers can be fitted with both
speech and data channels. The data channels
{as with those of data multiplexers) normaily
have codirectional interfaces to CCITT

Rec. G.703, operating at 256 kbaud. When para-
meter 112 has been selected, the selection of

4 measurement configuration will activate the
generater and recefver for the 64 kbit/s
interface (ses 5.1),
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112 121 A-A

1R 123 A-A

112 124  xxx

112 124 A-A

Parameter 121 and A-A mesturement configur-

ation

Here, parameter 121 does net cause & loop at
the 2 048 kbit/s Tevel om the digital side.
Selecting the A-A measuremant configuration
activates the analog gemerator and recsiver,

The digital generator provides an idle channgl
signal {“VAR.MODE 251%).

Perameter 123 and A-A measurement configqur-
ation

The 84 kbit/s generator prevides an idle
channel signal {"YAR.MODE 251").

The parameter combination 112 ¢ 124 is
intended for A=A or A<D measurements on
COBECS,

ROTE: Since there are very few CQDECS which
have efther an 8 bit paraliel or a §4 kbit/s
serial interface, some kind of interface
matehing must be provided at the input to the
cer, decoder or COGRDEC so that it <an be
connected to the G4 kbit/s interface of the
P{M-4, or else an interface converier must be
switched into the circuit.

Parameter 124 and A-A measurement configur-

atian

b \L Y \
1 /1 Il 1
interface B4 Whitss fi khitis interface
matching 153 Y- decoder coder matching
FM-4 AL,
stgnai K
dem IMBitss 2Mbit /s Angiog Anelag d
coder RX 3 kY 1 coder
S A 7S A~

94 B
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This combination of parameters s not typical
for measurements on PCM CODECS. Amy coder at
point A can be cennected to any decoder at
point 8. A-A measurements are, however,
possible. Half-channel measurements are
normally required under standard test proce-
dures. Paramefer 124 causes a transparest laep
%o be set up between the receiver and gener-
ator fer the 44 kbit/s interface, Selecting
A~ measurement configuration renders the
receiver and gensrator of the analog interface
active, If a 64 kbit/s signal is fed tg the
digital receiver, this will be rotransmitted
unchangad by the generator. The array of

8 LEPs below the screen of the POM-4 chows the
FEM aetets which are 1ooped through.

NOTE: If the codirectienal interface to CCITT
Rec, G703 (BN 984/00.01) 15 used, the ocrets
can be displayed, but the 64 kibit/s loop
cannot be completed,

A-D measurement configuration

l

ke ol ot b4 b
1 F k| 3
BL kehit 4 Sk kbibss interface
11 A decodar coder natching
AUX.
PLM-4 signat [1€ |
IMbitss IMbitss Aralog Ansifog coder
RX X RX X
A A~ ~ A -
L—b——_ %
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112 xax D-A

This is a typical half-channel coder measure-
ment, The A«D configuration for testing PCH
coder modules is set by pressing softkey 2.

The analeg generator and the 64 Kbit/s digital

recetver are activa.

En this configuration, paramsters 121, 123 and
124 in Vist 1 have no meaning.

B-A measurement confdguration

¥ e Y Y.
interface bikbits ELkbilss doa
matching TX ¥ coder coder
aux,
signal €
de-~ MBS IMhitys Analog Angiog
coder ax TX BY L34
i) | 1 1
P ~ ) ~ e
! i
This is a typicel half-channel decoder

measurament . The D-A measurement configuration
for tasting PCH decoder madules 15 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, 122 or

124 in 1ist { have no meaning.
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e 123 Parametsr 121 and modes BB2 ,., 884
GLkbit s
. b ol
k| o ) 1 -
FEST POINT 84kbil/ 54 kbit/g de-
SCANNER codar
Mi-30 X X cadar
RESN.

H A V1o PLM-i signal C
DATA 1Mbit S5 2Mbitss Anoing Analag
MILTIPLEAER X [} L} 3

- 1
7 A A A
T0L8 kbt Z

flufb measurenents ¢an made, but are not
sensible. Data multiplexers can be checked for
fauits using 2 pseudorandom seguence [See
mades 882 ... BB4J. Both the digital receiver
and the generator for the 64 kbit/s interface
arg active. The important point about this
particelar configuration is that an Tnternal
jaop is set up between the receiver and gengr-
ator at the 2 048 kbit/s digital level, This
makes it possible to make error measurements
on data multiplexers and demuitiplexers. For
this application, a MJ-20 test point sefector
is used, which can be controlled directly by
the PCM-4 wia the IEEE 488 bus,

KGTE: Parameter 122 and Modes B2 n B84

The 2 048 kbit/s Toop (Param, 122)
allows switching of the 64 kbit/s
signal from any RX channat to any TX
channel.
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The &4 kbit/s digita? signal from the PCM-4 is
fed to the fnputs of the data sultipleser. The

2 848 kbitfs signel from the data multiplexer
is tooped through from the receiver to the
generator on the 2 048 kbit/s interface, and
fed back to the data demultiplexer. Channel
tnformation is fad back to the 84 kbitfs re-
cefver via the Mf.30 test point scanher,

Jvaryiew Lable of measurement configqurations

avatiable with parameter 112, TX/RX 54 Kbit/s-

64 kbitss:

% = send signal

. 8 = idle channel signal {can be altered using

"VARMOBE Zxx"} or analeg¢ gemerator off,

' Confige [ 2 048 kbit/s | 64 Xbit/s { analog
uration 12 EL T |RX TH 3 RY
[a-a3 o K
FhA-A1 Toon L ¢
£A=D] Iy X b
[D=AZ % 0oL
£h-03 Yoop b X 0
and BB2 Toop X X 0
to 884

Parameter 113 _ 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 coverad by other parameters or

are not sensible,

After selecting parameter 113, the
2 B4B kb1i/s receiver can be activated by
selecting a measurement configuraticn, This

setiing is anly possible if parameter 272
{which affects the &4 kbit/¢ autput) has not
been selected. Dtherwise, the error message:

4 kbit/s DUTRUT

NOT AYAILABLE

will be shown on the sersen,
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The anly second parameter allowable in this
configuration is parameter 123
{OPEN/AUX,SIGN.}. If parameters 121, 12% or
124 are selected after parameter 113 has been
selected, the error message

[ BIGITAL EDOP  NOT POSSIBLE

will appear on the secreen,

113 123 A-A ' : A-h measurament configuration

The araiog geperator and recefver are active,
The generator for the &8 khit/s interface can
be used to provide an auxiiiary signal
("VAR.MODE 22x").

This setiing is already coverad by parameter
112,

113 123 AR A-B measurement configuratien

The A-D configuration 13 set by pressing soft-
key 2. The aralog generator and the

2 048 kbit/s digital receiver are.active, The
generator for the 64 kbitfs interface can be
used to provide an auxtliary signal {“VAR.MODE
2xx"}. This setting it already covered by
parameter 111,

113 123 bB-A B-A megsurement configuration

The 0-A configuration is set by pressing soft-
key 3. The 64 xbit/s digital generator and the
analog receiver are active. The analag gener-

ator is switched off.,

This setting is already covered by parameter
112.

113 123 9-p D-D measurenent configuration

Tne B-D configuration 7s set by pressing soft-
key 4. The 64 kbitfs digital generztor and the
2 048 kbit/s recefver are active. The analog
generator 1s switched off, A typical appli-
cation for this conffouration is for measure-
ments on digital meitiplexers.
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344
Gvarview table of measurement configuratians
availabie with parameter 113, TH/RY 62 kbit/s-
2 Mbitfs:
i = send signa)
@ = idle channal signal {can be altered with
“WAR.MODE 2xx®} or analeg generator aff,
Confign 2 048 xbit/s | 64 kbitfs { analag
uration X | RX TX | RX TX | RX
{A-a] 1] iy
£A-n1 X ¢ X
fp-41 X 0 ix
. £8-03 i o
and B8z % X ]
o BE4
Parameter 114 GENERAL CONFIG. TE/RE 2M/Bd4kbitss
This configuration is primarily intended for
making error measursments {BHZ .., B34} on
data demultiplexers. The other measurement
configurations are possible, but are either
covered by other paramesters, or are not
sensible,
After parameter 114 has been selected, the
2 Myit/s generator and the 64 kbhit/s receiver
can be activated by selecting a measwurement
cofifiguration. This setting is only possible
if parameter ZI12 {which affects the 64 kbit/s
input} has not already been selected, Othep-
WHize, the error wessage:
64 Kbit/s INPUT ¥ AVALLASLE
will be displayed an the screen,
The snly second perameter allowable in this
configuration is parameter 123
{OPEN/AUA.SIGH, ). 1T parameters 121, B22 or
124 are selected after parameter 114 has been
selected, the error message:
J DIGETAL EQQP  HOT POSSIBLE
will be displayed on the screen.
114 123 A-§ A-A measurement configyratiaon

The analog generator and recelver are active.
The 2 Mbit/s generator can be used te provide
an auxiliary signat.

This setting is already covered by parameter
131,
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114 1X3 A-D A-D measurement configuration

The A-D confiquration is set by pressing safte
key 2. The amalsg generator and the 64 kbhit/s
digifal recetver are active, The ? Mbit/s
digital generator can be used to provide an
auxiliary signai.

This setting is already covered by parametar
E12.

114 123 D=4 ' D-A measurement configuration

The D-A configuration is set by pressing softe
key 3, The 2 Mbit/s digital generator and Lhe
analtog receiver are active, The analog gener-
ator fs switched off,

This setfing is already cavered by paramcter
. '

114 123 D-p D= measurement configuration

The -0 configuration 15 set by pressing soft-
key 4, The 2 Mbit/s dinfta? gensrator and the
6% kbit/s receiver are active. The analog
gereratar s switched off,

A typical application for this canfiguration
is for measurements on digital demulvi-
plexers.

Mverview table of measurement confiqurations

available with parameter 114, TA/RX 2 Mbit/s-

64 kbit/s:

X = send signgl

& = idle channel signal {can be altered with
"VARHODE 2xx"} or analon denerator off.

Config- 2 098 kbit/s | 64 kbit/s | analog
uratien TX | RX T | RX TY | RX
[hehd 1] XX
[a-03 a ¥ 13
[B-AJ X g X
[n-pJ b4 b4 0

and BB2 X X B

to R84
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Figure 3-4 QOigital Toops

Parameter 115

GEWERAL CONFIG. THROUGH 2Mbit/s TRANSP.

If parameter 115 is selected, measurement and
ohservation of the signal are impossible.

Parameter 115 is the standby state for para-
meter 116, The 2 48 khit/s digital interface
15 4etive and a Toop s set up betwesn the re-
ceiver and the generator, The received bit
stream is transfarred unchanted to the digital
generator,

It 15 then enly necessary te select parameter
116 when measurements or signal Injections are
10 be made.

This setting 15 only possible if nedither paraw
meter 212 nor parameter 222 has been selecied,
otherwide the error message:

l FRIM. TYPE T3 16 £XT. HOGT POSSIBLE

will be dicplayed on the screen.

The anly second parameter atlowable in this
confiquration it parameter 123
{GPEN/AUX,STGN,}, I parameters 123, 122 or
124 are selected after parameter 115 has been
selected, the errar message:

DEGITAL LOOP  NDT POSSIBLE

will be displayed on the screen.
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Parsmeter 116

Parameter 116 and 123

GERERAL CONFIG. THROMGH 2 Mbit/s INSERT.

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

This setting 15 only possible if naither para-
meter 212 nor parameter 222 has beenm selected,
stherwise the error message:

FRM, TYPE TS5 16 £XT, NOT POSSIBLE 1

will be displaved an the screed,

The enly second parameter allowable in this
configuration is parameter E23 {OPEN/AUX,
51G4.}. [f parameters 121, 122 or 174 are-
selected after parameter 116 has been
selected, the aerrror message:

L_DIG[TAL LOOP  NOT #OSSIBLE ]

will be displayed on the screen.

Incoming 2 048 kbit/s signal:

Measurements in one chamnel of the incoming

2 048 kbit/s sfong] are only possible if the
digital receiver of the PUM«4 can be
synchronised {o the received signal, f.e. the
correct signal ts evaivated and the
measyrement run i3 synchronous,

Haasuremants §n HOOE BBZ ... 84 are usefyl
here, as syrchronicity of the measurement run
cin ke ignored 1f the correct patiern is set
{e.g. pseude-randem saquence 29~l).

A typical application for this is mezsurement
of the signatling bhits in the selected Y
chanpel in HODE B91.

In MODE B9Z, the =ignal in the selected RX
channel can he output via 64 kbit/s interface
in DEMUX operation.

NOTE: DEMUX operation with parameter 11§
using & codirectional 84 kbhitfs enft
{BN 984/00.01) 15 not possibia,
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3.6.2  PARAMETER LIST Z: FRAME SELECTIOK

g
PRRAN.2 ¥ FREME SELECTION 4
# {!E} BY FRANE TYPE 6204 / TG 36 1T,
{12 704 /75 14 ERT,
{i 8,70% / 75 16 TELEPH,
(% 8L 3 75 TELERH,
H (R RN FRAAE TYPE E?[f‘\‘ /18 18 L
{2 8.70% ¢ 78 1§ EXL,
{2 G.71% 7 7§ 18 TELE®Y,
() fd 32 18 TELEPH,
W3 CRC-4 MATIFRANE  OFF
(3 o RIN
SELECY 4O, EHTER OR 2TH
.

Artisan Technology Group - Quality Instrumentation ...

Sitgeing 2 B8 kbhit/s sigpal:

In thfs configuration, a signal can be
inserted fnto the chosen TX channel. AlT ather
channels are Tooped-through unchanged, The
signal te be insertaed can he geperated by the
FCM~4 or from an externs] source via the

64 kbit/s interface input in MUY operation in
MODE B22,

WOTE » MUY speration with parameter 115 using a

todiractional 64 khit/s unit

{BN 964/00.01} fs not sessible. MUY
operation with parameter 116 using a
serial ar paraliel &4 khit/s unit

{BN $45/00,05 or BN 9B4/00.07) i only
possibte if the Bl switeh (sep B.1.2 or
6.1,4) ¥5 set to ¢ontradirectional.

R typical appiication is the insertion of
diatiing sigrals into the 7X channel ¢f the
outgoing Bit stream, e¢ither with a stabi¢ sigw
ngl (parameter 517) or with an externally gen-
erated dynamic signal input wia the auxildiary
faput [0 {parameter 518),

Parameter Tist 2 of the GENERAL PARAMETERS
Fste the available send- znd receive frame
structures for the PCM-4, To a certain extent,
the send- ané recefve frames can be indepen-
dently selected,

If the 64 kbhitfs Interface is selected for TX
andfor A% fusing parametes Tise 1§ settings
for this configuration taken from parametar
et 2 have nn effect,
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Farameter 211 {=*)

Parameter 221 {*)

Parameter 212

Parameter 2272

Parameter 213

Parameter 223

Paramator 214

Parameter 224

3-49

TX FRAML TYPE G,732/7T5 16 INT,

RX FRAME TYPE G.732/TS 16 INT,

In this case, the PCM-frames for send- and re-
ceive signale are configured to COITT (.737,
with & multiframe in timeslot 16, The fermat
of the multiframe is determined by parametar
Sxx. Parameter 211 can be matched with para-
meter 222 apd parameter 221 with parameter §12
1f required,

TX FRAME TYPE G.732/T5 16 EXT,

BE FRAME TYPE GLY32/TS 16 EXT.

Parameter 212 and 222 also refer to POM-frames
for send- and receive sigmals Lo €CITY 6,732,

- with the difference that an external bit

stream can be inserted tnto timeslot 18 via
the 84 kbit/s interface input (parameter 212,
or the contents of timeslot }6 can be ex-
tracted from the 64 kbit/s interface output
{parameter 222), Heasurements i a1} the ather
channels can be carried out as before, Para-
meter 212 cam be combined with parameter 221
and parameter 222 with parameter 211 if re-
quired.

TX FRAME TYPE G,732/7% 16 TELEPH,

RA FRAME TYPE §.732/75 16 TELEPH,

In this case, the send- and receive frames (to
CCITY 6.732) have 3! channeis available for
telaphone- ar other signals. Mo muliiframe is
formed in timesiot 16,

Parameter 213 can only be used together with
parameter 223, If one of these parameters has
been set, the other will be selected automati-
cal Ty

TH FRAME TYPE ALL 32 TS TELEPH,

RX FRAME TYPE ALL 32 75 TELEPH.

These parameters provide for a send- aznd re~
celve frame structure without aligrment- and
alarm signals, A1 32 channels can be used for
telephone signals. The digital generator de-
tivers a B kHz <lock signa} for synchropjs-
ation purposes. The rising edge of this clock
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signat is in phase with the start of timeslot
#. The digital receiver reguires an identical
signat far synchronisation purposes.
Paremeter 214 can only be selected with
parameter 224. If either paraneter is
selected, the other wit! be set
automatically.

FOM-L
i ' {
2048 kbit/s unframed i ! 2 2048 kbit/s unframed
£ {Parameter 22¢) i {Parameter 214)
&2 digital H digital
: RX ] T "
= i H ]
e |3 kHz frame trigger 531 ; (51) 8 kHr frame trigger
rizing sdge indicatey rising edge Tndicates
___Istar‘t of TS5 0 ' j 13 start of TS i
8 kHz SYNC + 0.8 Hz {Parameter 333) .
availahle as high pulse {> 488 ns)
if TX and RY terminated with 75 Q
Parameter 231 {*} CRC-4 MULTIFRAME OFF

In the PCM-4 basic setting, no CRE-4 check
words are transmitted with the 2 048 kbitys
signal from the digital generatar,

' i Hote: 2 048 kbitSs Transmission systems which
use CRC-4 multifrase procedures should
be compatible with systems net using
CRC-4, according to {CITT Ree, §.704,
& 2.3.3. PCM-4s of series A,..D are
therefore alsc compaiihle with systems
which use CRC-4 multiframe structure.

Parameter 232 CRE-4 MUTLIFRAME ON
En this setting, CRC-4 word errurs can be in-
Jacted into the 2 048 kbit/s ocutput signal of
the PCH-d, 5o that CRC alarms and synchronis-
ation thrasholds can be tested. A CRE word
error rate From 0.1 to 99.9% in steps of 0.1%
can be set using parameter 929, Errared CRC
muitiframe atfgnment signals {2 IN 4 or 1 [N
4} can be set with parameters 627 and 628,
enabling synchronisation criteria to be
tested,
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In MODE B81, LRC-4 errors gan be detectad and
measured,

Detecled CRC-4 errors are autput #n the form
of & pulse on pin 6 of connector LA2] on Lhe
back of the PLM-4,

CAC error detection in 2 048 kbit/s transmission systems

CA major disadvantage s thet normally only a
small properticn of the bit stream is checked
far accuracy of transmission. OLITY Rec, §.704
{red book} recently suggested tha use of a so-
tatled CRC (cyclic redundancy check) method to
provide complefe monitoring for transmi ssian
errers in 2 048 kbit/s digital systems,

CRC-4 eheck word

To form the CRC-4 word, & total of 2 048 hits
from 8 consecutive frames sre used, Thig h"ic,rck
of data forms a submu!tiframe SMF(¥), which is
mittiplied by x% {fe. four zeres are added)

and thern divided by the generator nolynominal
s a kw1 {i,e, the blnary number 1001).

The remaindat, which 15 a 4 bit word, 72
transmitted with the next SMF, SMFIN + 1), to
the receiver,

The original submulitframe, SMF{N}, s pro-
cessed in the receiver in the same way as in
the transmitter, so that in theory the
fdentical CRC werd will be formed, Any differ~
ence between the CRC word thus formed amd the
LRC word received o SHF(N + 1) indicates that
at least one bit has Been Tncorrectly re-
ceived, and the CRL error counter will be in-
cremenied. The fallowing binary calcutation
shows how the CRC word 1s formed from 2 4 bit
block of data as an example.
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Dats bleck processing on the generator side:
data block miltipiier generator polynomtnal

Q1086008 : 104011
10011
L3 I A v I
150611
11118
10011
11401 Cuwe- remairder transmitted Lo receive side

Data block processing an the receiver side:
data block remainder genarator polynominal

iglegtiocl : 10011
10611
11010
10011
toold
1T06G11
Do <-mme remainder is zerg 1f no bil errgr has cocuried

Division is done by modilc 2 addition witheut
carry, This {5 done using an exclusive OR {E¥~
ORY cireuit,

CRC myltiframe structure

The extra capacity reguired fo transmit the
CRC word is achieved by making use of the
sparg bit af the start of sach frame alignment
signat {FAS). The CRC word is formed without
being dependent on the muTtiframe structura
which has pultiframe alignmert signal {MFAS}

1n timeslet 16 of frame 0. Synchrenisation of
the CRC word ta be reefeved is accomptished
through the use of an additional alignment
signat. A further multiframe strocture (see
figure 1] with CRC MFAS is thus formed. The
CRC MFAS 45 the bit pattern 001011 and is
inserted into bit position 1 in frames 1, 3,
5, 7, 9 and 11 of the {RC muitiframe. The CRC
ward Cl to C4 {remainder} is contained in
SMF{I} and SMF{II} of the CRC multiframe,
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Bits 1 to 8 of the frame

Sub- Frame

mul £y frame nuber 1 2 3 4 5 § 7 a

{5HF)
0 Cl o 4 1 H 4 i 1
i 6 1 A Sn Sn Sn Sn Sn
2 Cz 040 1 i g 13 1

i 3 o 1 A Sn 5, Sn Sn 5,
4 C3 0 4 1 1 3] i 1
5 1 I- | A 3 S 5 5 3

\ n n n i} n
6 C¢ o 3] i 1 il 1 i
7 0 1 A sn Sh Sn Sn Sn
Myttt Frame +

8 c,jojo | vt fojt g
g 1 i A Sn Sn Sn Sn Sn
10 EE 0.7 0 i 1 il 1 1

It 11 1 1 A Sn Sﬂ Sn Sn Sn
12 £3 0 # i 1 0 1 1
13 31 13 A Sn Sn Sn Sn Sn
14 C4 0 f i 1 0 1 1
15 ST ! A Sn Sn Sn sn Sn

Ci Cz C3 Gy CRC check bits

5

5
h

A

: Spare bits for intermational use
: Spare bits recefved for natfonal use
Remete alarm indication

CRC HFAS

Figure 3~5  CRC multiframe structure to CCITT Rec. 6,704 table 1b

CRL error evaluation and resynchronisation

Manufacturers of 2 048 khit/s primary systems
have settted on a standerd monitoring period
of 1 seécond. Buring this faterval, 1000 GRC
comparisans can be made on the recefve side,
Setting various ERC error thresholds can be
very useful, For example, it can be assumed
that frame aligoment has been Tost 1f wmore
than 913 errored SMFs are received in the 1 g
intarval.
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At the start of resynchronisation, a search is
magde for the FAS. [f the FAS, NFAS and then
the FB8% are corrgctly detected in three con-
secytive frames, frame alignment has been
achieved, After this, at Teast two CRC MFAS
must be correctly received within the next
8 ms (duration of 4 multiframes}, bafore a new
monitoring period of I 5 §s started, If Yess
than 914 errors are detected during this
perigd, the receiver 1s synchronised to the
genarator signal. This methed ensures better
maintenance of synchronfsm than that pre-
viously available, as the usual frame align-

. ment is augmanted by CRC muitiframe alignment
and CRC errors not axceeding a given threghold

value. Incorrect synchronisation is mo longer
possibla,
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3.6,2.1  Setring the CRC-4 error threshold

A coeunter circuit is used to recerd the num-
ber of CRC-4 word errors which occur during
contfauous monitoring of the frames (FARAMETER
232: CRC-4 MULTIFRAME ON), If & given thress
hold is exceaeded, a resynchronisation of the
‘digital receiver will be triggered, The thres-
hold can be set using & pair of DIL switches
tocated on the CAC p.c. boerd, which can be
removed from the PCM-4 after taking off the
cover plate on the back panel {see figuyre
3-<8).

Note: dnly PCM-4s From series E onwards are
fitted with a CRC board. It cannot be
retrofitted -to serfes A ta D
instruments.

CRG p.c. board

Figure 3-6 Lacation of CRC p.c. beard

The two switehes 5! and 52 are Tocated on the

1eft hang side of the p.t.board, as shown in
figure 3-7.
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Figure 3-7  Pari of camponent side of the CRC p.c¢, board showing switches 51 and 52

The {RC error threshold ean be set in the form of a hinary number using the twe switches, The
thrashold is sel in steps of 0.1% from 0.1 to 99.9%,

numbar of CRC errors per interval (1000 ms
Error threshold {4} = 14908 sub-mulifframes [ }“

HEl

Note that the binary nember to be set on switches SL and 52 i2 one 1ess than the pumber of CREO
errors per interval, i.e.:

Nb-!nary = {number of CRC errors per interval) - 1

Thus, for example, the standarsd setting of 91.4% 1t set as follows:
Nbi"ﬂf‘y =914 - 1= 913

pinary = 1 1 1 ¢ ] 1 4 & 0 1
decimal = 512 + 256+ 128+ 0 + 0+ 18+ 0+ 0+ 0+ 1 =013

. OFF = Jogic 1

This 15 set on the switches as follows: O = logic ¢

. Pz 1 & 3 5 0F 1
Switch S1/ 1 2 3 4 5 3 7 g o8
Sinary value | 1 2 4 8 8 22 44 128 BFFE 5 H ﬂ g U H i
Setting 1 0 ¢ 4] 3 G ¢ H -

Sehniter [setch) 31

Switch 52/ 1 2 31 4 5 6 7 8 P L A .
Binary value | 256 5l2 i g a ﬂ ﬂ ﬂ B 5
Setting 13 3 b ) S o ¢ 4 UFF

Sehailer [switeh) §2
fote: A setting of a decima} number above %98 (corresgonding to an error threshold of 99,9%) is
net sensihle, as the counter will have no criteria for resynchronisation under such
circumstances, ¥.e. any pattern would be recegnised as a CRC multiframe. For thic reason,
switch pesitions $2/3 to $2/8 must remain oW,

L3
t
t
1
¥
]
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3.0.3 PARAMETER LIST 3: DIGITAL TX INMTERFACE

g
MRARG & DIELTAL 3% NTERFRCE &
WD LD E-3
{42 Al
4D i
BQI OUTRE THPELRAIE 120 08 8L
an 75 THE B
O W, 8 iz
s BT, 204 kiz
(3 B % e
(T8 FROK SETETUER
-
SELECY M0, ENTER OF RIK
S . vy

3.6.3.1  Parameter 311 to 313, LINE CODE

Parameter 311 {*}
Parameter 312
Parameter 313

J.0.3.2  Parameter 321 and 325: QUTPHT IMPEDANCE

Parameter 321 (%)
Parameter 322

Parameter 115t 3 of the GENERAL PARBMETERS
Fists a1t the parmmeters for the digital
transmissfon interface aof the PLM«4,

A thoice of thres Yine codes is avaflable:

» HBB3

e AMI

s MNRZ

Tie line codes for the generator {Parameter 3)
and the receiver (Parameter 4] can be
different, except fF parameter 121 (DISITAL
LOOP {A-A} 2 Mbit/s/ALL TS) s selected. In
this case, {f the Tine cade for the generater
or recefver s changed, the same 1ine code
will be set for both.

Two Impedances are available for the generator
and ctock outputs. Changing the autput im-
pedance alse automatically changes the output
socket to which the generator signal is fed:

v 120 82, balanced, CF cennectar

4« 75 0, unbalanced, coaxial connecter

if parameter 313 (NRZ) i3 selected after
parameter 321 (OUTPUT IMPEDANCE 120 OHM BAL),
the output impedance will autematically be
switched back to 75 Q@ and the output will be
available from the coaxial connector.

[T parameter 321 15 chosen after parameter
313, however, the error message:

120 OHM BALANCED  NOT POSSIBLE

will be displayed on the screenm.
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3.5.3.3  Parameters 331 to 334: CLOCK

The clack drdving the digital generstor can be
obtained in four different ways:

Paraneter 331 {*} The 7 048 kHz clock signal is generated by an
internal crystal oscillataor.

Ahecuracy: 25 x 19‘6.

Paramgter 332 An externally genérated 2 042 kHz cleck signal
can be fed Tn vla the coaxial seckat [64] on
the back panel. The input mpedance of this
socket ¢an be switched between 75 £ and
> 3kl

Parameter 333 \ An externally generated 8 kHz clock sigral can
be fed in vis the coaxial sacket [&4] on the
back panel. [nternal phase-locked Toops gene-
rate & 2 048 kHz ¢lock from the 8 kHz

signal. Parameter 333 is useful if the system
oAty has an 3 kHz clock signal available. The

digital generator is synchronised with the
system in this way, so that bit slips do not
BCEH.

NOTE

I¥ measurements are to he made using an analeq
noise signal as send signal, the external
clock signal must be input wia [54] after
selecting parameter 332 or 333,

The analog nolse sigral 7s generated digif
ally, and the 10 kHz cleck reguired for {his
process s derived from the externally gene-
ratad clock signal,

Parameter 334 This parameter can he wused to derive the olock
signal from the input sigmal to the digital

recaivar,

Rote: This fnput sfgnal sust atso be present
in A-A or A«D mgdes, otherwise the
18 kHz clock used to read ocut the
amplitude samples will not be phase-
Tecked,

The clack signal thus obtained s

fed to the generator, so that both operate
synchronously, eliminating the possibility of
bit s¥ips eccuring.
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3.6.4  PARAMETER LFST 4: BIGITAL RX INTERFACE

£ LI COGE
(e
(17

{2 TRPUT IHPEDARCE
(2

SELECT 40, EHTER 4R &TH

PRRE Y ¥ GISITAL 24 [HIERFACE ¥

H3-]
LI}
74

12475 1
3 3 ik

3-59

If any of the following paramaters are

chosem:

a 115 (THRGUGH 2 Mbit/s TRANSP.},

s [16 (THROUGH 2 Mbit/s INSERT.),

a 121 {DIGTTAL LOOF {A-A) 2 Mbit/s/ALL T8}

o 120 (DIGITAL LOOP (A-A} 2 Mbit/s/SLCT TS},
the clock signal will autematicaily be derived

- from the received signal. The parameter list 3

display will nat change to indicate this,

however.

Parameter 324 must he selected for measuremants on
codirectional cards {64 k / 2 M}, The clock i3 not
automatically recovered for this measurement.

Parameter tist 4 of the GEHERAL PARAMETERS
lists all the parameters far the digital re-
ceiver interfage of the PCM-4,
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3.8.4.1 Parameters 4311 to 413 | INE COGOF

Parameter 411 [*}
Parameter 412
Parameter 413

3.6.4 Parameters 421 and 422: INPUT IMPEDANCE

Parameter 421 (%)
Parameter 422

A choice of three line codes is availahle:

» HOB2Z

s JME

® XNRZ

The signai input to the recelver is constantly
monritored for code errors. Each code frans-
gresgion causes a pulse [width = 488 ns} to be
sutput &t pin 8 of connector [62] on the back
panel.

The ling codes Tor the generator {parameter 3)
and the racetvar {parapeter 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
of receiver is chanped, the same line code
will he set for both.

Twn input impedance values are avallable:

e 120/75 0

e > 30

The balarced 120 & CF connector and the 75 1
coaxial comnector are always in ¢ircuit and
cahnot be switched out. Both inputs feor the
2 042 kbit/s receiver interface can be
switched te high impedance using parameter
422.
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3.6.5 PARAMETER LIST 5: DIGITAL WORDS IN TX FRAME

For detalls of the frame structure, see Tigure 38 at the end of the gperating manual,

Parameters 511 (*) to 518

~\

FARAK, 3 ¥ DIGITAL NORDS 3% T FRANE §
H (11D FRY.HORDS RESET 10 STANDSRD VRLUES

{8 FRAE ALIGHM :laglisfs
{4 HT PR, ALIARILIBINIH
{8 HELTIFR. REGNH: D600
49 AT M, ALEENH: 1911
16 FREE TS (FRH} H101010
{17 FREE TS (HFREM1IH}
£ TIGNRLLIAG  HIE

T e

Parameter 512

Parameter 513

Parameter 514

Parameter 515

Parameter 516

Parameter 517

A1l the standard PCH frame signals are shown
in parameter list B, including multiframe
signats, By alterfng parameters 512 tp 518, it
is possible to maniputate the standard PCM
frame. As lang as none of the standard words
itave baen changed, parameter 511 is marked
With the double asterisk {**}. To alter the
individual words, procede as follows:

* Select the parameter required;
the current bit pattern will be displayed
in inverse field characters

* using the numeric keypad, §eiéct the bit
number ta be altered. Each fime the key is
pressed, the bit at ihe position corre-
sponding Lo the key number is inverted
{keys 1 to 8,

*  Press JENTER/, The pew bit pattern will hbe
entered and displayed and the {**} symbal
witl be erased.

FRAME AL TGMMEST signal in timesiot 0 of each
aliernaie frame

Standard setting: 10011011

NOT FRAME ALIGHMENT sigmal in timesiot 0 of
all frames not cantaining the frame alignment
signal.

Standard setting: 1 101171731

MULTIFRAME ALIGNMENT signal in timesloft 18
{(b1ts 1 to 4} of frame G.

Standard settingr 0000

HOT HULTIFRAME ALIGNMENT signal in timesTot 18
(pits 5 to-B) of frame [.

Standard setting: 1 0t 1

IBLE CHANNEL SEGMAL in telephone channe] withe
out send signal {FREE TS {FRM}).

Standard setting: 2 1010101

Idle channel sTonatiing word FREE TS (MFRM) in
timesiot 16 of frames 1 to 15, i.e.

- bits I to 4 for chaneels I to 5,

- bits 5 to 8 for channel 16 to 30,

Standard settings 11 11 {bits a b ¢ ¢},
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Parameter 518 SIGNALLING word in timaslot 16; assigned to
the seiected telephone channel.

Standard setting: 1111 {pits a b ¢ d}

The signalling bits can be dynamically con-
trotled via input L60] on the back pansl {see
3.23.

If parameter S1} s chosen and JEHTERS is
pressed, a1l the frame words will be reset to
their eriginal standard values, and the [#+*)}
sympol will return to parameter 511,

If a 64 kbit/s output s selected (parameters
112, 113} or a “THADUGH MODE" (parameters 115,
1i6} or parameter 214 ("TX FRAME TYPE ALL 32
TS TELEPH.M), it 15 possible to alter para-
meters 512 to 518, but these ﬁave no effect on
the transmitted frape structure, IFf parameter
212 ("Tx% FRAME TYPE G.732/T5 16 ERT:"} ar
paramater 213 {“TX FRAME TYPE £.732/7% 16
TELEPH.") §s5 selected, parameters 514 (MFAS)
and 515 {MMFAS} can be altered but will not be
insarted inte timeslot 16,

Parameter 521 (*) - 523 Parameter 521 is the normal satiing, with the
send signal in the selected telephona
channel.

B 121) SEND SIGH. TH SELELT. CHAK, If parameter 522 is selected, the signal is
%% s& ggg' ESCL. SELECT, @ transmitted im all channels simultaneosly.
SELECT #0. ENTER OR RTR Mote: Only the transmit chanmel selgcted on

the results page containg the
signalling word set with paremeter 514,
ATY other channels contain the

signatling word selected with parameter
517,

Parameter 523 provides & send signal such as
is required for satellite measurements. The
send signal is transmitted in al} chaanels
except the chosen one. The 1dle channel signa)l
{parameter 518) 1s transmitted in the chosen
chanmel. As 1)1 channels are supplied with a
defihed signal, 1t is possible tou measure any
crosstalk which may he present in the salected
channatl.
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d.6.6  PARAMETER Li5T &: TX ERROR INSERTLOM

i gi;; INSERTIOH
{13y ERROR IMAERTION

{4
{183

SELECT ML, EATER OR RTH

{27y GR0-4 NFAS WORD ERRORS
{29 (R4 UORG ERRMM RATIC

FaRAN.4 174 ERRR THSERIION ¥

i
(Y FRINE PLORMT BIT LRRORS  MEY

{21 SERME RLENET HORD ERRDRS
{I5 MULTIFRRAE ALGRAT ERRGRS

o

generator

A
Farameter 621
Parameter 6§22
2 D48 kbitfs
! DEMUX
PLM-4 digitat 81&4
9103

S8t - 86

1-83

trrors can be inseried into the outgoing bit-
stream by selecting an appropriate parawmeter
from 1ist 8, Lrrors provided by parameters 4§21
to 626 are caused by altering bit 2 of the
patitern, the other bits remaining unchanged.

farameter 612 causes an RIS to be gensrated.
The 2 D43 khit/s send frames are broken down
compietely and an all ones sfanal §is trans-
mitted, This parameber can be selected dir-
ectly.

A11 cther types of error insertion must be
salected via parameter 813, A double asterisk
{**} appears nextito I3 on the Mist, and &
second {**} indfcates the type of error inser-
tion Tast chosen {21 with GENERAL RESET).

FRAME ALGNMT BIT ERRORS 16Ew4
FRAME ALGMMT BIT ERRORS 10£-3

Parameters 621 and 8§27 cause the frama aligne
rent signals to be generated with a bit errae
rate of 10°% or 1073, These error rates

are useful for besting the auto threshoids of
ruttiplexer input circutts, so that the line
quality can be assessed, If the errors are
distributed evenly and 4 Tong momitoring
interval 15 used, ft is possikle to determine
the channel error rate from the frame align-
ment signal error rate,

Examp]e:

Tha FAS consists of 7 pits. [ ocours every
250 ns, correspending to @ channe! trans
mission capacity of 28 kbit/s or

4000 wards/s,

- Parameter §21: bit error rate 1074, test
interval 10 s, Ho. of errors per test
interval:

28000 bitss x 1077 x 10 ¢ = 28,

- Parameter §22: bit error rate EG‘S, test
interval 10 5. Ko, of errors per test
interval:

28000 bitfs x 1077 % 10 § = 280,
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Parameter 523 FRAVE ALGHMT WORD ERRORS 2 IM &

Two out of every four frame alignment signals
are errored, causing the system to resynghro-
nise.

Parameter 624 FRAME ALGNMT WORD ERRORS 3 IN &

Three out of every four frape alignment sige
nals are errored, so that the system cam no
longer synchronise, The N0 FRM and HO MFRM on
LEDs the front panel come onm,

Example:

- Parameter 623 {2 in 4): word error rate
4.5, test interval 10 s.
No, of word errors per fest interval:
4000 words/s x 0.5 & 1G 5 = 26000,
Na, of hit errors per test interval:
2B bitts x 0.5/7 bit x 10 s = 20000,
As only one bit is aitersed {n each word,
the number of bit errors 1s the same as the

number of word errors.
Parametar 675 MULTIFHAME ALGUMT ERRORS 1 IN 2

Every sther MFAS is erroreg, so that the
system must resynchronise.

Parameter 676 MULT EFRAME REGNMT ERRORS 2 IN 2

ATE MFAS are errored, so that the system
cannat be synchronised. The NG HFRM LED on the
front panel comes an,

Example:

The MFAS consists of 4 bits. [t occurs every

2 ms in the signalting frame, corresponding to
& channel transmission capacity of 2 kbit/s or
800 words/s.

- Parameter 825 (1 IN 2}: MEAS error rate
0.5, test interval 10 s,
No. of word errers per test interval;
500 wards/s x 0.5 x 10 s = 2500,
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Error rate Parameter Bit errers Hord errors Notes

10~ 621 28 28

1973 622 280 280

0.5 {2 IN 4} 823 20000 20060 System must synchromise

075 {3 {0 &) 24 HE FRM, NO MFRM, ng synchrone
isation,

0.5 {1 IN 2 625 2500 System must synchronfse,

1 {2 % 2} 626 WO MFRM, no synchronisation |

Table 3-1 Bit and frame errore referred to a 10

Parameter 627

5 test interyal

GRO-# MFAS WORD ERRORS 2 IN 4

Insertion aof errers into the CRE multiframe
alignment signal cam only be done {F parameter
232 CRC MULTIFRAME OM has been selected (see
also explanatiens of parameter 232),

gnce frame alignment has been achieved in the
2 (48 kbit/s recefver eguipment, it s necess-
ary that at Yeast tws CRC multiframe alignment
signals are correctly recognised within the
next B ms in order to ackieve mtiframe
alignment,

[T parameter 627 1s selected, it is possible
to test these synchronisation criteria, as the
digital signal generator continuously fnserts
errars Tnto two out of every four transmitied
CRC multiframes. The error injection is pre-
duced by inverting bit 2 of the CRC HFAS.

correct: poioll
errored: 11011
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et

Farameter 628 CRC-4 MFAS WORD ERRORS 3 INM 4

{see also parameter 627)

The digital signal generator continuously
1nserts errors Into three ocut of every four
CRC muttiframe aligmment signals. This means
that the 2 048 kbit/s receiver equipment can-
not synchronise to the CRC multiframe.

Parameter 629 ' CRC-4 WORD ERROR RATIO

A CRC~4 word error ratio between {.1 and
99,9% can be set in steps of O.1%.

3,1% error ratfo: L out of every 1004 CRC
chack words is errored by inverting hit 2 . !

{CE}.

Insertion of CRC errors in this wey enables
the PCH-4 to be used for testing the CRY errar
monitoring performance of 2 048 kbit/s digital
transmission syshems.

Frame syachronisation s Tost when more than
213 submuTtiframes out of 1000 are found to
contain errers {i.e. word error ratio of

> 91.3%). This value is preset for the recelve
section of the FCM-4 before delivery, but can
be changed by using the DIL switches on the
CRC contrel heoard if resuired (see also

b, 2,10
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J.6.7  PARAMETER LIST 7: PCM ENCODRING

4 ™
FiRAM.7 ¥ PCH ENCOBENG *

WA THDOH0NE R 8
{18 M

L RV B Y il R I
& L

* SELECT %0 INTER GR &TH
. A

Parameter 711 {*} TX ENGORDLING LAW A

The code words from the digital sigmal genera-
tor are encoded according to tables Ia and ib
of CCITT Reec. 6711 #n sysmetrical binary code
with inverston of bits 2, 4, § and 8 {A-law).

Paramgter 721 %) RA LNCODING LAW A

Decoding of the code words recefved by the
digital receiver is alse aceordipg te the A-
Taw.

Parameter 712 TH ENCODING LAY MU

The rode words from the digital signal genera-
tor are encodad according to tables 2z and ob
of CCITT Rec. 6.711 in symmetrical bimary code
with inversion of bits 2 tarough 8 (p-law),

Parameter 722 ' RX ENCODING LAW MU

Decoding of the code words received by the
digital receiver 15 also accerding to the
p-1aw,
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3468,  PARAMETER LIST 8: SCANNER PARAMETERS

FARAN.E % SCAHHER PRRANETER ¢

#HAL W-RTH,
{1 ¢
D 3
{1 1]

Ban W-ETINL !
(& 1
s 1

SELECT B3, ENTER OR FTM

Parameter 811 {%)

Parameter 812

Paramater 813

Parameter 814

T
VF dnput 3 r——ttr———
{3n]

5

The Mi-30 test point scanner can e controlled
ty the PCM-4 via the <lEC F25>/1EFE 428 bus.,
Parameters in Hst § control the switching on
and off of the balanced voice frequency (VF)
inputs and ocutputs of the test peint

scanmmer,

the apalag or digital {34 kbit/s) send signal
from the PCH-2 15 Ted in to the MU-30 via one
of the following balanced inputs:

WE-LHNPUT NO. 1

Input {33 {MU-30 front gpanal).
YE~[HPUT NG, 2

Input £30] {MU-30 back panel].
VF-INPUT Mg, 3

Input [31} {MI-30 back panel],
¥F-INPUT MO, 1 + 2

Inputs [33 {front panel} and [20] {back
panat)]

e
¥F inpet 2 )—I—WM
13

¥F fpput 1 )_\,\__3""“—_
{3}

a3

B e e o 1]
——' .
(43} T¢ channels
to BUT
N ]
i
_,_! ‘t

BB D IR

Simptified representation of TX signal paths fn the MU-30, Imput 1 is shown switched through
{parameter 811} to TX chammel 1 {by pressing /TX CHAN/,
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farameter §21 (¥}

Parameter 522

Parameler 823

VF gutput 3 >——%——
£33

¥F osutput 2

VF sutput 1

e

3-6%

The analag or digftal (64 kbit/s} signal is
fod te the receiver of bhe PCM-4 via the
following balanced ¥F sutputs of the MBI

WE-OUTPUY MO
Gutput 8] (Mu-30 front papel).
YE-OQUTRUT MO. 2

" Cutput £32] (MU-30 back panel),

YEAOUTRUT NO. 3 \

Qutput T33] (MU=30 back panel).

ey
B & R
KPS}

p SENNGIE ool

[BF

\\\ Y

3
prerrm—] . \
£447 RX channelc
to BUT
-‘-.mv“=499-—;~“ci
[ N—
rp‘ﬁmw*%"“““{?

S4¢ . 158

Simplified rapresentation of RY signal paths in the #U-38, Qutpul 1 15 shown switched through
{parameter 821} to RX channel 1 {by pressing /RY CHAN/,

Bi hbitfs

g
EH
Laa0

B} mraden Sl wiminte] o og

(201421} 12 8

Toop anatogl

<IEC 25>/ 1EEE 484

tnterface bus

£ 3
BUTesT poinT

Shibitfs

139]| SCANMER

HU-20
[Li}

PCR
HULTIPLEX

o

2040 kbit/s

{L3)
Hnr1a1o-

and igital

6L kbitss

LY

Passible PCM-4 configurations for a
sequence:

deutre ports:

A-D = analag TX, RX 2 048 kbit/s {param. 811}

Bk = TE 2 048 kbit/s, RY analog {param. 821}

A~h = anatog TX, analog RX with 2 042 kbit/s
laop through PCM-4 (param, 12}, 811 and
a21t.

64 kbit/s ports:
0D = TX 64 kbit/s, RX 2 048 kbit/s {parem
32 ’
B-0 = TX 2 048 kbit/s, RX 64 kbit/s
{param. 822)
Dull = TX 64 kbit{s, BX 64 khitfs with
2 048 kbit/s loop through PLM-4 (param.
121, 812 ang 2223,
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3.6,% PARAMETER LIST 3: SPECIAL PARAMETERS

FiREH, S ¥ SPECIAL. PARAHETER #
£ {H) LEVEL DISPLRY {Bad
{1 1B

€ {13 THD 4IRE TERN, (DB} INFINITE
D COMPLES

SELECT M0, EXTER OR RTH

B (15) GIGITRL CARMAEL fo. TELEPH, OHAN. [4]
(e T er. .

Parameter @11 {*}

Parameter %12

Farameter 913 {*)

Parameter 914

Parameter 915 {*}

Pispiay units for send and recetve Tevels as -
shown on the results pages,.

LEVEL DISPLAY dBm0
LEVEL DISPLAY 4B

Mote: In submode 1ists AZ and A3, the level
15 sti1] given in dBmQ even 1f para-
metar 912 has been selected, This eniy
aceurs for these two lists, {alou-
Yations and dispiay of results are,
however, in dBmd for parameter %11, and
dB0 for parametsr 912,

THG WIRE TERM. {B-D) INFINITE

The Z-wire inputfoutput [24] is open circuit
in the [D-D] measurement mode.

THO WIRE TERM. (D-0) COMPLEX

The 2-wire inputfoutput [243 is terminated
with a cowplex impedance (910 Q in paraliel
with 3% aF; not the same as CPLYX [13] and CPLY
£151} in [0-B] messurement mode for the
measurement of hybrid loss.

DIGITAL CHANMEL MO, TELEPH. CHAN.

The digital channels are counted as telephone
channels from I te 30. The description (HAN.
is displayed on the results page, If /SEND
CHAN/, FRECY CHAM/ or /BOTH CHAN/ fs pressed,
the telephone channels i te 30 can be selec-
ted. Parameter 915 can only be used in con-
Junetien with parameters 211, 212, 221 or
222,
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Parameter 91§

-
PRUEH.Y # SPECIAL PARAMETER 4

1y HERS, HOT POSSIBLE M3
LRty KORK FRID COME,

(2 TOLERAHCE MRS OB
(&) oFF

(25:  TOLERRNCE NRSK SET 1

{26y OUT OF TOLERRMCE HALT
i fIRRK RN COAT.

SELECT WD, ERTER OR &M

(1]
(4]
[

S

Parameter 921

DIGITAL CHANNEL KO, TIME SLOT

The digital channels are counted a5 timesiots.
The description T3 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 paramaters 211, 212, 221 and 222,

Parametur 2xx | founted as | Corresgonding
timeslots to telephone

channeis
21L, 212, 221,101 - 1% 0l - 15 '
222
17 ~ 31 16 - 30

If SSEMD CRAMS, /RCVE CHARS or fB3OTH CHAW/ s
pressed, the timestef reguired can be solee-
ted.

MEAS. ROT POSSIBLE KALT

If the measurement conditions are such that a
measurement s impassible or anly partially
possibie, the PCH-4 will stop. Under the
heading RESULT on the laft-hand side of the
screen, the symbol <> will appear. This
symbol also appears on the memerical results
display in place of a result value.
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In [A-A] or [D-R] measurement configuration,
the following criteria will cause a measurg-
ment to be aboried:

# Hfutoramging is unsuccesful after:

- more than 13 attempts to reducs the
sensitivity in steps of 6 d&,

- more than 4 attempts {o increase the
sensitivity,

- more than 10 alternations of the input
attenuator setting.,

& The signal to be measured has & d.c. com-
ponent which has not decayed sufficiently
even after an sxiended waiting perind he-
fore the measurement.

s The evalueation processer signals that a
non-allowable measurement nnde has heen
selected,

# The evaluation processer signals that the
result has a d.c. cempohent only.

¢ Digital measurements are not syachron-
ised.

¢ The result of the internal reference
measurement is not within the expacted
range {+ 1 d8} in modes AZ, Bl and B2,

* The widehand result in modes AS and A9 (5}
iz < -80 dB,

& An errar has gocurred in one measurement in
4 sequence of measurements,

Parameter 3922 (*} : MEAS. NOT POSSIBLE MARK AND CONT

This parameter is selected if it is un-
desirable to stop measurements as desceibad
under parameter 921, The symbol <> appeirs on
the screen under "RESULT® and also in the
graphics ‘display instead of & resslt value, A
further attempt to make the reguired measures
ment {s made immediately.

Example of use:

Measurements across all channels wsing the
MU-30 test point scanner. In this way it fs
easy Lo determine in which channels measure-
ments are impossible. '
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Parameter 923 (%}

Parameter 924

Parameter 925

Parameter 926

Parameter 927 (*)

TOLERANCE MASK OH

Parameter 923 causes a tolerance mask to be
superimposed on some presults displays.

TOLERAMCE MASK OFF
Parameter 524 negates parameter 923,
TOLERANCE MASK SET 1 {*!l To 9

A selection of 9 different user-specified
tolerance masks for the same combipation of
modefrunning parameters/confiquration is
available under parameter 925,

[f the standard tolerance mask EPROM is
supplied, the CCITT talerance masks far 6.712
{A-A full channel) and 6.714 (DeA and A-D
half channel) for 4 wire port measuremeats
are availadle under TOLERANCE MASK SET 1,

For neasdroments on twoewire ports, the
tolerance masks specified by CCITT Gu71% are
provided fo TOLERANCE MASK SET 2. For
seftings which do net anply to two-wire
ports, the tolerance masks are fdentical to
those avaflable in TOLERANCE MASK SET 1 {far
moreg details, refer to Appendix D).

QUT OF TOLERANCE HALY

if the reselt 1ies outside the tolerance
limits, the measurement sequence fn progress
will be halted. To pestart, nress /STARTS
key.

OUT OF TOLERANCE MARK SHD CONT.

If the result lies ouiside the tolerance
T4mits, the measurawent sequence in progress
continees, and the out-of-tolerance result is
shown under the heading RESULT on the
graphics display as a numerical value. B the
numerical display, the resylt is marked

with *,
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-
FARAY.9 i SPECIAL PARMETER ¢

SET SL0K
1 OHE DoKW
32 TIEE AL
¥ (33 (LOCK OISPLAY  OFF
1 ™

JATIL, TIER
{3 UF
{6 @ B

B [«

SELECT HO. EHTER OF AT
L .

Parameter 231 SET CLOCK DATE DD.MR.YY

Date infermation 13 antered as follows:

* selact parameter 331,

* enter date in DDLIMMLYY format

* press SENTER/.
If an illegal entry is made, the enter line
will show 72.77.17

Parameter 932 SET CLOCK TIME HH, MM

Time information 1s entered as follows:

* select parameter 932,

* grier time Tn HH.MH format

* press JENTERS.
IT an Tilegal entry is made, the enter line
Will show 77,27

Parameter 933 {*) CLOCK DISPLAY ¥FF

Parameter 934 CLAOCK DISPLAY ON

Date and time information fs thown in the

uppar right-hangd corner of screen display.
This faformation is net printed out by the
graphics plotter.

¢
%
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Parameter 335 {*}, 936 Switching the interval timer off {parameter
935} and on (parameter 336).

The TIMER {5 used to start a measurement at a
predatermined time and to repeat it at set
intervals, each measurement heing preseded by
a catibratien,

Parameter 935 (¥} © 7 IMTVL, TIMER OFF

When the Limer fs switched off, calisratien

GCCUrs:

-~ at switoh-on,

- 20 minutes after switcheon,

- and avery 2 hours thereafter [if 2 menu page
is dicplaved, the PCM-4 doas not
autecalibrate until & results page has basan
calied upl,

« witen calted up via the TEC bus.

Buring calibration, the internal relays will
be heard switching, The keys of the PCM-4 are
disabled,

Paramsier 336 . THTVL, TIMER ON

After selecting parameter 936, the interval
data is enterad in the form HH.MM. IF an
illegal entry is5 made, the eater lipe will
show 77.77. The timer 15 started by pressing
the SATN/ softhey.

Exampie:

1f 00,10 is entered, the measurement will
start autamatically 10 minutes sfter the
results page is called up by pressing RTN,
The autoca! routine is run immediately before
the measurement starts, and takes about 15
seconds ta complete. The process is repeated
cyclically, and can only be stopped by
pressing RESET or by setting parametar 935
{TIMER OFF}.

NOTE ABOUT CALIBRATION:

Buring SNBSS ar SHP/R measurements, the sweep
in progress 1s nat interrupted in order to
carry out a calioration. A calibration
triggered by the internal timer can oniy be
carried out after the last result of a sweep
measurement has been stored. In MARYS ar MANSR
modes, the curren measorement will be
completed and the result stored hefore the
calibratfan takes place. '
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IfMVTL. TIMER OH (0,00

Hhen the setting 00,00 is made for the timer,
the PCMad runs the autocal routine
immediately and repeats this at intervals of
24 hours. It is possiple £o make bit error
rate measurements at ahy time during this
perfod without the measurement being
interrupted by calibration.

3.6.10  PARAMETER LIST O: PRINTER/PLOTTER
o The PCM-4 must be set as system controller

PRI, 0 % FRIMTER 7 PLOTTR 4 N {3£) 1 the measurement resulis are to be oute
put gn @ printer er plotier. This is done by
Pt setting the switch on the back panel of the
B {1y MR RESILTS CEINED & COMAL) <IE0 625>/1EEL 488 interface hoard {option) to
@ RESULTS <LINKED) pasition S0 "OM" [also see sectton 4}. The
PRINT- platter must be set to address 2% and the
(3 MRH RESIETS printer to address 30.
) R ML 74 23 22 21 P 26 23 22 21 20
& IF JUT 4OF TOL.
Eg; %LUUT i HL % {%‘ ﬂE‘ O | ON | OH EOFF|ON On | oM FON | OH [OFF
L SELECT 1D, ENTER GR 27M ) 20 10
system controller ©Ef "listen always” and “SRQ" switches are
provided on the printer, these should be set
PLM-L to OFF,
Plotter requirement:
Af\f<lﬁc 625>/ IEEE 483 & hp graphics Fanguage
} ¢ ILEC 625/1EEE 488 bus compatible

@ U # addressable

Recammended type: e.q. hp 7470

PLOTTER PRINTER o4 Printer requirements:
& ¢ IEC 625/IEEE 488 bus compatible
. o
address: 29 address: 10 4 addressable

¢ standard ASCIY character set
& at least 80 characters/linme
Recommended types: hp 2225 Thinkjet
Siemens PT 8B
Epson FX-80
MOTE: The printer or plotter must be switched
oh before the PCM-4 15 switched on.
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Parameter 01

Parameter g2

Parameter §3

Parameter 06

~PLOT-
HAN RESULTS {LINKED & FRAMED

When the SPRINT/PLOT/ key is pressed, the
coemplete contents of the graphic or numeric
screen display will be plotted oue, even if a
measurement has not yet bees made,

NOTE: The plotter follows the same seguence

when producing hard copy as was fol fowed
durfng the building up of the screen
pteture, The plotter pen will therefore
Jump frem peiat to point on the paper,
The date and time display are net
printed aut by tha plotter as the area
of paper on the plot is a]reédy accuped
by the graph scales and would render the
gata/time information i1leqible akyway.

-PLOT-

MAN RESULTS {LINKED)

It 15 normal {o setect parameter 03 first, as
pargmater 02 only causes the set of resylts
produced by the last sweep measurement Lo he
ptotted out and joined up when /PRINT/PLOYY is
pressed, This setfing is therefore fntended
for use whers several measuraments are made
under fdentical conditions and the results
traces ¢re to be overlaid Tor the purpeses of
comparisen, for example.

«PREKT

AN RESELTS

When a measurement run has been ¢ompleted,
pressing PRINF/PLOT/ causes fhe rasults to be
printed aut in the ferm of & table by the
printer. As well as date and time information,
the heading inciudes details of the more im-
portant settings made for the measurement.
Notes about the special symbols which may alsa
gppear in the RESULT column are found in
section 3.5.1,

-FRINT-

AUTG ALL

The AUTO ALL setting causes all reselts for
each successive measurament to be printed out
By the printer. If & change is made ¥n the
measurement mode or the configuration, this
causes the printer to print a complete heading
befare ¥isting the new set of results, MNotes
about the special symbols which may appear 1n
the RESULT column are found in section 3.5,1,
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MOTE; The speed of measurement s considerably
infivenced by the printing out of all of
the results, Tq save {ime the printing
out of results which are out of toler-
ance is recommended {parameters 07 and
09},

Parameter 07 <FRIKT~
AUTG IF OUT OF TOL.
This setting causes all results which Tie sut-
side the tolerance Timite to be printed gut
with the symbol * [see section 3,5.1). If the
measurement mode or the conffauratfon is
attered, the complete headings for the new
mgasuiement will be printed owt automatic-
ally.

Parameter 08 ~ARIHT-
AUTO ALL & TOL, LIM,
This setting causes all results, together with
their upper and Tower Timit values, to be
arinted out auwtomaticaliy. [T the measurement
mede or the configuration s altered, this
causes the printer to print out a comnlete
heatfng For the new measurement before the
results and tolerances are printed out,
Notes about the special symbols which may
appear in the RESULT column are found in
section 3.5.1,

HATE: Chelce of this parameter slows down the
measurement rate of the FOM-4 considers
ably. It is therefore a good ides to
print out the out of tolerince results

{paraneters 07 and 08) if a complete
Tisting is acet regquired.

Paramgter 09 -PRENT =
AUTG IF OUT OF TOL. & LIM.
This setting causes all results which lie out-
side the tolerance 1imits to he printed out
with the sywbol * {see section 3.5.1}, to-
gether with the corresponding tpierance
1imits. This takes place automatically. If the
weasurement mede or the confiquration is
altered, this causes the printer to print aut
a compleie heading for the new measurement
before the results and tolerances are printed
alit.
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3.7 HanE LIST & MERSUREMENTS

Ait MGDE LIST A measurenents are described in this section, either as groups ar individuaily.

The digital and analog send signals, together with the receive filter, are set automatically to
the requirements of the selected measurement.

List "A" measurements include:
¢ level measurements

# overall loss

¢ variation of gain with frequency
» variation of level with frequency
» total distertion

¢ idie channel noise

v crosstaik
& out of band measurements
¢ harmonie« or IM distortion

These measurements determine either dabsolute or referred Tevels,

L axis parameters:
¢ frequancy

s level

¢ channel number

A&1T nalf- and full channel measerements can be made on multipiexers without having to alter any
cotnectlons, simply by pressing the softkey which corresponds o the measurement configuration
reguired, The diagrams which follew show the four configuratiems that can be selected in this

manher:
A~ A
MEY [0 digital sfgnal
anal og receiver
asharator
O._
H 1M1 digital sianal
[23] : hEmilX h danarator -
analog o by
recediver S ®

Figure 3-% Analog-ahaiog Measurement
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A-D
3 MUY {201 digitai signal
@5} receivar 3
gnalog -
generator &
Figure 3-10  Analog-digital measurement
0-4
Od.
T o LI digital signal
(24 : DEMIX genarator =
aralog ol o
recelver o =

Figure 3-11 BOigitalw~analog measurement

digital 2-1
signal [21]
generator i analog or FOM
TRANS - 1oop
MULTIFLEXER =
digital =
0
signal 120} =
receiver

Figure 3-12 Digitai-digital measurement

Hote regarding the A-A measuremant configquration

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. 1f the
loop is made using parameter 121 or 122, the clock settings for the digital gererator
(parameter 331 to 333) will have ne effect, as the clock sigral in such cases is always derived
fram the receiver signal {ag with parameter 3343,

Parameter 121 and parameter 111 (2 048 kbit/s / 2 048 kbit/e):

The digital Teop is on the 2 048 kbit/s level. Received frames are looped from receiver ta
gengrator without alteraticn. The generator {parameter 3xx)} and receiver {(parameter 4xx} Iine
codes must be the same,
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3-8

34 2 048 kbit/s $
RY

l PARAMETER 121

2 048 xbit/s
be X

98 91

Figure 3-13  Internal 2 048 kbit/s lgop

Parameter 122 and parameter ME1 [2 048 kbit/s [ 2 045 kbit/s):

Here, the digital lesp fs at the &4 kbit/s Tewel, Channel switching s pessibles the inform-
atfon in one of the received frameg ¢an be transferred to another channel of the
outpit signal. The send- and receive Yine codes can diffar.

|
|
|
l
. ;
34 045R§b1‘/5 BEMIK |
!
| F pARMETER 122
i /
i
}_ 4 GQBTJ}:D'EU'S MUK 1
i
:
f

984 :92

? D8 kbit/s 56& kbit/s
Figure 3uid  Internal 2 048 {64} kbit/fs Teop

Parameter 123

Thiz parameter is selected when JGENRL RESET/ is pressed. The internal digital leop sutput is
opened and the 2 048 kbit/s output signal can be used as an auxilfary signal, The settings for
the digital generater clock (parameters 331 to 334} are fully operatiomal,

Parameters 124 and 112 (64 kbit/s J 64 kbitfs):

Tne 64 khit/s signal together with the 64 kHz and 8 kHz clock sfgnals are Ted from the fnter-
face input to the output vie an internal digital leop. When the loop is closed, the status aof
the 64 kbit/s data stream is displayed on the 8 green LEDs below the display screen, The loop

canngt be closed if a codirectional interface to CCITT G703 is wsed (e.q. BN 984/00,01 or
984/00,02).
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182

SV N
64 kbit/s 6t khit/s
RX oo 7 3y
e
NN M ~NOD contradirectional
pLH-4 )
3
______ 1 r t ‘i 1' 'l todirectional
TEST ITEM i 0 il
RS BLiir Gkhr ) BS BLiKr BuHz
CONER UECOOER
£LocK -

COBEC input with
interface matching

Figure 3-15  Internal 64 kbit/s loop

3.7.1  MODE Alx: LEVEL MEASUREMENTS

Absotute Tevel measuremant,

The received Tevel is measured directly and the result displayed. The signal cam be from the
PLM-4s amalog generator or from another analoeg source, Using this mode, it s pessible to rap-
fdly get an overall view of what happens to the signal leve) as it passes through the system.

X axis parameters:
o frequancy

o Tevel

# channai

£ - '
NOBE A 1) LEVEE MEAS, TH-1%0RE -- by
ity g ? ”
ik Xy : :
EX ; ;
ww| b
@ fry——— )
Wy |i| [T ;1 Wi Eﬁ!l
\{El (HAN, | -16.00dBe] 201k Fat iWHIj

Flgure 3«16 Level measurement vé freguency
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(H@E A 1t LEVEL HERS, TRt - it eh€Br

" kT v B-f
Eﬁ?‘ .t A=
RESILT},
4] b-0

-6k L H -
LTI - U YT

BN

TE: CHAM, 1 -~60.00dRet 81342
.

A= 0,048

p .
A A {1 LEVEL NERS. TR 4.0 RA: -- dfr

HALIF, [

/S
LHRY,
i

_3‘:

it
LYIE

3-B3

Figare 3-L7 ALl: level measurpment vs.
t Tewvel

Figure 3-18  All:; level measurement vs. chan-

nel number
Mode All to ARL A-4 A-D n-4 B-D change vig
Anzlog generatpr b X {FF 0FF VARJHODE 1
Analog aux. generator 7 OFF OFF GFF VAR.MODE I
Digital generator idling 1d1ing X X VAR.MODE 2
(2 048 or 64 kbit/s) code code '
Analog recelver X X
Digital receiver X X
Receive Tilter and
send signais set using submodes VAR JDE 3

Table 3.2 Operatisnal status of generator and receiver as referred te the measurement confi-

quration in modes A1l to Ald
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Subrmode Filter

All SIME WAYE 200 Hz ... 4 kHz
ALZ SINE WAYE 20 Hz ... 4 ¥Hz
413 SINE WAYE 20 Hz ... 72 kBz
414 NOISE 350 Hz ... 550 Hz

Table 3-3 List of submodes All te Ald

All to A3

Configuragtion Run mode Run parameter
A=A CFR, SHR/S 1S, FRED XP1,
A-D CFE, SWP/R MSL, LEVEL XPZ,
b-A CF2, MAN/S MS2, CHAN, XP@,
=D CF3, MAN/R M33,

Table 3-4  Softkey program words in measurement modes A1l to Al3

AL4

L{onfiguration Run mode Rure parameter
A-A CFp, SKP/S MSD, LHAN, XPO,
A-D {F1, SWP/R MSL, LEVEL XPlL,
2-A CF2, MANSS MSE,

0-p CF3, HAN/R M33,

Tabie 3-5  Softkey progrém words in measurement mode Ald

3.7.2  MOBE AZx: OVERALL L0535

Referred tevel meassurement {level difference using reference loop in A-A mode).

Two signal paths are used hetween the amalog generator and receiver for this measurement:
® via an internal loep
& externally vis the test object

Method of measurasnt:

~ tha receiver and generator of the PCM-4 are connected together via the internal loop and the
relative genmerator level tramsmitied to the receiver;

« the level ts measured directly in the recajver;
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~ the loop is openped:

- the second measyrement is wade via the test gbject, taking account the eriginal relative
Tevel;

-~ the fevel difference s calculated ang displayed.

In this way, the intrinsic atienuation characteristics of the generator and receiver do not
influence the result,

NOTE: If the output impedance Rout = 0 Qs fitted instead of ROut = complex, then
measurements of analog-analog overall loss will be impossible {n modes AZ1, RZ2, AZY and

A24 if this cutput impedance is selected.

X ants parameters:
s Trequency

* Tevel
+ chaanels
. ™
WODE & 24 OWERALL LOSS Th: +MLOBE - dir
HODIF, [ LI
Ri: - : .
thL 0
REG4 T e -4
& | liim
ot iR
i Y THI E-ym
e CHRL 1 +0.80 disd Mtz A= 100Kz
l\ "y Figure 3-1%  AZI: overall loss vs. frequency
N ™

MG A ) OVERMLL 1085 T +0.0 RYy -- dfir

F.ps 8 i

o i
L
maz;.
RESETE, I oo
& o

S E N
pillad o

B I WL e wv—] LEVEL]
TG FHM, 1 -70.{dBnd Bl A= S 0dB

N vy Figure 3-20  AZl: overall Toss vs. lfevel
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hybrid decoder A 2048 khitk digitat
signal
i generater
* -4
digital
Termination via signatl
Parameter 014, 2DLA khit /s receiver
sacket §241 on the PCM-4
Figure 3-2la  Test setup for measurement of
hybrid return Joss in
e MODE A21 to AZ4
HODE & 71 BUERRLL 1038 THt -~ Rt -~ dbr :
. ’yﬁ i i ; A4 Hote: Relative levels cammot be set in B-D
(i, mode, s¢ remember to Lake the relative
f ! ; R0 cogerfdecoder levels into account when
i b :
[ —— calenlating the results,
Ty | P b4
in |
EE ;16;-; ;
5.5 i
i i § kP
8.1 ! H i o
L m T i it in FREQ,
TS O 1 4000 Rl 20MM: A5 108Hz
. Figure 3«21b  Graphics display of hybrid
return toss versus freguency
Mode AZ@ to AZ4 -2 - A= O~A [IEH change via
Analog generator ¥ X OFF OFF VARJMORE 1
Analog aux. generator AFF OFF OFF oFF VAR MODE 1
Digital generator idiing idting X X VARLMDDE 7
{2 D48 or &4 kbit s} cade code
Analog recefver X X
Digital recafver X b4
Recelve filter and
send sfgnals set with submodes VARLMDDE 3

Table 3-6  Operational status of gemerator and recefver as referred
configuration in modes AZl to AZ4
Submode Preferred frequency and tevel
A21 FREQUENCY 813 Hz LEVEL Od8md
Az2 FREQUENCY 813 Hz LEVEL 10 &Bm{
Az3 FREQUENGY 1014 He LEVEL O dBm0
AZ24 FREGUENCY 014 Hz LEVEL ~14 dBmd
Table 3-7 List of submodes AZE te AZ4

to the measuremeni

*) Standard {mpedance %10 @ 32 nf can he altered in the factory onh request.
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A2l to AZS

Configuration Run mode Run parameter
A-A (F@, 3WP/S Mig, CHAN. X#@,
A-D CFI, SWP/R MS1, FREQ, XPL,
-4 CFZ, HAK/S M52, ., LEWEL xp2,
0-b CF3, MAK/R MS3,

Table 3-8  Softkey program words in measurement modes AZI to AZ4

3.7.2.1 BOBE A25: Echo return loss {ERLY

Due ta the finite hybrid return loss of the system, a proportion of the signal Flows from the

sutpat port back to the hybrid circuit on the inpyt side of the system. Both the phase and
magnitede of this eche sfanal add to the original signal in the hyﬁrid ¢ircuit. The phase angle
depends, ameng other things, an the signal propagation time in the system. The magnitude depends
en the nybrid loss 4¢ and an the insertfen Toss of the 4 wire cireuit ag- The higher {he

ERL, the weaker the echo sional will be.

ERL = ay *Ap, t A

The fasertion loss % i3 the sun of the frnefvidua) losses a, ¢

i
%1 " %5y 7 %pp 2 " %3 T %y
- a3 - g2 -
E-- mmmmmmmmmmmmm il itk it e rren e e AL mARAA AN it it —!
I A | §
| e . [ooder 1 e Acecorer] o e i} 3
; {¥F) 4 : V63
| { 1
i | | e
- line ar
i gF  [Jdecoderk B coder § g ; ~simulation
| 1V} ' B _ 4 9F} |
[ Bl
84 - %93 -

Figere 3-22 frhe cignal in a d-wire circuit
If access 1o the 4-wire interface Ts available, ERL can be measured directly by the PCH-4 {n

A-A mode. ERL carnot be measured at the 2-wire Taterface i A-A mode, but can be caleulated by
adding the results of the A-D and D-A megasurements together.

AnEanTedmobgmemp-QuaMywsUumemmmn_.Guaanmed|@88)&%SOURCElwwwanEamgbom
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1} A-D result gives 3y + dps + 3p + LT

Ihybr‘idhm;] coder { 4 :decouer‘lumn hybridl %
PCM- | =
0 ] . l | P
i M- 4 -
{2 ; 1
i r——-——: ”ne or
@ l b coder ~simulation
120y | & -

Figure 3-23  A-D measurement configuration for determining ERL in mixed Z-wirefdi-wire systems

23 D-A result gives 354

Eybrsz &
PLM-4 e g
@ lmi | LR
anatog decoder]| 4 . ¢
receiver F{VF) 1 digital stgnal
W generator

Figure 3-24 D-f measurement configuration for determining ERL in mixed 2-wirs/dewire systems

3} Agdition of AP and D-& results to give ERL

ERL = aBl + aBe + aF + a|33 * 384

The result shown by the PCM-4 is the difference belugen the transmitied and the peeedved
levels. The genarator sfgnal 1s a band-limited guasi-stochastic nofse signal {560 Lo 1965 Hz).
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3.7.2.2 MODE 426 and AE7: Singing return loss (SRL)

An audible whistle or "singing" is heard 1f the f-wire cfrcult starts to osciilate at the rrit
ical frequency. This occurs if the system Taysut is not optimised and the difference between tha
tosses and gains tn the 4-wire circuit approaches rera. The singing return loss {3RL} is given
by

SRl = ag + aFi + aFZ
The singing point occurs when SRL < 0.

B : - - iy}
———
‘hybrid]mm A IE 5 NFIVF) Evbrid
T T- n
1 I ! e PR I
1 jiC - 5}"— = ) ] "2
rm—
J A ’ i g3 !
! W) : 1 HFtYA '
A — | - g
ua,. - u33 :d‘ip

Figure J-26  SRL in a d-wire circuit

Twn different nefse signals are available fram the PCM-4 for the measurement of SR :
SRL LO (260 to 500 Mz} in MODE AZE
SEL HI (2200 to 34400 Hz) 1n MODE A27

Experience has shown that the critical frequency lies withip one of these rangaes, 5o that MODE
A26 or MIDE 427 can be used to deiermine the singing point, i.e. when {he SRL has the worst
value. The cotumns shown n the graphics display will indicate the 1imit value of 8 dB or
negative value for SAL. The result indicated by the PCM-4 is the difference between the trans-
mitied and the received laevaels,

yo i

0

wiiyp | coder r decoderfyryr V00 1]

jj %4

M- ¢ i

8 @ coder Fyeryp
[ |2 A

PEM-4

digital signal
generator and
receiver

FEM - 4

-
=
— el

|

Yurivey deqader

~
=

G2 153

Figure 3-26  D-D measurement configuration for determining SRL im 8 4-wire circuit
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3.7.3  MODE Adx: VARIATION OF GAIN WITH FREDUENCY

Referred tevel measurement {¢ifference level, reference frequencyl.
Genarally, this measurement is carried out at comstanmt Tevel.

~ Level measerement at & reference frequency (e.g. 13 Hz in mode A21), The Trequency value can
be altered via VAR.MODE &1},

= Measuroment of Tevel values at ficed frequencies between 20 Hz and 4000 Hz with a maximum re-
solution of 10 Hz, To svoid interfersnce with the subharmonics of the B kiz sampling freguen~
¢y, the actual frequencies differ slightly from the nominal values: for example, 402 Hz is
used instead of 400 Kz (see section 3.1 under fFREG./).

~ Calculation of difference. The difference vaiue is displayed,

In MAN/S mode, two measurements are always made:

- the refersnce seasurement, which fs immediately followed by

~ the fevel measurement at the frequency pre-set as a parsmeisr, ]

In HAN/R, SWBY/S and SWP/R modes, the reference measurement is only made once, at the start af
the measurement run,

X axis parameters:
¢ fregquency
¢ channels

p
BOOF A 1 UBR.GRIN/ERETHE — R +'}.ﬂ%
»IJ:. H ﬁ'ﬂ
Exlfé” |I.Ii
. \ L
e T
& ’f:m IR T
I :
ol L U R
1 o
T ————
T CHRH, | -10.094Bsé  200H; A leBH{J
e

Figure 3«27  A32: frequency response measura-
ment

Nete: If the range is extended to 4 kMz, the Fiiter attenuztion of 3 dB at 4.3 kMz must be taken
inte account. If a generator frequency of 2.7 kHz is used, the image frequencies produced
by the test filter Tie at around 4.3 kHz and will be shown as out-of-band spurious signals
with a tevel of 3 dB tess than their true value.
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f' Yy
KGOE A 33 YAR BALNAFRE T BB R -- dB'r
IF, fi3 -_l: Y
Ex; pHE.E
EHMZ'L @
RESULT, | 04
d -
» BT
P CHAN, 1 #1100 Bl dlkz Fatl:
. A Figure 3-28  A3l: frequency response vs,
' . channe] for 3 chanmels
Hode A3L to A3S ol A-p DA D.0 change via
Analog generator e X OFF OFF VAR MOGE ]
Analoc aux. generater aFF OFF OFF OFF YAR.MOBE |
Bigital generater idling 1d1ing S b YAR,MODE 2
(2 948 or 64 kbit/s) tode coda
Analeg receiver b4 X
figital receiver X X
Recaive filter and
send 5ighals set with submodes YAR.MODE 3

Tabie 3-9  Operational status of receiver and generator referred to Lhe measurement configura
ation in modes A3l tc A8

Submede Filter, reference frequency and prefarred level
Al 20800 Hz ... & kHz REF. FREG. B13 Hz LEVEL 0 d4Bm0
A3z 200 Hz .., 4 kHz REF, FREQ. 813 Hz LEYEL «10 dBm{
A32 20 Hz ... 4 kH2 %EF, FREQ. 1014 Hz LEYEL 0 dBm0
434 260 Hz ... 4 kHz REF. FREQ, 1014 Hz LEVEL -10 dGm0
AZ5 20 Mz ... 4 kMz REF. FREQ. 813 Hz LEVEL D dBmD
A36 26 Hz ... 4 kHz REF. FREQ, B13 Hz LEVEL -10 dBmD
A37 28 Hz ... 4 kHz REF, FREQ. 1014 Hz LEVEL 0 d8m0
A8 26 Hz waa & kHz REF. FREQ, 1014 Hz LEVEY «10 48mh

Table 3-180  List of sybmodes A31 to A3R
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A3l to A8

Configuration fun made Run parameter

A-A CFB, SWE/S M@, FREQ XP1,

A-D £F1, SWF/R ML, CHAN, XFH,

D~ CFZ, MANSS MS2,

p-0 CF3, MAN/R MS3,

Table 3~11  Softkey words in measurement modes A31 to A33

3.7.4  MODE Adx: VARIATION OF GRIN WITH LEVEL

Referred Tevel messurement [difference level, referance frequency).
This measurement 15 carried out at constant frequency.

- HMeasurement of level with & reference level input {e.g, -10 dBmd in mode Adl), The reference
vilue can be altared using VAR HOBE 621,

- Heasurement of the level at a frequency of #13 Hz with an input level which can he varied
batween -60 dlmQ and +3 dBm0, with 2 maximum resolutfon of 0,1 ¢8. Using this measurement it
is possible to establish that the compresser and expander charatteristics tegether yield a
Vinear transfer function.

= Calculation of difference, The difference value is displayed.

In MAN/S mode, two measurements are always made:

- the reference measurement, immedfately followed by

- the level measurement with the fnput Tevel as pre-set by parameter.

in MAH/R, SWP/S and SWP/R modes, the reference measurement {3 only made once, at the start of
the measurement run.

¥ axis parameters:
¢ laevel
¢ chanpel

p
NOBE & Nt UARBATBARG, IR - RRe180dBr

wo| - L
A - |
Pl ; :

P 1 : :

ST 1{\% —
& | 1w

EW PN :
D : : SRP/S
o ;

qﬂir 4L| 4L| 4; E!E!

T T T M Ty Ty v
L v

Figure 3.29 Adl: ITinearity wmeasurement
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s ™\
RODE 4 43 VAR, GAIRAEN. Th: +0.0 RE - i
KODIF, g A
0
EHAﬂ. "
A
BESLT], b
a8 H
14 e
ret i [ i - ﬁ:@
The THAN. &4 -G0.COdted  i0BdH2 A= ]
. vy figure 3-30  A43: Tinearity measurement vs,
channal for four channels
Mode A4l to MG LY} Af) -4 0-o change via
Analog generator X X OFF OFF VAR MOBE 1
fnaiog aux, generator aFF oFF OFF {FF VAR MODE 1
Ddigital generator idling idling X X ViR MODE 2
{2 048 or 64 kbit/s) code code
Analog receiver ¥ K
Digital raeiver |4 4
Receive Filler and
send signals set with submodes VAR MODE 3

Tabhte 317
ation in modes ASL to A4S
Subnode Praeferred freguency, Tilter
A4l SINE WAVE 813 Hz SELECTIVE
#g2 SIME WAVE B13 Hz 200 Wz ..., 4 ¥kHz
A43 SINE WAVE 1014 Hz SELECTIVE
L.Y-24 SINE WAVE 1014 Hz 20D Hz ... 4 kH2
a45 WOTSE RECY.: 360 Hz ... 550 Hz
AdB NOISE RECV.: 200 Hz ... 4 kHz
Table 3-33  List of submodes A4l to A4S
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Operatienal status of generator and receiver referred to the measurement configur-



A4l to A4G

Configuration Run mode Run parameier
A~A CFH, SWP/S Mop, LEYEL XP1,
4D £F1, SWP/R MS1, CHAH. XPE,
- CFZ, . MAN/S MS2,

b-80 CF3, MAR/R MSZ,

Table 3-14 Softkey program wards in modes A4Y to A4S

3.4.5% MOOE ASx: TOTAL DISTORTIGN IMCLUDING QUANMTISING DISTQRTION

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 fingl resclutfon of
these steps results §n a distortion which manifests itself as noise. '

Quantising~ and harmonic distortions are measured with elther a sinusoidal sigral or a band-11-
mited nofse signal hetween the channel inputs and cutputs, as recommended by CCITT Recs. 6,717,
G.713 and G.714. The power spectrum of the noise signal Ties within the range 350 Hz to 550 Hz.
The level difference between the gquantising noise and the test signal is determined on the re-
ceive side,

¥ axis parambers:
& Tevel

¢ channel

p
MODE § 33 TOTRL DIST. T% —- RA3 -4.04Br

i ASAANE B
L‘HB;{. : v

T

& Jf

3, L H :
=444 5.1 Al 411

T CHRE. | -35.00dBd  BiMR: A= 1048
..

w Figure 3-31  AB3: total distortion measure-

mernt
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Hpde AS1 ta AST A=A A-D A-A B-p change via
fnatog generatar ¥ L OFF {FF VAR MODE 1
Analog aux. generator FF FF oFF FF YAR.MODE 1
Digital generateor idling idling X R VAR .HODE 2
{2 048 or 64 kbit/s) code code

Inaloyg resefver % X

Digital receiver 3 X

Recatve filter and

send signals set, with submodes YARMODE 3

Tabte 3~15  Operational status of receiver and generator referred to measurement configuration

Ir'.
5

in modes ABY ta AG7

Submode Preferred frequency, Tilter

A5t KOLSE 350 Hz ... BEQ Hz CCITT 6.131

ABZ SIHE WAVE 422 Kz CCITT ©.131

A53 SINE WAVE 812 Hz PSOPH, CCITT 0,131

AS4 SENE WAVE 813 Hz 300 Hz ... 3350 Mz

AsE SEME WAVE 1814 Hz PSOPH,

ASB SINE WAVE 1014 He D-MESS, CEITY 0,132

A&7 SENE WAVE 1034 Hr 300 Wz .., 3340 Hz
Table 3-18 List of sybmodes ALl to AS7

AEl to ART

Configuratian Run mode Ruii parameter

Ah (F8, SWP/S hsg, LEYEL *P1,

A-D {FE, SWR/R OMSL, CHAN. XPR,

O~k {F2, MANSS MSZ,

{0 £F3, MAM/R MS3,

Tabte 3-17  Softkey program words in modes AS] to AS7 \
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3.86

3.7.6  MODE Afx: IDLE CHANNEL NOISE MEASUREMENT

Rbsolute level mezsurement

The idle channel nofse fs esually measured psophometrically ar C-message weighted. Idle channet
notse is caused by the more or less randem switching of the minimum quantizing fnterval,

k- #xis parameter:
o channel

e i
RODE 4 6f TDLE MRSE 9% 4.0 RWS #,GdRr
i H H P
R
CHB,!II vﬁ.l‘: H_n
BEsiLT, 33 I
o | B0
SN
o A EH EEEEEL: 1
The 4R, TGN, OFF ey _ _ X
. y, Figure 3-32 Asl: idle channel nofse vs.

channel

Mode 461 ta A3

Analeg side;
Beneratar i off, noise fs measured in correctly ferminated empty channel.

The digital generator ocutputs the Tdling coda signal +006 or the periodica)ly/randomly aliers
nating digital woerd +500/-000.

. Mode ABLl to A63 A=A Al fl-A 3-D change via
Analog generatar GFF OFF OFF OFF VARLMORE 1
Analog aux. generator |  OFF OFF OFF OFF VARLMODE 1
Digital generatar Tdifng idling idting §{ idling VAR.MODE 2
(2 048 or B4 kbit/s) code cade code code
Analog receiver % %

Digital receiver b4 X
Receive filter and
send signats set with submode VAR, MOOE 3

Table 3-18 gperational status of receiver and generator referred to the measurement configqur-
ation in modes A61 to AB3 )
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Submode Filter

A6l POPYH .

RE2 C-MESSAGE

RE3 300 Hr ... 335%0 Hz

Tahle 3-19 List of sybmodes A6l to AG3

Mades 364 Lo AGO

Idle channel noise measurement on CODEC moduies having integral filters {e.g. S-C filter), An
auxtliary signal at 2 kHz is transmitted for this purpose. Thig signal is a subharmonic of the
sampling frequency, and activates the CODEC without generating any guantizing noise in the
transmission freguency range,. The auxiliary signal is suppressed in the recsiver with a suitab1e
stopeband ¥ilter, 50 that just the chanpel noise is measured at the filter.

Mode AB4 to AGE B, A0 pEY:! -0 change via
tnalog generator X % OFF OfF VAR MONE 1
Analoeg aux, generator OFfF FF FF OFF VAR MONE 1
Oigital generator idling idling X X YAR.MIDE 2
{2 D48 or B4 kbit/s) code code

fnatog receiver z X

Nigital receiver X X

Recaive filter and

send signals set with submodes VAR .MODE 3

Table 3-20  Dperationst status of genmerator and recaiver referred to the measurement configur-
atign in modes AB4 to ASS

Submode Auxiliary signal, filter

t64 KOTSE W. 2 kHz TONE, PSOPH.

£55 KOISE W. 2 %Hz TOME, C-MESS.

ABS RGISE Ko 2 kHz TONE, 200 Hz ... 3380 Hz

Tabie 3-21 List of submodes AG4 to ABS
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A8l to A86
Canfiguration Run mode Run parameter
AuA CFR, SHP/S HSH, CHAN. £Pp,
A-D CF1, SHP/R 51,
b-A CFZ, MAN/SS M52,
p-D CF3, MAN/R M53,

Table 3-22 Softkey program words in modes A§1 to ASG

3.7,7  MODE A7x: CROSSTALK

Absolute Tevel measurement

K axis parameter:

& channel
{ N\
WIE A TE CROBSTALK  TX: s0.0 AL +0.0d8r
BT, [
i
CHAg' 55 A-B
ResLTE, M| I-4
4t -0
[-i%. i
wrEd | X
T4 CHAN. 1 +0.00 dBng

e . "y Figure 3-33  A7I: crossttalk vs, channel
number

U39 test point scanner_and auxiliary signal

If an MU=-30 5 connected Lo the amalog inputs and autputs, it i5 possible to make messurements
in ali chapnsls in rapid sequence. The MI-30 s particularly useful when making crosstalk
measurements, as an auxtiiary signal is required in addition to the TX sigmal. The awxillary
signal is avatlable from output [31] of the PEM-4 and 1s defined using VAR. MODE 152 to 154. The
signral fs fnput to the MU-3@ which feserts it inte all idie channels. This causes the coder tn
assume a defined state, se that the results are independent of the more or less random zero
point of the coder,
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3.7.7.1  Hear-end crosstalk messturements using an analog test signal

A-R  The znalog generator feeds s signal inio one of the 30 channels on the analog side of the
system. The signal 15 sinusoidal. A1) other channels are occupied by the auxiliary signal.
The znalog receiver then measures the selective level of each chanmel fn turn to datermine
the analog receive side near-end crosstalk, The digital recelver is occupted with the
idling signa¥ of the digital signal generator,

A-4

Mix
analog
gensritor

k.

D:;g; (2 digital signat
analog idling generator %
receiyer code Z

Figure 3-34  Measurement of near-end crosstalk with an analog test signal

d.7.7.2  Tareend crosstalk measuremants using an analog test signal

A-G The analeg signa] generastor feeds & sthuseidal iest signal into one of the 30 channels on
the analog side of the system. The othgr channels are occupied with an auxilary signal.

The digital recelver of the P{M-4 measures the far-end crosstalk level en the digital RX

side in the rematsfag 29 channels, one after the other,

A-D

1114 digital signal
MaX receiver

analog (251
gengrater

RUK.
signal

HE— ?.......?T

DEMGA

9AL: 365

sl

Figure 3-38 HMeasurement of fareend cresstalk using an analog test signal
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3.7,7.1  Measyrement of near-gnd crosstalk using a digital test stgnal

D-0 The dfgftal generatar feeds ore of the 30 chanrels on the digital side of the system. The
FCH signat level is 0 oBmd. The other channels are occupfed by the idling code word, The
analog send channels are occupied with an auxilary signal.

The digital receiver measures the nsar-end crosstalk on the digital receive side in the
remainfng 29 channels one after the other.

B
[ S
o'.- M __ [i] ?;g;t—ilrs;gna]
o N
(D
L1
signal
O
1 £21)
- tai )
: DEMUX digital signai

0 dRmo gengrator

To.
8 36

Figure J-38 Measurement of near-end Crosstalk using a digital test signal

3.7,7.4_ Measursment of far-end crosstalk using a digital test signal

I-% The digital gemerator feeds one of the 30 chanmels on the digital side of the system. A1)
the other chasneTs are occupied with the idiing code stenzl.

The analog receiver measures the far-end crosstalk in the remaining 29 chammels on the
analog side one after the other.

0-4
0
o_
O
! MUY
o
rerey
[E0] gigital signal
DEMUX
& domo genarator ;
anatog N %
recaiver idiing code

Flgere 3-37  Msasurement of far-end crosstalk using a digital test signal
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3,7.7.5 Sidetone measurement

- A-R measurement

The erosstalk between an analeg send channel in the multiplexer and the same receive channel in
the denultiplexer is kagwn as sideione,

The deceder s maintained in & defined state for this meatLrement by means of an idling code
Word with fixed sign, to ensure that the sidefone result is net iafiuenced.

A~
O—-w-m
7 b
28 : M
anziog [
generator e
o]
o N 2] fdigital stgnal
m _ JEMIX ] generator =
analog o Idting code o
recedver G 5

Figure 3.38  Anmalogeanalog sidetone measurement

~ [=0 measuresent

The crosstalk from 4 4igital send channgd to the fdentical digital receive channel is
feasurad, Thiz is done by feeding a PCM signal with Tevel O dBmd to the demultiplexer and
measuring the sidelone at the output of the multiplexer with & digital receiver.

The anatog channed sand side is activated with an auxiliary signal.

J1-8
o
o...
H MUY (201§ a1gtral signel
: ’ 1 rocetver
o AN
[
RUX.
Signal
o
i
: BEMIX _ 24§ dsgital stgnel
H 0 a0 generator =
o] k
=4
Figure 3-32 Digital-digital sidetons measurement
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Mode A71 1o A7S A=A A-B DA o-B change yia
Analog generator X ] oFF OFF VAR.MODE 1
Anaiog &ux. generstor b ] kS X VAR MODE I
Bigital generator idl ing idling X X YAR MODE 2
{2 048 or 84 khit/s) cade code

Analog recefver X X

Digital receiver i X %

fecelve filter and

send signals set with submode YAR.MODE 3

Table 3-23  Operational status of generator and receiver referred to the measurement configur
ation in modes A7l to AVY

Submcde Auxiliary signal, filter

7L DIFFERENT CHANMELS FREG. 301 Hz SELECY

A72 FREG. 813 Hz SELECT

A3 FREQ. 1014 Hz SELECT
A4 FREG. 3343 Hz SELECT
ATS CONY, TEL/PSOPH.

476 SAME CHAMNEL FREG. 301 Hz SELECT

AF7 FREQ. 813 Hz SELECT

A7E FREG. 1014 H: SELECT
A7S FREG. 3343 Hz SELECT

Table 324 List of submodes A71 ta ATQ

R71 to ATY

Canfiguration Run mode Run paramater
A-h CFQ, SkP/S M5B, CHAN. xPQ,
A-D CF1, SWP/R MS1,

-4 F2, MANSS M52,

0-b {F3, MAN/R MS3,

Takle 3-25  Softkey program words for modes ATl to A7
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3.7.8  MODE ABx: GUT OF BAND MEASUREMENTS

If an anatoy signal with frequency in the range O te fm it scanned at a scanning frequency of
fge the rasylt 95 a line spectrumn X FA with sidebands n x fﬂ * fm' Overlapping of the
sidabands can only be prevented if fm < FA/Z. For this reazon, frequencies Fm > f‘A,Q ara

filtered out using a Tow pass filter.

The frequencies outside the passband may pessibly cause interference as the band-1imiting Toww
pass filter has finite atfepruaiion and the frequencies do not fulfill the condftion

fm < fAKZ.
Tow pass o=
fifter e &
) . =
N !
t .
I !
pass band t i
! I
0 i { 8 T 1 h 1§ ® ke 20

Figure 3-40  Out of band signails

A8l Ta check the influence of these out of band signals, a signal in the range 4.6 to 72 kHz at
a level of -25 dBmlt 15 fed tq the analeg input of the multiplexer. The resulting level in
the correspending receive channel 15 measured, and should be at least 25 dB down on the TX
Tevel, This alsg indirectly tests the stop band attenustion of the low pass filter with
respact to oul of band sigrals at the multiplexer isaput,

The <50 4Bm¢ tolerance mask refers Lo the -25 dBm0 TX sigmal level as specified by CCITT
Reecs, G.712, 713 and 714.

984 : 167

fard —— —

b e e T — e

generator Side e T T~
e ~ ~ ~

iow pass filter B —— . N \\ \\

,

EEREREREN

measura Trangmil ey

l
3048 Hz 1b0Hz L 6kiz 7kt

Figure 3-41  Out of band noise signals
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MY 120} digital signal

' receiver
analog
genarator
2 048 kbitfs
loop
EN)] digital sigmal
DENYX o generator
anzleg
receivar
MY X {29 digital sigral | ..
N receiver =
anateg =2
generator )

Figure 3-42  A-A or D-D measurement of out of band Aoise signals

4 T
MODE 61 GUT OF BRAD IRe-19.0 RO = dBr
(X : ; -
o CEEE N
oige, | -
e e s s
RESILT »
doad T
- ——-f.—; FREL
TH DHAN, T -3, 5045l & Rk
\" Figure 3-43  Attenuatien characteristic,

myltiplexer input low pass
filter

[
1
kY
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~
KODE 4 81 QU7 &F BRAD Tht-14,0 Bt - dhr

-em; E -
Ef; ;g I
s :fl -3t ); @
O L
' M S
¥

C B

zan‘!ﬁ“"" mr_s_;u it FREQ,

TMe CHAH, | -25.0048a0  SDISH: A= 100K

. " Figure 3-44 ARl: out of band measurement
{expanded display)

A
{8l
i

1k 3
1)

Hote;

When the fraguency is mare than half the 8 kHz sampling fraquency, large amounts of bresk-
throuwgn are observed where the sianal frequency is a meTtiple of 8 kHz. Less pranaunced break-
throtgh occurs at frequencies of (2 kHz +n x 8 kHz, These breskinroughs are a function of the
systam itself, and are not a property of the PCMw4 or the item under test.

Hode ABL A=A A-B change via
Analeg generator X X VAR MODE
Analog aux. generator OFf OfFF VERLMODE }
Bigital generator idling | tdiing ' VARLNODE 2
(2 D4B or 64 kbitss) code Gide

Aratog recelver X X

Yigital receiver *

Recetva filter and ;

send signals set with submode YAR,MODE 3

Table 3«26  Operatienal status of generator and receiver referred to the measurement confiqure
ation in mede A8Y
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Submode

Benerator signal, filter

.+

SEND 4.6 ue. 72 RHz/RELY 0.2 ... 4 kHz

Table 3-27  Submoede AZL

LE¢ ]
Canfiguration Run. mede Bun parameter
A-A CFR, SHP/3 WSH, FREG XP1,
A-D {Fi, SHPSR MS1, CHAN. 1P#,
MAN/S M52,
MAN/R MS3,

Table 3-28 Softkey

A82 In the apposite direction, a sfgnal hetween 300 Hz and 3.4 kHz at a level of O dBmd is fed
into the analeg input of the multfplexer aad the owt of band nolse ievel 15 measured fm the
rece{ve chamel in the range 4.6 to 128 kHz. This noise may occur due to the finite attenu-
ation of the low pass filter at the demultiplexer input. It should be at lteast 25 dB down
on the TX levael, The tolerance mask at -25 dBmO refers to the TH level of 0 dBmd specified

by CLITT Rees.

Either analog-analag or digital-analog measurements are made.

~—E transmit |--‘

0.3k8z 3 Akz

Figure 3«45 Out of

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com

program werds in mode A8l

G.712, 713 and 714,

band neise level

MEASUrE
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[0 fdigital signal

{287 MIX receiver "_0\\

analeg a8
genarator o—
2 088 kbit/s
{nop
O—-
ity digital signal 3/
[23} : DE WX - generator i
analag focs o
recefver O— =
o
Pe—
or
: LTk
o
DEMYY - £21] digital stgnat
1 0 dBmd generataor P
analeog 4
receiver &8

Figure 3«46  A«h ar D-A measurement of neise levels in the stop band
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Mode AdZ A-a 0-A change via
Atnalog generator X oFF YARR.MODE 1
Analog aux. gemsrator FF ¥F YAR.MODE 1
bigttal generator idling X YARLMODE 2
{2 043 or 64 kbit/s) code

Anzlog recetver X X

Digital recoiver

Receive filter and

send signals set with submode YAR,MODE 3

Table 3-2% fperational status of generator and receiver referred to the measurement configur-
ation in mode AB8Z

Submoda Auxitiary signal, filter

A82 SEND 0.1 oo 4 kHz/RECY 4.6 ... 128 RHz

Table 3-30  Submode AB2

A8z
Configuration Run mode Run parameter
A=A CFQ, SHP/S M3d, FREQ XPL,
SHP/R MSL, CHAN, XP4,
D-A CF2, /S M52,
HAN/R HS3,

Table 3-31  Softkey program words in mode AH2
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£83 Dut of band noise is measured fn the range 4.6 to 123 kHz with no signal present st the LF
trput to the muitiplexar. The noise level should be less tham -65 dBmd,

The wpper 1imit of 1Z8 kifz has been chosen so that interference caused by the clack fre-
guency used by many codecs (2 x 64 kHz) can also be measured,

Mode AB3 A= ) A change via
4nitog generator %F OFF YAR MODE 1
Analog aux. generator ¥F OFF VAR HODE 1
Digital generater idting idling VAR MIDE 2
{2 048 or A4 kbit/s) code code

Anzlog recaiver £ X

Bigital receiver

Receive fiiter and

send signaks set with submode ¥YAR MODE 3

Table 3-32 QOperational status of generator and receiver referred to the measurement configur-
ation in mode AB3

Submode huxil tary signal, filter

AR3 SEMDER OFF/RECY 0.2 .., 4 kifz

Table 3.33  Submode AB3

A8
Configuration fun made Run parameter
AR CFY, SUP/S MS@, CHAH. XP@,
SWP/R MSL,
b-& OF 2, HAN/S MSZ,
MAN/R MS3,

Table 3-34  Softkey proegram words in mode AB3
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3.7.9 HARMGNIC. AND TWTERMODULATEOM RISTORTION

The non-linearities which occur in transmisston systems, such as compression and 1imiting, give
rise to intermpdulation products and harmonics which 1ie within the spesch band and which
therefore interfers with the speech signal.

3.7.9.F  MODE AS1 and A92: harmenic distortion

MOBE AS1 measures the second arder harmonic distortion a gy 85 the difference between the
tevels of the selectively received generator signal with frequency fl = 1004 Hz and the
setactively received second harmopT; 2f1. the receive filter for the second harmonic has a
passband of 2000 to 2028 Hz.,

&
T =
T
U2 B3
T T T T
EH i 3 1
1 7. 3 L harmopic

Figure 3-47  Frequency spectrum for harmenic distortion

HODE A9Z measures the third order harmonic distortion Gy RS the difference between the tevels
of the selactively recetved generator signal with freguency f1 = 1004 Hz and the setectively
received third harmonic Bfl. The recelve filter for the third harmonic has a passband of

3044 to 3642 Hz,

3,7.8.2  MADE A93 and A94: inmtermodulation distortion

IntermoduTation distortion 7s the occerrence of sum- and d¥fference froguencies as a result of
non-linearitiss in the characteristic of the transmisston system, resulting in the distortion of
the ortgiral waveform.

The Tingarfty of a chamnel can be tested using the 4-tone method. The 4-tone sigral used
consists of four signals of equal amplitude arranged as pairs & and B:

A T B57 Mz and 862 Hz ’

B ¥ 1372 Hz and 1388 Hz

The non-tinearities in the system result in the proeduction of intermodulation products of these
four frequencies. The second order products consist of four difference frequencles, B-&, and
four sum frequencies, B+A, which 1ie within the speech band at 520 Hz and 2240 Hz respectively.
The third order products withis the speech band are six frequencies 7B-A at about 1900 Hz.

-
i
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The 2nd. order intermodulation products B-A and B4A are measured selectively and the average
level catedlated. The difference between this Tevel and the widaband level of the 4-tene signal

is displayed in dB.

4 tone signal

@

pesshand range for B-A: 480 ... 560 Hz
passbhand rancga for B+4: 2220 .. 2251 Hr

l \ I

6 6 1150
B-4 A 8

k155

2260 Kz {
[}

Figure 3«48  Frequency spectrum of Znd, order intermpodulation products in the speech band

HODE A94

The 3rd. order imtermodulation product 2B-4 is measured selectively and the difference befwesn
this teve) and the wideband level of the d-tone signal is calculated and displayed in dB.

4 tone gignal

E, )

R

F T
B 1386

]

18500 #r fom—

98¢ :15%

Figure 3-4%  Frequency spectrum of 3rd, order intermodulation products in the speech band
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38 MOBE LIST B MEASUREMENTS

ATY HOBE LIST B measurements are described in the following section, efther as groups or
frdividualiy.,

The digital and anmalog send signals, together with the recefver filter, are set automatically
to the requirements of the selected measurement. These values can ba altered via the YAR.MODE
1ist {see 3.9).

List "B" measurements inglude:

return 1oss )
Tongitudinal conversion loss
Tongitudinal conversion transfer. loss
peak code valug

group datay

stanalling gistortion

interferance from sigralling

v error measuraments

- a9 - - & B -

Heasurements of return Toss, LEL and LLTL are only possinle 1 the measurimg bridge option
{BN 984,00.12) 1s fitted.

3.8.1 HODE Rix; RETURN LDSS

To ensure matching e a given characteristic impedance, 1t i necessary to measurs the
return Tags of cables, fnstruments and moduies.

The return toss:

+
ZK IO

2 -1
X o
expresses the degree of matciting between the input and cutput impedances, Z>< and the

characteristic impedance, 10.

a, = 20 log ¢b

The following standard characteristic impedances are fitted to the PCM-4:
600 @, 850 & (or 900 @ with BK 9B4/00.10 bridge) and a complex impedance {220 § im series with
820 9 in parallie} with 115 nF); this impedance can be modified ex-works 1f required,

The compltex impedance fs used for return loss measurements oh Z-wire subscriber copw
nection modules. The input impedance of the Z-wire input is complex, dug to the line
stmulatfon circedt used ia the hybrid cireutt,

If the My-30 test point scanner s used, the test object should be connected to one of the
three comnectors {233, (241 or F25];

¢ [23] selected as RX by softkey and Jd-wire/ key
¢ [24] selected as RX or X by softkey and /RX/TH/S key
e {25] selacted as TX by softkey and /d-wire/ key.
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test object

I

984 - 1R

Figure 3-50  Measurement of return loss

The loss measured with the circuit shown in figure 3-50 is & dB higher Ehan the actual return
Toss, This difference is taken foto account by the calibration process, however, so that the
actyal retern loss is dispiayed. Since any additional impedances between the bridge input and
the device under test (Ex) wit) aiso be compenzated for, it is important that Zx is connected
directly to chne of the bridoe Inputs.

3,8,2  HODE BZw: LONGITHRINAL COMYERSION LOSS

fleasurament of lengitudinal comversicon loss is the measurement of the atteawation error
caused by the apparest impedances between the two balanced input wires {a and b) and ground {c).
The bridge i3 configured so that points 2 and © as well as b and ¢ form arms of the bridge.

test ghject

s o

=
3

- =
)
s
[—]

[ ———

=
=

oy -———
—
)
.
=
~a

988 1 5F}

Figure 3-51  Longftudinal conversion loss measurement as per SCITT Rec. 0,121
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in this measuring configuration, 2 centretapped coil is fed from a source fmpedance of Z/4. An
impedance of Z is connected {n paraliel with the coil.

3 a a
i
i 1t 1 mn
l[] : ¢ = I[] |- C
3 . o
; _ 1 g
o b v B
A 8 ' ¢

Figure 3-52 Electrical correspondence hetwsen centre-tapped coil conflguraticn and centre-
tapped resistors

L - - -
If 7, and Z, are both 5, then ;Ull = iUZ[ and hence U = O.
If an addttional fmpedance Za is present betweep h and ¢, tha valtage Us between 2 and b is
EIRELAR
The LCL 15 then gives by
4z i

LEL = 20 Tog {5 + —% = 20 Tog |52

5

The following reference fmpedances (I} are provided in the PCH-4:
&00 R, 850 ¢ {or 900 Q with bridge BN 984/00.10}.

81, B2
Configuraticn Run mode Run parameter
I LPe, SWP/S MSP, FREQ XP1,
RX LPI, SWP/R MSE, CHAN. XPE,
MAN/S M52,
MAM/R MS3,

Table 3-35  Softkey program words in modes B1 and B?
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3,8.3 MOOE B3x: LOWGITUDINAL CONVERSION TRANSFER EOSS {LCILS

31

In snalog-anatog measurement of LCTL, the influence of unbalance af the send side on the
anbalance of the recefve side Ts determined {Tnput to ouiput unbalance),

The test configuration shows the Torced syrmetrical feed ta the twe-part aetwark and a
simiiar termination on the receive sidse, Under mormi] circumstances, switch $1 ie cicsed so

that Z/4 s im circuit.

Pew-t. )

| i

;

| 1% } MUX DEMUX
E E {SENB) §zmbitss {RCV.}
t

!

t |

J

Figure 3-53  Measurement of LOTL {8-47

Tie LCTL is given by:

Yy
ag = 70 Tog {wdi jdB
UE

-
HOBE # 30 CONSTRADSS TH:-14.0 B #4,048r
N T
1
1IN T R
BELT ,u.f \"'- 0-¢
’
4L:l ? “"‘“%'““ .HEII!
R
'N§% rﬁl il il g@-ﬁﬂ!l
EK! Cha. | +0.004Be0  Z0Ikr Pats mﬂxj

Flgure 3-54

B3l: LCEL measurement
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For the measurement of LCTL on the send side of a multiplexer, (analeg to digital measurement)
the test obfect is fed in the same way as before. A PCM word analyser on the digital side is
Used as Lhe measuring Tnsirument.

R = R
FBM- 4 “““il i-;[H—ﬁ “‘ii
|
' i |
| i/ E HUX _‘___J)__ digital " ; .
| | "{SEND) thbits ] racafver ? |
i
K | I
’ * | B
e - =

Figure 3-65 Measurement of LCTL LA-D)
For the measurament of LCTL on the receive side of 2 multiplexer [digital to aralog measure-

ment}, the PLM sige of the test item s fod with a digital signal from the digital generatar.
The twe port network is terminated on the receive side with the forced symmetrical circuit.

T [peu-s B

L

|
| - |
generator Myl fs (RCY.) i z U lu
- ?
!

|
i
I DE
digital 1 MUk
T
|
|
i
I

Bih: 12

Lo et e e s ereren. e veemrm e i e} L,____.___“&.HA_ﬂm__u.‘__ e et opersnnn

Figure 3-56  Measurement of LCTL [D-A)
Here, the LCTL is given by:

Uy
8y = 20 Tog| -2 | B
U2
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Hode B3l ang 822 A=A A-D 04 change via
Anatog generator X £ 1133 VAR MOBE |
Analon aux. generator oFF OrF {OFF YARLMODE 1
fHeital generator idiing idiing idling VAR, MODE 2
(2 048 or 64 kbitfs) code code caide

Rnaing receiver e B ¢

Jigital receiver X

Rageive filter and

send signals set with submode VAR.MODE 3

Table 3.36  Operational status of gemerator and recefver referred to the measurement configure
ation in modes 831 and B32

Submede Impedance
331 REF. IMPEDAMCE &00 OHM
832 REF. EMPED. 8507930 OHM OR DPT,

Table 3-37  List of submodes B3I and B3P

B3t and B32
Configuration Run mode fun parameter
A=t CF@, SHP/S NSO, FREQ »P1,
A=) CF1, PSR M5, CHAN. XPO,
0-A LF2, MANSS MSZ,

MANSR MS3,

Table 3-38  Softkey program words in modes R31 and B3P
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3.,8.4  MODE Bdx: DETCRMINATEION OF CODER OQVERLOAD CAPACITY

Dug to the finite number of amplifude levels available, limiting in PCHM systems is severe. [f
the send level is ingreased beyond the everload 1imit, 217 sampled values with an absolute valus
greater than the decision thresheld value will be output as fixed valyes on the recefyve side.

lhen testing PLM coders, this overload Timit is a very important factor, The preseantly-used
method for determining coder overlead capacity uses a sinbsoidal sigmal, the amplitude of which
is successively incroased 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 sional receiver changes from 126 to 127, The 1imit value of the overload lies

0.28 dB above this level {f.e. thg width of step 127).

in the PLM-4, coder overload capacity is determined by applying 2 defined oyerload to the
zodar. The digital receiver courts the number of +127 or =127 cedewnreds occuring within the
maastrement period, and the processar caleuTates the overload capacity feom these figures.

) —— — — ——— — —

97 6,348 step 127

Sinusoidal signal

984 115

Hermal method: stepwise ¥nerease in coder drive sfgnal level unit peak code of 127 s reached

Figura 3-5¢  Determining the overload capacity of a ceder

jog—— 3 — -
H
_______ N A imar
{virtuat} (128 Zode word 127
171 = TITTITTI N~~~

overload limit

i

58

Method used in PCM-§; system is overloaded with a defined tignal level
4t = no. of words with code 127;
T = number of code words per half-gerfod,
Caleulation of the wirtual overlaod capacity Tmax from the number of
words with code 127,

Figure 3-58 [Cetermining the overload capacity of a coder
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Figure 3-50

3-119

1. measurement of averload
capacify a3 a function of chape

nel number
Hode B41 to 544 A-D change via
Analog generatoer X VARJMODE ]
fnaiog aux. gensrabar OFF VARLMODE 1
Migital gensrator jdling YARLMGRE 2
{2 048 or &4 kbit/s) cqde
AnaTopg recaiver
Digital receiver b
Receive fiTter and
send signals sat with submode VAR.MOBE 3

Tahle 3+39  dperatiors) status of generator and receiver referred to
ation in modes 241 to 844
Submode F requency
B4t OVERLOAD CAPACITY W. PDS, PEAK CODE 813 Hz
R4z W, HEG. PEAK CODE 813 Hz
i GVEREOAD CAPACITY W. PDS. PLAX CODE 1814 He
Bd4q N. MEG. PEAK CODE 1014 Hz
Tahle 340 |ist of submodes 841 to B44

the measurement configur-
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B41 to 844
Configuration Ruh swde RBun parameter
SWPSS MER, CHAN. f1PQ,
A-D LFI, SWB/R MSL,
MAKSS MS2,
MANSR M53,

Table 3-41  Softkey program words in medes B4l to B44

MODE B45: PLAX LOAD CAPACITY

This measurement enables measurement of the peak.peak valus of a PCM sigral. The.maximum posiw
tiva and fiegative code words are determined in & single measurement. The coder offset can also
he determined manyally with a small drive signal using this neasurement mode.

The difference between the maxioum positive and negative values is determined and the deviation
from zero gives the coder offset expressed in terms of full code words (ses also under BAG).

-
KOEE B 43 FEAK L0AD  THa-f4.B R¥: -« (Br
HDIF. fr T
Ex; alII; +
(H,

i

o
Hs,

HEG.

4«? ; ;
lﬂ: CHAS. ¢ -10.8048a8  $13H: -

./ Flgure 3-60  Measurement of pk-pk value of a

PCM signal as & functien of
channel aumber for 10 channels
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MULE B46: COUER UFFSET

The coder offset s determined as folTows:

~ the individual code wards are expanded to linear 16 hit code words,
- the linear average value over a given time period is calculated,

~ the average value is companded (p- or A-law),

- the result is displayed. '

Due to the compubting method used, it is possibie 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.

’ "
MODE B 46 CODER OFFSET SHI-M.0 R8¢ - dBr
e ; : :
L T R
e
RECILT
[+
]
— i J. EEEE
The CHAM, 1 GEM.OFF i
i oy Figure 3-61  B46: measurement of coder offset
as a functfon of channel number
Mode B45, BAG A-B O-b change via
Analoyg generator X FF VAR MODE 1
Analog aux, generator OFF (FF WARLMODE 1
igital generator idling X VAR MODE 2
{2 948 or B4 kbit/s) code
Anatog receiver
Uigital receiver . % X
Receive filter znd
send sigrals set with submade VAR MIDE 3

Table 3-42 Operational status of generator and receiver referred to the measurement configur-
ation in modes B45 and HAG

Submode
Bas PERK LORD
ad6 CODER OFFSET

Table 3-43 List of submodes 545 and 346
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245, B4e
Configuration Run mode fun parameter
SUP/S M5Q, CHAR, KPR,
A- CF1, SWR/R MSL,
WANSS M52,
D-D CF3, MANSE M53,

Table 3-44  Softkey program words im modes B45 and B4B

3.8.5  MODE B5x: GROWP DELAY

Group delay s cawsed by phase distortfor which the signal undergoes aiong the transmissign
path. In PCH systems, the hand-1imiting lowwpass T{lter in the miltiplexer and the demodulator
lgw-pass fifter in the demultiplexer are the main sources of such phase distortion.

Group delay is measured in the PCM-¢ by means of a so-called loop measuyrement, The test objest
is fed with an amplitude modulated carrier signal {combination signal) and the greup delay
referred 0 a reference pulse is calculated from the receive side sigeal.

Test freguencies:
292, 500, 604, 100G, 1792, 2504, 2791 and 3398 Hz.

ModuTatfon frequencies:
41.66 Hz # 0.1 % or 83,33 Hz + 0,1 %

moduliation
i sigrial 41.64 Hzi

combination
signal

f
;
|
1

reference pulse

B ms

113

-

94 -

Figure 3-62  Group delay measurement test sianal
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MODE BAE: ARSODLUTE GROUP DELAY

Absolute group delay is measuréd at eight fived frequencies using the combination sigral. If
the signal passes through a test cbject with non-lipear phase response, the modulation freguency
{envelope) will be phasa-shifted with respect to the send side modulatfon signal. This phase
shift corresponds to the absolute group delay at the given carrigr frequency.

MOBE B 51 RES.GRPLOEL, TRi-19.0 &3t K. 04Bs

g . a .
o | ; 2
EHH?. “anit ; S— PR
RESILT | A
1 &

| G5

M T o .

T CHAR,  -IE bodBe WHIA A pae Figure 2-83  B5l: measurement of ahsolute
groug delay

B51
Configuration fun mode Run parameter
Ak CFO, SWR/S MSO, EREG XPL,
A-D CF1, SWP/R MS1, LEVEL XP2,
D-A CF2, MAN/S MS2, CHEN . XP0,
0-0 £F3, MANSR MS3,

Table 3-45  Softkey program words in mode 851

MODE BSZ: GROUP DELAY DISTORTION

The group delay distortion is measured at eight fixed frequencies and referred to the absolute
group delay at 1782 Hz. Group delay distortion thus corrasponds to the difference betwesn the
absotute group delay at the test freguency and the reference frequency.

Any one of the eight froguenciss can he set as reference frequency using VAR. MODE Bl

The PCM-4 carries out two measurements in sequence and calculates the resylt.

Group delay distertion only occurs if tha phase responsa of the test object is non linear with
respect to freguency.
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Mode B51 and BSZ A=A A-D B-A p-0 change via
Analog generator X i X OFF VAR .MODE 1
Analog aux. generator OFF OFF OFF OFF VAR . MODE !
Digita} generator idling idling * X VAR . MOBE 2
[2 048 or 54 kbit/s) code code

Analog receiver X b4

Digital ressiver X X

Receive filter and

send stgnals sot with submade VAR.HODE 3

Table 3-45 Operational status of genmerator and receiver referred to the measursment configur-
atien in modes BS! and BS2

Submade
Bl ABSGOLUTE GROUP DELAY
a52 GROUP DELAY DISTORTIOM V. FREQ.

Table 3-47 List of submodes B%) and 852

B52

Configuration Run mode Run parameter
A-A CFQ, SWP/S MSD, FREQ XP1,
A-D CF1. SWP/R M8, CHAN. 1P,
n-4 CF2, MANSS MS2,

D-D CF3, MAN/R HS3,

Table 3-48  Softkey program words in mode B52

ABSOLUTE GROUP DELAY Mode BS ROUE DELAY DISTORTION Mode BS54
Modes B53 and B854 correspond to modes B51 and BSZ using & modulation frequency of 83.33 Hz.

J.8.56 MODE B&x: STGNALLING DISTRRTION
The signalling information in PLM systems with channel-associated signalling is sampled every
2 ms and transmitted, The 2 ws sampling time corrvesponds to the duration of the signalling pulse
Frame. If four signalling channels, each running at 500 bit/s are formed, the theorstical
maximum sampling distortion is 2 2 ms per chanmel, calculated from the pulse frame duration.
A further distortion occurs in the send- and receive side signalling processer sguipment, due
10 the response times of the vrelays used for switching.
The resultant signalling distortion can therefore be of the order of several milliseconds. This
is not critical in the case of siatus signals, but the dialing signat tolerances can be exceeded IR
if {wnorst case} all the tolerances of the individual equipments {dial switch, relay, selector} e
add together.
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For this reason, it is necessary that the signalling distortior s measured,

For this weasurement, signalling pulses are simulated by feediny 3 10 Hz or 20 Hz rectanguiar
signal with vartahle duty cycle onto the M line (52 in), see also section 3,9.7.

dialling pulse, mark 40 ms/space 60 ms

40ims BEms
HIGH
i
o
E
. E LOW
}
Huinm
o] I
Ims i
f
:' disterted diatiing pulse
|
!
|
|
- ’ |
| HLGH * Lau |

— [
increased pulse length
# positive stgnalling distortion

Figure 3-88  Signalling distortion caused by sampling &t 2 ms intervals

e
=z
08k - 11

F2 out :
[ S— |; ] R (O e

generator

181 1y

>

10 Hz or 20 Hz f
SQUEre wave sigmﬂ;

E R M-

‘ multiplexing toop

recafver M= muitiplexg

( :) LG _0.1

i

l

|

|

|

|

|

|

|

I i

signatling i I
distortion U .] stgnall ing

4 10 ms M= maitiplex E = exchange

Figure 3-85 Measurement of signaliing distortion
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The internal impadance of the gensrator (electronic switeh) has the following values: mark
< 3 W, space » 20 kL.

Jn the receive side, the signalling distortion receiver measures the duty cycie deviation of
the signal compared tp the reference, averaged over 10 or 20 periods, and displays the result in
milliseconds.

The PCM-4 signalling recejver E38) is connected to the E~wire {52 out} of the system. The
recefver input impedance is 750 G and Is comnected internally to -1% ¥ d.oc. The input must be
connected to earth wia the driving switchs

The receiver monitors the closing and opening impedances of the switch 1n additien to the
signalling distortion. The closin§ impedance must be < 300 2; the opening impedance > 20 k0
otherwise 7 will be displayed next to the value 0.0,

The measurement range 1s + 10 ms with a ressluiion of 0.1 ms,

undistorted signatting

decreased

pulse length positive signalling distortion

f—--.,:‘lt
1
i t
;Sggzafiggth f negative sigaalling distortion
j Y
1 .
P =
it ot AL =4

Figura 3-66 Distorted signalling pulses

61 to §69

Configuratian Run mode Run parameter
AA TR, SWP/SS MsA, CHAN. XPG,
A-I} £FL, SWR/R MSI,

k-4 CF2, HANSS M52,

k-8 CF3, MANSR MS3,

Table 3-49  Scftkey program words in modes B6: to BGI
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3.8.7  MODE BYx: IMTERFERENCE FROM SIGHALLING

In arder te determine what effect the signailing has mpon Lhe gquality of the received anatog
signal, an analog signal of 10 Hz or 28 Hz is fed inbo Lhe sigealling input of the mulftplcoxer.,
AL the output of the demuitiplexer, the resultaat nai?e stanal in the fefephone chanpel fs
weighted psophemetrically and mezsured by the receiver.

f check is made fe see Tf spikes or dialiing noise ip Lhoe inealting channel excoed the igle
channel signat, :

The measurament is snaleg-anateg.

-4

character generator
) A= A .
e R i I | o

inaleog signal %

receiver

1231 D
> a

psophometric " DEMIY
weighting

L™

98t 121

Flogure 3-67  Heasurewent of noise voltage at the demulbiplezes analoy output

To determing Lhe effects of digital sigrailing, the digics] guaciator of Lie POM-f provides a
18 Mz squarewave to represent the b stgnalifmg LIt in tie selecisd channel, The digfta}
receiver measures the crosstatk (psophometrically weighiod) in Lhe myitiptexer teiephone
channels (B-0 confiquratian}, I is elso possible Lo sotesi signalling nits 4, £ ar g under
VAR, MOBE 7xx. The duty cycle and frequency of the arwlog or digital signaliing cas alse be

altered.
5] digital
3 Mux T4 - signal
receiver
T2k digitad .
o e Owed  signai &
gereratar -
=
=

Figure 3-68 Measurcment of mnize signai al the digital msVeiplexer output .
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871 ta B79

Configuration Rn mode . Run parameter
AR LFB, SWPES MSP, ClAN. KPR,
A-B CF1, SWPsf MS1,

L o MANSS M52,

00 LF3, MANSR W53,

Taple 3-50  Softkey program words in modes B7! te 079

3.8.8 MWODL BRy; ERROR KEASUREMENTS

ALY orroe neasurements are carried out over a preselrablc measuroment period,

This measurement period issset as follows:

* press fd/;
the input and display field for hours appears in rowerse field characters

* enter the sumber &f hours {max. 93)

* press JMENTER/:
the next field {minutes} will be displayed in reverse fiold characters minutes and seconds
are entered in the same way as hours.

Every time /A7 is press&d} the displtay jumps hack b hours.

4 max. = 99n S9m 59s.

MOUGE BEl: frame alignment signal errors

Pessible meaturomants:

¢ FAS pit error rate

& FAS word error rale

* MFAS wored error rate

¢ LRC error rate (with parsmeter 232)

% axis parameter;
¢ up to 54 test fatervails as histogramm
* test interval for each channel
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Hormally, the PCH Tine is discomnected and bit errov measurement are then made to determine the
transmission quality.

1f the line ig actually in operation it is possibls to assess the fransmission quality of the
line hy measuring the FAS hit error rate with a monitor connected via a high impedance
connection.

The test interval is preset to 1¢ s.

7048 kil s _.I)HQ peM-4 digital
{20) fsignd] recetver

125

1T

Figure 3-68 FAS error measurement with Zm » 3 ki

Bal
Configuration Run mode X parameter
FAS/B ETD, SWPSS MSO, HISTE XP,
FAS/W ETE, SWR/R M1, CHAM XP1,
MERN 12, HAK/S MS2,

CRC ET3.

Tahle 3-51 Saftkey program words in mode 881

BBZ Measuremsnt of hit- or word error rates in the telephone channe}

B83 Counting of telephone channel bii- or word errors

B24 Counting of error free or errored seconds in test interval [in %}

L axiy parsmeters:

¢ up to 50 test intervais as histogramm

8 test interval for each channel.

The measurements determine bit- and cctet errors in the 64 kbit/s telephone channal. Four
different configurations are possible, these being set with paremeters 111 o 114,

TX o RX Parametar
Z HMbit/s 2 Meit/s i1l
64 kbit/s 54 kbit/s 112
64 kbit/s 2 Mpit/s 113
2 Mhitfs 84 kbit/fs 114

Parameter 334 (clock from receiver) must be selected for measurements on codirectional cards (64 k /7 2 ¥)
gsince the demultiplexer and the PCM-4 have separate ¢clocks and would therefore not be synchronous.
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The test patterns can be selected via softkey 1. The following:
- pseudorandom gequence 25.1 {PRS9)

- pseudorandom sequence 211—1 {PRS11}

- B bit word (WORD) '

are available.

Setting the 8 bit word:

* select WORE with softkey 1:
on the screen next to softkay 2 the meszage SET/W 1s displayed

* press softkey 2: .
the {nput and display field for the & bit word at the bottom of the screen is displayed
in reverse Tield characters

* enter an 8 bit sequence using the 1/ and /0/ keys

* press fENTER/

The 8 bit word can also be aliered via VAR.MODE 263.

Display of resuits:

Heasurement Graphica? Numerical

R32 §it or octet, 4it or ocetet

Error rate in select ion via simuizaneously

64 khit/s channel softkey 4

B3 Bit or octet, Bit and octet

Errar colnting in selection via s imu Haneaus by

64 kbit/s channe) softkey 4

ga4 Error free of errared Error free and errored
Ervor-free seconds selection via simuitaneously

tn B4 kbit/s channel] softkey 4

If softkey 3 is pressed, single errors can be inseried manually to check the test con-
reciion.

A1l results are updated together, the results héing displayed under RESULT on the left
hand side of the screen and updated every 0.5 to 2 seconds. At the end of the measurement
peried, the results of the measurement are displayed in the graphical and numerical display
fields,

The measurement inferval is preset to 10 seconds.

R
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Loss of results due ta synchronisation Toss

It the choser ftest interval ¥s Tong it is possible that the measurement result wiil be Tost if
synchronisation is last even momentarily, This rigk can be reduced if the test {ntervals are as
short as pessible and the maximum number of 50 intervals per sweap is set.

Printout

The resutis are cotpuf on & printer connected {o the IEC bus, Lf synchroniszation is lest durfng
a test interval, this is indicated by the words ﬂﬂ SYNC, on the printout, The duratign of the
synchronisation loss can be determined from the number of test intervals not indicated by WO
SYNC, and the iength of the test.intervai; 2.9, if the test interve) = 1 minute, the start time
= 22100, and the number of synchronised intarvals is 32, then syme, loss gccurred between 23:32
and 23:33.

Hote:

Up to 7O intervals in HMODE BB1 and 140 intervals in MODES B82 to B4 can be displayed on a
single numerical resalts page in SWP/R mode even if & printer is not connected. NO SYNG.
intervals are sfmitarly indicated. The shorter the interval chesen, the more exact the
determination of the time when sync. Y055 qccurred,

Avoiding calibration interrupts during measurements

To ensure that the autocal routing doss Aot operate during the course of a measurement, set the
TIMER using parameter 936 (see 3.8.9) to 0000 1f the measuyrement is to start immediately, This
ehsures that the next awtocal will not occur far 24 nours. If the start of the measurement i3 to
be delayed, then the difference between the actual time &nd the desired start Eime must be
entgred using parameter 936. The PEM-4 then autocalibrates immediately before making the
measirement, and repeats calibration after the time set with parameter %36 has elapsed.

B8Z, BS3

Configuration Run mode Run parameter
PRES EFE, SHP/S a8, HISTG £PL,
#R311 EF1, SHP/R ¥S1, LHAN, ¥P3,
WORD  EF2, B hbbbbbbb, MAN/S NS2,

ERROR ER, HEN/R 4S3,

BIT  EGP,

4T EGL,

Table 3-52  Softkey program words in modes BBZ and B3
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B4

Configuration Run mode Run parameter
PRST  EFH@, SWP/S M3g, H1STE XPL,
fR51Y £FQ, SHP/R MS1, CHAN. XPR,
WORE  EFZ, B bbbbbbbb, HARSS M52,

ERROR £R, HAN/R MS3,

s g, '

ES EMl,

Table 3-53  Softkey program words in mode 384

3.8.9 MODE BOx: SPECIAL MEASUREMENTS

MOBE 8591: display of words in the PCM frame

The function of this messurement mode fs comparable to that of the 8 LEDs below the display
screen. The werds in the PCH frame are sequentially checked and displayed on the screen im
binary code. The PCM words cam be called up via the <IEC 625> bus in mode 831, which is not the
case with the 8 LEDs,

Stsplay of:

FAS

FAS

words in selected channel
HFAS

HEAS

signailing record

- B B & H w

Bg}

Canfiguration Run made Ruh parameter
4-0  LF1, MAR/R NS3,

b-0  LF3, MAN/S M52,

Table 3-54  Softkey program words in mode B9)
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MODE £82: multiplex/demultiptex operation

For detailed infermation, refer ta 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 64 kbit/s signal of a telephone channel. Ar extarnal 84 kbit/s signal can he fed into a
chosen channel of the 2 Mbit/s digital send signal via the 64 kbit/s input {option}. The

B4 kbit/s signat in the chosen channel of the ? Hhit/s received signal is available at the

84 khit/s output (option). Channel selection is via the /RECV CHAN/, /SEND CHAN/ or /BOTH CHAN/
keys. Timeslot 16 can selected if parameters 213 and 283 are set previcusly, and timeslots 0 and
16 can be selected IF parameters 214 and 224 have been set.

Parameter 334 {clock from receiver) must be selected for measurements on codirectional cards (B4 k / 2 M)
since the demyitiplexer and the PCH-4 have separate clocks and would therefore not be synchronous.
MUK/DEMUX operation is only possible iF '

- the B4 kbit/s interface option is fitted, otherwise an error wessage is displayed:

Bakbit/s INTERFACES NOY PRESENT.

~ parameter 111 or 316 has been selected, otherwise an error message is displayed:

MUX/DEMUX OPERATION NOT POSSIBLE
SELECT PARAM, MHO. 11 OR 118

- parameter J1Z2 or 222 has not been selected, otherwise an error message is displayed:

S4khit/s INTERFACES HOT AVAILABLE

If parameter 111 is selected in mode B2, paramefers 121 tn 123 can aleo be selected, but have
no effect, as the 2 Mhit/s Toop 15 always open in mode BIZ.

Input interface Clock generation Remarks
made via parameters

cndirectional no choice available
contradirectional parameter 331 - 334

Input interface Clock generation Remarks
mode via parameter
Brror: )
codirectiona} codirecticnal operation not

poznible with parameter 116

contradirect ional ng choice available
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3.9 VAR . HODE :
The parameters in the VAR.MODE list gre sot automatically when a messurement mode is selected,
and are mar%ed with **. To match the PCH-4 exactly to 2 given test jtem, however, it is
possible to modify the WAR. MODE parametars sat hy the PCM-4.
Nate:
A plausibility check of any alterations is not mede. Meaningless resulits will be obtained if
implausible changas are made.

A change in the VAR, MODE parameter s indicated by the word MOBIF im the upper left corner of
the results page display.

Hiote:

If MOBE LIST A or MODE LIST & is selected. the &ltered parameters in the VAR. MODE Tist are
automatically resef to their standard values. To retain the altered settings, siore them es a
setup in the non-volatile memory of the PCH-4 {see 3.4].

-

VAR, WBOE ¥ JWOOE HODEFICRTION %

1 AHALDG GIGHAL GENERRTION
2y DIGITAL SIGHAL BERERRTION
1y B-FILIRR

4y HERSUREHENT RUM

{5y WERSIREMEAT COADITINNG
by KR, FURCTIGNS

W3 PECIRL SIGRLLIRG PRRA,
{8 CHAHREL SYCLE PRRAN,

SELECT URRIABLE #0DE 0. OB 4TH
. . j

The YAR.MODE 1ist can only be displayed if 2 messurement mode has already been selected and a
resutts page is displayed. The list is shown wher /VAR.MODE/ is pressed.
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-

3.9.1  VAR.MODE 1ax: AHALOG SIGHAL GENERATIOM

e Ty 7
UAR.MADE | % ANALOG SIGHAL SEMERATIEN % VAR MODE 1 % AHALOG SIGHRL GENERATION &
~SIKENRVE- -SPECIAL SISMAL-
# (0 1K 53ERS (31} GROUP DELAY (XGD.FRE. ¥1.66 Hz)
120 180Hz STERS {30% GROUP DELRY (HOD.FRS, 4333 Hn
13» SUBHARM, 2ikz : {1 4 - T
-F.R, MAISE- . -J0LE SIGNRL-
2 80,5500 (256mst- () §EH, OFF
20 30, 500 (28] , m
{23y CONY, TELERH A, SIEHAL QUTRUT-
4y 540,,, 1965 (ERE) i#50) o
253 280,500 CSRE LD} {32y PR, NOISE m
(23 2308, Ta00R: (SRL WD) : {53 2y SYHC,
: i {3 LEUEE =848
SELEET 1A, ENTER OR R7H SELECT HD, EMTER.GR RTH
(N / M : j

Al possible generator signals are shown. In A-A or A«D mades, the ganerator trassmits 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 generater outputs
the idling code werd +000. Hy selecting anather parameter in the VARMODE Yist 2, this signal
can pe altared. Only the send sfonal of the generator operztimg in the foreground will be shewn
on the resutts page, however (in this case, analogl,

The analog auxiliary signal outputs [34] and £31] can be ewitched on or off using ¥AR. MODE 151
to 153, The ouipui Tevel can be set via YAR, MOGE 154,
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3.9,2 VAR, MODE 2xx: DIGITAL SIGNAL GENERATION

i ™ e
URRME 2 & DIBITAL SIENEL GENERATION # UAR.GEE 2§ TIGTIAL STGARL GENERRTION ¢
-$ 18 - -SPELEAL SIG-
Q11 10 STERS ¢S89 SROUP DELRY (BOD.FRG ¥1.66 )
(12 1k STERS {353 P DELRY CHOD.FRS B3.33 #)
(13 SUBHRRA, {1 4 - TOHE
5.8, MOlgE- A s, STRN, 2ez/-5d0ud
Q1 B Sl (i) 4457 B VIR CO0ER
& B, [7] LE SIoiL
i H = -
{24} CONY, TELEPH, # <515 FIECO0EN, HI)
QB 5. 965 @R 525 ALTLEODEK, STOCH, Hil
{6) 240,00k R L) & KGR, sim e (E)
7y 2., 36k (R HD)
{34 FREQUENCHAAEWEL B2 @ FH i
SECECT 0, EXTER OB AT SELELT 6, ENTER 08 ¥TH
. J N J

-
UAR.AODE 2 # DIGITRL STRHRL GENERRTION 4

-PULEE BRTTERN-
(61> PRS 288
(62 PRS 2Bi3-1
{637 B-BI7 NORD 210181401

SELECT MO, EWTER (R 81%

Al1 possibile digital gemerator sigrals are shown. In O-0 or D-0 modes, the generator transmiis
the signal which fs determined by the mode chosen. The signaj in use is marked with ** opn one of
the 3 ¥AR. MODE iist 2 pages. {n these measurenent configurations, the anaTag generator is
switched of { by VAR. MOBE 141. It can, however, generate another signal chosen from the VAR,
MODE 1ist L whieh cannet be influenced by extercal factors (standard valwes). Oniy the send
signal of the generator operating in the foreground will be shown on Lhe resultis page [here,
digitat). The analog auxiliary outpul can also be used via VAR. MODE 151 ta 154 (see 3.5.1
abhave ),

Tae line
<3l= FREGUENCY /LEVEL Hz dimg

only appears on the First page of VAR, MBIE Z when A~A or A-} configuration i3 set. This allows
you to set frequency and level for an auxildary sfgnal #f <31> is chosen, depending on the VAR,
HOGOE 2 settings.
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3.9.3 VAR, MODE 3xx: X FILTER

- ~ ’ -~

URMOIET %R FILTER ¢ WRAGIE 2 4 RY FILTER
{119 WIBES.FILIER 200y, ... (319 SO 350, S0H/ 800, J3S0ML
{2 W el S TR T
{1 Wit 3350z S G O -
&) AWz, 70z (38 1000, 107 ATDRG.NOTCH 181z
sy e 9 {85 1000 425K SO NETCH 18194z

(b5 08E..  ROH/CRESS AOTCH 1818y

€2t WISE FILTER FS0PH, i 0
02 L NEASHBE i 41 SELERT, FILTER SEL IOy ]
4 Yoz FLAT ) Lo
b PSR MITCE 24 ) S DIk
0% C-HESS, HITCH 24k e SEL. T
08 0, 3350 010 e {455 T8 . S50z
SELEET 0, ENTER OR ATH SELECT W0, EATER 04 RTY

e J " -

' Ty

URRMO0E 2 % RS FILIER ¢

-BERMNIC DISTORTIH-
(815 L. 189¥ HorSEL, 2008 o
(525 SEL, 1974 HosSL, 080 i
-INTERG, DISTORTION-
61 200 000 Hor 380,560 My
$40) 300 008 Rer2sSe, 281 Hy Cnd)
33} 200,500 Her 1885, 19% b Chrdd
7H) BIFRSSED 3]
[

SELECT M0, BATER (R RTH

ANy vy

Mote: Since certain receive Filters {e.ge 20 Hz to 72 kHz) are Fixed hecause of the evaluatien
method ssed fn a given mode, free chofce of fiiters for each mode is restricted.
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3.9.4 YAR. MODE dxx: MEASUREMENT R

-
VRR.HELE 9 4 MERSURENENT AWM # )
1 METIPL, THTTIHE 90.800ms 99 1
(217 (£ BEFORE HERS, bl
kTH
SELECT HA. ZXTER OB BTN
J

[nteqratien time {VAR, MODE 411}

To keep the natural fluctustion in the ressTis to & reasonably small value, fach medsuresent
mode has an integration time assigned £o it, Tha integration time can be displayed fn VAR. MODE
Tist %4; it comprises a baste time and a multipifer. A walue between ! and O can be chosen for
the mattiplier using YAR., MODE 411,

[¥ targe fluctuations in the sigral dee to external factars are present, an increase in the
iptegration time will reduce the scatter of the resslts but wiil increase the measurement time,

In certain cases, the integration time can atso be decreased,
Exampie:

Interfarence due 1o Tines or nearby systems f5 net usually & problem when measuring the
quantising distortion of a codec modele. Any interference is basically caused by the coden it-
s&l1f, and guite efter the effects are minimal fluctuations, so that the results are nighly re
producible, If quantizing distortion i3 measured using a seise signal {MOOF AS1), the basic
integration time i¢ fixed at 256 ms and the multiplier is 2, given an integration Lime of

512 ms. Setting the multiplier to 1 will shorten the measurement Lime, but a possible increase

in the varfation of the measuyred values must be reckened with.

Pre-measurement delay time {VAR. MODE 421}

Some test objects have relatively tong settiing times, for example if the oscillator is badly
synchronised or 1f the connection s via several converters. Im order that the measurement is
not affected by this factor, 2 delay can be set pefopre sagh measurement using VAR, MODE 421, The
delay can be set between { and 900 ms in steps of 100 ms.
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JaB.5 VAR, HMODE Sxx: MEASUREMENT CONBITIONS

. ™
URR.MODE 3 % MEWAURTHENT CONRITIONS &
€115 ERPECTED &) LEVEL TY LEUEL
3k VEE -8, 0dBat
¥ (13} PRE-HERSUREMENT
1) LHER BRNEE LINIT -35. bdBn
(20D RANGING AUEE
an OFF
b HIDE BANG,LAM 0181,
(i
SELECT Be EMTER IR AW
N vy

To reduce the activity of the attenistor switching circuits and the measurement time, it fg
possible to enter an expected walue for the recefved signal level in YAR. MODE 5, $o that the
attenuators can be preset io the right level.

<1i> EXPECTED R¥ LEVEL ¥X LEVEL

Here, the expected receive level fo the same as the generator levei; the sttenvators are sef
accordingly.

<12= EXPECTED RY LEVEL FIXED -11.0 dBmd

[f the recefve sigral ltevels lie within a fixed range, this value can be entered te sst the
attenuator cireefis. For an expected level of -11 ¢BmD, the attenuator s set to a 6 4B range gf
-8 to -14 dBad, for example. ’

<13> PRE MEASUREMENT

The correct attenuator setfieg i3 determined after the start of the measurement Ly means of a
prelimingry measurement. For each subsequeni measurement, the attenuator setting determined by
the sreceding measurement is ysed as the expected level.

<21> LOMWER RANGE LIMIT -8%,0 dGm
The Tower range 1imit can be extended i1f, for example, lavels which 1ie below Lhe neminal range
Tt are Lo be measured. The characteristic data however may nob always be valid,

<31> RAHGING AUTO

Tae auto ranufng circuit ensures that the correct attenvator sebtting is made automatically.

<3 RANGING OFF

If the auto ranging circuit is off, the full dynamic range of the A-D converter cam be explol-
ted, reducing the activity of the attenuator switching circufts. This, im turn, means that the
measkrement times are reduced, but the sigral to noise ratic fs worsened and the agcuracy of the
measurement therefore suffers.
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<33> RANGING WIDEBAND/LOW BIST,

Qut-of-band or in-band interference {(5uch 4s mains nhum} can Tead to sateration of the input am-
piifier 1f the recefve sfgnal Tevel is low, i.e, the attenuator is set to a sensitive range.
This makes measuraments impgssible,

If VAR, MODE 533 is switched in, interference signal levels are determined by a widebang

measurement (20 Hz to 128 kHz) and the attenuatars set accordingly. This avoids saturating the
amplifier, but results im a longer measurement time.

3.9.5 VAR, MODE $xx1 AUXILIARY FUNCTYIONS

7 N
URR/MOEE & 0 BUX. FLMETIONS &

{11} REF,FRECLKODE A2/BS2/BSHF  BH3M:

{21y REF.LEVEL HODE 4 : =4, 4Bl
B 4310 CHAN, DISPLAY HITHOUT SCANNER  E3

430 H

H (915 HERS. BRIDBE /2 OUTPUT 1
{403 BUTFLT 2 (BAL)
(43} GUTPLT 2 (IRMAL!
B (1F MERS, BRIDSE 2 S-24 OFEM
{52 5-24 CLOSED ATk

SELECT KO, ENTER OR RTH
S J

<11> REF. FREQ. MODE A3/B52/BB4: 813 Hz

The measurement of gafn vs. freguency response {MDDE A3) is referred to the value at 813 dr or
1014 Hz. Any frequency betwesn 20/200 Hz and 4 kHz cam be set for MGDE A3 using VAR. MODE §11.

The graup delay distortion measurement {MOUE BS2 or BS54) is referred to the vafue at 3782 #z.
YAR, MODE 611 can be used to set one of the fallowing test tones as reference for MOGE B52 or
Bag:

292, 500, 604, 1000, 1792, 2604, 2792 and 3396 Hz.

<2l> REF, LEYEL MGDE Ad: -I{ dbBmd

The varlation of gain with input Tevel measurement (MODE A4) is referred to a level of
-10 4Bm0. Bny Teval betwser 0.0 and -50.0 4BmO can be set as refarence for MODE A4 using VAR,
HO0E 621,

<31> CHAN. DISPLAY WITHGUT SCANNER YES
<3iz> i)

Te perform ripid sequential measurements on all chappels of an analey interface, & test point
scanher 75 essential. [T a test peint scanner 13 not used, the (HAMNEL parameter can be
disabled using VAR, MDDE 632 for A-A, A-D and D-A configurations. The result will De & sfrgle
measurenent s the selected RX/TX channel, shewn as a bar on the display. The display for the
norral 30 channel sweepn measurement §s bhianked.
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<41> HEAS-RRIDNGE 1/2 QUPUT 1

e cam QUPUT 2 {BAL.)
<t OUPUT 2 {UNBAL.}
<B1= MEAS-BRIDGE 2 $-7/4 OPEN

w57 7 $-174 CLOSED

In MODE B3, A-A configuration, different test setups can he used with the bridee circuits, The
baste settings YAR, MOGDE 642 and 632 are for Tongitudinal conversion transfer loss (iOTL)
measurements. The setup corresponds to that depictes in figure 3 of CCITY Rec, B.121.

the LOTL is displayed by selecting WAR. IMDE 641,

The test setyp for VAR, BODE 643 ang 652 is for determining the transverse conversion trapsfer
iess [TETL}, it corresponds te figure 4 of CCITT Ree. 0.121.

H

’_P"E'M":r_""“"""“m“_ l_"_—““_""“*—m"“"}

| , f

| |

| IMbit & '

| W d BEMEX |

! I ;

| f

o e g

F O} &7 i

| i ¥ i

| POs. 1: VAR. MODF 641 $-2/% Open:  YAR. MODE 651 |

| Bos. 21 VAR, MODE 642 S-1/4 closed: VAR, MODE gE2** ;

| Pos. 3: VAR, MODE 643 1

1 1=
: 1
e e e e e —— e —— e} B

228.7  WAR. MDDE Tax: SPECIAL SIGNALLING PARAMETERS

7 N
VRR.A0DE 7 % SPECIAL GISRALLING FRRN. t

OO DY IRE Y o
¥ G2y SIGRRLLING FRECUENCY 188
(22

K
(3t STSMALLIEE W BIT &
(38 81T 3
31y :H
4 Bi1d
]
SELECT X0, EHEER 4R RYN )

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3142

<11> DUTY CYCLE IR %

A signalling duty cycle of 10, 20, 39, 40, 50, 60, 70, 80 or 90 % can be selected under MODE B6
and B7. The duty cvele can be set in finer steps using VAR, MODE 7ii:

- in steps of 1% Tor A-A anmd A-D measurements
- in steps of 2% for D-A and D-D measurements with L0 Hz signalling freguency.
-~ in steps of 4% for D-A and 0-0 measurements with 20 Hz signalling frequescy,

Mt a2 stgnalling freguency of 20 Hz, the input values are rounded up te 12, 20, 32, 40, 52,
&0, 72, 80 and 97%, due to the 27 me frame structere of the meitiframe,

<2i> SIGNALLING FREQUENCY 10 Hz
Entas 20 Hz

The signalling frequency in MODE B& and B7 can be switched to 20 #z with VAR. MIDE 722.

<32> SIGNALELING OM BIT a

a3 BIT 5 -
<33 BIT ¢ '
<> BIT d

The signalting b¥t to be simulatedfevaluated in A-D, DeA and D-D configurztiens in MODE €8 and
BY can be set using VAR, MODL 731 1s 734.

3.2.8  W¥AR. MODE 8xx: CHANNEL CY{LE PARAMETERS

e
UAR.RQE B ¥ CHAINMEL CYLE FAREM, 8

{0 1 - CYELE, T T8
B C12) BY = (YELE, THsRNefi
{13} 8% - [¥0LE, TdeRY

=

SELEET 10, CHTER &R RIN
\ S

<hl» RA-CYCLE, TX FiX

VAR, HMOGE 811 should be set fer making c¢rosstalk measurements im MODE A7 or 37, Only the 8X
thannels are swept, ldentical settings Tor RX and TX channel number are impossible.

<1Z> RR-CYCLE, TX = RK+N

Both TX and BX charmels are swept. The difference in chanpel numbers bBetwesn the RX chanpel and
the TX thannel is M.

<13> RX-CYCLE, TX = RX

The TX and ®X channels zre swept with TX channel number = RX channel number, The TX CHAMN and
HX CHAN keys are disabled. The TX+RR (HAN key can be used to set the channel nymber from which
the sweep iz to start.
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4 RENOTE LCLOHTROL

4.1 [NTRODUCTIOMN

The PCH-4 PLH channel measurtag set is a microprocessor-controlled instrumest and all es
functions can be controlted from a desk-top computer ar process controlier.

In order to da this, the fnstrument is fitted with a remote~contral board conforming to UIH

[EC 625 and [EEL 488 standards {byte-serial bite-parallel interface system). This differs frem
the commonly used 1EEE 438/78 or HP-IE systems enly in the type of comnector used; as regards
the electrical groperties, it is identical. With fthis system, up to 15 instruments can be Finked
together very easily to form a2 Flexitle, powerful measurement system,

When you cheese a controller, various factors such as implemented EEC bus funeiions (see
4.2.4}, spaed charactaristics, programming facilities, memory capacfty, etc. have 4o be care-
fully censidered if you want an effifcient test system.

Rt devices are connected in peralle! with the {aterface system [referred to as the “IEC bug*
from now on), The test system s controlled by a computer, the controller.

A% the Tnstruments connected ta the I£C bus can, depending on type, either transmit (- Taliar)
or receive {= Listener) data, Hawever, orly one Tatker may put data on the bus at any one time,
and oniy ohe computer {comtrollier} may he used to rum the system. ATl information on the hus is
transmitted fn 150-7 bit code {ASCII codel,

Fhis remote control informatfon centains some examples of programs for setting up and inter-
rogatfrg the PCM-4, so that the pregrammer can qain exparience in the programaming of aur
measurtng instruments. A knowledge of BASIC will Be of help in uncerstanding the programs. A
qond working knowiedge of the manual operating procedure for the instrument and of the general
characteristics of the IEC bus systen {see "Interface-Dus <ICf G254 brachure, arder no.
6190/00.39), will atso help in the programming procedure.

Handel & Geltermann also supply campTete “turnkey" systems, which eliminate the need for the
user to e invelved with the mechanical and electrical properties of the instruments or with the
technfgues used in programming the various functions,

4.2 THSTRUMENT SETUP

The system is set up by fitting the interface seards ints the controller {e.q. HP-85Y and the
PCH-4, and setting the addresses hefare connecting the fastruments together. All the procedures
and settings are dealt with in the follmwing sectians.

4.2.1  [FL 626 REMOTE CONTROL BUS [NTERFACE BOARD, (BN 958774}
The IEC bus board BN 958,24 must be fitted before the Tnstrument camn be operated in an automated
system. The board is easily retrefitted, as it is simply plugged inte the slof expased by re-
mowing the caver plate on the back panel of the instrument,

Befare the poard is ingserted, check that the solder 1imks an the hoard correspond to fig. 4-1,
and that the (LR switch is correctly set.
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IMPORTANT INSTRHCTIONS FOR HANDLING THE I1EC BES BOARD 1O AVGID DAMAGE TO THE CIRCUITS:

[£ is important to remember that the cireuits used in the fastrument can be damaged by statdic
charges. As it 15 possfhle that you may be at a higher electrical potential than the instrument,
1% s important to observe the following procedure before handline circuit boards or making
edfustments inside the instrument:

o Switch the instrument of f using the anfeff switch, but do not disconnect the instrument from
the a.c. mains. This ansures that the chassis of the iastrument remains at earth potential,

o Bischarge any statfc charge ¥ou may be carrying by touching an exposed metal part of the
frstrument {such as may be revesled when the Blanking plate on the instrument is removed).

o The IEC bus board is suppliad in conduciive packaging. D¢ hot romove the board from the
packaging until you are ready te fit it into the Instrument.

* Always carry the IEC'bus board in the conductive packaging and never directly in the hand.

# If you leave your workstation for any réasen, remember te discharge any possible stardie
charge you may be carrying before resuming work on the Enstrument.

Notes abaut the “CLR"™ switeh:

IT the IFC command is intended to apply to the fnstrument as well as the interface, the CLR
switch must be set to ON. In this case, the IFC command will also cause a DEYICE CLEAR and GOTO
LGCAL command to be issued. Any previously stored settings will be retained,

fnterface board, BN 958/24 [IFFE connector)

this board is fitted with a 24 way Amphens) type connector to LEEE 433 specifications. Pin con-
nections are as shown in Fig. -6 {right).

[rportant note:

Lontrotlers having integral disc drives, such as the HP 9516, may cause “system booting® errors
1% the disc drive and the PCH-1 share the same [EC bus controller interface. This will only
accur 1T the CLR switch is OH, and 1f the interface controller and the PCM-4 are switched on
simultaneously. Due to 4 time-sut condition, the controiler repeatedly sends an IFC signal,
whick prevents it from loading the BASIC epersting systes From the dise,

The problem can be solved by elther:

~ Setting the CLR switch to OFF, which means that & selected device clear command or SDC (CLESR
Iz} nust be sent after each IFC is issued by the PCM-4,

- switching on the PCM-4 gt least 15 seconds after tha comtreller {time relay) if the CLR
switch is 6H, or '

~ fitting & second IEC bus contreller interface {aption) for the measuring insiruments, and

choosing another select cods,
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1) ¢lear switch "OFF"

figure 4-1  IEC bus board 8 958/24 for PCM-4, showing positions of wire }inks, address
switch, CLR switeh and parallel-pell awitch.

4.2.1.1  Instrument address
Each instrument in the system must have & unique address so that the cortroller can talk/listen
to esach instrument. The address for the PCN-4 is set with the instrument switched of f using § I
en the interface board. The address is set to 2 in the factory. '
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4.2,

Example: setting up acdress 10 {decimal} = 01010 {hinary}

ON BFF ON =1
OFf = 0

4 AL
X AZ
X Ad
i hé
L S
Law
ToH
5C

Fo ]

Positfon AS Ad A3 A2 AL
Setting . L 1 ] 1 ] ————————— e 5 + 2 =10}

Vatue 1& 8 4 4 1

Figure 4-2  Sefting up the instrument address

It is very important Io ensure that no two instrumentz in the same system have the same ad-
dress™/ or the adrrese of the contraller {e.g. 21 for hp controllers). & maximum of 31 ad-
dresses are available hetween O ang 30, one of which i3 used by the interface. Address no. 31 is
used for resetting the Fistener function (UNLISTEW}. However, no wore than !5 instruments can be
connected together to form a system. Switches 6 to 8 should initially be set to the OFF pos-
ition.

1.2, 108, TOM apd SC switch functions

LON, TON

The listen only (LON} and tatk only [TON] interface functions sllow 2 minimal system configur—
ation ta be set up which dees not require a controller.

instrument [EC bus connectian ins trament
A (j . :) B =
TALKER LISTENER {7
#
LDON = {FF . LON = ON
TN = 0N ———————— Direction of transmission—————"me TON = OFF
5 = OFF SC = OFF

Figure 4-3a Hinimal configuration for a test system

in this specisl operating mode, any instrumeni acddresses which may have been set sre ignorad,
and 20 it is not necessary to ensure that the aderesass are set correctly with respect to each
other.

1} When an interface is used
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This minimal system is always specially designed for a particular applicatien. It is not poss-
ihle for the devices to exchange data as data can only flow in one direction; for this reasan:

JNSTRUMENTS MADE BY WANDEL B GOLTERMANN
OO NOT HSE THES FLNCTION

€

Usuwally the system control funstion is the sole responsibitity of the gontroller, however as

test systems become more and more complex some kind of “distributed intelligence™ is essentia)

The 53C {system controller] function recommended hy DIN <IEC B25> is available in sur instru-

ments to give users & facility of this kind.

The SC switch ts located on the address switch of the interface board.

Test procedures can be simpiified if 2 test instrument can act as a system controller. As this

function can be switched on or of f by the controller, the user can exploit his system in a way
. that would not be possible if he only had tha LON/TON function at his disposal.

Figures 4~3b and 4-3¢ show the diffevence between systen;s with and without additional control-

fers, :

In centrast to the LON/TON function, the instrument addresses for the peripherals must be
assigned defined values. Insiruments made by Wandel & Goltermann assign address 2§ to the
plotter and 30 to the printer. These addrasses shoold be assigned to the instruments concerned;
fallow the instructions given in their operating manuals.

controitar

[EC bus é

i
4 L i L
o tast peripheral peripheral R peripherai e
ins trument no. 1l no. 1. -
2
address N
SC s OFF
Figure 4-3b  Test system configuration: with comtroller

tost address N
instrument 3C = ON

[

! _ |

& U L

perigheral paripheral e peripherai | =
na, 1 ne. 2 ne. n -
et
ES
Figure 4-3¢  Test system configuration: without controller
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Ef the PCM-4 1s run with SC = OK, it performs the functions of a controller {cf. 4.2.1.5). The
cantrol function is, however, only tailered to specific types of instrument. In the case of the
PCM-4, the instruments are: a plotter, a printer and up to two MU-30 test point scanners,

BN 423711 {see 4.3.5]).

The control programs are stored permanently in EPROMs, and cannot be altered by the uzer, in
contrast to the programs of a mormal contraller.

4.2.1.3  Setting the parallel poll
The paralle] poll function which is implemented on the IEC bus board BN 358/24 enables the

instrument to put a status bit onto one of the Tines BiIQ 1 ... RBIQ 8 in response to 3 parallel
poll frem the contraller, without first nesding to be addressed as talker.

This 21lows the simuitaneous idertification of up to eight instruments connected to the bus
which may have sent a SRQ {service request) to the controller, The data lime which will be used
by the instrument in the event of 2 parallel poll is set using 5 2 with the instrument switched
off {sae fig. 4-1}.

Exampla: Perallal poll respense on DI0 &

1 72 3 & 5 & 1 =& Only position 5 is switched on. The status of the
data lines is interpreted as a binary pattern and
read in as 205°3) = 16 as a contral varisble.

Parallel poll switch 5§ 2

Figure 4-4  Setting the parailel poll switch

Once the address and {if reguired) the parellel poll Function have been set, the bus board can
ba fitted into the slot in the hack pane] and fixed in place with two screws.li {sea 4.2.1}.

The instrument can then be connected inio the bus system using the IEC bus cable, as detailed in
section 4.4.1.4.

Hote: Some controllers (such as HP S881B) automatically wake a paratle] peil each time the main
memery is addressed. If the PCM-4 and the wain memary share the same Yine for the paral-
let poll reply, this may lead to problems.

Remedy: Change the parailal pall setting of the PCM-4. If this is not poasible due to
the fact that a1l the lines are in use or the main memory setting is not known, all the
switches of the parallel poll switch should be set to off. If the coniraller then issues
2 paraliel poll, the main memory will reply with its paraliel poll bit. For the HP 3815,
the addresses and parallel poll bits are assigned as given tn the tahle overleaf:

1} These screws must be fixed tightly; good earth commections will help to eliminate inter-
ference on the [EC bus system.
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4-7

HP-1B address PPOLL bit Bif} Tine

-~ Shon L g
SO M W A th g o~
e P3O0 S M R w1

4.2,1.4  Bug comnectiong

The 1EC bus board is fitted with & 24 way connpctor; connections are as shown in fig. 4-5,
Cables fin varieusz lengths are available to conrect the Tnstrument to the system {K 420 = 1.2 m
cor K 421 = 2.0 m), The maximum cable run between imstruments must not exceed 4 metres.

iy

2
O
ih
!
Tt
t

e

——
~ i 4

fogic graurt
==

fogic ground

Mk B int
Looteedr®

CABLE  SHELD V/J
SHIELD

<1EG 625 I O | W YEEE 458
corwreclor oo

Figure 4«5  Pin connestions for the 1E€ bus commector of the PCHM-4
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<EC 625 {EEE 428 ¢
Instiumen 1] Instrement 1Y d
<IEC BO8>§ iEEE 488
instrument 2 7 => instrument 2 L Quat
2 : b 5 :
@ . <IEC 625> interiace bus £ . IEEE 488
4 . cable, a9, K343 (1.2m) 2 . bus cable,
B . or K 344 {2 m) = * ag K42001.2 m)
0 . o , o K 421 ¢2 m)
u * 4 .
W » = .
<{EC 625 | . IEEE 488
IREHUMANE L) el instrument HG Lommte
n-1 =1
<IEC 825 | ieEE4es | . »
instrumentny * insrumenm i - hd "/
{EEL 488 <IEC 528
Instrament [€ instrLirnen ""B"i"'{
Inskment with 24-way  |EEE 488/ <IEC 626> Instrurment with 25-way  <IEC 635/ IEEE 4588

IEEE 488 connector adaptor, a.g, 5 632 <iEC 825> connentor  adaptor, a.g. § 834

Figure 4~6  Comnecting IEC and IEEE systems together

Up to 15 fastruments can be connected to the same bus; the maximum lengih of the complete bus
must net exceed 20 metres {see DIN <IEC 625>, Part 1 Section 3L.1, p. 66 and Section 38, p, 7i].

The length of the hus ¢an be increased §f 2« or d-uirs interfaca couplers or npdems are used,
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4,.2.3.5 PCM-4 interface functions

Table 4-1 shows the istgrface functiens {corresponding to the DIN [IC 625 standard) which have
been implemented for the PCH-4, A mors detailed description of the interface functions and the
abbreviations used is given in the <IEC 62%» interface Bus brachure {Order no, 0A53700.807.

Function Comments

SH 1 Source Handshake Full implementation

EH 1 Acceptor Handshake . Full implementatfon

T & Talker RYT functions excent TON {Talk only}, see 4,7.1.2

1. & Listenar © AT functions except LOW {Listen anly), see 4.2.1,2

51 1 Service Request Full implementation

EL I Remotefiocal Full implementation. Manual operation blocked by LLD command

PP Z Paraliel poll Function activated with switch

DC 1 Device £lear Full implementation

0T 1 Deviee Trigaer Full impdemartation

£ 1 System contro] fusckion, SC = ON

£z Sends IFC and starts cperating, SC = ON

L3 Sends REM, 56 = 0N

¢ 4 Respends te SRG, SC = Of

¢ & - Tranzmits interface data, reieases control,
- assumes control, synchrencus/synchronods contral,
~ parallal pall

£ 1t Assumes control, releases control, tramsmits
fnterface data, synchronous control, SC = DN

Table 4=] Iist of implemented interface functions {cf. DIN <IEGC 625=, part 1)
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Controller interface functions

The use of the HP computer recommended by us will guarantee problem-free speration of the IEC
bus system and sfmple, rapfd programminsg of our remote controlled instruments.

Gther computers can, of ¢ourse, be used For this purpose if they are fitted with the [EC bus
tnterface, However, it mus€ first be ascertained whether the computer in question can handle all
of the necessary controller functions (see tadle 4-Z), This tnformation will be found in the
computer handbook or can ba obiained directly from the manufacturer, Controliers which de not
have the specification recommended in the table below may not be suitable for the system,

"Function flescription
SH 1 Source Handshake Full implementation
AH 1 Acceptor Handshake Full implementation
T 6 Talker AIT functions with the exception of TON
{1 4 Listener Al functions with the exceptton of LON
SR 1 Service Reguest Full implementation
BC 1 Devige Clear Full impiementation
07 1 Bevice Trigger Fult implementation
¢ 1 Controller System control function
¢ 2 Controller Send IFC
¢ I controller send REN
C 4 Controller React to SRG
and
£ & Controlier Assume control Or relesse cantrol, syrchroncus control,
requést control, transmit interface data, parailel pol}
o
7 Controtler as for ¢ 5 without PPOLL
ar
¢ 9 Controllter as for € 5 without request controd
ar
¢ 11 Contreller as for € § without PPOLL and request control
El Dpen ¢eliector line driver

cf. DIN <IEC 628> Part 1

Tabie 4-2  isterface functipss recommended for the control computer {controller)
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4.2.2 TEST SYSTEM CONFIGURAVION

4.

2.

; Small automatic measuring sysiem

Loy tar azddress i

S [ S |

Hi-30 Wil - 3¢ plotter printer =
3
address address address aadress
Horl Hor 2 2% 38

figure 4-7  Small automatic weasuring system; instrument addresses

The PCM-4 is capable of controlling the instruments needed for a complete measuring system via
the IEFE 488 bus system, i.e. MU-30 Test Point Scammer, 8N 823711, an external plabter

{using HPGL graphics languape], and a printar.

For this purpose, the "SC" switch en the back of the <IEL 625> board, BN 958/74, should be set
ta “ONT.

The plotter IEC bus address must be set to 28, and the printer [EC bus address must be set to
34.

The address for the ME-30 is dependert on the sddress of the POM-4. To contrel the MU-30, the
FON-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 PCM-4 + 2.

Printer and plotter specifications

PCN-4 purtput sequences

- standard ASC!I characifers with the exclusion of characters
{35), {36), (64}, (81} to [96), (123) ta (127) {decimal codes)
79 characters per line

- 62 lines per page

- £l sequence <ER» <LF=>

- EOF sequence <fF>

]
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~ 8 characters per line

- page length 11" ar 12*

- standard ASCII character set

- AH 1 Acceptor handshake: Tull implementat ton
- L2 Listener function: basic versian

- HP 2225 Thinkdet

- Epson FX-88

~ Siemens PT 88

Plotter specification:

~ IEC bus

- A1 Acceptor handshake, full implementation

~ SH1 Source handshake, full implementation
-2 Listener fungtion, basic version
~ T2 Jalker function, basic version with seriai poll

- HP 7470 A graphics plotter

4,2,2.2  Using the PCHM-4 with an external controller
Mormatly, all instruments on the IEC bus will be controlled from one computer. The “SC™ {System
Contrulier} switch sheuld therefore be set to "OFF".

. computer address N

i
U 9 . < L

PIM- L Mif - 20 My-30 plotter prinzer a
S
address #gddress address addrass gddress
SCo= OFF Mo+ ] B+ 2 A ap

Figure 4-8  PCM-4 and other IEC bues controlled instruments configured feor computer gentrod
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Usfag the non-controller mede, (program word 72 v-ri the computer canm be used to system cantrsl
the FCH-4, the latter directly centrolling the MU-30 Test Point Scanrer and the [EC bus plotter
or printer, 1& fcllows, therefare, that & program segment for passing contrsl over ta the PCH-4
must be avaiiable in the control computer. The instrument addresses must be set In the same way
as shown for the small astamatic measuring system, or as shown in flgure 4-8,

When Lhe PCH-4 is switched off, the comtrotler function is automatically cieared.

4,3 PROGRAMHMING

Most of the pragramming examples oiven aes suitable for the HP B computer. Some examales are
also given for BP 9516 or 18M BC with interface hoard and "PLUS 500" software from KEITHLEY, The
type of computer for which the axampie 7s suitable is given alongside the program. The following
inputfoutput fermat is gererally used:

QUTPHT 7 @ 2 USING ", KM Y ALY
t | S

seiect code
HP«iB interface

[E4 bus #ddress

Autpet format
{o: sppress CR LF , see p. 4-17;
K: cempacrt output format)

4.3.,1  IRITIAL PROGRAN EXAMPLE

fxampte: measuring the level of a 1 kHz signat, A HP 33 computer is used as controller.
* Connect, the controller to the remote control beard of the PCM-4 using the JEL cable,
* sat the address switch on the remote cantrol board to 2,

* set the SO switch on the rempte contrel hoard to OFF,
* switeh an the PCM-G,

* connect socket [25] {analog gensgrator) to socket [23] {analog receiver).

The following BASIC commands can now be entered ene at 3 time and executed by pressing
FEXECUTES.
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[nterface clear {(IFL) ABBRTIO 7 Sets up defined output state
and

inftiatise PCH-4 (SUC) REMOTE LER does not light up
if LR switch on [EC board

is ON

Remote enable (REN} CLEAR 792 REMGTE LED lights up

and intiatise PCM-4 {S00)

Preliminary setting ) QUTPUT 2p2; “xxpges,” DeTines EOT c¢haracter and
S8 requirements

Sei measurement mude DUTPUT 72 "MALL, MS2," | Results page for mode Al
In MAN/S mode 13 displayed

Set generator frequency 19004 Hz QUTPUT 7623 "FALfipe,”

Start measurement TRIGGER Y@z START LED 1ights briefly

Calt up result ENTER 7d2; LS Resuit is read into string
variable "pg"

Display resuit PRINT ER

Table 43 Initial programming example

4.3.2 PRINCIPLES OF PROGRAMMING

The example given Tn 4.3.1 15 intended to give those users unfamiliar with the programming of
our fmstruments an insight fnto the way the instrument reacts to the varfous BASIC statements
given from the contraller {HP-85}. Depending on the use, the controller will automatically ad-
drass the instrument as LISTEMER (receiving data from the cancroller) or TALKER (transmitting
data to the contraller),

4.3.2.1  Preparation

Before program data cam be transmitted to the instrument, the interface must be closred {IFC}
and remote control engbled (REN).
HP 85 command;
ABORTIO 7
{84 PL command:
CALL 1BSIC{GFIBEL}

The comtand ABORTID 7 clears the isterface {IFC), setting up a defined set of oubtput conditions
on the bus, TT the CLR switch on the interface board i3 ON {ses 4.2.1) the PLM-4 is reset ta its
basic setting at the same time (see 4.3). Any previously sfored settings will ba retained.
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If the CLR 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 Lo erroneous
operation of the test sequence. The HP-35 controller initiates this command with the statement

CLEAR 782

By calling upg the address of the instrument (@2}, it is addressed as LISTENER, and all keys on
the front pamel, with the exeception of the LOCAL key, are then disabled.

Remote controt of the dinstrument canm alsa be initiated from the control computer with the REN
command fn conjunction with addressing as LISTENER, e.g. with the statement

REMOTE T{2

the LOCAL xey can be rendered inoperative to guard against accidental operation 1f the LLO
command follaws the REMOTE 7902 commanc. This is done by programsing

LOCAL ROCKOUT 7

The LU command is cleared and manuwal rontrol is restored with the GTL command (see alsa [EC
tus brochure), which ts effected by the statement

LDCAL 7@2

4.3,2, 2  Setting up the instrument using program words

Once the instrument has been sef up by clearing the interface, resetting to the hasic settings
{see table 4-18) and remcte enable, the instrument can be programmed with statements of the form
{using HP 85 as controlier):

49 QUTPUT g2, "{PW)"

Btput command
Select code {7} and instrument azddress {f2) ——ememmmee.d
Sne or aipre pragram wards (PH)

i
Program line nao. WJ i

The program words (PH) consist of a BEADCR followed by the main numerical part and are always
concluded with a comma. Lach PW corresponds to a specific function of the instrument, A1} the
program words are listed in logical order in table 4«ll, and described in alphabetical grder in
section 4,4,2,

it is possible to put several PWS into the character string for sefting the instrument, For
example, the following could de input:

GUTPYT 782 USING; “FF, K" “Xxplg3, vYl2l, xQ1,MA71, ns2,"
Each PW 15 executed in order of entry {left to right}, #n this case startfng with the setting af
the fnterface moda ("X{ ...,"). "
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WOTES about the comma:

Every PW musi end with a comma. [f this s net done and, for example, the follwing is

programmed:
{a} 49 OUTPUT 792; “TMB, Lalp® comma misstng
7P OUTPUT 7§92 “FAIGEd." or
{b) 7§ OUTPUT 782; "TH9, LAIY FAIGRH." comma missing

'then in both cases, the PW "LAIP™ will not be exgcuted unt?l the computer sncounters the
next comma, i.a. after the PN PFAJSEQ." {in line 7@). However, the frequency of 3600 Hz
will nat be setl

Errars of type (3} can be aveided by programming the #P-85 EOL (end of line} sequence to
automatically include a comme. This 1s done by writing the statement to alter IEC bus re
gisters 14 and i7 of the HP-55;

CONTROL 7, 16 1, 44

7‘ !
Jelect code

Write from register 16
EQL sequence s 1 character
ived a comma (ASCII 34)

The norma? EOL seguence of (R and LF which may be required by other ipstruments i5 ree
stored by:

conTROL ¥, 165 2, 13, 10

There is no corresponding corrective measure that can be taken tg avoid errers of type
{bi.

Fis must be entered in the same order as manual commands.

Example 1: HP %316, HP 85
GUTPUT 782 USIMG "1*,&“; “MA LD, CF2, MS2, XP1,°

Example 2: AW PC
WRTS = "MALL, CFZ, MSZ, %P1,"
CALL IBWRT {FCM4%, WRTE)}
! ] L A 1 i

Qutput instruction
Instrument address
{defined at start of

program) A

stFipg containing PW

Botes_on processing the programming data:

Only capital letters, the numbers & to 9 and the sigas "+%, "% 9" and "% are
recognised by the instrument; any cther symbols in the character string will be ignored.
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4.3.2.3 _Reducing the transmission time of programming data

A character string of a multiple of 23 characters is always output by the HF-85 to the fnstry-
meat for transmitting programming words, If the PW PJB,", (i.e, a short string} is entered as
the statement

8¢ QUTPUT Tl o,

the string will be extended astometically to 21 characters with spaces, This results in a rela-
tively lomg 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 exampie 15 reduced by

{21-3] @.B2 ns + 1o = 15.4 ms,
resulting in a time of 33,5 ms for execution of fhe command statement:

BR DUERUT TH1 UsING “k* ; "B,

I the commands which are automatically sent when the QUTPUT command is entered are written out
in #41F, the transmissien time can alsg be reduced:

{a) SEND 7 5 MTR  UNL LISTEN 1 DATA "Jp," or

by SENB T €MD "UP!' DATA "Jp,"

Select code I

1EC bus commard [ATH = 1)

My talk address [(HP-35) 21 y - CHRE {21 + B4} = =|°
Uniisten

Listen address group {PCM-4) g1 - CHAR (B + 32) = 't

Programming data (ATH = @, false):w—e —

Execution time, example {a}: 15.] ms
exampte {b): 12.5 ms

The examples show that the greater part of the exerution time consists of the time taken by the
controller to decods the BASIC commands.

The CR and LF characters are mot required by the PcH-&kB and can therefure be suppressed by
using “#£,", This shortens the execution time by a Further 2 mg.

Exanple: OFPYT 702 USENG " x*; *MAlL,®

Suppression of CR and LF
Cofpact format

1) Exception: see 4.3.8,4 b}
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4,3.2.4 Abbreviation of program words

Some of the program words can be abbreviated by omitting the sign or any zeros In the main
(rumerical} part of the #W. Of course, the PW code and the final comma cannet be changed. IT no
sigh 1s entered, the iastrument assumes that the value 7s positive. The sign must always be
antered if the value 15 negative, leading zeros and tratling can also be omitted.

ExampTe: LA+32.08, = LA32,
LA+@%.5, = LA9.5,

]

The following PWs can be abbreviated:

Channel setting CB, IR or CT

Level setting LA, LI, LE, BR, B3 or Vauxi
Fraquency setting A& or FI '

Scaling KE, 2 YL or YU

{Other program words can he abbreviated if only & part of the matn section of the PW is to be
alttered, The following PWs fall dnto this category:

~ Interface mods, Kxbbddd ,

« Controlier mode, VYbdddddddd ,
- Hon~controtier mode,  2Zbbbh,

- Data putput mode DMa [dddda ],

If 3 change is to be made in the main part of these program words, it e 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 = ARoBa3,

oo SR at mains on
No SR at end of instrument
funiction program

No parity bit for £S07
data sutput J
Transmissions in [50 code

A SR at mains on s reguired;

Hew PW: XX18§3,
abbreviated PW: e,

3.3.2.5 ipeeding up measurements and settings

The megasurement and setting up times can be reduced by applying the following measures:
& Switch of f the VDU display (SCB)
# Use averlapping Tnput/output mode {TM1)
o Use variable moude settings such as:
~ after expected level,
~ switch off azutnranging,
- reduice the integration time {see 3,9,.4)
¢ Store complete sefups and recall thase as reguired
¢ Switch off the tolerance masks.

These measyres are 3 COMpromise Detween measurement accuracy, display facilities and speed, and
these factors shoutd be borne in mind by the programmer.
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Example progeam for HP B816:

i i Emampie @ speed up Measurameni

79 P s

4] i

B I idse VAR MODE =11 AKX LEVEL = TX LEUEL!
g ! ’

&8 £4="785

78 CLEAR P4

L] O IKTR 7 GOTO 218

kL GUTPUT P4 UGING "8 K70 "WX@L&F, 0nd, °
1an SET TIME @

Bt DATA 4

taz  DaTa -5&,-40,-20.0

11 :

158 I Main program

158 QUTAYT P4 USING “# K" "HALE XPZ MEZ USEY, "
e '

14§ REZTORE

14%  READ Mumbar
144 FOR 1=1 T Humber

148 REAS | .
Lag CUTRUT P4 USINGE “#.24,%,A%:"LAY L, ", "
1471

158 TREGHER P4

1£8 Ti=TIMEDATE

170 !

12 EMARLE INTR T7:2

1390 datts GOTH Mait

Za '

g T2=TIMEDATE

20n SIAYUS T80

222 EMTER Pa USImR "3$.E7:LE

4 PRIMT USIME Form l:"Input: " L, "dBm@*, "fesolt: ", L1, “«Hngd"
pe=tt PREIMT USIME Form 2: "Maasurement time: ", T2-TLl,"s"
s | MEXT 1

SE2 Fore _): IHAGE BA, ¢, 40, 0,40, 4X BA,2X, 50006, 2X, 48
255 Fore - PMAGE 18A,K, 2,000, %, 4

2 Enb

8y selecting VARLMODE 511 (1ine 13§ ..., ¥511,") the measurement Lime has been reduced; the
recaiver expects the Teval to be the same a5 the oenerator Isvel, so ne preliminary measurament
is made to determinme the attenuator setting.

The measurament time is:

396 ms if VARLMODE 511 i3 not selected, or
156 ms if VAR MODE 511 is selected,

Note, hewever, that for the first measurement, the attemvator will be set during the measure-
ment, so that this measurement will take longer than any subsaquent measurements, unless Lhe
attentator has previously heen cet to the right value.

£.3.2,6  MNon-overlapping inputs and outputs (TM@)

As soon as the PW i3 received by the POH-4, thae relevant setting {5 made. Program word START
triggers the measurement; the resuit fs stored in an oytpuat buffar amd can be read out viaz the
IEC bus by the comtroller {see figure 4-9), If a P¥ is entered during & measurement, the
neasurement will be interrupted and the program word executed immediately,
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4.3.2,7 Overlapping inputs and owiputs (TMi}

Friuger mode TM1, overiapping fnputs and outputs, Is only intended for us in MEN/S mode

The program words fer which overlapped input is passibie (marked with *** in section 4.4.2) do
not interrupt a measuraement which 15 in pregress, These PWs are only executed after a TRIGGER or
START command {see figure 4-10). A1l other PWs are unaffected by YW1, so that these will still
interrupt o measurement when entered, For this rezsor, trigger mode TM1 should anly be set for a
single sequence of measurements,'aii the preliminary instryment settinus heing carried out in
trigger mode TME, Qtherwise, if the preliminary settings contain a PW for which overlapping in-
put is possibie, this will not be set until after the START command 75 given in trigger mode
L.

Procedure:

Preliminary settings Trigger mpde "TM@™ recommended

™1 Trigger mode “TML" set; PWs which can be overlapped are stored in the
input Buffer of the PCM-& but not executed

First measurement:

TRIGGER or START ~ PHs enecuted
- mEAsurement started
~ next settings transferred to fnput beffer

Second measurement:

TRIGGER or START - next settings executed,
- 2nd, measurement started
~ transfer of result of first measurement 10 output butfer;

resylt can be read out with ENTER command

next settings transferred o input buffer

Final measurement:

TRIGGER ar START -~ final settings executed,
- finail measurement started, )
- transter of result of penultimate measurement to cotput byffer;
result can be read oub with ENTER command
™™g ~ transfer of final result to cutput beffer;
result can be read out with ENTER command
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‘ non-gvertapping data inputfostput

resuit new
read our zpt-wp Trigger

-x:&.nxl i!.o\-ilﬂ.l

pre-seitings Trigger
et aus-ﬁﬁw,ﬂszh,Ln-sﬂ [_1

activity]
b ovalae i. vatue 2. vafue
TEE BHE meEsUr g J{EG Bus 1EC BUS measuring
PLR-4 [ sebbing | [ LTS set-up
aetivityl  procedures
end of mezsiurement end of seasurement

outat beffer tasute 1. value

‘~ -
X result

PoH-1 R -
2. value
Witk statug nan-avarlapped data tepub/tutpet {trigoer mode “continupus” THRY the measurament result
Wil he stgred in the ACM-1's ipcarnal cutpue buffar at the ead of 3 meascrement. It can khen be
read mut wia the JEL-Hus.
The mEasuraent can be ftartet by the prooramming word “START,” or by Eriqger command. .
The end of the measuroment can be ditplaved by 3AD.
figure 4-9  Nom-agverlapped dats input/outpet timing in MAN/S mode
nen—cveriaoping overlapptag dara Snput e tpat
data inpubfoutouet

. ) new result new

pre-setkings Triyger setuns irtggar read out  set-up }
tec aas-l g, LI\-3!1.‘IK1.| H lu-la e A
activity - H

1. value 2. value 1. value 3, valye
FEC BUS measuring measurd i 2} measuing
P |
[ B8 3 selting ‘ F o E " 11n-f] .
acti\dtyl srecetares anable [EC L3 engbte 1EC BUS ot enafle
put

1}

SEAFL dteRchr ing skart measarr}'ngl}

sutput buffer

PCH-# resute b value

3
LRI mavs wve 77X

A result 2, vatue

17 stith status sverlapped data input/oubput (Eringer mode *aingle® TML) Ehe measuring result will
ba trapsferred to the fnternal PCH-4 output buffer at the beginning of & messuremest (started by
trigger command) and can thea Ba eexd suf via the FEC Bus.

2} With statws gvepiapped data fnput/output [TM1), tn addttion a data exchange via the LEC Bus ran

tate glace when a measorement is being carried out. [f the iranamission rakes longer thas the

rateace tim? doring the measurement, the transsission will be interrupted by bhe #0M-3 and after
the end of the measurement it witl be autesatically contineed,

The end aof the measurement cen be displayed by 3RO.

Figure 4-1G  dverlapping data input/output timing in MANSS mode
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4.3.3  STATUS BYTE AND SERVICE REQUEST

A walt period must be provided petween the computer triggering a measurement and the calling up

of the result to allow the Instruments time to settie, and also for calibration and settings to

be mades An fncorreci result will be obtained if the EHTER command follows immediately after the
TRIGGER command in the contral program. The four different metheds of providing this wait perfod
are outtined below For a HP 9316 controiler,

la) Hse of the WAIT statement

IT the level change s small and the settling time is roughly constant amd known (e.g. Tess
than 800 ms) then the statement

WAIT &ng
will suffice to make the controlier waft unt?l the measurement has finished. Dther controllers
way need to be pregrammed with a FOR ... NEXT laep delay.

Ef Yarge variations in level are expected, so that the instrument may need to calibrate itseif,
then the wait period s Tikely to vary considerably betwsen measurements, and some kind of
automztic recognition of the end of a measurement s necessary. This can be done by repeatad
intarrogation of the BUSY bit in the status byte or of the SRG (STATUS REQUEST) 1ine, or with a
3R imterrupt from the controtler,

Exampte:

1@ | Exempla: Program 1

QB b oo [IFC and REN; HP-1B select code J, PCH.4
B PamTQZ —=Laddress (2

48 CLEAR 74 setting interface mode AX and data mode DM
50 4

E@  OUTPUT P4 USING "#,K" " HAG083,048,"

|

T I —Sel, measurement mode

8 QUTRUT P4 SING "8,k7: "MALL, MG, FAIGHE, " =

e 1

1t TRIGBER Pg

[N wait 400 ns

138 WALT .4 r

149 4

r—ca1f up level

16 ENTER P4 USING “8,K":iLi
19 GISP “"Lewel L}/dBad = "iLi

178 ENR

ta) Serial pell

The instrument responds fo a serial poll from the contraller by sending the status byte (soe
4e4.8}; the contraller evaTuates the BESY hit {normally bit & with weighting 24 = 16). A SRO
is ngl necessary,

The command in HF-85 BASIC is:

236 5 = SPOLL (72} sarial pall of {nstrument with address @2
24§ IF BIT {5,484} THEN 23§ 1f measurement not ended, go to 23%

For the IBM-PC, the command is:

589 CALL IBRSP [PCM4%, SPR%) SPRT containg PCM-4 status hyte

GR§  IF (SPR® AND 16) <> THEN 59§

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 = Q).
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Gther hits present in the status byte can be uged for signalling errors or fncorrect avaiu-
ation; their meanings and coding are described in 4.4.4.

If this continuoes serial pol) {SPOLL approx. every 13 ms using the HP-BS} leads to carrep~
tion of senzitive level measurements or interference on other instruments, this effect can he
temparad by inserting a WAIT period greater than 50 ms.

Example:

4]

B

I

id

LA !

@ DArrPUT P4USING e, NXA0E3, Dm0t

o | -
24a LI

B OUTPUT B4 LEING ", 4" "MALL MCSD,FAIGRY,

a ot

118 TRIZEER F4

g rww-——-instrument status byte poll

LI SeSPEOLLIF4S BUSY bit evaluation; when RHSY = true, repeat
1¢B If BITeE, 4} THEN 139 ——"—m--r—mpoli

=N

16@ ENTER #4 USING “#,57:L]

IT@ GISP “Lewel L1/dBmd =";L!

iB@ END

1) Repatitive SRU interrooation

1f there is no continuous data traffic on the IE0 bus, the third possibility for determining
the end of the measurement 15 by repeated interrogation of the IEC bus cantral lHnes, particy-
larly the $RG ¥ine of the controller interface [see lc, 3.3.1 for example using HP-85):

ZIP STATUS T, ¥, 0 IEC contrel 1ine interrogation
243 1F NOT 817 {q,5) THEM 23§ Evafuation of RQS bit; if no SRG then repeat

The irstrument must previcusiy be programmed to issue a SR at the end of a measurement; this
15 done when setting up the instrument with the P¥ "XAPIQER.“. Lines 230 and 248 are repeated
until the RGS bit in status register 2 {IEC bes contrel lines) is set.

Fxample:

18 | £.ample- Frogram 3

29 | et e s e —

e Fd=702

ag CLEAA Fd

28 1

& BUTPUT P4 USING "# K CHAQBE3 OME, " —-———eee XX instrument outputs SRO at end of
TR ! fea surement

HA !

=4 DQUTPUT fd4 US[HG & K< "HALL M3SD Faikad,
|

lgg |

£1%  TRIGEER P&

12 1 r————————pQEI of {EC bus control lines

1B STATGS 7,78 IR evalyation; if SRG = false, repeat polt
149 IF HOT BIT(C, LBy THEN 130 —

1SB ¢

16% ENTER P& USING “B,K"aiLl call yp Tevel

178 DISE “Level L1/uBm@ =":Li

188 END
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4-24

1d} SRQ interrugt recognition

Apart from continuous polling of the IEC bus control Times at the controller interface, some
controllers can be programmed to jump te a partiewlar point in the program an receipt of g S2Q
with statements such as ON INTERRUPT GATO ... or ON SRD GOSUE ...; whilst wafting for the SRG te
occur, the controller can be carrying aut calculations, ete,

If several instruments are connected to the IZC bus, any of which may send out & SR im the

same period of time, a serial poll of all imstruments must aiso he made to determine which of
the instruments has issued & SR at the end of a measuremsnt; such instruments will have the RS
bit set {bit 7 = 1} and the BUSY hit will be reset [Bit § = 6.

Instead of & serfal poll, 2 parallel poll of all the instruments {up to a max. of 8) can be
used to determine this more rapidly. ’

The command for this in HP-B5 BASIC is:

A= PPOLL (7Y

The variakle, A, 15 the vaiue of the indfvidual bits on lines B0 § to B0 8, If, for example,
the status bits DIO L and DIG 3 are set, & = 5 {20 + 22), The instrument thus identified
will then be serial polled to determime the reason for the SRO from the status byte.

Examples

) i Esample: Program 4

on L L T P P

il f~=?@2 when SRQ = true, call up level reselt

i@ CLEAR P4 i ¥h: fnstrument outputs 3RO at end of meashre-
2@ oM IMTE 7 G070 1GR i ment

6F  OUTPUT Fd4 USIME “#,8": "XxX0303,0ME, -

Ta s

a1

4B GUTPUY P4 GSING *¥,K"."MALL,MS5Z,FALOEY, "

L8

ii@ TRIGEER £4 _ respand to SRO interrupt only

[P HF 9816 waits for SR interrupt {end of
L3& EMRBLE [NTR 7:i2 I Measaement }

J40 Waiis GOTD Waii

ga P 2816 interrupl register must be cleared
168 STATUS 7,1:5f ’

178 ENTER Pa USING “#,K":Li
180 DISP "Leve] L1/dBm® ~*:L!
198 ENKD

If an IBM PC, fitted with a KEITHLEY interface and PLUS 500 software, is used, a special command
can be used to cause the computer Lo wait for the SRQ signal. When the SRG bit fs detmczed in
the interface status register, the program wiil continue on the following Tires:

541 MASKE%=&H 500 watt until SRG Tine on IEC bus is active
G42 CALL EBWAIT{PCMAY,MASKEL)

Note: szee saction 4.3.9 for details of Interrupt routine
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4.3.4  DATA QUTPUT

In data mode "DMd," the controller can caill up the following data from the PLM-4:
® measurement results IMp or DML

» PCM-30 status w2
8 date and time oMy
9 system status M8
® error messages MG

For this, the PCM-% must be addressed as TALXER. The necessary commend in HP basfc js:
OUTPUT 7P2 USING “#,K"; "DMd,"

ENTER 7B2 USING 'Eég,K"; {string variable for DMBl..., fMI, DMT and DMG}
{numeric or string variabla for DMPE,..,
b2 and DMB)

Select cods
HP-1B interface

. [EC bus address
Dutput format
{“#€" = suppresses CR and LF
' = ahbreviated output format)
The autput is always in {30 7 bit code, The output format is determined by the nterface mode
which has been programmed [Xtbbddd} and the data cutput moda {PMd}.

MOTE: Transfer of the result to the output buffer 13 dependent on the triger mode (THMb)
when data output mode BMO 15 selected {see £.3.2.6 and 4.3.2.7.)

In data output modes DM vo DMI, the data is output te the output buffer
tmmediately after the QUTPLYT... command is received,

The number of partisl results per measerement i35 dependent on the measurement mode in date out-
put made BMO and DMI {see tadle §-4}.
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Made Humbar of ist. partial | Znd. part.|3rd. part. | 4th part.|5th part. { 6th part.
partial res.|result result result resutt rasult resutt

AlI-AT4 1 $.41 dB{m)g

AZ1.427 1 2.81 dB

A31-438 | 1 AL dB

Adl-AdE | 1 @.4! dB

ASL1-A57 i g.81 db

ABL-A6E | 1 @8t dB(m}g

AFL-ATY |1 #.81 dB{m)¢

ABE-A83 | 1 @91 dBlmig

Agl-A9g | B #.%1 dB

B1l-R13 | I 2.81 4B

B2i-Bz2 | 1 @.81 48

B3i-p32 3 B 01 dB

BEl-244 {1 A.61 dB(m}d

B45 2 i LW (POSH 1 CW (HESR}

B&6 k B.1 LW

B5l-B52 | 1 1 ps

BE1-B69 | 1 @.1 ms

B7l-B79 | 1 2.8 dB(mig

Egl 4 1 {FAS/8} 1 [FAS/WY |1 {MFRE) b {LRCY

BB2-B83 } 2 1E-~9 (BET} 1E-9 {OLT)

204 2 @.F1% (EFSY | €13 {ES)

B%1 & FAS HFAS SEL.CH MFAS HMFAS FLGN W

BazZ Mo data output

Table 4-4  Number of partial results and measurement result units

4.3.4.1  Bata output mode DME

[n data output mode "DME", each data output string contalms the results of a single
measyremant

Sutput format:
[<XVALUE><DESI»> I<BEL] »<RESULT> (<DEL2><DES I RESULT> ) {(<DEL2><0ESE<RESULT> ). os
| E— J 1 L FI | i
X ovalee lst partial res, Znd partial res, 3rd ... nth partial res,

1 o

result
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i : 4a27

BES[»: = <QESIL> /O ESIZ> [ <DESIZN [/ <DESI4>
<BES[1»: = - {ASCII-space}
BESIZR: = - ¥ SIS LS

PESI3»: == ST /Z/H/L/SFQFK
<PES{4>r = R <n> <DEL2P

<> vEg /LRI AR SIS BT
PESI> 1= S0 S
<DESI> o=,/ / :
<DESE> 5 o=, f ;3 f

1

H

liesults designater:

DESIZ [ DESY3 | BESIL | Meaning

Result in range

Result out of tolarance range

Inpuet feutput impedance out of tolerance (B 6x}
Dverrange

inderrange

No synchranisation {PCH-30 receiver)

fnafog input averdriven

1

—L oA W M
Be C3 &N M rd owe f

- T T

Measurement not possible

Table 4«5  Explanation of DESI and BEL {see also OM,,, in 4.4,2}

IVALUE and DEL] are onby output in DMdldddad

BELI is between the ¥ value and the result

8EL2 is placed betwsen the partial reselts and betwean the desigrator and the result in DMddiddd
(type 4 designator, numerfcal designator).

DEL3 has no meaning in DM@ data output wode,

Exampie; (MODE 411, result designator indjcates out of tolerance}
g =304

DHBRLEPE *-3.64

DNERZRG T-3.P4

BMESIERE 21,-3.P4

BMA1 P2 36 . ~3.84

BMELIZP08 IBEL:R] -3, 04

4.3,4.2 Data gutput mode IM1

in data oubput mode DM, a data string is output whick comtains all the results of the sequence
of measurements,
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428

Qutput format:
[ XVALBE~DELI» J<DESI><RESULT > («DELZ><DE S I<RESUL T> ) (<DEL2><DESI>RESULT> 1<DELI>. ..
3 1L | I 1 }

¥ value 15t partial 2md partial res, rd ... nuth partial result

resuit

lst result

[ XYALUEBEE > JeDES [ RESULT> {<DEL2><DES In<HESUL T} [« DEL2<DESTRE SULT =BELI>. L,
X ovalue 15t partial " 2nd partial res. ird ... nih partial resglt

result
1, H

Znd ... nth result

For explanation of DEL and DESI, sae fable 4.5
AVALUE and DELL are enly output in DMdlddd
BELY is placed hotwoen the X value and the result,

OELZ s placed between the parital results 4nd hetween the designator and the result in
DMdddddd {desfonator 4, mumerical desfgnater).

OELY fc placed betwaen a result and the subsequent X YALUE or the mext partial resuli if no
YALUE is output.

Example:

DH19EEE0 +J. 08, -f.@7, 0,48, -3.B4,

DHMIGIRE2  RP, +2.28: RY, -P.87: RP, -3.43: R1, -3.94,

DMTL3RPE 1604, i, +p.BR, 1406, RP, ~P.07, 1997, RS, -8.48, 391, R1, -3.84,
DM113881 14, kg, +B.99; 1406, AP, -0.97; 1997, R@, -9.48; 3L, Rl, -3.94;
DH1132p1 1BB4: Rg, +B.09; 1496: RE, -§.87; 1997: R®, -§.48; 3ERL: R1, -3.84;

NOTE :

After the DM program word, either two commas or a comma and LF should be entared (d,e.
Uldddddd,, or DMldddddd,LF) so as To extend the transmission time. The PCM-2 requires this
extra time in order to reset fhe results stack poipter to the first result. [f this fs not done,
the first result may not be correctly transmitted,

£,3.4.3  [ate output mode OMP

In data sutput mode DMZ, the states of the PCM-30 recelver 15 given as a number hetwsen [ and
255, If this number is converted to binmary, the individual status bits can be determined, The
curreny status byte is transferred te the autpul buffer Following:

- programming data output mode DM2, or

- after reading out the PCM-30 status byte from the sutput buffer,

This makes it possible to set wp a loop . in the program se that the status byte can be monitored
GNLINE.
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4.3.4.4  Dats sutput mode OM7

In dats sutput mode DMY, the date and time are sutput as a data strimg,

The format is: DD.MMM.YY HH:HM

4.3.4.5 Data ouvtput mode OM3

In data output mode OM&, the POM-4 system status is output. IF data is iost, bik 1 is set {at
the moment, enly Bit | i3 used). Data loss occurs when:

- the battery iz faulty,

- the {PY board is removed,

- fCLR/ is pressed when the instrument is being switched on,

4,3.5.8  Data output mode QMY

In date oelput mode DM9, the error messages can be called up and output (see 4.3.7, 4,3,8 and
4,4,2),

4.3,5  SUALL AUTOMATED TEST SYSTEM

camputer address N

[EC bus )
]
$ N i 1
Mik-10 M- 30 plotter printer =
=4
address addrass address address
N+ N+ 2 29 ia

Figure 4-11  PCH.4 a5 system controller

in the setup shawn fn figure 4-11, the PCM-4 acts as system contioller far the following:
s Tesi point scanner no. 1

2 Test point scanner no, 2
¢ Piatter
s Printer
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Setting up procedure:

* Iwitch off the PCM-4

* Set the 50 switch on the interface hoard to OH
* Set the fnstrument addressesas FTollows:

- MU-30 test point scanner no. 1 to Mo+ 1
- M¥-30 test point scanner ne. 2 to Mo+ 2
- Plotter to 29
- Printer to i

* Switch on the peripherals and then

* Switeh on the POM-4
After the switch-on self-test of the PCH-4 15 completed, all the seripherals which are
switched on and correctly addressed wi}T be faftialtsed and switched to remote operation by
the FCMag,

When o measurement mode is selected for the first time after switching the PCM-4 gn, the screen
display for the chosen measurement mode will not be displtaved unifl the PCM-4 has switched both

MU-305 to remote operation. If only cne MU-230 5 connected, the delay wilT be fnitialisation
time for the MU-30 plus a TIMECUT far the second M3.30. 1f no MU-30s are connected, the delay
will be twice the TIMEOUT.

4.3.6 USING THE PCR-4& WITH AN EXTERNAL SYSTEM LONTROLLER {COMPUTER)

comgHiter address §

it |
2 U L L v

PEM -1 M - 30  My-30 plotter printer |5
' %
address B addreszs address address address
8¢ = OFF N+ 1 N+ 2 29 3B

Figure 4-12  PCM-4 with computer as system controller

Here, the computer acis as system controbler for the following:
¢ PLM-4

@ Test peint scanner na, |

s Test point scanner no. 2

v Plotter

e Printer
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Setting up procedure:

* Set the SC switgh en the [EL interface of the computer to ON
* St the SC switch on the IEC nterface of the PCM-4 to OFF

* 3et the following instrument addresses:

- PLM-4 to #
- MU-3C no, L te B+l
- MJ-30 no, 2 to %+ 2
- Plotter to 29
~ Printer ig i

Two different comtrol methods can be used:

1} The computer controls the peripherais directly, or

2) the computer releases cortrol to the POM-4 by means of the [f0 bus command, This effects a
considerable reduction in software requiraments, but the following programming technigues
mist e obsarved in order that the complex [£C bus data exchange process functions cors
rectly. )

4.3,6,1 Control function

[f contrel of a partfcular instrument is relessed by means of PW Z7bbbb, the PLM-4 takes sver
the contral functien and controls the peripheral imstrument if the following IEC bus commands

are fssued:

& Measurement made setting MA, MR
o Configuration CF

a Chaneel setiing B, G/, LT, €3
e X axfs scaling AL, x4
¢ Running parameter sefting {x parameter) AP

s Recall RM

& Yar, mode . i

& Non coentreller moede iz

& Trigger made ™

& Loss parameter setting LP

4,3,6.2  Control function eparation

- The PCM«4 sets bit 7 of the status byvte to request controller function.

- 1f the controller mode YYldddddddd has already been programmed, the PCH-4 sets the RQS (bit 6
af the status byte] and activates the SR Hine.

- The system controller (here: computer} recegnises the controller function request and
traasfers contral {CA} to the PCM-4 with PASS CONTROL.

- Wien CA 75 received by the PCMed, it controls the TEC bus and can thus set the peripherals,

- After this, the PCM-4 returns the LA fenction to the computer.

- The computer cannot have access Lo the [EC bus whenm the CA function §8 transferred to the
PEYH-4,

it ¥s thes possible for the PCH-4 to control peripheral instruments in local mode without
having to alter the fastrument set-up, if an sxternal control computer is used.
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For this, a program module which enables control of the trensfer of the control function to the
PLM-4 on request must be fitted in the contro} computer,

lefore the system controller transfers ¢4 te the PCM-4, the peripberals to be contro)led
(M-30, plotter, printer must first of all be switched to remote operation. This normally
eccurTs at the start of the program with the command:

REMOTE N {whera § 1: the address of the peripheral)

ar

CLEAR M

HOTE:

[F the controller mask (YY) and the'nun—ccntro1!er mesk {17} are transferred in remste
operalion, the PCM-4 will also request €A in LOCAL mode sach time a command for control of
peripherals fs received, If YYldddddddd is programmed (SRQ for request of controller function)
the CA request s triggered by the SRQ linme,

N.B,:

In LOCAL mode,

« nong of the controls are disabled

= TALKER, BARALLEL-POLL, and SERVICE REQUEST functions are active

- LISTENER, SERVICE CLEAR and SERVICE TRIGGER functiens are inactive.

8.3,6,3 Initial accessing of the MU-30 by the POM-d

The Tnit{al accessfng of the MB-30 by the PCMd occurs after:

- mains on,

- fGENRL, RESET/ is pressed

- an IFC command if the CLR Tdak is fitted or the LR switch on the (EC bus board is GH,
- &n SOC or DCL command

The inftial accessing proceeds as follows:

i} CA reguest - request MU~-30 status - GA returned
2} A request - hasic setting - CA returned
3} CA request - channel setting - €A returned

The faterrupt control nust answer the three CA reguests with CA transfer {PASS CONTROL}.
The fnitial accessing of the MJ-30 takes place at the same time as the nonecontroller mask Is

transferred (Z71...}, f.e. the channél mmbers already s8t in the PCM-4 are set in the M3-30 as
saon a3 the controllar function f5 released,
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4,3.6.4  Transfer of controller fumction

If no coptroller mode {IZl...) is transferred (alse comtroller mode YYI...), all commands for
setting peripheral instruments must come at the end of an output command, so that the corteod
computer can transfer contral io the PCH-4 immediately.

This 1% necessary, as an QUTPUT command cannat be INTERRUPTed,

The PLM-4 requires o certain period of time in order to prepare for centrol of the peripheral
instruments. It is therafore necessary that subseguent lines of the program do not begin befare
the CA transfer qp return is completed, if the controller has SRG interrupt recognition. Te mike
sure that the controller waits whem a PUM-4 peripheral command has been issued until the PCM-4
is ready, the folltewing methods can be uged:

)

a} After the transmission of the last GUTPUT conmand, two commas instead of ane are sent. The
sgcond comma s not accepted by the POM-4 fmmediately, and so tpansfer of bus commands is
blaocked, During this time, the PCM-4 can process the data adlready transmitted and activate -
the SRQ Tine 1o request CA. After this, the handshake procedure accepts the second comna,
which does not in itself cause any instrument functions to be triggsersed,

KOTE: The QUTPUT command described above transmits the commands in compact format with
LF and CR syppressed.
EXBHPLE: 10
. Control ler mode ¥Y, ., and
. agn-controlier mode 2Z,,, transmitted
ad

90 QUTPUT 707 LSING “#¥,k"°cBl1O,,”
100 TRIGGER 702

b} Some controllers do not wait until the handshake cycle for the peripheraic, which sccurs
after the ltast character is tramsferred, has ended. The next program line is thes already 1n
the process of being interpretad, This means that i SRE from the PCM-4 1s not recognised
until this interpretation is completed, so that the PCM-4 does not receive the CA command. If
the aext program line coatains an OGUTPUT or & TRIGGER command, the PCM-4 receives a Further
setting instruction instead, This means that the ME«38 ¢ not set by the PCM-2, and the error
Bit 1n the status byte is set., The error message sutput will be:

EL **/0003 = input disabled by present fnstrument status

REMEDY: Transmit two commas ", " or
transmit CR and LF as delimiter or
transmit L comma and either LF or CR.
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ExaMpre: 1o )

N controtlar mode YYo.. and

: nor-contrelier mode Z7... transmitted

an

100 OUTPUT 702 USING “K';*CB19,* PR 4 LR
or 100 OUTPUT 702 USING *# K®:"CE19,," | 2 commas

110 TRIGGER 702

You will naed to check how the controlier that you are using reacts, and use the most
suitable method, You can put as many commas at the end af the program word as you Fike, as
a1l controtlers will accapt this. but the object is to keep the transmission times as shori
as possible {see 4.3.2.3).

HOTE: ¥e recommend that the nonecontroller mask Z21... 15 transferred immediately prior
to the Tinal channel setting command,.
Exarple:
190 OUTPUT 7¢2 “#,K"; "OXQLER, XQl, TME, MAL1, CFL1, XL389@, {T24, 12ip¥@,.*
| F—— [ S |

Mi}~30 not yet accessed {
Initial agcessing of MUy-30,
channgl setting of PCH-4

set in MU3E at the same 1ine.

$.3.7  ERROR TRANSMISSION

If an error occurs during the course ef the aragram run, Hit 6 in the PCM-4 status byte is sei.
Data output mode DM® can be used to read out the type of error. For this, the program run needs
to be halted, the errgr analysed and the appropriate action taken to correct the error before
processing.

4.3,7.1  Program interrupt on arrar

We will assume that an fnterrupt routine has been included in the program, for exampie:
300 ON INTR GOSUB 800
800 DUTPUT 702 ; "DM%,,"
810 ENTER 702 , E}

B20 DUTPUT 702 ; "BM*, .Y {BM* = reset data output mode which was set
830 PRINT E3 prigr to DMG)
240 RETURY
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4-35

Whether the program halts whan an errer occurs, of the error message is overwritien, depends on
P "MOhY {SRQ on errorl,

A Mo SRQ on errer, The errgr message is stored, and the program fs not interrupted, If 2
further error occurs, the First error message will be overwritten,
MY SR on error. The errer message s stored. If a Further error oceurs, the first error
message is not averwritten, i.e, several error messages will be concatenated into 2 string,
The program is halted and the interrupt routine rums. The errorfs) are displayed {see
4.4.2}. The errgr Bit (Bit G in the status byte) is only reset by a serial poll (SPOLL), by
BEL, 30C and IFC,
ROTE ; An 3RO does mot anly accur when an error occurs, Bul atsa when the PCH-4 requests
AC, for example when an MU-30 is to be controlled {central bit D7 = true). For
this reason, it is additfonally necessary to read out bits DB and D7 sothat the
necessary branch in the interrupt roetine can be made,
4.3.8  ERROR MESSAGES
If bit 5 of the status byte = Lrue, then an eérrar has occured. The error message can be output
esing data gutput mode NS, and has the format:
EX-¥XK/nrng
E = ERROR
A = error number 15 formed from bits b {ANB], 2 {iNI) and 3 {M4Z) of the status hyte.
A AHE ] RWNL | KMB Error
aig ] q g erroer
114 g I input error
i 3 q WEAS. rUN @rror
kAR’ 1 1 {EC bus errar
411 @ ‘) MU~30 no. 1 error
511 ] i MU=34 no. 2 error
il 1 q PLOTTER error
Tt 13 i PRINTER arror
Table 4§-6  Error sumbers
KK = error desigpration, indfcates the type of error which has occured
A4 desigration
- ne errer
b measurement arear
7? unidentified word code
L4 XY fnput error
Table 4-7  Error desigrations

AnEanTedmobgmemp-QuaMywsUumemmmn_.Guaanmed|@88)&%SOURCElwwwanEamgbom



4-36

nnnn = pumber of error shown wnder “X"

nnnn Hagning

tdefined word code

Incorrect integer value entered

lnput disabled by present instrument status
Measurement interrupted by input

Heasuremant impossible, error {missing option, ete.)d
10 Setup no. nat dsed

[Ea B P I L I

11 Setup no, already used

12 Stack overflow: inecorrect ipitialisation of PCM-4
13 Memory full: no new setups can be atored

14' No senuence entries avaiiable

20 ¥Y-Error: Hpper ¥Yalue < Lower Value

21 Yofrror: Range tgo small

22 ¥-Error: Upper Yalue < Lower Value
23 X-Errar: Range top small
24 K-Error: Frame Confiict

101 Measuring Bridge moi present

in 64 kbit Input not present

103 &4 kbit Dutput not present

3 &4 kkit Interfaces not present

105 64 kbit Input not available

196 &4 kbit Output not available

iy igital Loop not possible

108 Line Codes TX/RX different

1G9 Frame Type T516 Ext. not possible

iig 120 GHM Batanced not possibis

11t Gig. Config, fFrame Param, incompatible
SeTect Param. Mo. LII & 231

11z Mezsurement not pessible/Setect Param, No, 116

113 Mux/Demux dperation not possible

Select Paregm, Mo, 111 or Li§

114 Hux/Demux Operation net possible

Li5 Hux/Demux Jperation not possibie

Select BIL-Switch on 64 kbit Input to Lontradir.-

iis Telephone Channel not possible

L7 64 kbit Interfaces not available

L1& Measurement not possible/Selact correct Canfig./Frame
118 Measurement not possiblefSelect Param. 111, 113 or :16/221, 222 or 223
119 Hux/Oemex aperation not possiblie/ro rx frame

125 CRC-4 Myltiframe not possiblefSelect Frame Type G.704
128 CRC-4 Error not possible fSelect Param, 232

134 Hardware Incompatible

Table 4-8  Input errars, % = 1
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4=36a

4,3,%  COMPLETE INFTERRUPT ROUTERE

This is an interrgpt routine suitable Tor altowing the computer to temporarily release control
of the L[FL bus to the PLM-4,

A osuitable name for the routine: 5US INTERRUET

PCM-4 serial potl

Cirl Bit
no set? . yest Bit 7 in statushyte set?

PASS COMTROL PCM-4 receives 5C
fptl computer (EC Repeat as Tong as PLH-4
interface is 5S¢

REPEAT UNTjL Cowputer is

50 again
set info FLAG for main prog. [optienall)
SUBEXTT
SR bit
A s2£7? yes| Bit & im statusbyte sef?
CRROR Bit
¥ES setd no

test far errar message
Read PLM~4 ERROR
statusbyte with BM3

BUSY bit
Aa set? yas

Sei EOM flag for test for end of measurement
matn prog. {Reset} I : :

fllaw further INTERRUPTS

Note: Ses program example 4.5.7 DEMO 38, Tines 2080 to 2650,

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



437

nnnn Meaning

1 Stop on measurement not possihble (Param, 921)

Table d4«%  Measurement run error £ = 2

nARN Meaning

1 Controller address missing

Send contral word YY.., from compuier to PLMu4!

Table 4-1¢  {EC errpr X = 3

t4 PROGR AN WORDS

4.5.1  DYERVIEW

Table 4-11 contains all the program words (instrument feput data}. Each program word {PW)
consists of & code tetter, the mafn section (decimal number, + or =), and a terminating
character (,].

fince the code fur the prograe word for setiting the instruinent fusctions has been determined from
table 4-11, the program word can easily be formed with the halp of the alphabetically arrangad
1#st of program word codes ia section 4,4,7,

The pregram word codes are chesen as far as possible to serve as mnemgnics for the funciioms
they define (e.g. 54 = Store Mode),
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PH cnde Function

A RX octet display settinmg

B Graphics mode functions

LA Calibration request

[Nz . Send- and receive chammel setting
CF Configuration setting

LR Receive channel setting

[ Channel step setfing

(3 Transmit channel setting

M Bata output mode

EF Error rate setting

EG Graphics mode setting

£1 £rrer measurement interval seiting
EM Error measurement mode s@tting
ER Errar insertion

ET Error type setting

FA Absoltute frequency setting

Fi Frequency incremeni setting

Fs Freqguency step setiing

GM Graphic/rumeric mode switchover
J d-wire and TH/RX interface setting
LA Absoiute tevel setting

LE - Eapected tevel setting

1l Level increment setting

LS Loss parameter setting’

L& Level step setting

MA Mode A setting

MB Mode B setting

M5 Measurement run setting

P General paramater setting

Table 4-k}  1List of all program words
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P code Function

feid RECALE mode

kR kelative receiver level setting
ks Relative send leved setting
5C Jcreen conirol

SM STORE mode

i . SEQUERCE mode

START START measurement rum

STOP STOP measurement run

™ Trigger mode setting

NS . Yar, mode parameter setting
XL X scale setting

X fenning parameter [X parameter) setting
L] SR} request on error

il % scale setting

F34 Interface mode

¥l ¥ zcale satting

¥il ¥ scale setting

Yy Controiler mogde

iI Ingut impedance setting

0 Output impedance sstting

iz Hon controller mode

Table 4-11 List of all program words {continued)
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4.4.2  ALPHABETICAL LIST OF PCH-4 PROBRAM WORDS

Al the PW codes are Tisted in this section, from which fwith the atd of the carresponding 1ist
af permissible settings « example, see figure 4-13} the program wards can be Farmed, The heading
of each table shows the meaning of the P¥ code,

The tables are set ouvt as follows:

L 1id |, Input impedance satting
0 600 O
1 450 @
z 900 0
3 complex
4 = 30 ki

Terminating character

Permissible settings
{d = decimal b = binary number}

P code
Figure 4.13 fxample of a program word tahle

Tre SYNTAX given in the tables must be adhered to. An exception te this rule are numertcal fne
puts; inputs in exponant form are also accepted.

Leading and trailing zeros need not be entered.

Example;
Frequency input {Hz}:

"EA Qlo0p.a8,"
“FA 1pgR, " is the same as

inits (e.g. db, %, etc,) should not be entered, Shatfarly, the data sent by the PCM-4 to the
cantroller will have ne units specifiedq,

it incorrect ar J1legai dnput data is recefvaed:

The setting commands are checked for correct syntax., Incorrect ar incompiete program words are
not dccepted by the fnstrument and the settings remain unchanged. A corresponding error message
may he displayed. Input vaiues which are above or belew the limit values for the instrument will
resyit in the upper or Tower 1imit value being set,
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PCM-4 PWs A, B, CA, CB, CF  4-41

Ald I, | RX opetet display setting ' A
1 TELEPH, CHANNEL BIT 1 ... &
2 FRAME ALIGNMENT SEGN, BITI veu &

3 HOT FRM. ALIGNMENT STGN. BIT 1 .,, 8

4 MULTIFR, ALIGMMENT SIGH, BIT 1 4.u &
NOT MULTIFR. ALESN, SIGH. 8IT S5 ... 8

L] SIGNALLENG CHARMEL  TX BIT1 ... 4
R¥ RITS ... 8

; g OISPLAY OFF

B|ad|, | Graphics tmode functtions B
U CLEAR
1 LS
2 PRINT/PLOT
k! KM
CAf, Calfbration request CA

Reguest calibration cycle befare next measurement,
Calibration cycte raguest stored and execytad
a) after end of measurement cycle or Sweep
in MAN/R or SWP/R modes
bl befare the next measurement in MANSS or SWP/S modes

B &
*ewi G Bid (df,] Send- and receive chanmel setting CB
d|d| PCM-30 send aed receive channei
{Channel nos, G ... 3t for timeslots,
¢nannel nos, 1 ... 30 for tel. channels)
£ Fldi.] Configuration setting CF
g Ah
4 &0
2 B4
3 a3

*** Qverlapping input possible in single trigger mode,
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oo COR

Receive channel setting

PCM=30 receive channel
{channel-nos. O ,., 31 for timeslots,
channel nos, 1 ... 30 for tel. chanpels)

s

Channel step setting

Positive channel step
Negaiive channel step

Transmit channel setting

PCM-30 transmit chanrel
fchannel nos, .., 31 for timeslots,
chamnel nos, © .., 38 far tef, charnels}

*#k Quartapping input pessible in single trigger mode

PCM-4 PUs CR, 05, T 4-43

***CR

CS

***CT
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PCH-4 PW DM 4-45

o Midil|a{did|ale]l], | pate output mode DM
Gutput

P Single result

1 List of resulis

Z PCM-10 digital receiver status

7 Bate and time

2 PCM-4 system iznstrument status

o Error message

% walue output 1)
¢ orf
1 fln

Result designator 1)}
- Designater 1 (ses designator)

Gesignator 2 {[symbol designator)
Besignator 3 (character designator}

W e e =

Besignator 4 {Rumeral designator)

Gutpst delimiter L (DELIML) 1)
2 , (commg)

; [semicalon)

b4 : feslond

Gutput debimiter 2 (DELIMZ) 1)

P , {comma)
1 ; (semi<olon)
2 ! fcolon)

Quiput delimiter 3 {BELIM3} 1)

? s {comna b
1 i (semicolion)
2 v {celon)

1} For single reselt or Tist of results outpuls.

Data output DM@e.., DMi...,
To designate resuits, amy of the 4 following charactar sets can be selected:

<DES{i»: =  {ASClI-space}

MESLE>: = S XL P> /St f
SDESER>: = ST /I/H /LIS S0/ K
<HESIA»:  + R <nd> <DELA> in=f ... 7
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The individual symbels Rave the following meanfngs:

DESEZ | DESIZ | DESI4 Meaning

Result in range

Result out of talerance range

Input/Dutput impedance out of tolerance (B fx)
Owerrange

Underrange

Mo synchroaisation (PCHM-30 recelver)

% |
= b e

1A Y b

Anixlog taput overdriven
Measuremernt not possible

bV = S-S B S PR 4 B o]

= 2 i

=

Tabie 3-12 Resuli designator meanings

+ See 4.0.4 for more details on datea output and examples

Mode fumher of 1st. partial | 2nds part.jdrd. part. | 4th part,iSth part. | 6th part.
partial res, iresult resylt result result resyit result

All-pi4 1 1 #. 41 dBlm)p

Az1-p27 | & @91 dG

A3i-AZB} 1 @,91 dB

A4l~AdE ; #,81 dB

AGI-ASY i #.81 dB

ABL-ABE | 1 Bl dB{m)9

ATI-A79 | 1 2,91 dE{md

AB1-AB3 | I §.21 aBimig

A91-AD4 [ 1 3.1 o8B

g11-813 [ 1 #.91 4B

gzi-Bz2 | 1 #9148

Biil-B32 | g1 2B

Gal.344 [ 1 $.31 dB{m)p

845 2 1CH (POs) L CW (HEG)

848 1 LIt

B51-B52 [ 1 1 ps

BOl-GR9 [ I #.1 ms

B73i-B79 H #.pi dB{my

EAl 4 1 {(FAS/B) 1 {FAS/WY |1 (MFRMY 1 {CRC)

Baz-#33{ 2 1E-% (417) 1E-9 (GCT)

Ega 2 #.81% (EFSY [ @.01% (ES)

2 ] FAS WF &S SEL.CH MFAS HMEAT SIGH. W

592 No data output

Tabte 4-13  HNumber of partiat results and measurement result wniis
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PCH-& PWs OMZ, DH7, DME, DM  4-47

0 M[Z1,| Dats cutput mode DM

PeM-30 digital receiver mode

Date is output +dn the form “ann® (0 ... 258},
Meaning of output data:

128 G4 32 16 B 4 2 1

MO STAT NG SIGH AIS . WG FRM NG EX. F H0 MFRM - -

HG STAT = it PCM-30 Status = 128 Sktatus not availabie at gresent

O°MET {,] Data ocutput mode

Gite and Lime

Pate and time output in following format;
DO MMM YY HH MM
e, g, " J.MAR.826 9,337

O Mgy, | bata output mode

PCM-d system states

bata is output in the form “nnn" [0 ... 255).
Meaning of output data:

128 64 32 i6 8 4 Z i

- D.LOST

R.L05T: Data Tost because: 1, battery faulty
2, LPU missing
3, JCLR/ pressed at switch-on

B Mi9E, | Data output mode

Error mezsage
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4-48

Error message output Tormat

. F‘T == “‘L"““ﬂ
Error — 3 EXj- K KI/Ionnon|
L_.J.t..] L_.]..._I | IV |
Y 1 .
b Error KK fdantifier
NG errar - K¢ error
- [nput error ] w Measurement error
Measurement run error 77 #nidentifiable word ¢ode
IEC bus eprror xy XY input error

M3-30 ereor instrument no, 1
ME-30 error, instrument no, 2
PLOTTER error

PRINTER error

ot B e Mo = O

Table 4-14  Error numbers

lawError numbers with X = 1 are input errors

w={ TANR Meaning

Indefined ward code

Incorrect integer valde entered

Input disabled by present instrument states
Measurement interrepted by inpat

L2 R S )

Maasurament not possible due to error {missing option, etc.)
14 Setup no. not ssed

1 Setup no. already used

12 Stack averflow: PCM-4 intorrect initialised

13 Memary full: no new setups cam be stored

H Mo sequerce enfries available

20 ¥-Error: Upper Yalue < Lower Value
21 ¥-Error; Range too small
22 E=Error: Upper Yalue < Lower Value
23 X-Error: Range too small
24 X-Error: Frame Confiict

IMH Measuring Bridge not prasest
12 &4 kbit Input not present

103 &4 kbit Output not present

104 64 kbit Inmterfaces net present
105 |64 kbit Input not available
106 64 kbit Cutput not available

Tablg 4~35  Input errors {error no, 1)
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fannRn Meaning
107 Nigital Loop not possible
108 Line {odes TH/RX different
109 Frame Type TSI6 Ext. not possible
1i0 12 O Balanced not possibie
111 fig. Config./Frame Faram. incampatible
select Param, fe. 111 & 231
112 Measurement not possidiesSelect Param, No. 116
113 Mux/lemes Operation not possible
Select Param. Mo. i1 or 116
114 Mux/Oemux (peration not possible
115 Mux/Hemux Operatien not possible
Select DIL-Switch on 84 kbit Input %o Contradir. .
116 Telephene Channal not possible
117 64 khit Inaterfaces not available
ile Heasurement not pasciblefSelect correct Config./F rame
118 Measurement nat possihlesSelect Param. 111, 113 or 1167221, 222 or 223
115 Mux/Demux operation not possible/no ry frame
125 CREY8 Multiframe not possible/Select Frame Type G704
126 CRC-4 Error not gossfhle /Seiect Param. 232
134 Hardware Incompatible

Teble §-~15  Input errors {error sumber 1} {continued)

L= 2 Rop errers
ngERn Heaning
1 Stop when measurement not possible {Param, 921)
Table 4-16  Rup errors (error musber 2)
X =3 1EC bus arror
nmndn Meaning
I Controller address missing
Transmit ¥¥... t0 PCM-& from computer

Table 4-17
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a PCl4 PWs EF, EG, EI, EM, ER, ET  4-51

E Fid|, Errar rate setting EF

tode MBBZ - Mode MEB4 :

& PRsg 2 91
1 PR511 2 1.l
2|8 bbbbbbbk WORD or YRR, HH

¥ 263 B bbbbbbbb,.

E Gid|, firaphics mede setting EG

Mode MBEZ - Mode MBB3

a8 BIT
oy
EIithh :mm: s sl,{Error measerament interval setting ! EI

Hode MEB! - Mode MBB4
h h Hours
mom Minutes

4 8| Seconds

E H|d], Error measurement mode setting EM
Mode MES4 :
0 EFS
1 53
ER|, Error insertion ER
£ RIERORY{, Mode MBEZ - Made MBE4 ;
E Tid{, Error type setting ET
Mode MBI :
3] FAS B
L FAS W
2 MEFRM
3 cac
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PCM«4 PYs FA, FI, F5, GH, J, 1A, LE  4.53

X & J &
ek U F Ald|ddidic], { fd.ddk] Abzolute freguency setting FA
didldidid Fregquency value {Hz}
digl.jdid|x Frequency value [kMz}
Foi|d|d{d{did], {ld.ddx} Frequency intrement setting F'
dididjdid Freguency increment valtue [Hz]
didl.jd)dk Frequency increment value Ikhzl
F 3is|, Freguency step setiing FS
+ Positive freguency step

- Kegative fregquency step

4 Hidl, Graphic/numeric made switchover GN
H Numerfo mode
1 Graphic mode
Jibf, twire and TH/RY fnterface sstting ‘l-l
i3 TA/RE interface
1 4 wire
* ok
wek L Bisedid]. idjc], Mrsolute Tevel setting LA
sfdidy.idid Level value
LE|s|djdi.idid], Expected level setting ‘ LE
s{idid],.|did Expestad receive lavel vajue
(Level as per V51Z2Lsdd.dd)

*** Overlapping input possible in single trigger mode
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FCM-¢ Pls 1, LP, LS, MA, MB, MS  4.55

Loiis Levael increment setfing
s Level increment value
L Pia Loss parameter selection setting
B! Softkey function for  TX
1  MBI1-13, MBZ1, 22 RX
LoSfs Level step setting
+ Positive ltevel step
- Hegative level step
N &id Mode 4 setting
d Mode no.
W Bid Yode B catting
d Hode no.
Hid Measurement run setiing
o Sweep singie
1 Sweep rapetitive
2 Manual single
3 Manual renetitive

Ll

LP

LS

MA

MB

MS
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i PCh-4 PUs P, RM, RR, RS, S0, SH  4-57

Plaid|aif . . . T}, feneral parameter setting F;
dldid|, {1} no further parameter
digidBbbib, {21 4 »it parameter
dlaydiBhbbbbbbb, {3} 8bit parameter
d{didiThh .o, [4} time parameter
dydféib d d amm . y y , {&} date Parameter
A{didid £ % - %, (6} percent sarameter
dididf ¢ , {71 rangg parametsr
{2): #5614, P5IE, PRIR
t3}: P512, P513, P515
{4]: P332, P93G
(6): PO3L
fa1: PaZY
{71: Pios
RH(did|[CFd)T, RECALL mode RM
dld setup nos. 0 to 40, 58 [saquence)
{ Gptional canfiquration A&
1 Al
2 DA
3 Hlx]
mRls{d]dl.pdldd, telatfve receiver level setting HR
sid{dl.idld tevel (-19,90 to +5,.9G dB)
R Sisididi.|d[df, Relative send level setting RS
sidfd|, [d|d Level {-30,90 to +9,30 di)
§ Ciby, Screep control SC
i Jereen off
H an
S W Ls3id|dl, STIRE mode ’ SM
- ldje Clear setaps {59 ali)*
s |1did setup nos. O to 49

*  -5C also possibie via IEC bus
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PCM-4 PUs 5§, ITASSTC, TH, v, XL 4-5%

S G| [=]id]|éiin|ni, Sequence mode SQ
- |did Clear seguerice -50
did Setup nos. O ... 4D
nin Channel steps ¥ ... 32
START/STOP Measurement run STA!STO
START, [STA, J  START
sTop, LSTo, ] $TOR
T |, . Trigger mode sebtiag TM
a Cantiauous irigger mode
H ' Single trigyer mode
Yiddal ..., Yar, mode parameter satting V
dedi {1} no further parameter
ddd} B| bahbbhbb, {2} 8 bit parameter
dddf Wi sddd , (3 code word parameter
ddd} D dd, {84y duty cyele sarameter
ddd Fldddeea, f..ddoddk,} {8} Trequancy parameter
ddd]{ifsdd.ad, {6Y levsl parametar
ddd{Rd, {?Y range paramster
{2) v263
{3} vasl, vaez, v2s3
{4] vyl
{8) V231, v253, vall
(8] ¥i%4, ¥231, v&12, ¥RZ1, Va2l
{71 v411, ¥421
4 Lid d|d]ald] gy, 4 s¢ale seTling )(l.
Lower 1imit, X scaie
s|didl.{did ievel [Hz]
dldjdidid Fragqueacy [Hz]
{E:1 dik Frequency [kHz]
4t Cheannel
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PCM-2 BUs XP, Xq, XU 4-81

B OPd]. Runnir;g parameter AP setting XP

Hode MATd, MAdx, MASx,
configuration | A& AD DA | DD

4 CHAN * * 1 CHAN
LEVEL LEWEL

Hode HEB1
corfiguration | DD
s _ HISTO

Hode NE32 - #8684
configuration | DD
0 CHAN * * ! '
. Hi570 '

Modes HAI1 - MALA, MAZI - MAR4,
MABSI, HADS3 :
confiquration | A4 AD DA DO

0 CHAN * =] CHAN
L FRED FREG
2 LEVEL LEVEL

Modes MAdx, MEAEL, MAS3, NB31,
MB32, MBE?, MBS :

configuretion E A A DA | 3D

o PCHAN % % 1 CHAN

i FREQ | FREQ

Modes MA25 - HAZT, MAGx, MA7x, 1AS3,
MADx | HBdx, HESx, MBTx
configuration | A4 AD DA DO

a T eHAN = = ] cHan

*ooipd, 3RO request on arror XQ
[0l SRO request when ERA = 1 na
1 (ERR = bit 6fstatus register) ves

¥ Uldididid|aidf,| ¥ seale setting XU

Upper limit, ¥ scale

sidid].fd|d Lewel
did{digld Frequency
did].fjdidik

did Channet
did Histagran

* % In Yar, Mocde 632, measurements versus cheanel are not possible,
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PLM-d4 Pls KX, YL, T def3

X kibipjdfdidi, Interface mode xx
a 580 at POWER QN na
1 yes

M 5R6) at end of instrument na
1 function program yes
Farfty hit, data output ia 150 code
il Na marity bit
1 Qad parfty bit generation
2 Even parity bit generation
EQT character, 130 code
a Ha EOT characier
1 "EMD" on tast dats byte
@ SENDT and IS0 ?-bit character LFY
3 "0 T-bit character LFY
E4T character, non 150 code
o Mo EOT character
"END" on Yast data hyte
2 "ENG™ and "IS0 7-bit character LF"
T Lyd{did]|ald]{d], Y scate setting YL
Lower 19mit, Y scale
sidid|.fad]d df, d8fml0
sidid|d LU {B&5 - BdE)
didid|did s _ {B5] - B54)
dld RS {BE1l - BEG)
d EE+4 (881, 683}
d | {882)
oUydidjdfdldid], T scale setifng- YU
Upper Yimit, ¥ scale
stdaldf. {did dB, dB{mja
stdidfd CW {B45 - 848}
afd|dpdid FH {851 - 854)
did ms {861 - 364)
d 1E+d {881, B83)
d 1E-d {R&2)
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POM-4 PWs ¥Y¥, ZI, 20, I 4-45

Yo |bEdic{did{dddid], Controller mode YY
3RO for request of na
H controller function . yes
dld Taltker address of it ... 31}
gxternal. controller
did : Second taiker address [0 ... 3]
of external contraller
did Listener address of {6 ... 31)
extzrnal controller
d|d Secand listener address (4 ... 31
of external controller '
I ifdl, Ingput impedance setting ZI
1} 800 Q
1 350 Q
2 a0
k) complex
L] > 3 k(I
Ioid|, Sutput impedance sstting ZO
Y 00 &
1 506
2 900 G
3 compi ex
R 2 Iibik|bibe, Mon-controlbar mode ZZ
g -+ Enable control of no
1 1st, MU-30 by PCMe4 ¥as
3] Enabie contral of ng
And. MU-30 Dy POM-4 yes
a Frizble contrel of no
PLOTTER by PCM-4 yes
i Enable contral of no
PRINTER by PCM-d yes
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4.4.3  BASIC THSTRUMENT SETTIHGS

- JwiteR 3 3 set to ON
iFC or 30C commamds from the control computer reset the FOM.4 and the intarface (correspends
to pressing /GENRL RESEYS in manual operation).

- Switch 5 3 set to OFF
IFG command from the controller resets the interface only. To reset the PCM-4 as well, an $2C
command is required,

Function {conirel) . Setting corresponds to [EC program word
Hode Mode selection page 1
SR mask: T
Interface mode: L
Cantroller mode: . YYPp3ral
Non controller modes LZpRanp
Trigoer modes THD
Data output moder 9#D0
Screen control 5¢C1
Blgital Werd Mspl, of f [L1] i &
Bath Channals @1 [5] |
Giraphic mede el G W1
d-wire Interface [14] 11
Gen. Parameter [1} P111 #1232
P21 Pzzil
P31l P32zt P3I31
P41l P4zl
F 511t Pe 2
FELL
Pyl 721
F2i1l 2821
P31 # 13 29145
Rel. tevel Recw, [a1 ERA
Rel. Level Sang [31 R>a
Ri-Impedance [13] 1A
TX-Impedance [1&8] 20g
Operatien on “Selected Device Clear® {SBC}: Remate
or "Interface Clear® {IF{): Local

Table 4-18 Basic setfing of the POM-4 afier reset
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4.4.4  STATUS BYTE

The instrument issues 3 status byte onie the [25 bus in respense Lo & serisl poll, The status
byte gives informatien as to the current eperational status of the instrument, the bits being
assiqned the meanings shown in table 4-19,

210 8 Bin 7 1O 6 pi0 5 Big 4 jil K] Big 2 01 1
3it 7 8it & it § Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Contral | RGS Error Busy Power Onl XN2 r¥l i)

TabTe £-3%  Stetus byte mearing

’ 010 8: Lomtrel

Contral transfer request : ’ Cot
BID 8 = 1 indicates that the PLM-4 has requested control from the controller.

BIn 7: R4S

Service request
BIO 7 = 1 indicates that the Instrument has Tssued an 3RO,

910 &1 EREGR

Error identifier

GIG & = 1 indicates that the PLH-4 has detecteg sn error. The type of error is given by bits
GIO 3 o GI0 & (arror number). BIO 6 {ERROR! and BIOD 3 fo D0 1 {4M} are all reset by a serial
go¥l or by BCL, SDC and iFC.

GIO 5: Busy

Heasurement 1n progress
Bl & = ] dndicates that a measuremeat is In pragress,

i 4: Power On

BID & = 1 indicates thet & power sepply failure has osccurred, It is nof possihle to call up the
status byte tnformation ff the pawer sepply is down, DIG 4 #s ¢leared by the reset funmctions DO
and SDC.
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4-68

0¥ 3 to DG I: Error numbers (G te 7}, see also 4.2.4.6, 4.3.5 and 4.4.2 {IM9)

KHZ | ANLY SND Error

0ird040 He error

[V inpet errgor

g|1]¢6 Measurement run arror
a1 111 IEC bus error
11030 MU~30 ng, 1 arrar
ElD} L HI-30 no. 2 errar
111t ¢ PLAOTTER error
il PRINTER error
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409

4.5 EXAMPLE PROGRANMS

4.5.1  TEHO 24 OK HP 9816 TRANSFER CONTROL FROM CONPUTER TO PCM-4

15 T L L L g L Ty e e P T R ey
ne b HPYE1&-COMPUTER WANDEL % BOLTERMANN
0 ' !
L% b DEMOPROGRAM | ND 2A . TDEMZZAY IoT Pl T I

= b .
& 1 1
70 U 30 06 BB I A6 6T G O T D A A6 B 3 B 36 056 U |
B0 !

P t PLCME controls the Scamner MUED

1043 I The Controller passes the STATUB "Active Gontreller” to the device POH4
1ia 1

o QoM AIas @Fcomd .
AT oOp ASEats DmElodd, INTEGER S _p.Measure_flag.Cont_trans_flag
(140 DIM EFLTN]
1540 i ,
1 & LOADSHE Interrupt FROM “DEMOZA" i See DEMOIA
] K
180 N=T0O2
190 ASSIEN EFcmd TO N !
plelvy ASEIEN EMu30 TO Nl

210 STATUS 7,181 ' flear the Interrupt-Register.
2200 i

2E0 ELEAR eFocmd :

240 CLESR SMuldo ' Firgt Initialization of Ghe Scanner.
280 !

2ED 1 Definition of the Interface-interrupt

DT o i e

B0 OGN INTR 7 CALL Imterrupt POIF an Interrupt occwrs THEN CALL Int.
20 ENABLE INTR V32 {1 Erable HF-IB SRE Interrupt.
S04 !

Il U Initialization

320 I ommmmm e — e

332 éuTFuT EPEmd USING "# K7 "KR0L03,¥YY121 k01, THO \ MAT L, 221,47
&0 Dm¥F="1l1210"

o0 1

251 1 Measurement

FFQ 1 e

ian OUTRUT @Femd UBING “# K" "ORIS,," | »2x2rx 2, Comma suspends transfer
RErin] 1 of the nett OUTFUT-statement

L 14lv] ! to allow the program to ‘pass Control
A1€r Fif orequired.

420 Measure_flag=1

A0 TRIBEER ®Pcmd I Btard measuremsnt

430 H

40 REFEAT D Walt until end of Measwrement
G40 NTIL Measure_f1ag=d

470 !

L1:1s] WAIT .12 WRIT until Results are

A5G srored in POM4-memory.

i) Oniy Series B and O

Sid

T30 QUTFRUT BPCm4 LUSING “#,K" “DM", Dms,

S531 2. Domma toe suspend transfer

40 af fellawing EMTER-statemsnt
fafuia] wntil internal pointers of
Bhé FLME are adjusted.

CETL EMTER @Fcmd USING &, ]38

Senl 1

stclel i

&0 ERINT OHR2IEZ) ! Elrar Screen

510 FRIMT “RESULTS:"

&20 FRINT E¥ ! Pisplay reaults

&30 i

&40 END
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4-70

4.5.2 DEMO 3A OH HP S816: OPTIMISING MEASUREMENT RATE

1o

an

0

-Tx]

S0

[=13]

Fied

B

ki

100
120
120
153
1408
150
L&t
170
18
18
208
2ia
2270
230
246
250
jad-Tal
230
280
294
jdnls]
Tig
2

IEQ
440
20
38O
et tel
370
28a
390
H30
410
AZO
430
440
450
B
470
480
A0
200
S0
3x0
Do
345
S50
=Tt
57
S
sS4
&L00
Al
Fiwilel
A

546G

L Y R L R T B R A ey e
HPFgs—Conputer WANDEE, & GOLTERMANN

i
)
I_
DEMOFROGRAM  NO 3A “PEMOIAY O4w0Ze@E !
T
b
B e oo B3 e o 06 T R e D 2 B T X N R AN T

This program shows some methods to achieve ma<imum spowed of
measuremaent. The used methoeds ars:

~ to switch off the Display and Telerance-masks

- pgverlapped Datatransfer

- to switch off the Automatic Ranging

- £o send an Enpected Levael

~ tg stare the Measurement—{odes for further uss in the STORE-MODE-List

The Subpregram "Interrupt” s a common progras with fellewing functions:
- Transfer of the Contreller-Activa Status to the POMG

- Test of ths SRO-Statusbit, Error-Statusbit and Bugy-Statusbit.

— The ERAROR-Status-Ryte is read and displayed on the sScresn.

The Subpregram "Recr exp™ is & common program for measurement-cycle
control using the TM1 Moede (overlappsd inpubtsoutputd.

With the Interface-Mede (KX, ...) the POM4 is forcéd te send an Interrupt
whan a measur-enent is finished.

SA A T Em N A P I M ek 4M% R kb e e e e AL P MR LA AN SE R ke A o e

)

CFTION BASE 1

COM /Lo/ EFemd

COM /Stat/ Dm$lAl,INTEBER B_p,Measure_flag,fCont_trans_flag

DIM Setup$iBol

REAL Tast_ rpar{Z0) ,Explev{Z20) Resulil1 (20} ,Resul £2(20) ,Resul £3(20) Renults{

INMTESER M
E
I

ASSICN éPemd TD 702

BTATUS ¥,1; 81 I Glgar the Interrupt-Register
PRINTER IE i

CLEAR @Pcméd ! Pevice Clear
1

1

!

! Pafinitioen of the Interface-Interrupt

! - - -1

a8 INTR 7 CaLL Interrupt ! IF an BRG=-Interrupt vccurs

ENGBLE IMNTR 732 ) ! THEM Cab! Subprogram

H ! Sinterrupt®.

i

L

!

foBetup  List

| o v o .

sblz DATA “"MALL,VELZL-40,V032 V343 H82 ,,FALC14,F324," i Mode-Setup

i3 DATA LA, & ! Meas. ves Leval (T pa"
DATA —&0, =50, =43, =30, 20~ 1 G !

1: DATA —40, =40, =40, ~ 10, ~10,-10 ' Expeatad RX-Lavel

atZ:  DATA "MASI,VSL1ZL-20,VEI2,M8T, XP1,0F2,LA-80,P924, "

Ty DATS LA,& !
DATA ~B0, 40, ~30,~20,~i5,- 40 :

Zt DATA 20,33 ,37,37,37437 !
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&HE1D
ava
&ED
&F1
Fisly]
F i
FL0
IO
TR
7EG
760
D
Fao
THO
B
il
a0
HIL
AL
2E0
Bt}
. a7
, 2 b= 3
a0
ol
"B
PEG
R
T4
G50
FEY
FIO
FE0
PR
10040
1016
L2
L5
L4}
LS
jAnI-1y
LOFT
1080
Lo
LiQd
tr1g
L1z
LEZQ
$1440
L1580
1140
il7e
1160
1170
1200
#3 ,0PT
1210
1220
12340
1240
1258
L2440
P27
1280
1290

Artisan Technology

4-71

I Setup FLM—4

[ —

!
Dhmeg = " SO0 ! Datamode
pUTEUT BFcmd USING "“#,K9:"XXOL0T,xX@4 T, 8C0,0M*,Dmé, ", "

! boThie Inttialization mast be sent in the TMO-Mode.
! ! To speed W the measurement, the DISPLAY (s
i 'oswitohed off.

! ! X001 = Enable SRE-Intearr-upt

1

RESTORE Testl

READ Setup®,Xps,N,First_rpar
RESTIORE Epl
AREAD First_sewplev
Stars_moda{l, i, Betupt, ip¥,First_rpar,First_siplev]
)

RESTORE Testd

READ Setup¥, XpE.N,First_rpar

RESTORE EpZ

READ Firast _suplay

Store _mode (2N, Setup$, XpF, Firet rpar First_ guplev)
i

t

1 s =3 S mpm s s mmagme s ey anpmange =

Meamueanent

1
1
!
FRIMT "BTATUS: Runping®
t

RESTORE Xumi

READ Xp#,N

REDIM Test_rpar (M Explewiid

READ Test_rpari+y ,Explev i}

Recr _eup(f Ny, 2p#F, Test rpar (%) Expl ev i#) ,Resultl{i*}}
1

1

.l

RESTORE XpZ

READ Xp#,N

HEDIM Test rprar M) ,Expleviy

READ Tesh_rpar (#) ,Explev (€]}

Recr _asxpi2,N,l,ipF ,Test_rpar (%) Explevie} Fasultlish)
1

FRIMT "STATUS. Stopped™

FRINT

1

END

i

!

‘I AL SEEE TR = cn e

t

! .

sl Resr _ewp (INTERER Betup_nr,Steps,N_res,¥p#,REAL Rpar (%} Explevi#) ,Rest(

I{nNAL. REAL ResZ{#) (Resd (*: Feat i)}

)

P Getup_mr 1 Nr. of Hetup to uase{"RMan, ")

! Stmpse 1 # of Measuremenbs

fON_ras 1 # of Subresults (1 .. 4}

' oXpE : Sweep-Faramster for remetE-conkrol of PEOM-4 (ag. YLAY}

! Rpar 1 Array of Swoep—-FParametera

' Euplev : Array of Expected RX-Lavel assigned to Sweep-Paramatars
! REE. i Array for Subresult a (1 .. &)

]
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FFQQ  COM /lor EFocmd
1210 COM /8tat/ Dm¥lal, INTEGER S_p,.Measure_+lag,lont_trans _flag
1320

£330 =t

134 !

iTE0 IF Stepg=l THEW

LTl QUTPUT &Fcmd USING "#,0"y "FR" ,Setup_nr """

Recall of the atored

L3700 TRIGGER @Focm4 ! Mode.

LIg0 GIELE Wait _msaa_end

LERG GISUE Read_result

14o0 ELSE

144 OUTPUT Gfomé USING “#,k"3 7ML, ! To speed up the
1420 OUTPUT @Fomé USING “#,5"; "Rd" ,Satup_ae ", " ! mgasurement, thea
L1430 TRIGGEER @Pam4 ! Dverlapped input/
144 i_agt erpleveExplevil} U sutput-Datatransfer
1430 REFEAT

1440 OUTFUT BPomd USING d,K"p pd,Rpar {I+i) " ,° P ig used [TME]

1474 ElwEupleviI+i)

1480 IF El<rlast_puplevy THEWN

1490 OUTFUT @Fomd LISING “#,.8"; "LEY B, | Expected Lewvel:
15430 T Last_axpleveEl ! While adressing the PCM4 in the

1533 ENE IF . ! TMi-Mode, the used Operation-Cods
1520 1 ! is "LE". Best the pointer to V312

1EEG i t during THMl-Mode { s. BUE Store_smode )
13530 H

Jpalanel BOSUR Wait_meas _end

i5&0 '

1570 TRIHGER @Femd

1540 BOSUR Read result

159G Teml+]

L UNTIL I=Steps

H=pie GOSUR Wait_meas_end

L il QUTRUT &Fcme USING “#,K°§"THd," ! Datatranafermorde MO bhafore
L&D GOSLE Resad result T reading tha last result

164 END IF

1450 SUBEXET

Liaded H

| B L e -~
FEBG Wait_meas_ends !

1&9y  Measure flag™~l

L7000 REFEAT FoRait until End of Measurement
L7400

1720 UNTIE Measure_f]ag=o

LTI RETURN

L174H0 ¢

Fr=1 - e e -
1740 Fead result: !

1770 ! .

17BO ! In some Measursasnt-Modes the PCM4 sends 2 (3 o~ 4) results. This
17594 ! subpregram reads sueh swbresults.

18000 !

181¢ Fead_res: IMAGE  #,4¢A,D, K}
1820 ON N_res GOBUR Readi,Read?,Read?Readd

1830 RETHURN

184G !

iB30 Readl: ENTER @Pomd USGING Read res;A$,KL,Resl{I;

I9&C  RETURM

tB70 ReadZ: ENTER @Femd USING Read res)As, K1, Resl{l}, A% K2, Real2{l}

tE80  RETLRN

1890 Read?: ENTER ®Pumd USING Read_res:As,i1,Resl(1),A%,K2,Res2{l} A%, T, Resd (1)
R0y RETHRN !

1710 Readd: ENTER @Pomd USING Read resiAf KU, Resf 1}, A4 ,R2, 85 Res2{l) A% K3, Hesl
(1Y ,8%,54 [ Ressg i)

1520 RETURNM

1530 H

LRAD SUREND
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1
Thim Subpregram storas bthe HMeamursspni-Medess in the "STORE-MOGDE-List".
]

The pointer of the Expected Lewvel is met to WILZ .
Fafora storing the Mode, the List—Adress is srased,.
1
BUB Store_mode {INTEGER Rm_nr N, Raf,ip¥F Farl,Explevly
coM Ao/ @Fcms !

CUTRFUT @Fcmd USING “# k" pRme, "y dpd Farl " VWEL2L Y Explevi, "y ¥

DUTFUT @Fcmd USING "#,K"5 "SM-  Fm_nr " SM7 Rm_rie "

SUEREND

] s s s s A At St e s o e o o —— 14— — L . s 2 s 7 by ootk A s et e 3 - 4 A LA 4 A A S AR et s ¢ A L A
208Q SUB Interruapt | Smmmsmommsmm==s==== onegral Interruptroutline sess=

20940 1

2ia0 2OM AIod GPomd

2110 G0 /Stat/ QmELSLDd INTEBER E_p.Measure_flap,font _trans flag
1

Tizo !

2130 5TATUS T, EiG1 ! Clear the Interrupt-Register
Zi40  §_p=OP0LlL {(GPcmq) ! Ciear Status _Pegister of FOMG
o1se :

2140 ! Testing the CONTROLLER-ACTIVE-DEMAND of the FCMA

2170 IF BIT{S_ p,7) THEN ! Not used in Program DEMOZA
2180 4 .

Z1Ro ' Transter of the CONTROLLER ACTIVE~Status

FPASS CONTROL @Fomd ! Transfer of the Act.-Controlier—
! Btatus te the Interface (PEM4).
1
ENABLE INTR 7p-327&8 ! HF-IB Interrupt ensbled only for

internal actisns of HP9RiL,.

Cant_trans_f1agw=l
ENABLE TINTR 732

Fiag: fctive Controller changed.
Re—anable HP-TE SRR Interrupt.

ALE0 T Thig Interrupt will net He passed
220 ! to User-Program—Laysye,
e o} ! Ben't #hink abeout. D0 IT!
=28 !
22940 REFEAT T ait wntill pAckive Controlier~
2200 YTATUS 7,4:8%atkcon ! Shate (PCM4 papses Active Control
UNTIL BIT(Statcoen,15) ! ko HPFELA).
I
]

240 SUREXIT

SR END IF

2F60

2z7n !

2E80 ! Testing the SRO-Status

IR IF HITES_p.&) THEN

2400 !

2410 ! Testing the ERROR-Status

Pl IF BIT(S_ py3y THEN

jale Sl ]

2544 ! Reading the ERROR-Statusbyte

L4834 PRINT CHREOLZD

2446 FRIMT

2470 FRINT USIMG "KFiCHMRF{IZ0) %Y SRO-ERROR “LOHRE (128D

2484 QUTPUT #Pomd UGING Fir, k" *DMe, v !

Z4F0 ENTER @Pcmd USING "#,FK";jErrorstrs

ZTO0 OUTPUT &FPomd USING “#,K"; "DIMY,DmE," ., " 'Datamode corrosponds
ZEig PRINT ‘to the maln program.
2EIG FRINT " Error-Status @ ", Errorstrs

25350 FREINT

e 14 PRINT " Fragram stopped ~=> Analyse the Error-Status~Byte, please”
2DEE FRINT

plarta PRINT " Continue with key "FCONTIMUE"®”

rETG FPALSE ! Program is stopped
2EEN SUBEXET

2EF0 END IF

ZELH !

2610 !

el b Testing the BURY-Btatus

2EED IF NOT BIT{S 3,4} THEMN Measure_flag=0 | [F Busy THEN return.
2é4 ' ! Flag signals the end of
2L ! ! measurement.

Zed0  ENB IF

2870

2eEA  ENABLE INTR 732
24910 BUBEND

Re=eznable HF=IEF SRE Interrupt.
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4.5.3  TEC 117 OGN HP B5: TRANSFER CONTROL FROM COMPUTER TO PCM-4

BRI NI U N
HF#S Chéven (12 B

erfERar CIECL AT
Teat program for

FEM=-4 1EC bls cperation

Aur parameter LROMMNEL
!

Tt tontbroiled by POM-4

Wait for end of measure-
ment. with interrupt

=]

L

i Resuits outpit togethes

ioan oeng gxta string (dus
P D b PMU-Z0 contro: by FLRM-4

.

1

t
E}
|
'
i
1
¥
1
t
!
MLt b
i
¢
1
E
|
v
1
2
¢
)

A I e 3606 3 R

GPTION BASE 1

FIENTER 16 2

Lipy Rl 1o0Ed

IGBLFFER R#

OIM E9EL103

0,0, 60,581,865

i FoTd, Fs

L5
a0 D Interface initralication
EEL - e i e e e
20 fdress of FOM-4

CLERR W
CLESR N1 ! Primary initislisatian, MU-30 scannsr
1

BOOOUTFUT N USINS "#,EY 5 "XR1,YY1iZ21," ! Evzble CA
dtr e

T 1

QN ENTR 7 GOEUR 1140

EMNABLE fMYR 7:;8 | Enable SRR

Htart measuremsnt

[

13
.
)
304
1
.
E)

"ETATUS: Running”

Set measurement mode

1
VPE mazk to orabie FPOM-4 to contrel MU-30 frangderced at end
Vodnerasfher, (Berigs A-D) a selective channel sstiing is reguired
GUTEUT o USING "#,K" ; "XXOL0Z,YY121 .04, Tha,mA71,721,,"

1

SLUTEUT N LSING "# k" ¢ "CRIS,,"

! oFtart of measurament cycle

Me=1 1 Resat ged of measureasnt Flag

YTRIGEER M

i
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S
Fiarl
TR0
TR
70
s[el)
g1
g
[~menl
=L
G
28500
a7
BEO
g
500
Fio
Ll |
HT.0
G4
REO
F&il
i
FEk
GG
LD
L0110
jeie]
LOZE0
FOED
PO
L
jedd]
1084
0%
1104
111
1124
1130
t1an
1150
L1&G
1170
1180
11940
1200
1284
1280
1230
1240
1254
12480
1370
1280
1280
1S00
1310
1Z20
13ZE0
1340
Rt
15&0
L1370
1360
1350
FR00

Wait for end of last measurement

1
FOSUE 1600
§
1
L3
' Reading-in o4 results
1
WAIT 120 ¢ Wait wntil data in oufpet butdfer (saries C)
OUTFUT M o3 "BFL1GH0G, " Y Write DM, L. command PDefgrs gotor
'
TRANSFER N TO RE FHE 3 EOT
1

m
=]
=N
[
o,

masurement

FRINT "TEST NOT 1187
FRINT -
R

DISE "STATUS: Stopped® . .

b
1

Iodutput af rasulie read in
S S P
FRIMNT " CHAN REZSULT
PRINT "———————mm—m e »

STATUS REs0 ¢ TO,T1 T Cheeek of buffor coentents

ITF Ta=7T1 THEN L1009 ! BEOT character ignored and noet printas
FPRINT USIME "K,DD,7X.S5ZZ.D0"% ¢ X, ft

GUTH 145

1

10CAE ©

ERE

Interrupt routine

I

i

3

{

:

S0=5F0LL (M} ! Status POM4E FCMG interrupt, controller transfer,
H 1 oand of meEasurement, errord

WAIT 1} T HPEE internal Wait

STATHE ¥,1 ; 51 ' Reset interropt flag on the controller
IF BIT{D0, 7= THEN 1320

¥

! Cantrel transfer

PAGE CONTROL N

STATUE 7,8 3 8% ' Poall of controller active mtatus

IF RIT{(S5,3)=0 THEN 1270

C=1 ! Flag: Contrellier active changed

GRTD 1950

1

! 5RO status poll
IF HITLGO, &= THEN GOTO 155

1
?
! Errar status poll

IF BIT(S0,3)=0 THEN GOTO 1520
b

i

CLEAH
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1414
1470
1450
1440
1450
14440
1470
1480
1474
TS0
13310
1520
1530
1534
1550
1840
1574
158aQ
159G
1400
1410
14620
1630

DiSF "SOR-ERRQOR"

OUWTPUT N USINE "#.E" 3 "DI#M7,," ! Bata sutput mode: Error stabus data
EMTER M USINMG “#,k" ; EF% ! | Reading the erro- status data steing
DISF "FEHLERy ", E7F

PRINT “"FEMHLER:",E7¥

OUTPUT N USING Y# K" 3 "DIMI1GOC82," ! Batamede iz the same as in bbe
DisF ¢ ! main program

DISF "Contirnue with SONTY

FRUSE

BOTT 1550

1

1 Husy status poll

IF BIT{50,4)=0 THEN M=O ! Recognise COM apd 2ot 41ag
1

ENABLE INTR 712 ! Enable SRE interrapt
RETLURN

1

1

[

U Bubroutine: Walt for emnd of measurement
1 N .

IF M=l THEM GOTD 1420

RETLIANM

strina
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A4,5.5  SETUPS OF HP $816: INPUT/OUTRUT OF SETUPS TO/FROM DISKETIE

14 1 rgETURE _EY

PR DORRA R R KA R AR R R R A R R R R AN R R AR R KRR R KRR RN AR AT e
A ! WP FE1S 22 Apr 1987 11:70
L DR KRR R AR R AN RN R KRN R KRR NN Xk by
S !

&40 1 This program stores/recalls the setup menory of the PCM-4 tos/from

70 ! diskette,

2O !

Q0 ! MOTE: Datae is transferred in ASCII code, i.e., 2 ASCII HEX characters
1003 ! per hyte fe.g. YEO')

180 !

120 ! The ASGIE characters in this exasple are not packed before atoring on
1730 Doglzkatte, a0 twice &5 much memary space will ke reguired as uswal,
144 H .

150 1 PLM-b SETUF memory start address: EF20H

15643 ! lengih...cao.: 4584 bytas

174 ! :

184 Dot rrre—
S1ED !

el aix] ! Dafinitions

el 4 ¥ Frinter o730 )

230 Ffs=DHRS (12 ' Farm Faed

ZED Cro=CHRS (17 ! Carriage feturp

N '

s VOBLE far

L&D INTECER Blocks

el Bl ocke=lé

2813 BIM Buffersl9R14]

29100 !

T '

SRR '

243 !

I3 ! Input control commands

3413 1ot s

350 Start: i

hr=1s] FRINT CHRE{12}Y
370 PRI o

PLM-4 Setup  Storedload Uhility®
380 PRENT

190 FRINT

A0 FRENT

10 FRIMNT " This pragram SAVEs or LOADS all 40 setups”
420 PRIMNF tey ooy from oa disk—file.,"

430 FRINT
440 FRINT
450 PRINT
450 FRINT

' FoM-4 Addr, PV

870 FRINT " Filename ¢ 7
480 FRINT Function § 7
490 !

B00 REFEAT

Gl DISF “Input FOM-4 [EC bus asddress (default = Br '
G20 M=pR

e INFUT B

540 EF M=SY THEM M2

eptd) LRI, Me=0 ANE pMO=E0

=210 FRINT THEXY (18, 10) i

570 ASEIGEN dFomby TO TOOHN

SEG !
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478

irle]
&S00
b1k
H20
H50
&80
&HEQ
oY lal
&7
fatilo]
&
00
Tia
TE0
70
FaD
b
Tald
TIG
TR
T90
o0
j=RAR]
B20
830
B4
830
B840
270
890
B0
G
T
720
330
240
fpwin]
a0
Q@70
PRI
A lel
jsle}
131G
jLniele)
130
140
13E0
PRIt
170
1B
]
140
tr1
1420
LEGG
1140
1B

REFEAT

DISF “Input Filename: Mg

INFUT Filename®

IF LEM{Filenameas)i=] THEMN BEEF 800, .%
UNTIL LEN(Filanans$) >0
FRINT TREXY (18, [2) ,Filenamad

- REPEAT

BISF "Input function L=LOAD or 5=SAVE: ")

IMFUT Functions

IF Functieont="1" OR Function$="L" THEM Function®="LOao"

IF Functionk="s" OR Function®="5" THEN Functions="SAVE"
IF NOT dFuncrion®="LIAR" OR Function$="BAYE") THEN BEEF &00,.3
ONTIL Function$="LOAD" DR Functignd="SAVE"
FRIMNT TREBXY (18, 13} ,Functian®

! Main pragram

IF Functians=“SAVE" THEN | BAVE
DIGF "STATUS: FResding PCM-4 =etups"
QUTFUT #Pamd LUSING "7A"§"RIER20,"

ENTER QFzomd USIMNG Y4, P1a88" s Buffers
LOCAL @Fcmb
]

ﬁISP “ETATUSr Saving setups inte file “j;Filenamed
0nt ERAEOR GOTOD Create _error

LCREATE BDAT Filename$, Blocks Create new file

1
ASSIGN #File TO Filenamss ! Open fils
OUTPUT #FileiBuffars U Transfer
ASEIGN EFile TO # b Close file
ELGE ioLaan

DISF "S$TATUS: woading setups from file "jFilenames
ASSIEN BFile TO Filemsma$ '

ENTER ®Fila; Bufferd

I3

DISF *8T4TUS: Storing FEM-4 setups®
OUFPUT EPemé USIMNG “#,70,91680,A8%; "WiEBZ0. " Buffers, *  *
LOCAL ®Fcmb
ASSIGN BFile TO ¥
END IF
1
DISF “STATUS: Ready"
STOR
'
:

Craats srror:

BEEP B}, .8

FRINT

FRINT

FRINT "File *“;Filename$;”’ alrzady esists, Program aborted!®
1

END
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5 OPTIONS, ACCESSORIES.eei i feasaeaan Ceraraas terrmeanranas vawrens Bl

B.d fid RDit/s INTRrTaCeS . o ribrsmnrrrmmrraanrcararsnnnans Veereusannvars et frareeen 5-1
5,41 Cedirecinnal &4 kbit/s 1ntepfaye 0 CLITT Guil3. i inescnasnans amarrenan wmraranes we B=3
.1.1.1 Codirectional 94 kbii/s fnput BN D984/00.00a s sesvsusasennarsovonnronsrecnronnnenns Gk
5.1.1.2  fodirectional 64 KBIt/s oulput BN 0984/ 00,02 0 iisvesmaimsnanuaonmnnnsen Cemaaraas 5+5
6.1.2 Lodirectionat 84 kbits/s interface o COITT Gol0d.ircnenrresiassrnnnrrranncnssenees 5B
5.1.3 Paratlel TTL output, BN D84/ 00. 08 ueecisesnsenrnrrransnsuns werrerrraeas rrevrmssna 3-8
5.1.2.1  Contradirectional 64 Kbit/s input BH DOB4/ 0003, tevneeuiorimurannrrsacivrmenne aa BT
§.1.2.2  Contradivecticnal 64 xbits/s output BN D9B4/00.04. ervnnerivinnn Eeraresitarae e 5~
AL1.3 Seriat 64 kbit/s TTL 1nLerfact. eemrccassnscrasirssscannencn . vea B8
5.1.3.1 Serial 64 kbit/s TFL inpul BN 0980 00u05 0 uasevanrrssareasarsmsnovuns terruamnnmire 2uli
F.1.3.2  Serial 64 kbit/s TTL cutput BN D084 0. 06 i i i cr it re v rmnrsarannan [ e B=12
.14 Parailel 54 khit/s TThL fnterfacfeiieicccrscssaurrsvsuivnsns Netrensrar e 5-14
.11 Paraliel &4 kbi'tfs TTL input BH D984 00,07 rn i rrv s raenann Ferrrwanee rerraaee O-LG
Subeda2  Parallel 64 kbit/s TTL cutput BN O8BA00. 08, . s e ievvnrrassrcansnssassvonerensasan G217
5.1.8 64 kbitsfs ¥.11 interfacs DN 0984/00.09. . ...... A Em A ireienrrarrEEEETEata o rrannn f.id
5.2 Return loss and tongitudimal conversion 10ss measuring bridge..e.eeeeeoeens R 5-21
5,21 Eridge impadance addition BM B84700 10, i ue e rceiarrararaarsansnsraniuosnnrsnans §-21a
§.2.1.1  Return Toss measurement with external blocking COPECILANCE. cuvurvanrerrasnnenes 5-218
8.2.1.2  Return Toss measurement without BXTernal BIoCKIng CapaciianCe. .auersaanes.s wen B-FlY
4.3 LC Toop-holding circoit GH-b, BN 93/00. 12s us v sntnnnarimcsncsnconsasranscreanns 5202
5.4 BC decoupling unit PCMI-4, BN B4/, 14, . eyvmvennnsnssnasrnnrasnnvnnnnssonneres 5-23
5.5 120 kHz Tow-pass filter BN O9BA/OB, 14, .. iansnassssamesunmnnnnrenssssscronrrenens 525
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5 DPTIOHNS, ACLESSORIES

5.1 B4 kbit/s [NTERFACES

Fiva different types of 64 kbit/s interface arse available for ithe PCM-4 as options:

& Codirectional 64 khit/s input B 0984/00.01
codirectional 64 kbit/s output BE 0984/00,02

This interface has characteristics to COITT Recommendation 8,703,

o Contradirectional &4 kbhit/s input BH 0984/00.G3
costradirectional &4 kbit/s output BK 0984700.064

This interface has characteristics to CCITT Recommendation G.703.

o Sertal 64 kbit/s TTL input BN 0984/00,0%
serial 64 kbit/s TTL oufput BN 0934/06.06

input and eutput are switchable between codirectional and contradirectional signat flow.

# Parallel 64 kbitSs TTL imput BN 0984/00.07
paratlel 84 kbhityfs TTL output 2 0924/08,08

input with codirectional signal flow only.
Output switchable between codirectional and contradirectional signal flow,

¢ 64 kbit/s V.11 interface BN (984/00.09

Inputfoutput viaz i5-pin connectar to CCITT Recommendation X.24 or IS0 4903,

Fitting the interface

Thare are twoe slots on the back panel of the PCM-4 for the 64 kbit/s Tnput and output medeles,
The 64 khit/s 1nput module §s fitted in the left-hand slot, the 64 kbitfs output module in the
right-hand slot.

HHPUT DUTPUT

Figura 5-1 Fitting the 8¢ khit/é interface
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NOTE:

The analoq noise signal is generated digitally in the POM-4, This requirss an 8 kBz clock, which
is derived from the 64 kbit/s interface in the two cases defined below, It must always pe pro-
vided if an analog nalse signa] i3 selected as the output signal on the analog side.

1) A 64 kbit/s output is set for contradirectional eperation and selected via parameter 112 gr
113.

2) The 84 kbit/s output & set For codfrsctional eperation in a digital-cigital configuration
vig parameter [12 or 113, and sarameter 334 {CLOCK FROM RECEIVER) has atso been selected.
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5.1.1 CODIRECTIONAL 64 kbit/s INTERFACE 1O CCITT 6703
With this interface, a combination signal is transmitted in hoth directisns via ore balanced
Tine each at a modylation rate of 258 kbaud. This signat contains not only the 64 khitfs data
signal, but also the 84 kHz and 8 kHz clock information in encoded form. The interface can only
be operated with & codirectional signal flow.

Step 1 & 64 khit/s bit period 75 divided into four unit intervals.

Step 2 A Binary one 15 ceded 2 5 a Wock of the foltowing Fowr bits: 1100

Step 1 A Binary rerc 1¢ coded 25 3 Block of the following Four hits: 1010

Steg 4 The binary signal 1is converted iato 2 three-Tevel sigral by alterrating the polarity of

ronsgcutive blocks
itep & The zliprration in potarity of the blocks is viaolated every #th @lock,
The vigtation tlock merky the last bEb dn en octet.

bit rember T 3 H T2 k| i ) § H b 3
¢ kbit '
faAmitSs 2 ) 1 1 g 1 1 1 g ]

step ¢

wiglation viplation

actet timing
Code conversion to CCITT Rec. G.JU3

section 1,2.1

Figure /6,703

98d ;928

Figure 5-2 Coding rule for the codirectional signal
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5.1.

1.1 Codirsctional 84 kbit/s input BN 0O84/00.01

5 a

258 kbaud input

00

&

COOIR. WPeT
© &

©

i

©

E-ELHG@S
E ]

NB: Parameter 124 {64 kbit/s loop at A-A} cannot be selected with the codirectional B4 kbit/s
input.

Regeiver operation with parameter 112 or 114

If this parameter is selected, the B4 kbit/s input operstes as a digital recsiver. The 64 kbit/s
signal received can be used for all digita) measurements selectable under MODE.

HUX operation with parameter 212 or MODE B22

If parameter 212 or WOBE 892 is selected, the B4 kbit/s imput cperates as a wultiplexer 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 & PLL circutt.

88: WUX operation via the codirectiomal B4 kbit/s input in conjunction with parameter [16
{2 Mbit/s tendem operation} is not possible.

The demuitiplexer and the PCH-4 have sepsrate clock seurces which are not synchronized. Parameter 334
{elock fram receiver) must be selectad for codirectional B4 k / 7 # measurements fo prevent bit slips.
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5.1.1.2 Cogirectional £4 kbit/s output BN 0964/00 02

5

256 kbaud output

g O

=

B

=

=

0

=

b

Ei}

!_; - X
1E T 56 whr unjittered clock output
g

i

oF

266 %Mz jittered clock iaput

@)
!
V)

NB: Parameter 1%4 {64 kbit/s loop at A-A} carnot be selected with the codirectional 84 kbit/s
cutput.

Generator operation with narameter 112 or 113

If this parameter is selected, the 84 kbit/s output eperates as a digital generator, A1 digital
signals selectable under MODE and VAR. MODE can be output.

Note: The jittar tolerance of devices under test with codivectional B4 kbit/s interface can be
determined with parameter 112 in MODE BB3 if the 258 kbaud output signal is given a de-
fined Jitter. To do this, the 256 kHz c¢lock cam be be passed from output [54] via a jitter
modulator and the clock signa) jittered in this way then fed to input [%5].

DEMUX operation with parameter 222 or MODE D42
1f parameter 222 or MODE BSZ is selected, the 64 kbit/s outpet operates as a demultiplexer in

sonjunction with parameter 111. Parameter 222 outputs the digita) signal from time slot 15, or
the digital signal from the selscted time slat in MODE B92.

HB: DEMUX eoperation via the codirectional 84 kbit/s input in conjunction with parameter 116
{2 Wpit/s tandem operation} is not possible.
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5.1.2 Contradirectional B4 kbitfs intarface tp CCITT 6.703

This interface has two separate balanced lines each for the oubput end input directions. One
line carries the AMI-coded 54 kbit/s data, while the other carries tha AKL L/2-coded B4 kbit/s
clock and the 8 kHz ootet information in the form of 2 bipolar violation {see fig. 5-3).

5 |

B

BEREEREE
| EREEREERE

il

54 kHz chock
and B k¥z
2£teL iRformation -

—
e
(=)
L

Big Mo,
od kbit/s data

= o
-

9EL-161

Yietation Violation

OJetet start Qetet start
Figure 5-3  Signal shape of the contradirectional 64 kbit/s interfaca to CCITY G.703, Figure 7
In accordance with Figure 3 of CCITT Recomrendstion G.703 {see Fig. 5-4), a contradirecticnal

interfase carries the clock information {of both data transmission divegtions} in the directien
of the data terminal {Office Terminal Service Side}.

Gata terminal Bata conmmnication
equ ipment ' equipment
(Service side) {Line side}
A kbit/fs data
il B4 kbit/s di 3t
Gengrator £4 kHz clock and & kHz ectet information Mily
g ——— — —— ——— —— — — — — —
&0 xhivys data
24 _ 4 i
Receiver E4 kHz clock and & ¥Hz ucbet informaticn IEMEX 2
o — —— — —— . s e e e b o o e —a -

Figure 5-4  Contradireciional imterface to CCETT G703, Figure 3

1} Contradirectional 64 kbit/s output of the PCH-4 operating as a B4-kbit/s generator {parame-
ker 112 or 113}
2} Contradirectiena]l 64-kbit/s input of the PCM-4 operating as a G4-kbit/s receiver (parameter

112 or Li4}.

3} Contradirectional 64-kbit/s tnput of the PCM-4 eperating as & multiplexer (parameter 214 or
MODE B92]

4] Contradirectional 84-kbit/s output of the PCH-4 operating as a demultiplexer {parameter 222
or MODE 8392). ‘
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5.1,2.1 fontradirectional 64 khit/s input BN D984/006.02

64 khit/s data inbui

HO
(::) . B4 kHz clock and 8 kHz sctet 1nformatién.
Input wher operating as 64 kbit/¢ receiver, cutput when operatiag
O J 8s multiplexar
eHE03

- O

Receiver pperation with parameter L12 er 114

If this parameter 1c selocted, the 84 kbit/s fnput operates as a digital receiver. The 64 kbit/s
signal received can be used for ail dfgital meaturements selectable under MODE.

In conjunction with the contradirectional 64 kbit/s gutput, the &% kbft/s Toop can be closed in-
ternally in the A-4 configuration by selecting parameter 124, '

Hote: Signal flow of digital signal 2nd clock as per item 2, fig, Se4.

MUK operation with parameter 212 or MODE EOZ

Lf parameter 212 or HODE B%2 15 selected, the 64 kbit/s fnput operates as a meltiplexer in com-
Juncticn with parameter 111, Parameter 212 injects an external 64 kbit/s signal imts time slet
16, or-into the selected transmission channel fr MODE B92,

HUX eperation ts possible in MODE BYZ via the contradirectional 64 khit/s {aput im canjunction
with parametar 116 (2 Mbit/s tandsm operation),

Note: Signal flow of digital signal and clock as per item 3, Ffig, &6-4,
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5.1.2.2  Contradieectional 4 kbitfs output SN 054/00.04

Of
0|

O 00

‘G4 kbit/s data output

[
-
=
&3
3

B4 kHz clack and 8 xMz octet information
] Input when operating as 64 kbit/s receiver, outpwt when operating

as demuTtiplexer

l;gO
0:O OO¢

Generatnr pperation with parameter [12 or 113

If this parameter is selected, the &4 ¥bitfs output operates as & digital generator. AIY digftal
5ignals selectable under MODE and VAR, HODE can be output.

In conjunction with the contradirectional 64 khit/s input, the &4 kbit/s loep can be closed in-
tersatly fn the A-A configuratior by selecting parameter 124,

Hote: Sigral flow of digital signal and clock as per item 1, fig. 5-4,

DEMUX aperation with parameter 222 or MODE B92

If parameter 222 or MODE B92 is selected, the £4 kbit/s outpuf operates as a demulffplexer in
conjunction with parameter ILl. Parameter 222 sutputs the B4 kbit/s signal from time siot 16, or
from the selected receive channel in MODE 892,

DEMUX operatian'is only possidle im MODE B22 via the contradirectional &4 kbit/s ocutput in cone
Junction with parameter 1156 {2 #Mbit/s tandem operatieon),

Mote: Signal flow of digital signal and cloek as per item 4, fig, 5-4,

5.1.3 SERLAL G4 kbit/s FTL INTERFACE

Tnis interface has three separate coaxial Tines each with TTL signals for the outpst and faput
directions. One line carries the NRZ-coded 64 kbit/s data. Yhe other 1ines carry the 64 kHz
clock and the & kHz octet information fsee Fig. 5-5%.
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Bit No. & 7 [ 1 T3
64 khitfs data t

s hnnnhhhhhhhhl

8 kMz octet A g/’;
information ! v

1) Phase relationship between & kM octet information and £4 kbit/s dats can be switched over
for contradirectional campanion signals {64 kHz clock and 8 &Mz ocket information)

Figure 5-5  TYTL signals of Lhe serial 64 kbitss interface

{odirectional ar contradirectiona? signal direction af companfon sianals

The signal direction of the B4 kHz clock and & kHz octet information tan be switched frem co-
direetional to coatradirectional on the individusl 64 kbitfs plug-in cards,

64 khit/fs data

1i H
B kHz clack
fienarator ot e e e T e st s e — ] MEX
& ¥liz octet fnformation
P N v 40 ol
64 khitfs data
1} 9]
] 64 kHz clack
Receivar pro— e — — — — — T e e e JEMEX o
% kHz actet informatien =
p— — — — — — — — — v e e e mu W dan w o -
3

Figure 5-6  Serial 64 kbit/s interface of the PCH-4 in contradirectienal setup
1] Serfal 84 kbitfs output of {he PCM-4 operating as a &4 khit s generater (parameter 112 o
113) with centradirectional companion signals,

The positive mdge of the B kMz cctet information marks the start of bit 1 or bit 8 of the BCH
octet in the 84 kbit/s data {switchable),

Z) Serial 64 kbit/s imput of the PCi-d operating as & 64 kbit/s receiver (parameter 112 or 114)
with codirectional companion signals.,

The positive edge of the B kHz octet information must mark the start of bit 1 of a received
PEM octet in the 64 kbitfs data.

[

Serial 64 kbitfs input of the PCM-4 operating as a multiplexer (parameter 212 or BODE 892}
with contradirectional companion signals, '

The positive gdge of the B kHz octet information marks hit 1 of a received POH octet in the
64 kbitfs data. The duty cycle of the 8 kiz signal is 9.5 {pulse duty factor 1:1%.

Switchable:
The positive edge of the B kHz octet information marks hit 3 of a recelved POM ociet in Lhe
64 kbit/s data. The 8 kHz signal 1s & pulse of 7.8 us duration.

MB: The maximum permissible delay of bit 1 er bit 8 in relation to the positive edge of the
B kHz gignal is 7 ps.
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47 Serial 64 kbit/s output of the PCM-4 operating as a demultiplexer (parameier 222 or #0OE
B92).

The positive edge of the # kHz octet information marks the start of bit 1 of the PN octet in
the B4 kbit/s data,

64 kbit/s data

‘B4 kHz lock
Generator o e e e e e Aot i St vy i i i e e s X
8 kHz octet fnformation

64 kbit/s data

64 kHz clock
Receijver bt e v rrem T T ——— —— ———— i mins mos an i o ] TEMUY

H

|

o
~
=
L]
]
I
ot
i
+
3
-'-h
o
%
=3
-1

L1191

Figure 5-¥  Serfal 6d kbit/s interface of the PCHM-4 in codirectional setup

1} Serial &4 kbit/s output of the PCM-4 opperating as a 64 kbit/s generator [parameter 112 or
1E3) with codirectional campanion signals.

2} See fig, §-6, item 2,

3} Serial 64 kbit/s input of the PCM~4 operating as a myltiplener (parometer 212 or MODE B32)
with codirectional companion signals. The 2048 kHz ostput clock of the PCM-4 is derived from
the B kHz signal with a PLE circoft,

The positive edge of the 8 kHz signa) must mark the start of bit I of a receivad PCM octet in
the 64 kbit/s data.

4] 3ee Fig. 5-5, item 4.
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5.1.3.1  Seriazl 64 kbit/s TTL input BN 984/08.45

o

@ b M
-

G_W B4 khit/s data input

ki

T &
&

itk TEHLOINPU

64 kibz ctock fnpet {switch § LfL seb o 1)
or 64 kilz ¢lock output (switch § 171 seb Lo 4H)

LLGH

bl kb
%Eg

B xHz petet ioput [switcen § 171 set o DFF)
or B kHi octet output {switch 5 171 set ta ON)
i : .
Jau00.05
P
i M-

Receiver operation with parameter 112 or 114

If thils parameter is selected, the 64 kbit/s frput opreraies a3 a digital receiver. A1) digital
measurements seieciabie onder MODE are possible with Ao &4 kl-iLfs signal received.

fn conjunction with the serfal 54 kbét/s TTL output, the 64 khit/s Toop can be clased internaily
in the A-A gonflguration by selecting parameter 174,

Ni: Switch settings for receiver gperation (see fig, 4-8, ftem 2, and Fig. 5-7, item 2):

Switch § 171 set {o OFF = codireciional
Switeh 5 174 seb to OFF = 8 kHz, bif 1

HUX operation with parameter 212 or MOOE BO2

i If paramgter 212 or MOBE 892 s selected, the 64 kbit/s Tnpub operates as a mubtiplexer in cone
- Junctioen with parameter 111, Parameier 212 injecks an extornal 64 kbit/s signal inke time slot
18, or into the selected suiput channel in MODE B9Z2. ’

In conjunction with parameter 115 {2 Mbit/s tandem cperation), HUX operation fn MOBE BY2 s only
possible with contradirections] companian signals (see Fig. 5-0, item 3).

M3: 3witch settings for MUK oparation with contradireciionat companion signals [see fig. 5.6,
frem 3):

Switch 5 171 set to O = contradirectional

Jwitch 3 173 set te 9FF = B4 kiz clack as asymmetrical TTL sigmal
or
Switeh 5 173 set to 08 = 64 kHz clock as sigmal symmotrical abaut zerg

Switch 5 B/4 set to OFF = B kliz, bit t
or

Switeh & 01/4 sel te OW = § kHz, bit 8
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MB: Switch settings for MUX operation with codirectional compamion signals {sea Fig, 5«7,

Ttem 33:

Switeh § §/) set to OFF = codirectiona)

Switch § 1/4 set

to OFF = 8 kifz, bit 1

]S
E %‘f—;ﬁ{@ Lo | e ié,‘!‘gﬂ it ] i
Bt Ae ki —RE- 01 R i P—
CT —ee- D68 1 (3 B oLy A et |
o e ' e g ORI
By .
% : :PL% s ' OET l@ws Pon ] Sws ] é‘p [ ]
® o «t “ﬁ— L
_“n_ ::“: e ! " Tt a ¥
[ LTM**’B!D:’ ;‘-’L ) e —szu———J Z ] l
jae i Fars SR bﬁ}— SR R
._41
OFF 113
LRFA
R F
3174
Figure 5.8  Switch S 1 on serial 64 kbit/s TTL inpul
5.1.3.2

oeed O |
@iﬁ@khim

S|

(H—

18, r055

- O

2

17y

Bl kbits THL QUIRY] WO

Artisan Technology Group - Quality Instrumentation ..

64 khit/s data output

Serial 64 kbit/s TTL cutput BN 0984/00.06

&4 kiz clock input (switch S 1/1 set to OH)
ar 64 kHz clock output (switeh § 171

set to OFF)

8 kHz octet input {switech 5 11 zet Lo D)
ar 8 kHz octet cutput (switeh 5 11 set &0 OFF)
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Geperator eperatips with parameter 112 or 113

If this parameter is selected, the 64 kbit/s owtpat operates as a digital generator, A11 dfgital
signale setectable undar MODE amd WAR, MODE can be sutput.

in conjunciion with the serial 84 kbit/s input, the &4 kbit/s Toop can be closed aternally in
the B-A configuration by selecting parameter 124,

Ha: Switch settings far generator operation with contradirectiosal companion sigrals {see fig,
E-f, item }}: .
Switeh 5 /1 set ta OH = contradirectionsl
Switch § 174 set to OFF = 8 kHz, dit !
or
Switeh § 174 set to ON = 8 kHiz, bit 8

MB: Switch settings for gemerator operatior with codirectioaal cemganicn signals (see Fig. 5-7,
item 1):

Switch 5 371 set to OFF = codirecticnal

Switch & 1/4 set to OFF = B kHz, bit 1

OEMUY aperation with parameter 222 or MODE D92

It parameter 222 or MODE B92 is selected, the §9 kbit/s outpub operates as a demultiplexer 1n
conjunction with parameier L1l. Parameier 222 outputs the 64 khit/s signal from time slot 16, or
from the selectsd time sTot in MGDE BOZ.

MB: Switch settings for DEMUX operation with codirsctional companion signals ({see fig., 5-8,
item 4, and fig. B-7, item 4):

Switch § 1/1 set to OFF = redirectianal
Switeh § 174 set to OFF = 8 kHz, bit 1

-
€} =A b—
(5 %me 5.._._,,,,,::]":“ P b i fma ] @:I
T o 3 LY
1 ; A:’“ ln‘i T S e fféizacu T ] Lo
z & - hii iz R Cy b
o e e BRI O J
g YT | [z ]
—A2— 1
i s PR Poaes T} Saa | AT I | i
bed d 4 il (e ]
o e i;? sCa H i H ?‘j_ ) I 1 n I a
5174
3141
L] OFF

Figure 5-9  Switch S 1 on serfal 64 kbit/s TTL output
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G,.1.4 PARALLEL 64 kbit/s TTL INTERFACE

This fnterface has one 24-pin Amphenal socket each for the output and imput directions, each of
which carries B data lines for bits 1 ... 9 of a PCM octet (848 Xbit/s = 64 kbit/s). The actet
structure of the data is marked by & codirectional or comtradirectional 8 kHz signal {see

fig. 5-1{}. The sigmals have TTL levels,

#it 1{Pin 1) i 1 G §
Bit 2 [Fin2) i 0 1
Bitd (Pind} 1 ! 8
Bit7(Pia sy 0 0 1
Bith(Pinl&] & 1 i
1 i ' See Fig, 5-31, Item 4
H iz iFi 8] See Fig, 5-12. Item 1
—aed e = GRS e T 1] et S
3] Bkbz {Fn k) ‘ ) $ee Fig. 5-11, ltem i
] = (0 ns
; See Fig. 5-31, Item 2
I 3kkiz {Pin B _I See Fig. 517, Item 2
L} 8kHz (Pin B) _ See Fig. 5w11, Item 3

Figure 5-10  TTL signals ef the parallel 64 khit/s fnierface

1}
Gengratar MHY
7 8B kbit/s data 0
Receiver <} Pt pEMI =
e e iru amma e e v e e s e o —— ] N

Figure 5~11 Parallel 64 Kbit/s interface of the PLH-4 in contradirectional setup
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1) Paralte?l A4 kbit/s ocutput of the PCM-4 operating as a &4 kbit/s generator {parsmeter 112 or
113} with contradirectlonal 8 kHz signal. The data at the octeb output change apprex. 500 ns
after the negative edge of the & kiiz input signal. The minimum HIGH or LOW puise duratiom of
the & kHz signal 13 1 ps (see fig. 5-i0, ftem 2).

(a3

ParalTel 64 kbit/s input of the PCH-4 gperating as & 64 kbit/s receiver {parameter 112 ar
114) with codirectional § kHz stgnal. The data at the octet input must be walid at the posis
Live edge of the codirectional § kilz imput signal, The minimum HIGH or LON pulse duration of
the 4 xHz signal ts 400 ns {see fig. 5£-10, item 3}.

If the 4 kbit/s DEMUX signal of a Zd.channel PCM system is received with Channal Associated
Signalling (CAS ¥ 5/6), Pin 9 {5F = Signalling Frame) must have a LOW signal for the dyratios
of the signatling frames. This means that Bit 8 is recognized as a signalling bit and not
evatuated by the PLM-4,

Parattel 64 khit/s input of the PCM-4 aperating ac a multiplexer (parameter 212 or MODE B692)
with contradirectional 2 kHz sifgnal. The data present at the octet input must be valid at Che
pasitive edge of the contradirectional § kHz output signal (see fig. 5-10, item 4).

)

a2
—

Parallel 64 kbit/s cutput of the PLM-4 operating as a demultiplexer (parameter 222 ar MODE
892). The data at the octet oufput change with the negative edge of the codirdctional & kHz
output signal {sem fig. 5-10, ftem 1),

n e Bx8 kbit/ss data I

Generator . -t

2 e e L
Receiver : [E Wity

38 BT

Figure 5-12  Parallel B4 kbit/s interface of the PCM-4 in codirectional setup

1) Parallel 84 kbhit/s output of the PCM.4 aperating'as a 64 khit/s generator [parameter 112 or
113) with codirectional & kHz signal. The data at the octet ocutput change with the negative
adge of the 8 kHz output signal (see fig. 5-10, Ttem 14,

2) See fig. B-11, ftem 2,

3) Tae paraliel 64 kbit/s input of the PCM-4 cannot operate in MUX mode with a codirectional
8 kHz signai, if parameter 212 or HOBE 892 fs selerted, the system sutomatically switches to
a ¢ontradirectional 8 kHz output signatl.

4) See fig. 5S-11, item 4,
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Se1.8.1  Farallel 64 kbit/s TTL input 88 0§84/00.07

Pin assignment af the 24-pin Amphencl saocket

1 Bit 1
izjj 2 Bit 2
i oBit 3
4 Bit 4
5 #Hot used
= " 6 & kHz input (codirectional}
= g E 8 kHz output [contradirectional}
=M1 C
0 | 7 Ground
will o
= % E 8 fGround
= § E § 5F (see Fig, 5-1I, ltem 2}
oy ¢
I 10 Ground
s & 11 Ground
o 12 Ground
E3 13 Bit &
B OT 14 it 6
- (O) 15 Bt 7
16 Bit 8

i to 24 Ground

Receiver operation with parameter 112 or il4

[f this parameter is selected, the &4 kbit/s input operates as a digital receiver. A1 digitat
measuraiients selectable under VMODE are possible with the received B4 kbit/s signal, In conjunc-
tion with the paraliel 84 khitfs TTL output, the £4 Kbit/s Taop can be closed intersally in the
A-A& configuration by selecting parameter 124,

HB: Fig. 5-14, ftem 3, and fig. 8-11, item Z.

MUY operation with parameter 212 ar MODE 892

If parameter 212 or MODE B92 is ssleched, the 84 kbit/s input operates as a multiplexer in con-
junction with parameter 111. Parameter 212 injects an external #4 kbit/s signal dnto time siot
16, ar inta the seiected cutput channel in MODE B92.

MB: Fig, 5-12, item 3.

MUX cperation is possible fn MODE B92 in conjunction with parameter 116 {2 Mbit/s tandem apera-
tion],
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5.1.8.2  Parallel 64 kbit/s TTL output BY 0934/00.08

#fin assignments of the 24-pin Amphenol socket
Bit 1
Bit 2
Bit 1
Bit 4

Aot used

8 Kz putput {codirectional)

8 kHz input {contradirectional)
7 fGround

o R S e By

ki4

& firound

% Mot used

19 Ground

11 Ground

12 Groand

13 Bft §

14 Bit 6

15 Bit 7

46 Bt 8

17 to 24 Ground

3
ul
J
3
3
3
J
J
3
ul
3

[ Lalatalalalelalalata ot n ¥4l

o

Generator aperation with parameter 112 or 113

If this parameter is selected, the 84 kbit/s output operates as a digftal generator. AT1 digitat
stanals selectable under MODE and VAR, MODE can be output. In conjunction with the parailel

54 kbitfs input, the 54 khitfs loop can be closed internaliy in the A-A configuration by select-
ing paramgter 124,

MBy Switch settfng for gemerater cperation with contradirectional & kHz signal (see fig, 5-ll,
item 1}z
Switch 5 /1 set to OH = contradirectignal

KB: Switch setting for generator cperstion with codirectional 8 kHz signal (sse fig. 5-12,
item 13:

Switeh 5 171 set Lo OFF = radirectional

DEMUX aperation with paramefer 222 or MODE BS2

If parameter 222 or HODE B92 f3 selected, the 64 kbit/s output operates as a demeltipfexer in
confunction with parameter L1i. Parameter 222 outpats the 64 kbit/s signal from Lime slot 16, or
from the selected recefve channzl in MODBE G992,

BEMUX operation 15 possible in MODE 892 in conjunction with parameter 116 {2 MGit/s tandem GpeEr
ation},

H8: DEMUX operation is only possible with codirecticnal 8 kiz signal (see fig, 5-11, ftem 2):

Switch 5 1/ set tg OFF = codirectional
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Bl

NN

$if

L] ]cuntru
GFF codir,

Figure 5-13  Switch § I on parallel 84 kpit/s output

5.1.5 64 xbit/s V,11 INTERFAGE BN 0084/60.09

This interface has a 15+pin socket to CCITT X,26 or [50 4903 to carry the symmetrica] 64 kbit/s
otput and input signal, as well as the balanced clock and contrgl lines with etectrical charac-
teristics te {ZITT Recommendation ¥.11 or X.27.

NE: The 64 khitss V.11 interface comprises two moduiss. The plug-in card with the thepin socket
is fitted in the right-hand siot of the two siots provided for the 64 kpit/s interfaces.

Bit No. | 7 J 8|1 7101 s[5 i P B ?
Bd khit/s data LI I R IO L O R | S T I S O O I+
Torf

On
44 kHz clack | | I ] I | ] I ] ! l I g | I |
g Off
3 kHz octet an
fnfarnation t.J ) t“J
"g® Qff

Figure §-14  Symmetrica? TTL signals of the A4 kbitfs ¥.11 interface

4k - th8
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Yoliage assigoments at the inputs

Dj{ferential input voltage

< =200 mY | > +200 mY
T and R 1 i
S, B, Candg 1 QUT IN

64 kbitSs data "T"

Senerater fanirel *CH MUY

& kHz actat information "B

&4 kbit/s data “R°
H - 4

Receiver Signal *[* BEMEX

Flgere 5415 Signal fiow ail the o4 kbitfs ¥.il interface of the PCH-4

1) Generator operation with parameter 112 or 113 (see Fig. 5-16, Tten 1}

If this parameter is selected, the B4 kbit/s ocetput operates as a digital generatar. Al
digital signals selectable wnder MODE and VAR, MODE can be output. If parameter 124 {5 se-
locted, the 64 kbhit/s sigral reecsived on line "R" can be interunally lcopeéd te ltine "™ inm the
A-A configuration,

MB: The logic state of Ting "C" (Control) can be set on the interface card (with socket) at
BIL switch 5 1/2. The ON state {HiGH fevel) of line “C" is the preferrad setting, this
being obtained by setting switch § 1/2 to the ON position,

2} Recejver operation with parameter 132 or 114 {see fig. 5-15, item 2}
[f this paraweter is selected, the B4 kbit/s input operates as a digital receiver. A11 digi-
tal measurements selectable under MIDE are possible using the 64 kbhit/s signal recefved. [F
parameter 124 is setected, the 64 kbitfs signal received om Tine "R™ can be Tnternally looped
ta Tine "T" in the A-A configuration.
NB: The state of line “I" {3ignal} s not evaluated,

35 MUR eperation with parameter 217 or MODE B92 {see fig, S5-15, ftem 3)

If parameter 212 cr MOUE BOZ is selected, the 84 kbit/s input aperates as 3 multiplexer in
conjunction with parameter 111, Parameter 212 injects an external B4 kbit/s signal into time
3tot 16, ar intc the selected outpuet chionel in MOBE B9Z2.

N2: The texts appearing on the screen after selecting MODE B92 ia conjunction with parameter
111 or 116 are not valid.

NB: The state of Hine "C" (Control) s not evaluated.
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4} DERUX operation with parameter ¢72 or MOOE B%7 (see fig. B-15, item 4}

If parameter 222 or MODE B3Z is 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 le,
or from the seiected receive channel in MOBE 3%2,

NB: The texts appearing on the screen after selecting MODE 892 in conjunction with parameter
111 or 116 are not valid.

H8: The legic state of Tine "I* (Signal) cam be set on the interface card [with socket) at

DIL switch § 1/1. The ON state (HIGH level} of line "I" is the preferred setting, this
treTng obtained by setting switch § 1/1 to the O position.

Fin assigmsents of the 18~pin socket to CCITT K.Z24 or ISU 4303

O
O 1 - Shietd {for shielded cable}
2 T (A) L B4 khit/s sutput datia
5 T (8)}
|
@ {ul 7y 3 C A } Control
Zi= : 106 {8}
S : 4 R {R) 64 kbit/s recelve data
i g 11 R (R}
wlz)|e 5 [ (&)
_‘:E; » " }Signcﬂ
Elal\ 12 1 (B} ]
il
65 {m) } 64 kHz clock
13 5 (B} |
7B I8} . : .
* 3 kHz octet information
L0004 ‘JRUDU.DE! 14 B {B} }
4 4 Ground {0 V)
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5,2 RETIURHN LSS AND LOWGITUDIWAL CONYFERSIOHK LOSS

MEASURING BRIBDGE

600/900 ¢ medsdrtng bridge, BN $84/00.10
£00/850 O measering bridge, BN 984/00.11
The meisuring bridge must be fitted in the PLM-4 for measurements Blx, B2x and #3x.

Fitting
Aifter removing the top cover plate of the POM-4, the return toss and Tomgitudinal conversion
loss measuring bridge can be slotted infe the guide raifs behird the front panel.

Figure 8«18 Fitting the return Toss and longitudinal conversion Toss bridge
In MODE B13, the return loss is measured using a complex Impedance. En the standard version, the

measuring bridge is supplied with 220 @ in series with 820 Q7115 oF. The complex impedance can
be modified by the manufaciurer on request.
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5.8.1 BRIDGE IMPEDANCE ADDITION BN 984/00.18
fdditional reference impedances for measuring return loss are provided by the optiomal hridge
impedance addition BN 084/06.16. A pch is factory-equipped with the impedances specified by the
customer [maximum 4 impedances in complex configuration} and mounted en the bridge.

Mote: To upgrade with a BN 984/00.16 impedance addition, the bridge B 984/00.11 must be
returned to the factory.

The bridge with the added pch 1s inserted in the guide ratls shown in figure 5-16 after removing
the tap cover of the PCM-4.

Note: The [EC/IFEE bus is used to toggle the additienal impedances. The standard impedances
{800, 850 or 900 Ohm and complex} can also be addressed by menu in medes Bli, 817 and RI3,

Far impedances with magnitudes of less than 200 #, the foliewing applies:

Mode Powar level Error limit in resuli range’
refarred ta 30 ta 36 4B 36 ta 40 OB

Bit B0 0 + 1.8 8 +2.5d8

pi2, B13 a0g 0 t 1.8 0B + 2.5 df

& preogramming word is aszigred to each additicnal 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 ward for switching the additiena)l impedances must be input twice {see sxample).

The first measurement determines a set return less of 20 dB with & standard mismatched impedance
{factor 1,222 of the selected additional impedance). During the second measurement, the additiomal
impedance i3 activaied as a test stondard. The difference between the two measurements is used to
form the result.

frogramming word: "0854.80": turn on additional impedance 1
"DE54. 90" turn on additional impedance ?
“OR5ALADT: turn on additional impedance 3
“DE54.80": turn on additional impedance 4
"0@54.F0": turn off additional impedance I, 2, 3 or 4 {"RESET" for additional
impedance)

Example: IEC/IFEE bus program for the hp 9316 computer

10 H=702 ¢ IEC address PCM-4
12!

15 GUTPUT W USING "#,K" "MBLI MSOC,FALDO4." I PCM-4 parameter
20 GUTPUT N USING "4, K";"D@E4. 40" ! Add, Emp. 2

30 CUTPUT N USING ™#,X7;70@54.90," ! Second output

40 |

50 TRIGBER N b Start

VN

5.2.1.1 HRaturn loss measurements with pxternal hlocking capacitanece
When making measuremenis on energized systems, d.c. blocking is necessary beftwean the test nbject
and the PCM-4 apalog input and output. The plug-in POMZ-4 (BN 584/00.13) handles this task.
In the a- and b-wires, 100 af capacitors block the d.¢. valtage.
However, when measuring return loss with the PCHZ-4 installed, problems occur because the blocking
capacitors in the bridge test branch add to the impedance of the test abjeet.
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5.2

Fraguent ly, this causes the return loss toisrances to be exceeded at fow frequencies. The PCM-4
test result is correct, but is interpreted incorrectly due to the added blocking capac itance.
To remedy this problem, & compensation capacitance must be added in ithe bridge reference branch.

Bue to space limitations, this capacitance must be housed on the additicnal bridge pchb.

a) Return logs measurements with standard impedances
If return loss measurements are to be made with the standard impedances, they must be present
on the additional poh. The additional impedance chosen with the programming word is in series
with the compensation capacitance in the bridge reference branch,

b} Return less measursmenis with additional impedances
When one of the four additional impedances is selected, the compensation capacitance is alreay
included in the bridge reference branch.

1.2 Return loss measurements without external blocking capagitance

for .each additional impedance selected, the appropriate compensation capacitance of the PLMI-4
blnck ing capacitor is comnected in series on the additionz] pob. If the PCM7-4 iz not used or the
block ing capacitor in the PCMZ-4 is shunted by & 3lide switch, then the compensation capacitance
st also be shunted. :

The simulated bigcking capagitance for a return loss measurement without external blocking capacitor is
shunted out as follows:

a} Bridge impedance addition BN 984/860.16 from series A to series §

r'é. i T ra b
' % RdtDL et 9 }"?‘ | L@
L= . J
: R
= —R1= cE —RE—
~Ah— -R?—
: G5 E Arlt e Rch} %
| | =RE~ R
. cs | —’9— c1o PR~ .
i l —aig= | | -~Ru- Shunt capacitors
' | | " N
i C2 and C3 with
\ [ 3 [ Aazh | ou l el R
: i | plain wire
} I =Rei= | | ~Ri?-
| cay I =A15= i R TS —~8 18—
| E - R i~ | | =R =
i £ea | | c1s ]l Hetb}
i | T ! i —azi-
L » LIE §o-ATt= E 1] l —Au-
T | =Riz= | [ =R26-
ey ! £17 E [ ct |
(, = Jrl | trel 7] g v aetd
L i F
@ = _ _l frn oo e e

Figqure &-1Ba Additicnal bridge impedance board BN 984/00.15 (series A to D)

Shunt capacitors C2 and £3 on the board using plain wire {see figure 5.16a)
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b fridge impedance addition 8Y 984/00.16 from series £ onwards

e rrrarag | F e e I
T A 1 e | 1'| I 1 i
HPARTRRY: 3 } a3l |
: O Jlgnw.a!) Rel 'F‘—* L @ () L@_ ¢
A . : —55 - TR
Tat b — ) =
|2 CRi_ ok T o - P
R 30— e L= d%
g = oy jud
' oS ETE B o7 Ber? 1 {_j H
g - !-1 P
N i BB LR 11—
H Vommg T Ty L . v
: ca , r",i i o4 1 gfi jw wi -
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Figure 5-18b  Additional bridge impedance board BN'BBMGGJS [fros series E}

Clase the two links S1 and 52 on the board.
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£3 DL LOOP-HOLBIMNG CIRLCUIT 6H-1, B4 0984/00.12
The DC loop-holding circuit has & 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
Tha DC loop-hoTding circuit GH-1 s connected to the other equipment via CF cables.

Figure 5-17 DC loop-holding circuit GH-1

NB: The high inductanse {> 1000 H) simulated by the GH-1, together with the tevminating impe-
dance and the existing loop-holding curreni source, yields a network with a very low gut-eff
Frequency (< I Hz). Consaguently, Tongev setiling times occur, partisularly in conjunction
with switching operations relating to the test point selector BY-30, and these must be taken
into account by means of a delay before ihe measurement is carried out. This delay is ob-
tained via the setting (0 ... 200 ms} in VAR. WODE 421.
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§.4 8C DECOUPLING HHLT PCHMZI-4, BN 0984/00,13

If the DL decoupling unit PCMI-4 is instailed, the a and b wires of the anslog signal generaior
and receiver, a8 well ag the two-wire output and input can each be capacitively decoupled ny

means of one 47 uF capacitor sack,
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Figure 3-18 Cireutt diagram of the capacitive decoupling wnit
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The decoupling capacitors ¢an be switched on and off via the slide swiiches on the front pane?

of the BT decoupling unit.

Figure 5+19 DO decoupling unit PLMI-4

Fitting
The OC decawpling unit PCMZ-4 is plugged into the amalag inputs and outputs {231, [24] and [25)
of the PCMwd, The instrument is then ready for use immediately.

© g

—— by

“aﬁ‘. TETEIEr=

Figure 5-20  DCHM-4 with BC decoup!ing unit PCMZ-4
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5,5 120 kHz LOW-PASS FILTER HN QM4

Spurious out-of-band signals can cause ovardrivieg of the input amplifiers in the anzlog receiv-
er of the FCM-4 If the smaller signal Teve? reczived resulis ip setection of an exressivaly sen-
sitive divider range, This makes nmeasurement impossibTe. 1f VAR, MODE 533 13 activated, spurious
signals are detected by a preliminary wideband measureasent (29 Hz ... 128 kHZ) and the diyider
range 13 then selected on the basis of the spurious signal. This means that meastrement is again
possibie, although a lonoer measuring time must he taken into account,

Certain digital transmissfon systems generate spuriows cut-of-band signals if the ievel is too
high, g.g. at 258 kHz, 3election of VAR, MODE £33 will not detect such spurious signals, since
they are beyend the receiving range of the PCM-4,

Enstaltation of a LZ0 kHz low-pass filter upstream of the nput transfermer of the analog sigral
racotver fs the only way to suppress spurious out-of-band sTgmals above 120 kHz, This Tow-pass
filter can be inctalled by the manufacturar as an option and has the Order Ho. BN Q9R4,/00, 14,

The fiTter yields the following attenuation valees:

002 wun 3,97 kH2 * (03 a8

4 ... 16,0 kbz + 0,10 dB

10 was 72,0 kHz * 0.25 dB
Atten. peak at 256 kM: + 5.0 kHz with 4 > 40 4B
Sidetone suppression > 18 d8

NB: Installation of the 120 kHz iow-pess f1lter automatically results in different techmical

data, Refer to the corresponding notes in sections 1.5, 1.27.1, 1.27.3 and 1.27.8.

5.6 IEC B UHS L ARD, BNDGISE/Z4

Remote control, see section 4 of the Operating Manual,

IEC bus board

Figure 5-2F  Fitting the [EC bus card
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APPENDT X A INSTRUMENT DESIGH

Preface:

As the PCM-4 is an extremely complex insirument, only the more important functionat grouss are
described in this appendix with the aid of a simple block diagram. The detalled circutt descrip.
tion i3 found in the service manyal.

Analog signal geperator

The analag signals are derfved from hinary coded signal samples stored in ROM, For example, &
total of 1999 samples are stored for forming steuseidal signals. The ROM addresses are scanned
at a frequency of 20,0653 x#z, It 211 of the stored samples are used Lo form the signal, the
output frequency 1s 20,0653 xHz divided by 1999, i.e. 104377 Hz. This basic frequency canngt,
however,'be sgiected; freguencies which are integer multiples of the basic frequency are prod.
uced by cnmb1niﬁg every nth sample: e.%. every 2nd samﬁ1e for 20,075 Hz or every ird sampie for
30,133 Hz, and so en, The digital samples are them converted im a D-A converter apd the rasalt-
ant wavaform s smeothed by a tow pass filtgr, The sfgnal passes through atiensators and finaity
through the ficating sutput stage.

The recefver weasurement rate is synchronised to the periad ¢f the basic frequency, i.e,
99.625 ms (for sine signals); during this peried, all of the stered samples are read out ance,
irrespective of the selected owiput frequency. In this way, the same number of samples are
evalugted each time, leading to highly reproducible results with very short measurement times,
The apmber of sampies énd the scanning frequency are chosen so as to avoid the subharmonies of
the 8 kHz cieck freguency.

The ROM &1so contains noise signals, four-tone sfgnals, group delay test signals and so an, alt
stored in digital form, ’

Digital signatl generator

The digital signal generaior provides code wort sequences which carrespond to coded #nalag
signats. The code words are not generated op-line, but are stored fn ROM,

An ercoded sinuseidat signal 15 produced, for example, by scamning 797 signal samples at a rate
of 8§ kHz, the scan pefng repeated every 93,635 me. The signal samples are stored in Tagarithmic
form as 14 bit words, so that sny level can be repreduced by simpla addition or subtraction. A
gimple conversion to 8 bit code words {A-Tow or p-ltaw) follows, and the resultant digital
§ignals are practically the same as those which would be output From an ideal coder fed with an
ideat sine wave signal.

The ROM also contains digitally encoded samples of noise signals, fdle chanrel signals and
pulse patterns for bit error neasurements, among others,

The digital signals produced in this way can efther be output from a 64 kbitfs sutput, or
irserted into standard PCM frames., The B4 kbit/s and 2 048 kbitfs interfaces are ta COITT
Recommendation 6,703,

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



A2

Analog receiver

UMttenuator 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, & sample amd hole
circuit, Tollowed by an A-D converter converts the signat into 16 bit digital form. Depending on
the frequency and the selected measuremant mode, the signal is proressed in ane of three

different ways:

# [In-band signals are Tinfied to 4 kHz to avoid overlap effects. The sampling rate 1s 8 gr
10 kHz.

& Qut-of-band signals pass through a 130 kHz low-pass filter. Sampling does not take place at
regular intervals, but 13 stochastic, the samplimg frequency varying between 2.5 and 14 kdz.
This avelds the large errors which would result if too few samples were taken.

@ A third signal path 1lnits the signal bandwidth o between 4.6 k4z and 130 kHz. The a.c.
sigral is reetified, and the d.c. level corresponding to the true r.m.s. value of the signal
is continuously converted into 16 hit digital form.

Stgnal procassing takes plase in & digital filter and evaluation processor. The digital filter
is a fast aritimetic processor, capabie of realising mere than S0 different filter character-
istics, It comsists of a 16 by 16 bit multiplier and & coeffictent register, The stored
coefficients determine the filter charactaristics; they are altered according to the type of
operation required. Fast buffers store the intermediate resa1t§, the final results being deter-
mined in the evaleation processor which 15 a 16 hit microprocessar,

Digital receiver

The input cfreutt is followed by a code converter circuit, which changes the HIB3 or AME code
of the input sigmal into HRZ code. A frame demultiplexer than extracts the contents of the re-
quired channel frem the 2 048 kbit/s signai. The serial data stream is converted to parallel
forh and then fed to the A-taw or p-law decoder, which outpuls the signals as expanded Tinear
code words, The 168 bit code words which result are then fed {o the digital filter.
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Figure Al PCM-d block diagram

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



P PN Daiiuscuncarennsnnasrananrsanssescesrsoeterssconnsacsssrarossssasrisdnnitirasasnssnnan e 8-

8.1 Errar signals on 3el¥ test and calibratfone.veiiccocnuvarsissrnrrrasnssmansnnronas g.1
E.2 BEM-4 Function Chack. .o ieinsrivronramsvtnsrstorssrtnnsnnarnansans vesdava e rineey -4

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Bl

RPPENDIX 8

B.l ERROR SIGMNALS ON SELF TEST AND CALIBRATIGHN

The various audible and wistble error sigmals which may dccur &uring the seif test of the PCM-4
are described in this section, Any errors which are detected are signalled in sech a way 45 Lo
make their location accurately known. Three possible signals are used:

b, Audible signals .from the built-in beeper are possible at all times, The location of the
fault is signalled by the type of signal (i.e. the frequency, duration and number of output
tanes), AwdibTe signals are given if & fault occurs on the:

CPE 1 board (master)

CPY 11 board {display)

AU 111 beard {meas, flow.)
coupling board ¥

counling board i1

* m & 0w

2. If abl the above modules are free of faylts, visible signals from the LFDs on the front
pnahel may indicate other fasits, f.e,:

& CPiE §1 RAM/ROM test error
# coupling hoard 1 RAM/AOM te<t error
& screeh control board Lest errdr

3. if a1l the above are free of faults, any ather possidble errors are signalled by means of
clear text messages on the screen. The following errors dre signalled:

CPL I1I RAM/ROM test error
evaluation circuit RAM/ROM test error

caiibration errar

a & - 2

keyboard poll error [contacts closed?}

If the error list appears on the screen, a fault has occurred during calibratian, and the
imstrument 75 disabled (se¢ footnate 1 and figures 8-1 and B-2),

i The diagram at the end of this manual shows all the possible error messages which can eecyr
’ duripg the setf test and calibretion rowtines,

1} It is possible to operate the instrument under limited conditions by omitting the cali-
bration sequence, This 15 done by pressing /9/ when switching the instrument on, the effect
baing that:

- the instrument does not self-calibrate,

= the error 1ist is not displayed,

- standard values are entered in place of the values which would pormally reselt from cali-
bration,

- the result may differ from the nominal values,
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Mgaring of errof messages:

"1 appears in the display when:

- da> + 1 dB for attenuators and amplifiers
- da>+ 7 4B for basic attenuations

- offset is > 100 digits

bit
bit
bit
bit
kit

evaluation circuit missing
analog generator missing
analog-digital converter missing
analoyg fiiter missing

) digital filter missing
bits na, 34 3 2L 0

e

L A =]
]
P A s ]

clock filter micsing

{r I | l"‘ii ]
Eﬁﬁ’:{?ﬁﬁﬁﬁﬂﬁﬁgm R — bit @ = & 8 kiz clack missing
CLOSE MBS TR )] bit 1 = X 10 kHz clock missing
ﬁf%.”!ﬂ1"T$EE£9§1H§T?U€SWLEE—*“""" pit 2 = X pseudo-random clock missing

e

% = no error
i

Figure B-1  frror messages, part I s errar
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hit 0 = X no pre-measurement
bit 1 = X no main measurement
bit 2 = X hardware overload
bit 0 = % na mede
bit 1 = X d¢ component
bit & = X input overload
bit 3 = X leve! too high
hit 4 = X Tevel tdo low
bit &5 = ¥ eval. processor overload
bit 8 = X no offset adiustment
bit 7 = X ranue overload
hit U = X offset in band
bit 1 = X offset out of band
hit 2 = X offset 72 kHz
bitme, 76543210 bit 0 = X receiver base atfenuation in band
L___“ bhit 1 = X receiver base atien, ot of band
bit 2 = % receiver base attenuation 72 kHz
OREIRRATING ERRGRS | ! bit 3 = X genrerator base attenuation in band
Eﬁﬁﬁgﬁ%é’%s%ﬁgﬂﬂﬁ Uﬂgﬁﬂggg:m bit 4 = X generator base attenvation nolse
RY-0FFSET UT OF RRNGE gp— - jbit 5 = ¥ generator base atten. out of band
e
g g —— bFt 0 = X interm. atten, 1 Df dB
TR-RTTENMRTION 37 OF RRMGE  RHERR———— bit 1 = X interm, atten, 1 12 dg
bit Z = ¥ Ynterm. atten, 1 18 dB
" ,J bit 3 = X {mterm, atten. 1 24 dB
bit 4 = X fnterm. atten. 2 06 dB
bit & = X Jnterm_ atten, 2 12 dg
bit 8 = % interm, atten, 2 18 dB
hit 7 = X interm. atten. 2 24 dB
bit 0 =X input attenuator 18 de
bit 1 = ¥ input amplifier 12 dB
bit 2 = X jnput amplifier 24 dB
bit 3 = X inferm. ampl. 1 06 dB
bit 4 = X% interm, ampl., 1 12 @B
bit 5 = X interm. amplt. 1 13 dB
bit 6 = % interm. ampl, 2 06 dB
bit 7 = X interm. ampl. 2 30 dB
bBit [} = X genar. atten, 42 di
bit 1 = ¥ penar. atten. 30 48
bit 2 = X gener. atten, 24 4§
bit 3 = X gener. atten, 18 dB
bit 4 = X gener, atten, 12 d8
figure 82 Error messages, part 11 {caltbration} Pit 5 = X gener. atten. 06 a3
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By? PCM-4 F UNCTIOMK CHECK

Press JCLR RESLT/ at the same time as switching the instrument on. Held the SCLR RESLT/ key
down until the first BEEP {s heard.

The instrument now performs a self test {see 2.4). {f this 5 completed successfully MODE LIST A
will be dfsplayed on the s¢reen, I an azrror fs detected during the self test, the error list
will be displayed {gee pravious gecticn),

Analeg test

* Gonnect the amalog generator owtput [25] to the analog recaiver $nput [23]
* Perform the following sequence of keystrokes: JMIBE Af, F1/, /1/, JENTER/, /START/
The follewing resslt should then be displayed on the screen:

N

(WOOE B 15 CRUEL RS, T4: 9,0 BA: ,34fr

A )=

I TRE ; ;

. | e b
04

RERLT i 0-A

8 Lwa— i
. ; : : SH.S
0 S N R S

T CHRN. 1 M0l 201H: &= 14iHz

- A The resyult cerve is horizontal Iine at -10 di

* Now press softkey & {Jabelling changes from FREQ. to LEVEL) and then /START/

The following result should then be displayed on the screen:

(O0E A 1 L 1R, T R oLt )
T / B
s Y
RNz

AR %sf._”._ﬂég...m_ﬂé' CEUEL
AT, | LR 2

~ The result curye is a diagonal straight line
with slaope = L,
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* Now press softkey & (labelling changes from LEVEL Lo CHAM.) and then /STRAT/

The fallowing result should then be displayed on the screenm:

p
MR A 11 SUEL YGRS, K .0 342 00
T St I
E:ﬂ 1 -
“‘“f' 0
2%
T\ A b
ol e i {0
] R
£, 1
: 1 .
WG T 1BJRdRE B0 4e
N A

The display shows vertical colummss each
correspondiag to & level of -10 dB,

* Now perform the following saguence of keystrokes JMOBE A7, J4/, /1), JENTER/, /START/

Tha fallowing result shouid then be displayed on the screen:

r/
MO 4 ¢ _UﬁR.EHle_LEUi

THe sb0 R H.0d8r

L

~

mol
”E*’:- e B4
) 4
& | 0
L B

B

“i'-is;.a ! -ar:,: -u}j '”fﬂj:l\' LEUEL
WO | SO B AR 48
vy

The result curve must be a straight line
corrasponding to O dB,
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¥ MNow perform the following sequence of keystrokes: /MODE A/, /5/, /1/, JENTER/, /Y-UPPER
VALUE/, J8F, /0, JENTER/, /RTM/ (Softkey 6}, /START/

The following result sheuld then be dispiayed on the scresn:

/H{Q]E B3 TOTAL DIST, THE +0.4 RE: iﬂ.ﬂﬂgé
Hy ; E _
i f
OFR | 8
| T ; ;
SN,
RESIAT /\N -8
I/,..,«r--—fg- ----- -\"
LA ; i A
thdimme e :
szs-'sls:.:‘{ -'u:.- «1;.1 ezl,i LEUEL
Tt CHAM 1 -SE.00dBn MDISE(BSE)  A¢ 2.0B
. : A the sawtooth curve should lie within the

Timits +50 ¢B to +565 dB.

* Wow parform the following sequence of keystrokes: /MODE A/, /B/, 72/, JEMTERS, /Y1-LOWER
VALUE/, f7/, /U/, JENTERS, /RTN/, (Softkey 6}, /START/

The following resuit shoutd then be displayed on the screen:

/
HODE B 62 Q0T OF BARD TR b5 Ryt ﬂ.ﬁéﬁl‘l
et s R
” i-4
CHRH, o
12 : _ :
T A A R B
4Bt
et S
R — s ] (FRED:
TR CHRH. 12 #0.00 dBné 2iHz Ax 0dHy
. A The result curve should be within the range

=70 48 to -60 dB between 200 and 3400 Hz.
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Mgasuring bridoe test

*  disconnect the analog generater and receiver from each other,
* perform the following sequence of keystrokes: /MUBE B/, 1/, /2/, JENTER/

1f the measuring bridge is not fitted, the following error message will be displayed:

(WOE 6 (2 36T U085 T 00 B — 1 )

ki _

VA K

8 '
PR,

ThDHRf. | ~HE.G0RaS 200 A Hile
N /

{f the measuring bridge is fitted, the screen display will De:

p
NOOE B 17 RETRN LOES TH: +fO ERY - iﬂé
[ ¥
L : :
WL
! 412,:-5— -------- : : E
|
¢
< : l!!,m:l 1
|
|
i.! . N a i
"'ri'll :a:{n i 3‘:‘;3"3:561 FREE,
i 1 S S E . I 1 A7 160R:
N o Gn the left-hand side, under RESULT, the value

.00 d8 should be shown,
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A-A signalling distortion test

*®

Make surg that sockets [38] and [383] are not connected together, and then perform the
following sequence of keystrokes: /MODE B/, /6/, /5/, JENTER/, /START/.

The foilewing should then appear on the screen:

I'd ™
BOOE § 65 GIGH, MgT

T -
Y ’ 8 B
CHBF:. .
BESULY o 0-4
as i ﬂ-ﬁl

1

;

" i i 5 il

TH U 1 OMT N iHr BIT ~A=1

£y S On the left-hand side under RESULT, the symbol
<> should be shown [measurement not
possible),

*

Mow connect seckets 381 and [39] together,

The screen display should then ba;

4 ™
MI0E B 65 S164. DISE,

ik

Ths CHAM, | ReT 530
M

i : m; MEE
N BIT -Ax

1]

The display shows vertical columas, each of
which shows a distartion of (.
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Digital test

Disconnect all connections made for the analog test,

*

Connect the digftal generator ougput {LF connector £213) o the digital receiver {nput {CF
connectar [207)

Test 1
* Perform the foltowing sequence of keystrokes: JGENRL RESET/, (MADE A/, 57, /27, /EWTER/
* ysing the softkeys, set the following paramaters:
- softkey 4 b-D
- softkey 5 HANSR
* How press fSTRRTS

The following should be displayed on thg screen;

p
WOE %2 T07AL OIST, it - Rk~ dbr
I IT— £
BESILT B
H7.08 V.
4 ; : ;
i : ;
REEE ; | R
i |
‘Wﬁ; ‘j-ﬁa -QJ uL Idyﬂ
T

On the left-hand side, under RESULT, the value
+17.2% 4B should be shown,*

Test 2

Perform the follawing sequence of keystrokes: /GEMRL RESET/, JMODE 8, /87, /37, JENTER/
Ysing the /4 / key, set the time irterval to 10 s,
* Using the softkeys, set the fellewing parameters:
~ softkey 1 PRS %
- saftkey 5 MAH/S
* Haow press JSTARTYS

The gresn START LED chowld 1ight for 10 seconds

*

The resylt §s #17.31 df for POM-4s of series A Lo D if latest sortware has not been retro-
fitted.
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The following should be displayad on the screen:

/. A
HOUE B 33 ERRDR CoupT .
wo L

{Ht,
! )
LT

81T B

1
QLT R
Ih

TRe (HAY, | PRSY AT Ib Brintés
. A tn the left-hand side, under RESULT, the in-

formation BIT EH = 0 and OCT ER = O should be
displayed.
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Appendix C: Options, Accessories, Maintenance

C.1 Instrument designation. ... C-1
C.2 ACCESSOrY COMPArtMENt ..o C-1
C.3 Changing the versacon INSBIMS. ..o, C-2
C.4 Changingthe fuSe ... C-2
C.5 Data back-Up Datiery. ..o e C-3
C.6 Gleaning the Instrument ... e, C-3

C.7 Remgving batteries
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POM-4 Appandix C: Options, accessores, maintenancs

Appendix C: Options, Accessories, Maintenance

C.1 Instrument designation

When making enguities 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 paneal below the instrument type number
» The version
e.q. BN 123/01. This information s 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
wanel,

- Afurther table next t0 the mains voltage selector shows the address of the <!EC 625>
interface, if this is fitted.

C.2 Accessory compariment

A smalt compartment is fitted on the back panel of the instrument; the Hd opens to the left
(Higure C-1}. it contains the following items:
s Card puller
for removing the lids of screening cans and extracting the p.c.boards. For service purpose
only.
a Hex (ailen) key
for the instrument cover serews.
& Spannier O
for the Versacona connector sysiem.

® Two spare fuses
for the mains voltage set exc-works.

fuses
Spanner
card puller hex {allen) key
Figure -1 Accessory compariment
)
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Anpendiz G Options, accessoriss, maintenancs POM-4

C.3 Changing the versacon inserts

Coaxial inputs and outputs are fitted ex-works with BNG type connectors, These can be
replaced by any other type of connector in the Yersaco system {figure C-2) by using the
spanner provided.

Figure -2 Versacon~Qinserts

Toremove the connector: .

* Twm the locknut anti-clockwise with the spanner

* Undo the locknut completely

* Remove the insert, using the spanner if necessary.

To fit the connector:

* Scraw the locknut onto the insett as far as it will go

* Screw the insert into the basic connector on the instrument
* Tighten the lncknut with the aid of the spanner

C.4 Changing the fuse

C-2

A faulty tuse is indicated ¥ the instriment does not operate and the mains cable and voitage are
OK. Check this by

- disconnecting the instrument from the maing
- checking that the mains voltage and the voltage set with the selector are the same

- remaoving the fuse from the holder (use a coin or broad tipped screwdriver o unde the cover}

checking the continuity of the fuse.

Replacernert fuses are provided for the mains voltage set ex-works; they are found in the
accessory compartment on the back panel. if the instrument stilt does not work, contact the
service dept,
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C.5 Data back-up battery

Three batteries are fitted in the instrument power supply for powering the instrument setup
memaory {STO. MODE, RCL. MODE}. The batterles are trickle charged when the instrument is
switched on, and they cannot be 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 normat raom temperature. At higher temperatures, the batteries
self-discharge at a faster rate, s6 the data retention time will be reduced,

The battery manufacturer recommends a lower imit of +5°C for the charging temperature. This
is aleo the lower range Himit for operating temperature of the PCM-4, and should always be
observed.

C.6 Cleaning the instrurment

Do not use solvents or household cleaning agents for cleaning the instrument. Solvents may
attack the paint finish and lettering on the panels, and some claaning 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 liguld 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, o avoid scrafches and static
buildup. Trichlorotrifioroethane (TCTF) can also be used; it is non-flammable, non-toxic and
practically odoutiess. We recommend the use of this substance for removing greasy marks.

C-3
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Appendix C: Optlons, accessories, maintenancs PCM-4

C.7 Removing batieries

Before opening the instrument, you must pull out the power plug and disconnect any other
voltage sotirces.

Remova the top of the enclosure by undoing the six hexagonal screws and remove the left
side. The instrumant can now be lited vertically out of the enclosure. The power supply is left in
the encfosure.

The batterias are at the front of the power supply {see Fig. C-8) and can be taken out when the
restraint (bend open) is released.

Data backup (1)
with set of hatterfes 3 x 1.2V

Figure C-3 Positioh of batteries In instrument

C-4
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Appendix D: User-specific tolerance masks

DA
D.1.1
D.A1.2

D.2
D21
D22
D.23
D.2.3.1
D232
D.23.3
D.24

D.3

Toleranee mask structure in the PCM-4 from series AK onwards .. D-1

Crdering user-specified 1olerance maskS...........co o B-2
Retrofitting the PCM-4 with the series AK mask structure ..o, C-3
How to complete forms 1104 . D-4
FOIM T ottt s ety D)ot
F Oty R Lttt i i e i et e bttt a e D-5
FOIm 3o e 19
Changingan X or Y value ... D-13

Del6ting & COMEr POINL...o..ccrevrercrieernresnsrerserrrnnnns s inenees, D18
Adding @ COmMEr POINt ....c.vev e D218
FOMM 4 ot D2

Fitting the EPROM with user-specified tolerance masks e D-22
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Appendiz D1 Usar-spesific tolarance masks

Appendix D: User-specific tolerance masks

D.1 Tolerance mask structure in the PCM-4 from series AK onwards

Parameter 925 (1 ... 8) of the PCM-4 offers a selection of up o 9 tolerance masks for each
aperating mode, i.e. without changing the measurement mode, running parameter or
configuration. Yhe tolerance values of the masks are defined by the user on the forms enciosed
in this Appendix and assigned to the operating modes in lists Nos. 1to 8.

Example; With the following settings on the PCl-4

PARAMETER 925 Ne. 3

Measurement mode: A 52

Configuration: A-D

Running parameter: LEVEL
the tolerance mask of Operating Moda List No. 3 assigned [0 the operating mode
(A 52 /LEVEL/A-D) is displayed on the graphic screen dispiay.
The PCM-4 Is fitted with a standard tolerance mask EPRCOM where Operating Mode List Nos. 1
to 7 provide tolerance masks in accordance with CCHT Blue Book Recommendations G712
(fdi-channel® A-A) and G.714 {"half-channa!" A-D and D-A} for measurements an 4-wire
Interfaces. Masks complying with CCITT Recommendation G.792 are assigned for (D- D}
measuraments on transmultiplexers.

It measurements are to be made on 2-wire interfaces, Operating Mode List No. 2 can be called
up by sefting 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.

Tolerance masks for measuring the transmission characteristics of 2-wire analog interfaces to
C1.552 are assigned to Operaling Mode Lists Nos. 310 5.

Tolerance masks to Q.553 for measurementts on 4-wire analog interfaces are located in the
Operating Mode Lists Nos. S and 7.

The table on pages D-7 to £-18 in this Appendix documents Operating Mode List Nos. 1to 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
coqrdinates of the upper and lower wlerance limits,

in addition 1c List Nos. 1 to 7 defined hera, the user-specified masks can be assigned 1o the
operating modes on FORM 2 {original copy enclosed in this Appendix) as Lists Nos. 7to 9 or
oversritten on lists which are already assigned. All the data of a user masgk can be listed on
FORM 4.

o1
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Appendix D Usee-specific todarance rasks POM-4

Eormt: - For entering important instrument data

Form 2: For listing the operating modes with the associated tolerance masks;
Cperating Mode Lists Nos. 1 to 8 are possible, Lists Nos. t to 7 are offered.
No. 1 contains the CCITT masks G.714/G.792;
No. 2 containg the CCITT masks G.713/G.715;
No. 3 contains the CCITT masks Q582 Z and C, interface, speech wired;
No. 4 contains the COITT masks (1.552 C, Interface, separate wired;
No. 5 contains the CCITT masks Q.552 Z and G, interface;
No. B contains the CCITT masks (1.553 speech wired;
No. 7 contains the CCITT magsks Q.553 ssparate wired
If, for exampie, four masks are fo be assigned to the same operating mode,
these must be kept on four separate Hsts.

Form 3: Offers 113 masks assigned to Operating Mode Lists Mo, 110 9.
Each mask can be changed by the user on FORM 3 {retaining the same
mask number) ard, for example, alsc assigned to Operating Mode Lists
Nes 1to9.

Form 4; User-specified masks can be defined. 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, s also availabie in a 50-shieet block under Grder 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 rasults lying bayond the
user-specified talerance mask are marked ™** on the display.

FARAMETER 08 can be used 1o print out alf the user-specified iclerance mask valuss and
reasturement results on a printer connected via the IEC/IEEE bus, PARAMETER 09 causes
only the results lying beyond the toierance mask to be printed out, together with the associated
toterance values.

D.A.1 Ordering user-specified tolerance masks

After receipt of the completed forms at the factory, the tolerance masks are stored inan
EPROM.
Mask EPROMs must be ordered under Order No,
BN 0984 /00.35 "Tolerance masks submitted to user specification”.
it arders are to be handied smoothly, it is also essential 10 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-spacified tolerance masks either
before or after defivery. Appendix D.3 describes the procedure for installation of the EPROM in
the PCM-4 by the user.

0.2
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NE:

If the order for a PCM-4 does not quote the Order No. BN 0884 /00.35 or contains only the
ardering information but no completed forms, the standard EPROM with the CCITT masks of
Operating Made Lists Nos. 1 and 2 will be fitted in the PCM-4.

D.1.2 Retrofitting the PCM-4 with the series AX mask structure

PCM-4 of series A...F

Instruments of these series can only have the series K mask structure described in Appendix
D.1 # the software has already been updated and the software version of the PCM-4 has the
foliowing idenﬂﬁcatio_ns in MODE AG1:

Software identification Inistrumient version
984-0083 210 BN 984,01
984-0094,222 BN 984,02
984-0095.218 " BN 98403

PCM-4 units with these software identifications are prepared for acoapting the user-specified
mask EPROMSs. ’

If software Identifications with lower numbers appear, or If no identification can be obtained

at all in MODE AD1, the PCM-4 software must be updated. Cepending on instrument version,
the software update to the latest status can be ordered under the foliowing numbers;

Order No. Instrument version
BN 084,/00.41 BN 984,01 _
BN 984/00.42 BN 984,/02 and BN 984 /05

BN 984/00.43 BN 884/03

PCM-2 of series G to AK
instruments of these series are prepared for accommodating the user-specified mask EPROM.

D-3
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Appendix B: User-specific tolerance rmasks PCM-4

D.2 How to complete forms 110 4

B5.21 Form1

D4

{1} Name

You can enter up 1o 8 ASCI! characters here to identify your tolerance mask EPROM. When the
toierance mask EFROM 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/ + fOf + 1/ + JENTERY.

(2} Page No.

Number each page consecutively in this field. Note that Form 3 is printad 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 Hield (2) make it easler to keep the sheets in order.

Company stamp, date and signature
should always be included on the cover (Farm 1),

{3) No. of pages
The number of pages is entered here and must match the page No. in fleld (2) of the last form.
This Is helpful if ever a page is mislaid.

{4} Serial number

If the PCM-4 has yet to be delivered, this number will be entered at the factory.
If you aiready have your PCM4, enter the serial number here. It consists of one letter and a
four-figure number and can be found near the hottom of the front panet.

{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 stlcker on the back of your PCM-4.

{6) Software varsion

it the PCM-4 has yet {0 be defivered, the software version data are entered at the factory. if you
already have your PCM-4, press the keys /MOBE A/ + /0/ + /1/ + /ENTER/. The softwate
verslon information is then displayed an the screen, Please enter it in the field provided.

NB: See the notes in sectian D.1.2.
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Appendix [ User-specitie tolerance masks

D22 Form?2

Operating modes wiich are to be assigned a tolerance mask are defined in the Cherating
Mode List by emtering the measurement mode, running parameter and configuration. Each
operating mode may be assigned up to 8 different tolerance rmasks in Operating Mode Lists
Nos. 1 to § (io be entered under (3)).

Operating Mode Lists Nos. T and 2 are provided. They contain masks Nos. 1to 7 and can
either be adopted unchanged or modified by the user. These masks are documented on Eorm
3

There are varinous ways of retaining Operating Mode Lists Nos. 110 9 in the EPROM with user-
specified tolerance masks, Form 2 can be used as an original for copying in this case. No. 1 1a
No. 9 are antered in field (3.

Possible ways of retaining Operating Mode List Nos. 1 ta §in the mask EPROM:

a) without changes
Nothing need be entered in columns (43, (5}, (8), {7} and (8). as lists Nos. 1 to 7 are to be
stored in the EPROM unchanged.

b} with deletions ' .
if the operating modes in ists Nos. 110 7 are not to be assigned masks, the entries for the
operating mode in (uestion must ba copied inte columns (4), (5), {6}, (7} and (8). A
horizontal bar is used to indicats that the information is intended for deletion.

c) with changed masks
Changes to masks Nos. 1 10 113 can be made on Form 3 without changing the mask
number, The changed mask is assigned to the same operating modes in List Nos. 1107
with the same identification (mask number), Consequently, no entries need he made in
columns (4}, {5}, (B}, {7) and (B) on Form 2.

d} with new magks
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 assigned to an operating mode in list Nos. 1to 8 by making eniries
relating to the corresponding operating mode in columns (4), (5), (6) and (7). Column (8)
containg the new rmask number.

e} with additional operating modes
Operating modes not included in the table on pages D-7 1o D-15 can be added on Form 2
as a supplement to list 1 to 7. Columns {5), (8) and (7} identify the additional operating
mode, while calumn (8) shows the mask number, Column (4) can be left blank.

D-&
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D-6

Exception:
Operating modes presenting more than one result cannat be assigned a mask.
This affects operating modes with the mesurament mode:

Bag
Bai
882
B8B83
Ba4d

NE:

NE:

Paak code waord

Frame error measurement
Error frequency

Esror counting

Error-free seconds

Each operating mode may only appear once per list. If an operating mode
s 12 De assigned more than two different masks, Lists No. 8 and 9 must be
used,

in conirast 1o Lists Ne. 1 ta 7, every oparating mode assigned a mask must
be entered in Lists No. 8 and ¢ on Form 2. If an operating mode is not
listed, ho mask can appear on the screen after selecting the carresponding
operating mode on the PCM-4 and PARAMETER 925 TOLERANCE
SELECTION 8 and 8.

Operating mode no.

Moda

Submode

Maasuremant mode} Operating

Running paramaetar mode
Configuration

Tolerance mask no,

Operating mode list na,

4-iyire 2-wire
[]lerme|ara)ame | 2 | ars
i || Overallloss |l{rzdFrend T3 HHe | 40 [ 18 | 17
2] A21fchaAA HI[T] 1 1e 41 15
3 AZ1/CHAAD | 2 4 42 -
4 A2UCHADA | 2 4 42 -
5 Owverall ioss A22/FREMND 3 11.4/8% | 40 it/8 1
B8
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P-4 Appendix D User-specific tolerance masks

D23 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. 1 10 113

- 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 nurnerical X and Y {olerance values of each comer point separately tor the lower and
upper tolerance limit

D.2.3.1 Changing an X or Y vaiue

The changed X ar Y value of a comer point Is entered in column (3} {see example in fig. D-1},

D.2.3.2 Deleting a corner point

The fine 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 mitist be added by entering the X and ¥ values in column {3} of a new line.

Since the new corner point ies between corner points which have already been defined, it is
assigned the same number as the preceding corner point.

See example in fig. D-1; .

The added comer point for the lower limit with the X value -30.00 and the Y value - 40 is
assigned the corner peint number 8, since the corner point lies between cormer points No. 6
and Na. 7.
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Appendix D User-specific tolerance masks PCM-4

M PCM—4/PCM-5 rm
/PC mask no. | 7 {|Form3 -
' tolerance masks
Bwv. no.
To COHTT Rec. G.F12016G figure 7o
Campiste this form o tha ileranca mask .
TR " ; - shawn opposite {4 ta ba changed or H
¥ : : 5f§1 axtardad, :
: : : : Oply.iif i the secfions outiined
s s z : i foavy ypn. ;
. 12 - H H i
T MR : : (1) name :
1] 4 i rme— . T :
! 12 : : irs 1 (2 pepe numbar
A RN EE Aty !,/j (sama nurnber on both sigasl}
N I R W .o 15
; : .r\‘ }H et rm s i _{_. } (3} changsd corner valuas
RS - I : . ) !
i, ; e Deag 1 a e BBES e N , (4} afficlal starmp, date, sifgnaturs |
F 3 T e e e e i/ I
CoA D \i’gm : s
NPT : ST
P } 3 ;
i AT : :
R ¢ : :
feap.232 | name
: | o
This mask is used in _2'.5§‘; g ST T age ng.
the folipwing apera-
trwy mmodos
Listnn, i List ng. 2 Liste s, 3 Listna, 4 Listng. 5 bist no § tist na. 7 List nar, & List o, 9
43 )
52 52
93 ]
&6 56 ]
5T 57 L
5D, 50
&1 81 i T
B4 &4
Unifs: X i dB <0, mi> 1 Yin { 44 1
W‘_"‘Eﬁ" lowa lirnit somet upper lmit
N ]
ﬁgfl X value ¥ valie ﬁ'm i X valug Y valle
standard @ changa standar @ changa standard @ changs standard @ change
1 —55.00 -899.55 g 550 Jo.en
Z —55.0K) w3 (A 1% AL 340
] —50.00 =308 1t 5004 340
4 —50.,08 -4 .08 =Ty 12 — 503 0 140 - B0
& B ui L) = ey
k] =400 =A0.00 -5 14 —A. 0 ¥
7 3.0 .5} —a 13 340 A v )
] 3.0 -AN.00 ~GEh, 0% i6 3,00 a0.60
= ~. Uf At LG W Lo
Rt e s . ~! b
e = Gl mask
=~ = newmask

Fig. -1 Example of changing a toferance mask
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PO Appendix Dt User-specitic tolerance masks

.24 Form 4

tser-specified tolerance masks can be defined on photocopies of Form 4,

Form 4 is also avallable in a 50-sheet block under Order No. BN 878/06.79.

(3) Each mask is identified by its own mask number. The masks are numbered consectdively,
starting with No. 114,

{4) The mask is identified as being a straight line or a linear approximation by putting an X in
the appropriate box

{5) The mask can only be assigned to operating mades with identical units for the running
parameter (X axis} and measuring result {Y axis).

{6) The X and Y values of the tower and upper tolerance limit are assigned to t of up 1o 24
comer point numbers {see example in fig. D:2). Drawing the mask on graph paper gives

greater clarity.
tolerance masks
Bv. no.
2 — S N Compieta this form if you wan!

ti procedura 4 complataly naw

Type of mask T tpfarance mask,
@ Qaly i In e sections

wuttined 0 hoavy type,

ey 1 {1} name
{Z) paga numbar

linaar X @) rumbar of iclarances masks

approximation

o] L (4} type of mesk (Hnear or piacowise
H finaart approxlmation)

@ units far O and Y)

(&) wharanca vaiues for X and )

@ eticiat stamp, dale, signaiura

name
-2
1000 2000 3000 page no.
@
(5) Units X ins [Hz] Y int | dB <0, ;0 |
Linkts:  dfi =5, mdx> Hz, m4, fis, %
Comer levwrar lErvtit Comat cepprar limit
poind [
. (& ¥ valsa iG] Y valua ne. & Kvatla ® ¥ value
i 500 39,59 7 10 .00
! S0 .50 i] 250 G.00
3 2060 50 B 250 50
4 2000 — 75 10 4000 =)
il elv] =75 11 4000 &40
8 2000 -=.09.95 12 alslvin] 800
el e e T Pl e

Figure 0-2 Exampie of creating a new tolerance mask
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Appendix D User-specific tolerance masks PON-4

D.2 Fitting the EPROM with user-specified tolerance masks

The EFROM is supplied in an electrically conductive wrapper {black film). it showuid be left in

this wrapper until immediately prior to instailation. Please pay spacial attention to the safety

precautions marked "I" in the instructions betow in order to prevent damaging CMOS

camponents.

1. Switch off the PCM-4 at the mains ON/OFF switch, Leave the plug in the mains socket so
that the instrument remains garthed.

2. 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.

3. . Grasp the top part of the yeliow board extractor "984 CPU-2A/2" hatween thumb and index
finger. Pull sharply downwards o release the board from its connector.

4. Due 1o static charges, you may have a higher potential than the instrument.
To equalize the potentials, briefly touch a bare metal part of the PCM-4,

5. Use the yellow board extractor to remove the board from the PCM-4, hc}ldmg it at the edges
in one hand. Do not touch the compaonents!

6. If you do not have a conductive foam mat farge enough for the board, it can be placed on
the PCM-4 with the component side facing upwards.

7. Fig. D-4 shows the EPROM slot.

Carefully extract the EPROM aiready fitted from its connector. A senall serewdriver can be
inserted from the edge of the board to lever the EPROM out of the connector.

8. Briefly touch a bare maetal part of the PCM-4. Take the new EPROM out of the black film and
remove the conductive foam mat.

8. 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.

10. if you are sure that no pin can be bent, press the EPROM into the connector, Check that it
is level with the other EPROMs.

11. The board can now be pushed back into its mount. Use encugh foree to make sure that it is
fully home.

The board Is correctly focated when the vellow board exiractor rights itself again.

12. Fixthe back panel onto the rear of the PCM-4 again and switch the instrument on at the

mains ON/OFF switch.
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PEM-4 Appendix D User.gpecific toterance masks

back panel 1o be removed.

' iy
Dulh-.'-‘;"::m
T, AR e S

84 kbit/s Input

Figure D3 Rear view of the PCM-4

1olorance mask memary.

T e o o TH o Cu $
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Y ® o sl Iaf = b
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i1 foaal | | ool
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~RIF ~flit—

L
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—
e
A |} pe—— ———

Mg 5§ Pl

Figure D-4 CPLI28/2
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PCM-4/PCM-5 instrument Form 1
L]
tolerance masks detaiis
. Bv. no.
Cuomgplete this form ang use it as page 1
nly fii§ Iopng pitiined |
AB. no.
() nama {6 X or running pararneter (e.g. FRE)
{2) page no. {7} configuration (e.g. AD) Name
&) moede list no. (& number of applicable @
{158} telerance mask
operating mode no. {9 official stamp, date, signaturs adie No.
(&) measurementmode (2.9, AS3) g

pr—— N M [serea mo. ‘ ‘ Ne. of shetls

§ e e R v e s R i s |

§ ’ [ = f B T ve R [ % L @ | ‘ @

[ CL O ey 20 g: - NI R

[ |
e Eg gmcj ] =™ o @
[T} bmdmni i fov oo o | . - ~ '-__—m_";
= o POM—4 Austinrung/version POM-3 Ausfl hrung/ :
B R o : A PCM..,d . * : O i Varsmn i
NS o s s g BN 984/01 EN 984/04 BN 984/51
i BN 884/02 BN 9B4/05 BN o84/52
BN 9B4/03 B 984/08 AM 38453
P POM-a/PCM-5 Cptiar I
BN 953124 BN 984/00.56 BN Gadon 4 | |
BN 984/00.01 BN 884/05 07 BN 9R4/00.16
| BN 884/00.02 BN 98400 o8- 8}‘:*28?«_&03_1
! BN 984/00.03 ' BN 9B4/00.08 BN 584/00.32
= @ © BN 984/00.0% B 584001 B G84,00.23
oo o {& o
m ’——;—-E . BN 984/00.05 Bh 984/00.11 BN G84/00.34
T S0 N B R e e .
,__:Sl“j“‘ r @
L1y ! @ PCH—4 EPROMS tolarance masks 1o
f i ! @ CCITT Had ook (2 list occupied, 7 fres)
! ‘ @ @® CCITT Blue hook {7 fist occupied. 2 free)
Liser specification (sea following forme 3 and 4
@
HODE A B1 9 SOFTNRRE &
VERSIOR: 0984 e e
p— - " ¢
T eTe— (P21 RSTER)  RE
= (Py-2/2 (DISPLAYY REV.Y _ ..
_ ojas == g oo (PU-2/3 (MERS.)  REV.Y .
| S35 828° 8 ° BAL CROUT RS T
[na ]

O e DGO CGUPLING CARD § REV.Y e
S o @e e WLERCE ST R T T
OO *0 PCM-4 v ¢ ¢
N . » PR |11

[ R
& official stamp date signature
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PCM-4/PCM-5 | mode list no. Form?2
tolerance masks @
Bv. no.
@ name ® X or running paramater (8.g. FRE)
(2) page no. (D configuration (e.g. AD}
() mode tist no, number of applicable name
@ {1t09) tolerance mask ]
operating mode no, official stamp, date, signature
(§) measuramantmode (8.4, AS3) @ P e gage ngo.
® ® @ ® ® ® @ ®
cperating | measura—| Xor configu— | mask oparating | measure- | Xor corfigu- magk
mode ment running ration no. maode ment running ration na.
no. muods param, no. mode PRFEML
E
—_ _F -
L
............ SR i
!
G} official stamp date signature
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PCM-4/PCM~5

1 || Form3
tolerance masks

Bv.-No.

Compiata this Yorm if tha tolorance mask
shawn oppoesite is 1o be shanged o
axisnded,

Qnly it in the seclions outlined

In heavy tvpe.

D) nama

(2) page numoer
{same numser an both sidash

Mask no.

@ thanged cormer values

(@ official stamp. date, sigratire

Name
@

Page no.
& g

Thisack is usad
ol owing
wun At modes

Llsang | List no. 2 List ne. 3 List no. 4 Listno. 5 Listno. 6 tstno. 7 Listne. 8 Lstas. 9 1
H i
: — - ok L
3 ?
I
( —
- - et
s Min [ I ¥in 4 2B
Lofne lowar Himit Cormner uppar limit
it oint
i;n X vaiue ¥ valua 20 X vaiue Y value
standard 3) change standard {3) change standard | (3) change standard | (31 change
= —50 2 —= —.50
%) oficiad stamp data signatuee
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o ] 2
e o : I
i = ! H
o
£y ~ . 5 W @)
O ] b H =
§8 wu 8 2 >
52 B 2 = 1=
58 £ & = w mw
g8 3 £ 5 3 g g
£ 8 s 202 ot ]
=g § 9 o B v w T
| E2 B 58 £ o Q - alE
™| O] S 2 8 § Lo 1
= | 28 28 2 ® 2l s
m = og © MB [~ S| e 7.” m_r mu
w | Ligogsd § 85 5 ¢ o |z -7 1z
0 v tm.m.m.vwlu & a® © O o] = 8]
& 5
|| 35584 © Q@ @8 0o 5
. >
£ *®
@ > 13
N e El
& 5
B,
[ = ™
= LY =]
m m aR2
3 5
i g
0 £
a - 5@
= g 3
: - |E
o la
g
"
R_us g E
s 2 2l |s
E nENE
™
ylafm m. xmmuv
- =
4& - - -
L 5
=5
€ = FEs: . &
O = £E |- & ®
n. = 8§32 10 =
= is N
Eo Si68¢

signaturs

cate

{2 officlal stamp
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Bv.~No.
Complete this form If tha tolerance mask
] : i " ok shown opposhe is to be shanged ar
HI : : : % sxtended.
E : : : Oniy $itin 1he secions outined
; : ! :, in haavy tvps.
: : .: (D) name
L : (& pags number
+¢D,ﬁi-"-"""' ; "y : [same number on hath sidash
] ' 1 : (3} changed corner values
; ] i | [ |
- : ! T - (&) officiat starng, data, sighature
e : i C
i | ; L
S : —
] : : : i :
] : : C
If H : : P Name
% L 5 : o )
'—~T y p I : : ; | P
Pigi THLEK 5 LSS LLIE I " : ! -
1 the follawing 2 it 704 7T age no.
eperaling modes @
U Titno [atno. 8 {moo.3 ) [ Ustno 4 Listno.5 {7t 1o, 6 Lstro, 7 Geine g | (Teimss ]
- = R S I
3 903 N SO | Y SO U N NSO SRS SO NN J SN M S S — ST
iy i
|
i: ............... ,
Lmds: Xin [ Hz ] Yin { 48 i E
Cormer owar mit Corner upper limit
ﬁzim X value ¥ value ig{nt X valus Y value
standard  § (3) change standard  { (3) change standard ] {@) change standard | (3) change
i 20000 - -89.59 e e
2 ). 30080 13.00 - -
3 500.00 13.00 - — R
“ 500.00 18.00 _ .
i 2500.90 ' 18.00 — —
& 2500.00 14,00 e T
300,00 14.00 _Z . -
81 3an0.00 T59.99 — o T
{4) official stamp date signature
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%Pc?ggan{czqr?iﬂasks Maskno. | 4 | Fomn3
BV-_NO n
Complate ths form if the falerance mask
L5 . : j M shawn opposite 1s 10 be changed or
: ; : i £ axtendad.
; ' 5 ; Qoly 5l In the sectlons ouilined
; : E E D name
1 r * .
: : ? (2 page number
é‘ : : {sams number an both sides))
i i ; (3 changed corer valuas
[ i i }
b ; : : E (4} official stamp, dale, signature
| : s s
| 5 T
i E e :
L : e T 3
e : i Name
A § E : 0
This mask is used a8 b e : ;
inhe fallowing 21 i1t 575 s | Page no,
operating modes @
Listno. § List no. 2 Listnn. 3 Llst no. 4 Listne, § Listne. 6 tistno 7 Listno. 8 Listha 9
17
21
25
2§ N
33
37
41
45
Units: Xin P oHz 1 Y in 3 di 1
Corner lower irnit Curnar upper imit
int i
ggn X valua ¥ value Egl.m X valug ¥ovalue
standard {3) change standard (@) change standard @ change standard {; @ thange
1 304,00 -95.89 9 10.00 2.00
2 30060 -.50 10 200.64 Q.00
i 2400.00 —50 11 200.60 =0
4 2400.09 -.890 12 3600.00 .50
_5_ | 30050 ) 13 3600.00 0.00
5 3000.00 ~1.80 14 5000.00 2.00
7 3400.00 =1.80 e e
8 340000 ~39.95 - ==
@) official stamp date signature
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- Form
Bv.-No.
Completa this iorm if the talerance mask
e T X A o shown opposite is to be changed or
B ) exiendad.
: 5 ; ! Qaly filin the asctions outlined
i i . | In heavy yne.
.4 + ! ;
; i : f (D) name
‘ : 5 @ page number
. ' : . {samg number an both sides!)
[ : I @ changed cornar values
e brie s g - {3} official stamp. date, signalure
H D o :
v ' : L
1 :' =. 1
1. :
i ; : . @
ol : ] B
i Tnis mask is used -LS i b SRR age no.
{ in tha following 20t gt b gy 1604 & g
[ opacaling madas
i 251 na., 1 Listno. 2 Lstnp. 3 Lisino. 4 Listno. & Listno, 8 Llst o, 7 Listrio. B it ne 9 i
a8
g :
32 -
a3 OO SO A
48 i
~ A7 F— i
|
Unis: Xin { Hz ] Yin [ a8 ] !
Carmer towar fmit quner upper linit
E-zm! ¥ value Y valua ﬁgfm Kvale Y vakle
\ standard ] (3} change }§ standard ] (3} change standard  § (3) change standard  § (3} changs
1 300.00 ~39.99 9 16,00 .00
2 300.00 ~25 10 20000 a.00
T3 240000 -.25 ik 200.00 25
“a | zac000 —45 12 3600.00 25
E 3000.00 —45 13 3600.00 0.00 |
6] 3606000 -390 14 5000.60 .00
7 3400.00 : =90 - -
B 3400.00 8869 —— =
(@) official stamp date signature
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PCM—4/PCM-5
tolerance masks

Mask no.

Form3

Bv.—No.

Complate this torm if tha tolerance mask
shown opposite IS 1o be ghangad or

o3 : : 5 axtendad.
: : ; : Onty fliin the sactians.Quilined
: ] : : Inheavy typs.
NS : s :
; ; ; ; () name
“ (Z) page number
f ; : : {game number on both sidesl}
4 ' ! ; (3 changed comer values
i ‘ ! :
] ! : : (4) offictel stamp, date, signaturs
: : : f'
S i |
: : . . .
Vo i : !
-1 :; | 3 ; Name
. ; .5. @
This mask is used “ ‘: ll 5 -: é Pa e no
i the following el L] 218 T[] g ®
oparating moades @
List ng. 1 List no. 2 Listng. 3 Llgt ng. 4 Listng, 5 List ne. & Listno. 7 Listne 8 Lstpo. 9
20 -]
24
28
az
38
40
44
48
Linits: Xin - { Hz i Y i { o8 |
Crener iower limit Corner upper imit
irt oint
Eof x value ¥ value 20_ X value ¥ value
standard {1 (3 change | standard | (3 change standard | (3) change standard | {3) change
i 306.00 -99.99 13 15.00 G.00
T 0600 _1.70 14 200,00 0.00
a3 300,00 -170 15 200.00 &4
4 400.00 -1.00 18 3600.00 )
& | eoooo Zi.00 171 380000 fo0
6 | sgooo —50 18 | 5000.00 000
: 2400 00 - G0 e - ]
2 2400.00 -1.460 ndal e e e e
g 3000.0G —1.Q0 - L
in 205000 —2.40 - -
11 3400.00 —2.40 _ e
¥ 3400.00 ~83.89 pahad e
(@ official stamp date signatura
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"
tolerance masks
BVn_NOu
Complata this farm if tha folerange mask
T " : g showh opposite 1$ 10 be changed or
T : ; E extandsd.
Voo : : ; Qoly fill in the seciinns autbined
b ; ;' : i BGAYYL VDS,
i i i '
e 1 : i : (1) name
o ; : :
! : {2} nage number
: : : : [same rumbar on both sidasl)
, @ changed corner valuas
UK = : (@ official stamp, date, signature
: ¢ — oo
: } : :
“1. * ’ -
P s ': :
. ; : | {Name
. E E : ®
This mask is used IRE ! - :
in the following 354 “H.4 -0, 8 AL gage no.
oparating modes
List no. i Listno. 2 Listng. 8 List no. 4 LUstno. 5 LIstnn. 8 Listno. ¥ Listne. 8 List he, & ‘
43 S 1 IS R SN S
2 i
& - !
- 5a o
i A O SR AU (RSO WO ) SN SUNU § SN SN S SN ) U S i I S S SO |
FQ ' 4
-3 N 5 SRS AU SN S | U SUNNIE | SN SN ) SR S— i S E— iy S W i - _H
64 - -
Units:  Xin [dB <0, m0> i ¥in [ fi2] )
Comer lowar lmit Corner uppar limit
i tnt
ﬁgmt X value Y value Eg n X waius Y value
standard | (3) change { . standard @ change standard | (3} change standard | (§) change
E -55.64 -89.99 g —55.00 3000
2 ~55.00 ~3.00 iQ . =B5.00 3.00 §
3 -50.00 300 11 ~50.00 age §
4 ~50.00 —1.0¢ 12 ~50,00 5.00
3 —40.00 =100 13 -40.00 1.0C
5 —40.00 —.50 14 ~40.00 80
7 300 ~.50 15 3,00 .50
| 3.00 —89.89 16 3.00 30.00 .
@ official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.~No.
Complate this form if the toisranca mask
TRE : T : shown opposite Is to be changaed or
§ : : 1 axtonded,
}---‘7 : : : Only i1l in the sections aullined
: f : ; : ey type.
Do : E E
: H H . n
#,4 Soecd : . » @ rame
bl : ; | &) pags sumber
P NN, ....i : ' {same number on both gidesi)
: : . 5 @ changed cornes values
.0 ; : : ! oficial stamp, date, signature
| ; : i
4 r '
P - ; :
S s =,
=1 § o : . :
P : | {1 {Name
PR | v i | @
This mask is usad RN : : i
in the foilowing -55.0 -&h.0 2.4 #1.0 Page nﬁ‘
cperating modes @
Listno. 3 Listno. 2 Listng 3 st ng. 4 Listno. 5 List ho. 8 List no. ¥ List np. 8 sk no. 9
50
51 -
84
55
58
59
62
63
Lnits: X { d8 <0, mi> ) Y in i 48 i
Camar fower limit Carher upper limit
aing i
io. Kvalus Y valle ﬁg'_m X value Y value
standard [ (3) change standard  § (3) change standard  § (3) change stanaard | (3) change
1 5500 ~59.99 9 ~585.00 30.00
2 ~A5.00 180 13 ~5500 1.60 M
3 -50.00 ~1.80 1 —50.00 1.60
4 56,00 - 80 12 ~50.00 .60
- -40.00 - 60 i3 30,00 )
5] 40,00 —.30 14 —43.00 30
7 3.00 —.30 5 200 30
8 3.00 —95.99 ) 16 SjUG 33,00
(@} officiat stamp date signaturs
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Bv.-No,
Complste this form if the [olerance mask
— . - n . shoewn apposite iz to be changed or
H : ' ' [gi axtended.
: : : : : Qrnly it in the sections outingg
O ; ’. : inheavy tvpe.
. {1 name
[N e rets RUEREA - Dt : e
: Lmrnes ok E (2) page number
: : % ! {sama numpar an bath sides!)
@ changed comar vakas
IR ‘ ‘ {3 official stamg, date, signatire
P 2 z s
EIp— : : :
- i i | IName
P ! s | 0
This mask is used PR : : : R Pa en
i the following -50.4 -4k -0 -0 <10y 3 g o.
aparating modes
List na. 3 Listno. 2 List s, 3 ,_Listno, & Eistng. & | Llsing 6 Listno, 7 List ng, & List o, 9
G5 1 -
Bg
63
12 S [ WS SN | U SUN 1 SVSUNU SO [ SOV SN I NS DUFUROUE [ FOOp DU I PNESVOUNE SN J) SN S
Units: Xin { df <0, mO> i ¥ in [ oB I
Corner |ower limit Cornar upper ihmit
: ini
i:mt X value Y vallue gg’ X valua Y vaiug
standard | (3) change standard | (3} change standard | (3) change slandard | (3) change
1 -55.00 ~1.40 8 —o.00 1.a0
) LEOOD T 140 2) —E0.0C .40 B
3 TG00 Zan [¢] —50.00 BC
4 _40.060 . B0 Ti -4, 00 HG
5 —40.G0 ~ 50 12 .o sty i)
8§ 21000 &0 i<} = T10.00 .50
7 ~1G.00 -99.99 4 ALY .0
@ official stamp date signature
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tolerance masks Bv.—No
V.—MO.
Camplate thig fgrm if the tolerance mask
W " 7 ; " i shown apposite s to be changed or
o ! : axtended.
i i : : : iy fllin the sections outingg
P i ; : in heavy typa,
i H i ; i
i H . ; ; n
#1.9 ; : : ! @ name
(O " i i (3 page number
; H ; h {sarme numbser on both sigesl}
; o ™ (3 changad corner vaiuss
e : ; ; i (&) officiat stamp, date, signature
: : i ! e
— i
SR : ; ;
o ; P Name
This mask is used SR : : ,' ; : . Page no
In the following -58.4 -3t LR 20 - =
oparating modes @
Liet no. 1 Listno. 2 Listho 3 tistno. 4 stng. 5 Listnn. 8 Listrmg 7 | ¢ Listno, Ligtne. 9
65
a7
T
FATE T N T P T N B U I B SR N i N N O S SN N R S— i —
Units: X in [ 08 <G, mD> ] Yin [ 8 j
Carner lower llrmit Cornar ' upper imit
; ot
ﬁ?m X value ¥ valua io.n Xvalue : ¥ value
standard @ changs standard 3) change standard @ change standard @ change
1 -55.00 -9%.95 ] —R5.00
.2 - 3506 —70 10 -55.00
3 ] ;5006 -70 { 11 Yo W D
4 -50.00 —40 12 —S0L0
E —40.00 —40 13 40,00 T R
8 -40.00 —.A0 14 4000 dc
7 ~10.00 —-30 15 =10.00 ag
g 1006 ~99.95 hi: ~1Q.00 A0 § ]
{&) cffictal stamp dats signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
Complate this form # tha tolerance maak
TS :- :. ' shawn opposhs |s to be changed of
: : : {E] extanded.
: : : Oniy fiil in the sections sutfined
: : : inheary s,
E i - ; = Aarme
: E J‘"’-J. J: %1 @
: : / | {2} page humbar
P304 . b N {same number an botk sidesh
v L : {
i'/ ; | @ chargad comer vaiuas
0 . 4
; .j : ; {3) official stamp, date, signature
: /o : !
' /! f. |
: P : x
i Fi 4 5 '
Rt 3 |
P | E |
L/ ; 3 i Name
L/ ; : | ®
This mask is used TN : : '
in the loliowing -55.4 -§¢.4 =248 19 gage nO‘
onarating moges
Ligt me3, 1 List ng. 2 List no. 3 List np, 4 Listro. 5 List0o. & Listno. ¥ Listno. 8 Listno, @
3
-
Units: X in [ o8 <0, mDs i Yin { a3 i
Comer iower limit Comer 'upper liewit
Eg!m Xvalug Y value g:l'nl X value Y valua
standard  § (3) charge | standard §(3) change standard | {3) change standard | (3} changs
1 -55.00 0.00 r e -
2 =55.00 12.80 —— __
3 -40.00 27.60 - .
4 —34.00 32,20 o __
5 ~27.00 3380 — T
i) -6.00 33.50 —— s
7 ~3.00 28.30 —— __
8 —3.00 0.60 - _ .
(&) ofiicial stamp daie signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




=J tolerance masks
BVG_NOi
Cuarrileta this form if tha tolerance mask
TS : ’ shown nppasite is 10 be changed or
" . ; g extendad.
E . : Onby HiLin the segtions cutlinad
: ' : In heavy yoe,
- "'w"“';""“ “M“'“'“'\' (i} name
4 | (@ page number
30, [ H : ,; {sama nurmbar on hath sigas!)
- 7 : :
! . : 1 @ changad cornar valuas
: /i : i
; . /, | : [ (4) official stamp, date, signature
i P ; .
E ! z !
N % |
0.8 7 ) : ;
A /' ' ' . i
: i’ : I
L : g i Name
L | : S [0
This mask is used +13 i‘:/ :' E | P
:NIS O 15 4 L L
in the following 334 -1, 8 -1, .1 @age no.
aperating inodes
Listnho 1 Listng. 2 Lstne. 3 Ligtno, 4 Listno, 5 143t no. 8 List no. 7 List ng. 8 Lising. 3
74
Units: X in [ 28 <0, mG> ] Yin { dB ]
Coraer tower limit Corner uppar Rt
:f:gmt Xvalua Y valua ]:;fl?‘ X valug Y valus
standard | {3) change standard  { (3) change standard  § (3} change standard | (3) change
1 -55.00 0.00 j
3 —55.00 (EN I N N M -
3 —40.00 28.10 - - T
4 3400 22.70 -—— -
5 —af. 4 34.40 - o s
5 ~&.00 24.40 -= o
7 —=3.00 ~28.80 i b
g .00 0.00 - e
P, mﬁ
(@) officia stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM-4/PCM-5
jolerance masks

Form 3
Bv.—No.

Complete this form if the tolerance mask

13

Mask no.

m— : - ) shown opposits is fo be changed of
.1 : : g extendad,
; : i Qmu_?w,mme sections cutingd
: : ' In hgayy type.
: : B Rt
: //"' ' ll @ name
L : |
i VoS | : (2) page number
7 q:L v : 1 {same numbar on hoth sidesh
L S—
/ . 1[; @) changed corner vaiuss
E ci : | .
: / ) ' | @ official stamp, dats, signature
, /o : -
! . : |
: /o : '
Lo : |
a0 /. : : o
L z !
L/ : : -g Name
4 : ; ; ©
v ' : t
This mask is usad Hib... v : e Page no.
in the follpwing -55.4 -q0.5 -4 P 0 &
oparating madas
Listno, 1 Listpg. 2 Listno. 3 kst no, 4 Lisinn B List no, & List ng, 7 Listno, B List no. 3
i) -
:
L o I B % SN R
tinita: X in [ dB <8, mG> ] Yin { df ]
Cornar lower lirmk Carrigr upper limit
g?nt X valua Y valus Eg‘.m X value Y valug
standard 3} changs standard @ change standard 3) change stangary] @ change
1 —58.00 0.00 — - __
2 ~55.00 14,18 - -
3 ~40.00 2%3.10 - —
4 -34.00 370 —= —
] —27.40¢ 35.4% - .
[+} —6.00 35,40 — e
7 ~3.00 27.860 e o
a —3.00 0.00 e EC S
(&) official stamp date signature
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PCM—4/PCM-5 | pask no. |4z Form3
{olerance masks
Bv.—No.
Campleta this form if the tolerance mask
TH] : ; m shown oppesits is 1o be changed or
o : extended.
: : : Gnly fill in she sections cutlined
: + : I heavy pe.
‘ (1) name
1 13 ]
: 5 e T (3 paga number
£30, 0 /_Y/ : [same nurmber on beth sidas!)
E ' . ! 1 @ thangsd cornar valyes
| P/ : '
. H f' | ‘l @ official stamp, data, signature
! ¥ : 3
: / | !
] /i | !
£29. 00 / E {
: Co : ]
L ; i | |Name
. : / . ' . O
Lo : ; !
This mask Is usad HIi k.. : SV SOOI
in the following -35,0 -40.9 -23.4 +,8 Page HG.
oparating modes @
Listno. 1 Listno, 2 Listng. 3 Listno. 4 Listno. 5 List no. 8 Listng 7 Listnn. 8 14 tstno @
78 - —
Units: Xin [dB <0, mi> ] ¥in { =] ]
Corner fowar limlt Comar ' upper limit
Eg[m X value Y valug ﬁg{m X value ¥ valus
standard @ changs gtandarcd 3 change standard 3} change standard @ changs
1 ~55 00 (.08 s - -
a -55.00 9.20 e =
3 —40.00 24,20 - el
4 —34.00 2910 - =
________ 5 =27.00 31.80 = . it o
8 8,00 32.50 - e
7 —3.00 24.90 - e N
2 —3.00 8.00 - - - -
@ efticial stamp date sigriaturg
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tolerance masks
. Bv.-No.
Complete this form if the tolerance mask
', " shown opposis is to be changed or
TR O TR S axtandad.
el : : : Only fillin the sectinng oulined
: : ; ; inDeswy iype.
5 : : (D rame
‘ _‘ ,,_2 @ page number
; : // : i {sama number on both sides]
233.9:,'“"-" {.f % {3} changad corner values
i L : ]
: e : i {2} official stamp, date. signature
E 5o 5 ]
e / s -
L : !
2h4 . f }
- P i ;
b | | Name
o | e
: : {od : ]
This magk is used +4.9: HI— ! ,
Misdmatito K R sy | Page no.
oparatlng modas @
Listno. 1 Listno. 2 Listng. 3§11 Lisino. 4 Listno. § Listng, § List no. 7 Listng, 8 Listne, 3
..... P N AU ) AU S
L. &g
copat o btk e b e L By ,
Units; Xin [ 4B <0, mg> I Y n f d8 I
Carnar lower Hmit Cotner Upper Brmit
ggzlnt * valug ¥ walug ﬁfm X value Y vailie
slandard @ change standard @ shange standard @ changs standard @ changs
1 4500 Q.00 m _ ==
2 —45.00 2200 - .
3 —45.00 i 27.00 fads et i
4 —30.00 33.00 - —
5 Q.00 33.00 - —
5 0,00 . 0.00 —= -
{4) official stamp dats signatura
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W
PCM—4/PCM-5 Mask no. |16 || Form3
tolerance masks
Bv.—-No.
Complete this form if the toleranss mask
. ? : gl shawrt opposits is to be changed ar
; ; ; extended.
et : ; Qoly fil s the sections Qutined
| Il ' " N [8AYY NQQ
p E : D name
1 -/ ( : ! @ pagea number
; /_/ : ! taama numbar on bath sides?)
110, ﬂ;' ‘Ej' : ; (3} changsd comer values
i : i (4} official stamp, date, signature
E /o : i
P s !
A ; |
r2b, 1 : .‘ i
| - ;' | |Name
P e SN [0
Thi k s Lised AL - | % P
is mask 18 u + it - -
in the following -55.0 -40.4 -14.% .4 age no‘
oparating modes @
Listno, 1 List no. 2 Listng. 3 Listno. 4 List ng. 5 List o, B Listno. 7 Listng. 8 Ligtno. 9
8
73
g2 -
83
a0
21
34
e —
Units: X in [ dB <, mO» I ¥Yin [ ¢B i
qunar kowar fiemit Corner uppar it
ggfm X value Y yafug ﬁ{m X valug ¥ value
standard  § (3} change standard (3 changs sandard  § (3 charge standard | (3) changs
T 550 0.00 - e
2 —43.00 24.90 hnn e
3 ~40.00 29.50 —— ™ -
..... 4 ~30.00 35.00 —- - i
..... 5 0.00 35.00 —— _Z
g .00 0,00 - -
@) officiat stamp data signature
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tolerance masks
BVu—NGu
Camplete this form if the inlarance mask
; * : shown cpposite is to be shanged or
R I - : P ) axtended.
: : : : Qb fl in tha sections puiliced
; ' : : in hgavy typa.
; {1 nama
) : : (2) page number
' ! e r s {sama numbar on both sicas!
| e |
+3%]‘i]: g s 1 ) {2) changad corner valuas
: L/ ; | N
i ‘ / 5 i @ officiat stamp, date, signaiure
i ) : %
/i | A
'. <o : ;
LR foresie : ‘i:
g L | | |Name
: P : ' @
: P : ;
Thie mask is used HY D : : .-
i e Tolowing 5554 51K X wi] |Page no.
operating modes @
Lisino, 1 Lstno. 2 Listne. 3 | _Listno, 4  Lisino. § 1 Listng. 8 Listno. 7 |1 iisino. 8 Listno. 8 1:
#0 ] AVPUES WU % TERDUNM (U (PSP IR ) PN NN b S N P
B4
a2 e
.98 _ -
Y
SN SN AN I, N i
Linits: ¥ in { dB <0, ma= 1 Y¥in { a8 i
Corner fower Himit Corner upper fimit
221”1 X vaiue ¥ valug sznt X vahte ¥ valus
standard d) change standard (D change standard @ thange standard | (4} change
1 4500 0.00 e —
2 —45.00 19.80 — oo
3 =40.00 24.90 - - el -
4 ~30.00 31.30 : - e
5 0.00 22.00 bl i I,
=3 0.00 ) Q.00 - -
(@) official stamp date signaturg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




Bv.—No.

Complete this ‘orm if the tolerance mask

r
o
b
™ b= |
g &
5 3
@ o
b oy

=
£ 9
G
w m
g g
2 = g
a5 E
n.__wﬂ =
£ 5=
258d ©
W om )

18 {| Form 3

Mask no.

PCM-4/PCM-5
tolerance masks

B

changa

List ng, 9

©)

Y vatug

i

Listno, B
standard

dB <0, mi=

upper fimit

{

{sama number on both sides!)

List no, 7
slgnature

@ changed cormer values
(4) oticial stamp, date, slgnature

(2 page numbar
(3) change

Xovalue

Y in

NP |

List ho. §
standard

Comar
point
o,

Guaranteed | (888) 88-SOURCE | www.artisantg.com

istna 5

@ change

date

List no. 4
¥ valig

standard

Listing. 3

fower fimit

@ change

Ligtng. 2
X vaiue

standard
Artisan Technology Group - Quality Instrumentation ...

(&) officiat stamp

Listng, 1

105

108

113

118

17

120
Units: X in

This mask s used

in the following
sperating modes

Carner
paint
ng.




signature

H
N : o
i H A
E B : BC
o Frerd -
59 = o | 3@
f o =3
o5 w o) = >
o b = 5 v..
T o o = -
2 B = o LA o b
— = = @ i T |=
o o mu_J g 2 . =3 o &
£2 4 s ¢ o2 £ a0 | |5
o w
-1 e2 £ s & = & E|_1 |3
g so = 9 } o £
™ Q 2 a oEg 9 E Vs
w T : E3 g 0B mios
N £48 2 i & « o o
= A, =1 [ 0 — [ 2% 2 o5
| o O s og & B8 : >
. - o © & ] = a 2 o 5
= = o = = = — =
0 - anmAnur «@2 G§ % % G
=
g = [= i
(D] ki5diee ee 31®
=3
el sy
» s "R
b3 21
A k- e
5
2o
. ® 8% g |-
O S Ood
- m
v = 5
o
W g
X
L b
-+
b= g ,m@
e
5 B I
4 v.,d_
|
@i
2
S Cfl
3
wi N @
e > .
I 7)) & E
© B 50 | e
= E SHE-
QO BERE
r
neo -
o
n = o
= >
Y& 3 .
= A T, &1
.e - Tl
2 g o
CO SEE | = W
0 5521 <
- G52 ls
£ sl |l Wl o
5 & S5i89s

(&) official stamg

date

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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signature

& & w
o s W
S
B |
o 5 = o - m @ M
(A % [ [o]
85 =z = B <
58 £ £ 8 2 @ IS
e g 3 = o 8w
2y ‘W F b A =4 [°8
=4 5 2 d B £ 5]
- | €5 58 ¢ g 0 Lh Gl E
M| O] 35 8t 8 & = 0l s
» G £33 5 = Q&
N o 2 g » (i3] a °
= =] R I~ = =]
m | ) m .= 2 apg & - m @ & =2 E
A § 85 £ ¢ o e - g
0 V WM % & [~ S [+ a o m
I (@[ 52555 0@ @0 Zolae |t H 2
-
© = X o
o T M SONUNROROUTUN TRRERRRRIN SR 1 ils >~ g1
2 - N D S i M m
T T - TTTTTTTTens - bk « ™
|
—
gz
. " £y |-
O 3l 8¢
L
- b .
¢ | &
® 5
£« - @
= g 3
g ~ [
i gl
,w |
4 RS SRAISNSRRS MNAERRRROSIN SRR it " @
10 % SOSNN il Al W e B R IE E
= O ommtaot Mepbpatesd itasistoset sttty Bl B -
m = = = = - =] S 3=
O i3 % % 2 i 2
a ® o |5
o2 g 3
1s <
-l
= = g _2 _ &1,
L] S22 B
O3 253 ]
49 585 13 =
t m-m-m L= . —
5 I 2 lmBispam Bi2.
w £= % LW === Elg g
; Fe 5 S5(8a¢g

@) official stamp

data
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Bv.~No.

Complete this form if the tolarance mask

Form 3

e
o
%
mu ke |
w5
£
i
o
o
o =
= g
®m i
2 3
o
a £
[5 o
[F e c
& g £
[ = =
5
o I
L W5
seO_.m @

21

Mask no.

PCM-4/PCM-5
tolerance masks

B

Liging. 3

@ charne

¥ value

]

List ne. A
standard
—¥a.0h

B <, mi>

Lpper it

{sarma mumber on both sides?

@ page rumber

@ changed cormar values

@ official stamp, date, signature
List no. 7

(T change
signature

X yalg

Yin

List no, 8
standard

point
f,

Corngr

List ha 8
Guaranteed | (888) 88-SOURCE | www.artisantg.com

3} change

date

List no. 4
Y value

standard

Listna. 3

{ovear Hmit

@ change

List ne. 2
X vaiue

slandard

Artisan Technology Group - Quality Instrumentation ...

List no, 1

127
129
131
133
185
137
135

This mask is vsed
in tha following
aparating modas
Urits: Xin
Cormer
paint
na.
@) offlcial stamp




@ S
g g b
£ u_ o
m,w wm, 2 m@
g8 = ¥ 4
L2 ﬁ w W -
£ 5 m i ] @ o - Tlo
£c W o » 3 g o
o 9 = - € © o
o K| ] © L) S48 1=~y
£ = % 2 L2
=g § o 5 T i El. “
fl Ez B 58 £ 4 G S1E
M| O] & 28t 8§ § c o|%
=z 1 2a S22 9 B i3] . alg °
m tm R @ £ m o = e L ﬂUU. mu o
= L esged & sk § 3 £E |lo | -7l 1z 5
ol > Wmm g B= 5 % o © 3 G W
L  M|38%5d © @ ©©@ Zela e 310 a
&
= x
w® = 2,
N g L
o ks ¥
-
T
. w EE S |-
0 S Oarc
| -
o E
K - g
[/ 4] =
© - ®
-t prud
= g e 3
Ly —
s :
- ©
........................................................ €
@ Pl e - HI
............................ OSSO SIS &
1H 7,3 IR SOttt Nt St SRR g £
U S - S I & E
L @ S e FoeeeseReeten Presreereses B M I i T,
M m IDUDORRRRI MRS SRR JUSNRSRORYE - — =
& ] - w - wl - 2
i o ¥ < T T ¥ °
(4}
T5 :
-4 2
= o 2.8 3 g
D L 2! m
0= af g gl 3
O me - = 4 »
Pt m....lﬁmmq g = W.m
EN) 22§ |Eelalslnzignle |12]2: 5
g 8 T 288 ¢ &

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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tolerance masks Bv—No

Complate this form if the tolerance mask
SNoWN oeposite i to be changed or

To CCITT Rec, G.712/14.2

55,4 Do @ gxtandad.
- Only filt iy the sactions outlined
in heayy 1vpe.

@ nama

Lo {2) page number
' {same number on both sides])

-B) .45
{3 changed cornear vaiues

(&) official stamp, date, signature

{ [Name
o

Page no.
o g

This miask is used TR
in the following
Gperating modes

o

iistno., 1 Ligtno. 2 Ligt no. 3 Listno. 4 Ligtng, 5 Listne. B8 List rig. 7 Ligt ng. B List ne, &
P47
T4z
143

Units: Xin [ ) Yin [ dB<0,mo> |
Comar tower lirmit CO_”:GF upper fimit

palbrt poin
no. X valua Y value no, Xvalue Y value

standard 3} changa standard | (@ change standard § (3 change gtandard  § {3) changs
- o 1 - —80.00

(4} official stamp date ' signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



&
p =
§ £ 5
b
s = = £ ©)
59 = o =
C 3 L1 = r
B o H £ T ~
®E “ £ i - o o
58 £ &8 T it = I
EC m = - L% o BN 1)
£3 c © g = & BT
o Q o M I m = k]
|28 kB g o | HE
—_ & O =3 =
Lo I I o I i 8€ 8 k& - vl
< | £8 SE § = Stal Is
& T|s8 52 2 E L ~ S &
| |88 8§ 2 £ o g - 2
O v nm»m af o =] i) % 4
5] = @ fey
W (| &k @ @0 oo sle
™
= %]
o > 1 FIE
=5 g 2i:
N 5 3
—t
Py
[
= .
= 7 35
0 m. Dac
% R
—
& W
@ A
o b4
= : 3
= — w
el
ol | Vl.nu
=3 B
= |
Liil
N 2
0w g E
i ] £ s @
= = ~1& |2
O I -
[¥]
Pe o B@
3 m
4 % b
a -1 b2}
=5 1.3 2|
Q3 g 2l
Q= m.mm & 3
Q x B i pwi
Pt %Mm g x
me@ oo oiclolo o] Bl
28 & [TlTTesele ZIEE
8 Sy — 5188 ¢

signature

date

(@) official stamp

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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PCM—4/PCM--5

tolerance masks

Mask no.

25

Form 3

BVn_NO [J

Comiplate this form if the tolerantce mask

TN : T i i shown opposite is o be changed or
" i extendad.
: : : : Cody fill in the soctions sutlineg
i ; i heayy Wne,
' : : : {1} name
-38.0 | : R
: : ; : @ page number
H ' | H (gams number an hath sidest
: : @ changad corper vaiues
AL ' : o {4) official stamp, dats, signature
50,8 ; : ;
: i '. } ?
This mask is used 400 : : :
in tha following Yoat bEE1E 40080 £6060 72098 Page no.
oparating modes @
List o, 1 Listng. 2 List ng, 3 List na, 4 Lstno. 5 List nex, G List ng, 7 List no. 8 tist no. @
161 ] Lo
162
163
164 -
nits: ®in { Hz i Yin [ dB <0, md> ]
Carner lower imit Carner upper fimit
i aint
22@ X valug ¥ valua gol, X value Y value
standard 1§ (3) change | standard §{3) changs standard | (3) changs standard | (3) change
—- - 1 - 5000

@ official stamp

date

signaturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM f CM 5 : Mask Ro. 26 FOrm 3
tolerance masks
Bv.—No.
Compiste this form if the tolerance mask
BTN : : : shown opposite Is to be changed or
: : 5 : l extendad,
; : | : Only fl in fhe sectians outfined
i : : : Inhagvy type,
: : (1) name
I3 1) " ¢
Lt : : : (2) page number
o ; ' : {same number on both sides)
_ (3 changed tormer values
i i ; (@ ofticial stamp, date, signature
i : i !
49,8 : } :
o o
| ; § Name
a ; | g ®
This mask is used -8 ¢ : : : )
inthe following 20 744t 3540 wir-ww | Page no.
opsrating modes @
Listno. 1 Listno. 2 List no, 3 Listno, 4 | _Listna. 5 Listno § Listno, 7 Listno. 8 Listno, 8
185
166
167
168
Units: Xin i Hz ] Y i [ B <, mi>
Cormer lower lumit Comer upper Emit
ig!m X vaiua ¥ value %I_m Kvalue : Y valle
standard | {3) change standard  { (3 change standard | (3} change standard | (3) change
T ' Sy i - 25,00
(@ officiat stamp date signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Complata this Tor if the tolerance mask
shOown opposite is to be changad or
{sama numbsr on both tidesh

exisnded,
(d) officiat stamp. date. signature

@ page numher
@ changad cormer valugs

Coly 8llin the sections outlinad

In

BV:'_N O n
(1) name

Listna, &

{3) changs

Y value

!

standard

—50.00

iist ne. &

g8 <0, md>
upper limit

[

Listng, 7
@ change
signature

X vaive

¥ in

27 Form 3

T T T T T T T
st
R -
e aa R [ - P — -
. [P S P VS e od
..................................... oo et nmrenecaamaaaans

Mask no.

Llstng. 6
slandarc

ha,

point

Corner

List ng. S

Guaranteed | (888) 88-SOURCE | www.artisantg.com

3y change

date

Lisino. 4
¥ value

standard

Mz

Listno. 3

vt

towaer limit

(@ change

tolerance masks

in the fuliowing
aparafing moges

M PCM—4/PCM~5

This mask ls usad

Listno. 2
X value

standard

List ng, 1
il

Artisan Technology Group - Quality Instrumentation ...

Units: Xin
Comer
@ afflcial stamp

Doint

152
N




PCM—4/PCM-5 Mask no. |28 | Form3
tolerance masks
Bv.-No.
Completa this form i the tolarance mask
MR} : : : W shown oppasite ia to be changad or
" : 5] axtende.
: : : ! fin
:‘ : E ! inheavy twpe.
| % : i @ name
43 . @ paga numbar
i :. : ; (same number on both sidest)
(3 changed corner values
(4) oHflslal stamp, date, signature
o E @
20,4 : : :
| | : :
S ; T Name
: ! : . i
RS : o @
Thi i +1U,Q: [ : : : L
oiliviivinas 294 FER s i 1 Page no.
operating modas ’ @
List o, 1 Listno. 2 Listng. 3 | [ Listno 4 Listno. 3 Lstna, & Listng, 7 Using. 8 Listno. 9
173
174
Unfts: Xin P Hz ] ¥in [ dB <O, mi> |
Cornat lower firnit Co_rnar upper limit
ngm X vailug Y value ggfm X value Y value
standard @ change standard @ change standard @ change standard @ thange
1 300.06 0.00 - - =
Z S00.00 20.00 -= -
3 3£00.00 20.00 - = -
9 3400.00 .00 - o
(@) official stamp C data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PCM—4/PCM-5
tolerance masks

29

Form 3

Bv.-~-No,

Complate this form # the 1olarance masik

: : : " ] shown opposite is i he changed or
+55,$: ; ; : @ axiendad.
; : E : Qnly filt in the sections outiined
: : : r in heayy type.
o540 : : @ nams
i @ paga number
i i : . {same aumkbar un both sldash
b (3) changed cornar values
f : (&) officiat stamp, dats, sigrature
3 é | :
P ’ : :
I z ;
3 s 5 :
| a ; .|| IName
| | | SR I 10}
This mask is usead 430 Gi | I : -; - Page no
in the foliowing 24t 1043 na It M0 & .
oparating modeas
Listno. 3 Listno & Listng. 3 jf Listno. 4 Listno, 5 Ligtng, & Listng. 7 Listne. 8 Listng, &
Y9 | 188 I
a0 e
181
12 ]
1
184
185 s
188
187
Units: X in ' [ Hz ] ¥in 1 dB !
Carner lowar limit Cqmar Lpper limit
izmt X valua ¥ valua 221’“ K valua Y valiie
standard | (3) changs standard | (3} changs standard | (@) changs standard  { (3} change
1 300,00 0.00 —— K
2 300,00 46,00 — -
3 2400.00 48,00 o -—
4 2400.00 41.00 e e
5 3400.00 41,90 - -~
5] 3400.00 .00 - -
@ officiat stamp data signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




@ change

Listne g

Y valys

]

Listno, 8
standard
600.00

MIKROSEK.
upper imit

[

{same numbser on both sidagl)

Compiste this form If the tolerance mask
Listno 7

shown opposite s to be changed or

exianded.
official stamp, date, signatura

@ page numbar
(3 changed corner values
Page no.

Bv.~-No.

Ony filin.
(3) change

&

signature

Xvaiue

3q || Form 3

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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nad I - - +-

Listnio, 2
X valus

standard

PCM-4/PCM-5
tolerance masks
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List no, 1

i the folicwing
189

aperaling modes
Units: Xin

Comer

alvllie

RO,

TFhiz mask Is used

@ official stamp
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= - %3 gl
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Cw .Mmm - md
& O 325 | 5
b il m.m,.m [+ 215
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2 &5 |93 fEg
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@) official stamp

signature

date
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Mask no.

tolerance masks

8 PCM—4/PCM-5

signature

List no. 4

List no. 3

(3 change

-

>
@ g
ol @
«% C L
] . o
2 5 Q)
g5 % ® B
c 3 D = b
figi ] = =2 ® =
o = % w [ aim o
g f = = @« = {=1
RS T 2 B : & [
o ha = - o ; wvls
o ¥ g - c i = oy
- T = = = o p Jol I
H . o 5 - A 2 =]
B =
« | Eq - - Q1 g
=2 g8 5 g Aoy =4
DO Es 2 2E B8 % 4
2T 2 g = e
N = o 3L 5 W A o
m - a . @ ol o o - & =
L | 294: E SE § 32 g 5
o L] MH.W" @ 59 m = — =
G V nmnwnﬁ c af 4 “ [
5o =
o o]
iL {0 3£:8d O ©® ©O s|@
>
= s
= o
w s e
. 1]
o g 21
L33 % =
L} W
-1
=
o,
[+
cE -
w %00
o & &
=
w
i

¥ walup

standar

Listno, 2

This mask is used

i the fullowing
oparating modes

List no. 1
BN

Nin

Jower fimit

(3) change

¥ valua

standard

Units:

Corner

preing
ne

) official stamp

date
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CM-4/PCM-5 Mask no. |34 | Form3
tolerance masks
Bv.-No.
Complate this form i the elsrance mask
T F T j T : W shown opposite is to be shanged or
| i | : I extendad.
: | : : i : RQnly fill in tha seglions qutiined
! | ' : E : i heavy type.
i “j ! (1 name
‘ .i E i . @ page number
: 1 ; ! : {same number oft both sidaes!
+308 : 3 : 1 : @ changad corner vaiues
i ‘ | ; (&) official stamp, daie, signatura
: ; E L
H i i '
| ! f: i
L ' : ! Name
: : : E @
This mask is used- 20 : : :
in the fallowing 204 440 3] BEELIEIT Page no.
aperating modes @
Listno 1 Listna. 2 Llstng 3 bisino. 4 Cistno. 8 Fi Listng & Listne. 7 Listng. 8 Lisine @
193
Units: X in [ Hz ] Yin {  MIKROSEK., ]
Corner lower [mit Corner uppar it
int !
Eg,ﬁ X valug ¥ value Eg‘m X value Y valua
standard  § (3) change stendard | (3} change stangard | (3} change standard | (3) changs
_____ — 1 500.00 10000.00
. o 2 S00.00 180000
o - 3 500.00 1500.00
- . 4 £00.00 720.00
- — 5 | _toboos 720490
— - — - 5] 1000.00 250,00
_____ - 7 2610.00 250400
— __ A 2610.00 130040
e - g 2800.00 1500.00
- == 16 2B00.0C 13000.00
@ official stamp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM—4/PCM-5 Form
to?erani:e masks Maskno. | 35| "orm3
Comglate this form i the tolerance mask
. : ¥ (— : shown dpposite s to be changed ar
T | [0 [ | exances.
o : ' | Qnly B in the sactions outlined
i i . : Lo in neavy g,
I i |
e ; ! ;—_ : {1 name
. | H ' ‘
: | ! : ! ]
: ! : i @ page numga:
; | ; ' : : {same number on beth sidesl)
: - ! e
+ik0 : ! : : : : (3} changed comer vatues
S i L
b -:E : i : (&) official stamp, dazs, signawreg
: : : oo
! ‘.i ' . N
: i : .
: b ; i ' '
no : ; Name
This mask is used -89 1 : : : .-
i the E\o[lowing 248 $ 8] 25“ Isth 168t Page no’
aparating modes @
Lis e, List no. 2 List no. 3 List hey. 4 List s, 5 Listno B Listna. 7 List no. § List no 9
[ 184 1 ] —
Units: X in P Hz } Yin [ MIKROSEX. 1}
Corney lowet lmit Camar upper limit
gg[m Kvalua Y valus %{m Xvalus Y valus
standard [ (3) change | standard  J (3) change standard | (3} change standard  { (3} changs
o — 1 500.00 10000.60
T - 2 500.00 750.00 .
. e 3 B0 00 750.00
— —— 4 BOG.00 JE0.00
- —— ] 1000.00 3B0.00
- _ [ 1006.00 130.00
. . 7 2610.00 130.00
- - 3 261060 780.00
. - g 2800.00 750.60
. — ig 2800.006 10000.00
(&) ofielal stamp dats signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




tolerance masks
Bv.~No.
Complete this form if the tolarance mask
T l ' 7 } : %l shown opposite is © he changed or
. . : . axtandad,
: ‘..1 . : b Qniy fili in the sections autlinad
S : D i heayy type.
Lo s ||
H | : ; E"""' ; {0 nams
; ; ‘ E (&) page number
! | : ' { : (same number on both sidas!)
334 f i (3 changed corner valuss
: e : ' :
; f : ! ; (4) oficial stamp, date, signatre
a j ol
a | L b
W ; : : Name
This mask is used | : ; :
in the foflowing bak] 1113 i3] e st page no.
opergling modes @
Listno. 1 List ho, 2 igt no. 3 List no. 4 Lising, § Lising. B Listno. 7 List no. 8 - Listnn. &
195
Units: "Xin [ Hz 1 ¥in { MIKROSEK. ]
Coiner towar limit Corner uppar kmit
palnt point
no. X vaue Y valug ro. X valug Y vailg
standard (3) changs standard (3} change standard @ change standard @ change
- o 1 200,00 1000600
o= s —= 2 B500.00 41 180.08
e - — 3 SOO00  § 90.00
- —_ 4 H00.00 380,00
= e - 9 100600 380,00
e - = i 100¢.00 130.60
—— . 7 201000 135.00
— - 8 2016.00 750.00
- - 2 2000.00 758,00
- - 15 2B00.00 10006300
(@ offical stamg date sighatiire
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PCM~-4/PCM-5 Mask no 37 || Form 3
a
tolerance masks
. BVI-N G *
Complste this farm f the tolerance mask
oy p ' : . shown opposits is 10 be changed or
HEN: .! ; 5 : % extanded.
: i : i : Qn.Lyﬂﬁn_Lhﬁ_saQﬁma ouilingd
: ] : i : in heawy ype.
| j o  nomo
E. 1 ‘ | @ page numier
' :{ . | ) [sarna number on balh sizesh :
. ! ' : !
R : : ! (3} cnanged cornar vaiuss ;
: l @} official stamp. dato. s.gnature
") crtnrrbaten st en s s L “ I;
This mask is used 200 ; 5 T
in the folowing 249 JAsi k] fegh
tparating madas
List no, 1 List no, 2 Listnm 3 |1 Listng 4 | Listng § List no, 8
156
Units: Xin [ Hz ; Y in
Cornsr Iower Emit quner LpRE A
gg'm Kvalua Y valtie E?m X value Y witiug
standard 3) changs standard 2 change standard | (3 change standared (3 chanps
e g T 500.5¢ 1000000
. T z 00,00 — 7 206600
- - 3 500.00 RS20 L U
o = 4 800.00 R
- — 5 1000.00 1560.00
- - [ 1000.00 BO0.00
—Z . 7 2616.00 Be6.a0 3
g g ) Z616.00 260000 17
- - 3 PE00.00 26065 ’
- o id 2B00.00 TEON0.00 T
@ official stamp data sigriatlrg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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u. (| 3538 ©O® © @ a e | 21©
=
= |y
@ > gl
@ g L
3
-

. w m.mo A
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«© bz =
= A _g s
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We 5
o
,..._.......c m. m®
4n 5 m
& e -
=5 i,z m
@ So8 gl
05 s$E [ 4]
%2 . &
o = mw.wa 2 >
225 |falsie e teaol £)8 .
_..,m.mm‘ ol egledbed: od | me{ e e | o mnwmw

(&) nfticlal stanp

date
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/ o orm
tolerance masks
Bv.—-No.
Complate thls farm i the tolarance mask
" : shown opposiie is to be changed or
' ; % axtended,
; : Only fill I the sactions quitined
' : in heavy type.
Pl (1) rame
R N :L @ page numia:
' ! {sama numbaer on btk sidast)
(3 changed cuner valies
! {4) officiat stamp, gate, signatura
| 5 Name
D L @
This mask is Lsed RTINS, Page nO‘
in the follawing 1} O
aperating modes 2
List 0. 1 List po. 2 List no. 3 List o, 4 List no. & Listno. & List no. 7 List e, 8
EECE Y- I T S I N T N S I B D T I T T I T B :
REG | 245 - :
228 | 246 .
230 | 249 i
2231 250 o e N
234 | 753 L iy
237 | 254 i
238 t 287 PN SR
241 | 258 |
8
Units: Xin ' { | Y in [ o8 <l md> 1 !
Carmer lgwer Hmit Cqmar upper fimit
Eglm X valus Y vaiue %{nt X value Y valua
. stangard 3} change standart (3) change standard | (3) change standarg @ changs
T T . 1 iy ~6350
@ o#ficlal stamp date signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
BVI—N 08
Complate this form if the tolerance mask
0 ; ; v shown cpposite is to ba changed or
i : : H 5 oxtanded.
: : : : Only fill in tha sactions gutlnad
: 5 E '; Inhaavy tvpe,
; s | ® nare
o ﬂ : 5 (@ page rumber
s : i : {same numbar an both sides!)
g ] f ] : @ changed corner valaas
b i 5 !..._._. — (3) oficial stamp, date, signature
e e D
| 5 ; Lo
T ; : : S
: i " o
H | | L
3 : ; L Name
X s : . ©
T k is used YL | i ; : ] p
i3 rask is Use LN : ! I
in the following 20 ey oy ST age no.
aparating modes @
tistna. 1 Listnp. 2 Listno 3 List no. 4 igtne. 5 List ng. 8 Listng 7 Listoo. 8 Listne. %
1
5
g
SN AN B I 1
Units: Xin H Hz ] Yin { aB I
Cornar lowar limit Carnar unpser limi
point point
o, X value Y vadus ne. X valus ¥ vaiue
stancard | (3) changs | standard | (3) change standard | (3) change stangard | () change
1 300.00 ~82.99 e -
2 300,00 13..00 o - —_——
3 500.00 13.00 o -1
el 50G.00 18.00 - -
) 250000 18.00 o B N
& 230000 14.00 - __
7 J400.00 14.00 - -
8 1 340000 T58.59 - —
cfficiat atamp data signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




W - Form 3
gierance masks
Bv.—No.
Complete this form it the tolerance mask
shown opocsite is fo be changed ar
extanded,
Only 1 in the sections outlinad
i hagvy voa,
{1 name
(2} page nurnber
{sama numbear on Do sidas!)
@ chahgad corrmer values
@ official stamp, date, signature
Name.
@
‘This mask is used Pag e no.
i {he following @
oparating mades )
Listng 1 Listng. 2 Lisino. 3 Ligtno. 4 | Listno 5 List ng, & Listno. 7 Listng B i
2 .. D 5 S N
g
g I
| !
Units: Xin . [ § Yin [ 4B i
Corner lowsr fimit Corner uppar Kmit :
gzim Xovalue Y valie ﬁg[nt X valug ¥ valua
‘ standard 3) ¢hange ] Standard Ca) ahange standard | (3) change standard  § (3) chenge
3 —- - —60 2 - 60
@ offfcial stamp gate signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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tolerance masks
Bv.~No.
Comglata this farm if the toigrancs mask
Ty g : : Qi shawn oppesie is to be changed ar
! ' . . axtended.
; 5 ; : Onty il in the sagtions outlined
RS { - in hegvy typa.
g g | g @ name
_ .......... . . (2} page number
;t : : : {same numbar on both sidas!)
1 (3) changed cornar valuas
Wi b ; |
: ! : : @ official stamp, date, sighaiura
H = S |
i : L |
SRR : ———
: T : ' 3 N a me
L R : i
H | s ; ©
This mask is usad L ; ; T
e o 34 T 7155 s ] | Page no.
cperating modes @
Lisi na. 1 Llstno 2 Listne. 3 Listno. ¢ Lising. 5 Liztng, 8 Listro ¥ | Listno. 8 Listng, §
......... 17
21 ]
25 —
29 _
R} U _—
kY4
41 N S,
43
Units: ®in [ Hz ] Y in f dB ]
Carner iower imit Comer uppsr limi
Gt i
20. X valus Y value ggrnt X value ¥ valus
standard | (3) change standard 3) changs standard  § (3) change standasd  { (3) charige
1 300.00 —93,90 13 10.00 000 -
2 300.00 -2.00 14 200.00 0.00
3 400.00 ~2.00 15 200.00 80
4 400.00 ~1.50 18 3600.00 1]
5 800.00 ~1.50 17 3600.60 0.00
§ 6008.80 -70 18 5000.00 0.00
7 2400 .00 =70
8 2400.00 ~1.10
9 3003.00 -1.10
19 00000 =300
1 3400.00 =3.00
i2 3400.08 ~-98.88
(&} offictal stamp fate signatre
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/PC Mask no. | 44 ||Form3
tolerance masks
Bv.-No.
Camplete this form if the tolarance mask
1.5 : ‘ : shown opposite ig to be changed or
: i : ; extended.
' i : 5 Only 1l in the sections outlined
1 H ; bttt inheavy type.
: : : ; {0 nams
' @ pags number
i : : : {same number an both sidesl)
'i B "J (@) changed cornar values
RE. : ; T "
b.) : ' : ; @ official stamp, date, signafure
H ! I é
: E : : | ——— .ﬁ
] : : 1
: ! : i
i ? ! R A ¥G
This mask is used -4 E I ' E Pa e no
in tha following i {it3 {1 SRIT g -
nperating modas @
List no. 1 Listng. 2 Listno 3 Listno. 4 List no. 5 Listno. 6 Listno. 7 Listrio. 8 Listnp. 9@
18 35
19 38
22 39
23 42
a7 43
27 44 ]
— 30 47
21
24
Units: Xin f Mz ] Yin f a8 §
Comer tower Himit Carner uppar limit
poirit int
;:in X vaiue ¥ value ngﬂ X velus ¥ vakie
standary @ change stardand @ change standard @ change slandard @ change
1 300.00 : 9.-953.99 13 10.00 0.00
2 30000 160 14 200,60 0.00
3 400.00 -1.00 18 2600.00 30
4 40000 —.78 16 3600.00 A6
g B 00 —.78 17 3600.00 .08
g B500.00 =35 18 5000.00 0.00
7 2400.00 . —J5
8 2400.00 ~ B8
g 3000.00 — 55
10 A000.00 -1.50
i1 3400.00 -1.50°
12 3400.00 -95.09
{4 offictal stamp date SigNaure

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



]
tolerance masks
Bv.—No.
Completa this form # the tolerance mask
r2. 0 j R ! ! shown oppasite is to be changsd or
v : : @ axtended.
! : ! : Qnty fill in the sections autined
- : : - in heavy tyDa,
! | ; : :
. H : . . 1
I : : - O name
P ""’"‘é : {2} page rumber
i . e . [sama numzar on both sides!)
' 1 -
@ changed comear values
9.9 S ; @ official stamp, cate, signatira
U
= St l : ' ame
! =. | ©
This mask {8 usad -d.t ! g 4-5 ; Pag e ng
in the following SN 48,4 N v % x
oparating modas { :
List po, 1 List na. 2 tistne 3 List nn. 4 Listno. 5 Listno. & Listro. 7 ¢ bLston & Ligtns @
o1 LI — i
54 i
{220 A I I S I SN SR N SN S i SV WO I S N
58 - -
ii..62 — e
€3 N
!
i
Units: X in [ 4B <0, mi ] Y in ! dB }
Cotnar lower Bmit Cornar upper limit
. int .
ngnt X valug Y valyg ﬁgfn Xvalue Y vaiug
standard  § (3 change standard (3} changs standard  § {3) changs siandard ] (3) changs
1 —55,00 ~33.99 ] ~oa 00 S0 —
2 —55.00 ~1.40 10 —-55.00 140 ¥
g ~£0.C0 ~1.40 11 —55.00 1,40 -
4 -50.00 —£.80 iz —50.00 +0.80
& —H.80 -0.80 13 AR08 +L 80 —
g —43.60 .50 L} —40.00 +0.50
z 200 =0.50 15 3.00 +0.50
8 3.00 ~99.9% 16 A.00 30.00 -
@ official stamp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




toleran{:e masks Mask no. |46 || "orm 3
Bv.~No.
Completa this fomm if tha folerance mask
2.0 . ' ' . shown opposite is to be changed or
: ; : i ; (e} extendad,
: ' : : : Cnly fill in thg gactions cutlined
= : : : in haavy vpe,
#,0 i : : : @ ngme
e 7 : (2 page number
; ' ; ; . _.d {same numier on beth sidesh
; : ; ' ; (® changad commer values
#,§ S : : :
Lo : : : officiat stamp, date, signature
L - i .
SR : : :
e s z Name
This masX is used X3k 50 ; W V ,3{: i _,ﬂ: PR page no
ir the following . - - i : .
operaiing modes @
List no. 4 List no, 2 List no. 3 Listno, 4 Listno. & List no. & List no. 7 List ne. B List ng. 8
88
89
Units: Xin { dB <@, mO> } Y in 4 dB }
Cotner {owar it Camar upper limit
point int
hof X value Y value ggfn X valie Y value
standard @ change standard @ change standard 3) change standard @ changs
1 =55.00 ~1.40 a ~55.00 1.4¢
2 -50.00 ~1.40 g =50.00 1.40
3 -50.00 -80 i ~HOL0 i)
4 —40.03 —.80 11 ~40.00 80
5 <40, (10 -0 ig —40.00 B0
g -10.00 =50 13 21000 20
7 ~10.00 —89.69 14 =15.00 30.00
}
{a) officiat stamp date signaturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




p v, | e '
CM-4/PCM-5 Mask no. |47 | Form3
tolerance masks
Bv.-No.
Complate this form if tha folerance mask
NS g : : : shown opposite is to ba thanged or
B : ! ! % extanded,
S : : i Quly fil in the sections outinad
P : : : NSV oD,
(11 : Lo (1} name
b : : : : (@ pago number
: WL ; : : {same number on both sidesh
: b r """ (3} changad comner vajuas
N ; ; f e {2} official stamp, date. signature
i s .:'_H'"_ : -
SR
p ; i e
. , . .I'; i :
o : i | Name
Thus tnask I used -2h ': : : R
" ihe fc,i]gwing ”Sﬂ.ﬁ =40 -3t i1 =14, page no'
nparating modes @
Lisd no, 1 Listng 2 Listng. 3 List no. 4 Listno & Lisino. 6 List no, 7 iListno. 8 List np 9 E-!
S &8 1. I |
a7 f
70 !
- 71 SO & S
Unils: X in { dB <&, mo> ] Yin { daB i
Carnar teswar Nmi Corner uppear fimit
int int
ig{n X vaius Y value ggm X valug ¥ valua
standard {3) change standard (3) change standart | (3) change standard | (3} change
i 58 08 —.70 8 ~55.00 KiY
2 —50.00 =30 ) ~50.00 _ 0 -
3 =-50.00 =40 10 —50.00 A0
4 -40.00 —A4¢ 1f —30.00 A0
3 -40.00 =30 i2 ~-40.00 Ao
5 -10.00 ~ 38 13 ~10.00 30
7 ~10.00 ~39.99 i4 ~10.60 30.00
(&) ulicial stamp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
Complate this form if the tolerance mask
RTINS : : T shown opposite is 10 be changed or
0 ; ' @ extondad.
E ! : Qrly filt st the sections outlined
: ; 5 inhegvy tepe,
e * ---------- «‘ (1) nams
‘. ; f 5 \ () page number
T 1oy : _ {sarne number on bath sidest)
‘ E_/ \'l {3} changed cormer values
: ! : i
: rz’ X : (4} official stamp, dale, signature
| 7 | ;
,5 ;o 5 i
P e |
ity ey
P : ; |
I | .| {Name
s/ ; ; ; @
This mask is used +!3.UE/ '; i Page no
in tha following ~35.1 -48. 0 209 H,1 "
oparating modes @
Listng, 1 Listno. 2 Listng. 3 |_Listno. & Listno. 5 Listhe. 6 List no. 7 Listno 8 ist no. 9
73
Units: X in [ dB <d, mo> ] Yin [ dB ]
Co_rner fowar fmit Corrar uppeT limil
gg!nt X valua Y value ﬁgfnt X vaiue Y value
standard | (3) change standard  F(3) change standard  § (3) change standard { (3} change
i =85OG 8.00 - o
2 —29.00 . 1118 e -
3 -40,00 i 28,10 —— -
4 —34.00 20,70 . -
5 =27.00 32440 - = -
& —£.00 F2.40 —= — -
T -3.00 ' 24.80 —= e
g —3.00 0.08 g ==
@ official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



y  P—
PCM-4/PCM-5 Mask no. 49 || Form 3
tolerance masks
Bv.-No.
Complata this form i the tolerance mask
—— g , Ml | shown opposita is 10 be changed or
Hik : : % extanted.
: : : Qnly fil in the sections oullined
5 : : infeavy tvpa.
g S S @ nams
/ : { {(Z) page numbar
: e : | fsame number on both sidas!)
s ;/f : ¥
; i @ changsc corner valuas
: g : i
,: S ' f @ officiat stamp, date, signature
i / 5 : j
L %
2 B i : o
L/ | 5 !
- : ; .| | Name
L/ =, ; BEIC
T : : E
This mask is usad HIEY : : Lo n
in the fallowing 338 il itk il gage 0.
operating modes
List o 1 List no. 2 Listno, 3 List ng. 4 List no. 5 List no. & List na. 7 Listin 8 Listpp &t
74 T e b 8
i
i
%
I N § P
Unitg: K in [ dB <), m0> ] Y in ! 6B ]
Carner bower fimit Corner upper limit
iﬁ!m X valus Y value ﬁgini X valle Y owahie
standare @ change standard @ change standard @ change standard @ changs
i ~05 00 0.00 — e
2 -55.00 12,40 - -
3 ~40.00 27.40 - -
4 =34.00 32.00 - -
5 —a 700 3370 - -
8 -, 00 3370 —— -
7 ~3.00 28.10 —— - =
B —3.00 0.00 o - —
{4) official stamp dats signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
Complate this farm 1 the tolarance mask
TR} R . m shown opposite is to be changed ar
: : oo extended.
! ! : Only il in the sgctions cutlined
: :' : . In heavy type.
. 1 " '
: : /-‘" ; 1'. (1 name
: b : Y
'. : ,/ 'l @ page numbar
FHL B nd . {sama nurnber on both sidesl)
: b : 4
/i 5 ; | (3} changad corner values
| )/ ; ! official stamp, date, signature
| /i ;
, ; f
! f/ | |
FEN) ; g
VA % TN
5 | | i ame
/ : : 1 @©
This mask is used 13, 0L : 5 !
i the following 59,4 5 51K 7y | Page no.
operating modes @
Listng, i Listno. 2 Listne 3 Lisino. 4 Lisgtng, 5 Listno & List o, 7 Listno. & ist ne. 8
I8
UJrigs: X in [ dB <@ mo> i Y i { dB i
Carner Igwar Fmit Corrtar upper limit
int ;
igl‘n X value Y value ﬁfnt Xvalue ¥ value
stanciarg @ change standard @ change standard 3) change standard @ change
i s AbL ¢} 2.00 o L
2 —55.00 13.40 . e
3 —A0LO0 %8.40 o .
4 =400 33,00 g .
4] =27 00 34.70 - .
g G, 50 34.7Q g .
7§ -3.00 27,30 e _
8 =400 {200 B E
@) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



M PCM-4/PCM-5

} tolerance masks

Form 3

Bv.—NoO,

Completa this form if the tolerance mask
shown opposite 13 {0 be changed or

I e B | ool
e : % ; Cnly filin the sactions outlined
: : : ; in heavy type,
() nams
; I (2 page numbar
! /,*’ : ] {seme numbar on bath sidesl)
: : : ]
£3t. 4 '/ ‘ : R (@ changed corner values
". / ' ; i @ officiatl stamp, dats, signakure
| /f’a z :,
o a |
121, g'l. ; : I : .i: .
Pl | . | |Name
: P : ! D
5 L s 1
This mask la used 14, 8 ) : d
in the {allowing <358 -4 -84 +8,0 Page no.
oparating modas &
Litno. 1 Sino. 2 Liston.3 Sine ] [ tistno.s Lstne. 8 | [ Gstno.7 Lstno 8| [ Listno, 8
T
-3l
frie]
a3
LUnita; ¥in { dB <0, mi> ] Yin { of 1
Comer towar Hemit Comer Lppar it
oint i
Eo. X valug ¥ value g:‘nt X value ¥ vafue
standarg 3} changs standard | (3} change standard | {3} changa standard | (3) change
i —45.00° .00 i -
2 =45 .00 22,00 —— i
3 —10.00 27.00 o -
4 ~30 00 33.00 = -
5 0.00 43.00 - ——
8 0.00 0.00 e —_
(4} official starmp date signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM-4/PCM- B
/PCM-5 Mask no. |52 || Form3
tolerance masks
Bv.—-No.
Complete this form i the tolerance mask
T n ] shown onpesite is to be changed or
i @: ; : E eaended,
B : ; ' Cnty il in the sestions cutlined
; : ; ; in haavy type,
: : i f- (D) name
: : p : s
: I./' : ! @ pags number
Py i tzame numbar on both sidest]
i v ; H
P30 o ;1 (@ changed cormer values
i { i
: J/ : 1 (4} official stamp, date, signatura
z /o ‘ E
§ ;o " f
C b 1
E : . !
*20‘ a‘ E “ : ................ 1 ey -
5 I : | [Name
; b . 1o
; [ ’. %
This mask is used £, 1 ! : L !
in the following =558 -45 .5 -20.1 4.1 Page no.
operating modes @
List ng 1 Listnog. 2 List nes. 3 |_Listne 4 - List no. 5 List no. 8 Llst ne 7 | Listno 8 List ng. 9
. 78 —
79
&2
x|
20
31
94
a5
Units: X in [ 4B <0, mi> I ¥ in { P i
Comer tower imbt Corner upped limit
Ezim X value Y valug Egi.nt X vakhe Y vaiue
standard | {(3) change standard  § (3) change standard 1 {3) changs standard | (3) change
1 —45.00 0.00 - -
2 | 4500 24.00 - ==
3 ~40.00 2800 - -
&+ —30.00 35.08 —— el
5 0.50 3500 - - =
5 Q.90 5.0¢ - - e
@) officia stamp date sigaatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
Camplata this form if the talerance mask
shown opposits is to be changed ar
sdtanded,
Only £ in the sections ouitned
lnheavy type,
@ name
@ page number
faama nymber on both srdeal)
@ changed corner vaiues
@ offizial stamp, date, signature
Name :
©
This mask is usad Pag g no
in tha folowing O f
apsrating modes s
Listng. 1 Listno. B List no. 3 List no, 4 Listno. 5 Ustno. 6 List g, 7 Listno. 8 Lisl o, &
| 101 ]
105
s |_t12
117 — —
Units: XKin { 1 Yin [ dB <0, mi> j
cg‘mgr towar fimit Cgrner upper limit
gg'lm X vailua ¥ vaiue ngm X value Y valug
standard @ change standard @ changa standard | {3} change standard  § (3) change
- —- 1 - B5o00 1
@ oificial stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




]
S &
§ : £
E B ®
25 = e um m@
H.M o 3 >
£2 8 @ g ~4 |7
58 = £ g @ @ B
25 = a £ @ o o @
] £ Ee g - r [l i) [ LF}
£8 & c £ 32 o & @it
w ey i a f .ﬂw it ma.. W
«lEs #© LB 2 4 - gl &
b : - £
M Q! 8. & 8¢ § & ol s
=% = E2 g @ =1 @
£ T158.5 5g 2 3 5 51 12
Lo a D -
= || 8is 75 £ 2 g S
[ =Sy — W
mWQM O w
i [} 3538 ® @@ m@
= ®|w
w > CRE
< b m“
n z w
—
)
£e |-
o p 3%
=4
L % o
and
4 £
¢ 5
-3
= - g
R -
L_ o
ol
Th
7] =
5.4 o REL
53 g m
| % S
= £ ; SHEE
- o
Ce 5
o @
@,..,.C G m@
c wlodol vl -
o i ] Xy
=5 § o1 i
e S 5
C TEE |+ = n
a2 G2 |g x
it m.mm < =%
2L 8 |5 EIEE |
5@ 2|l acg

signare

date

(@) official stamp

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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1 PCM-4/PCM-5 Form 3

Mask no.

tolerance masks

Bv.—-No.

Complats this form if the loterance mask
shown opposite is o be changed or
axteridad.

Qnky fillin the, sections outlisgd

In heavy fvpe,

D name

{Z) pags numbar
[sama numbar on both siges!

{3} changesd eormer values

(@ official $tamp, date, signature

Name

@
! This rmask is usad Pag@ Nno
i in tha following .
{ operating mones @
R Listno. 2 lst no 3 istno. 4 Lisino & Ustno. 6 _¢] Listno 7 tistno A Listno, 4
i S . 103 : 41 [ I U S
it 107 5 -
i 115 . - L
! N BEE — -
Lnits: Xin { ! Yin I dB<0 md !
Comer lower limit Cornar upper Himit
LT et
g o X valuoe Y ovalus ia,n X valua Y vakee
standard | (3) change [ standard  §{Z) changs standard | {3 change standard  § (3) changs
pupen - 1 — - 75,00
@ official starmp data signaturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




sigralure

@
@ Z
; ]
3 £ 5
o
mm = wid .m@
8 [ |4 [}
c R L} = >
s 5 2 G —_ >
28 ¢ z g b @ T18
...an.lw o b in o T ] e
2o a2 = o5 £ n e
=5 fi > = -— (=) =R I
= = i € (7
=50 - g B o} ‘| =
n E = [T} c o ag|E
MO ss 3¢ §
s o Es 2 8 2|5
N E 3 ; ZC B % & -
m o m @ L g o | "~ a mu
i i £8EE E B & B g _ &
O Vw :mlw.mﬁur, e 22 5 % = (]
eg2dc | G
L (M| 3s:82 © @ @6 HE
=
B - .
© E ” 8l
g gl
- #
0 ko W
T
o
3
- gz |-
L]
0 g G as
™
o % o
= £
= g
i)
N 5
0 -
= : 52
g - |®
e s LR
. nm )
)] 5
X o E
0. =
'l g £
= =
=@ 3 3 |2
£ 3 |15
C g )
n @ ol e|®
. 4
= Blulio| - |ohoit-io - w
a Tl avpS| oo EH O CuiTE “
u 2 a D A 0 0 0 A A A i
= % o8 i
Ll u%m 5
w— 0 = -~
CO Mwm - = i
Dﬂ. S“m! o o
At m..mﬁ = e
s 2% |% 22
[l =g 8 E

@ official stamp

data

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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toclerance masks Bv.—No

Compise this form if the tolarance mask
shown opposile is to be changad of
exiandad.

Only £ ins the sections ouingr

in heayy typa,

(T name

) page numbay
[sama numbier on both sidas!

@ changed cornar valuas

@ official stamp, date, signature

Name
&

Page no.
5 g

This mask is usad
in the folowing
Oparating modes

Listng. 1 LWstno. 2 List ng, 3 Listno. 4 Listng. & Listng. § Lising, T Listra B b3 Listan 9
128 144
i28
130
— 152 A SRR [ WSSO EEUUON I R o
idd -
198 -
138 — . S 5 SEVRVINY S
140 S
142
Units: Xin f ] Y iR fodB<md )
Carner iower fmit Gornar uppet limit
int it
':g Avalug ¥ valus E an X vaiua Y valus
standard  § (3) change | standard {(3) change siandard 3 (3) changs standard | (3) charga
o o 1 e Er{(RI]F,
(&) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.-No.
Cormplete this form |f the tolerange mask
b ! ; : shown opposits is 1o ba changed or
b : : : 5 axtended.
: : : : Only it in the sections oullined
; : : : in haavy type,
4 ﬁl : : D name
; s | % @ pags number
' ; | : {same nurnber on both sidesl)
(3 changed comer values
-’iB.E! : :' 5 (@ official stamp, dats, signatura
| | | s
SINE ¢ ; ;
g i g o Name
: j : E Q@
Thig mask is usad -0, 0 ' : oo
in tha !gl[owlng LT [ 310 LETEL aEa0e 22004 Page nO-
operating modes @ 1
Listno. 1 Listno. 2 Ligtho 2 Listno. 4 Listno. & Lisino. 8 List ng. 7 Listno. 8 Listng, 8
161
162
163
164
Units: X in [ ! Y in [ dB<0.m0> ]
Co{mer tewwar Henit Comer uppar fimik
b .
Eg_n K value ¥ valua ﬁg'lm ¥ vatue Y valug
stangarg (&) changs standard (3@ charge standard | (3) change standard | (3) change
[ ) - —~— —50.00
official stamp data signaiurg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
. . Gomplete thig form i the toferance mask
Ty : : : % shown apposite is 10 be changed or
: ; ; : extandad.
; : : ! Qody fill in the sections outlined
- ! ! : 4 | inheavyivps,
‘ ‘ (1) name
-30(3:“ ‘. ......... I. @ page number
! : : E (3ame number on both sidesh
! : (3) changad comer vaues
. ! (% officiat stamg. date, signature
| .5 ; Name o
: :. ': : ©
Tris sk 1 vsed S LY SO : i [P
. . 20 i a0 shie 3 age no.
in the following -
sparating modes @
tlstno. 1 Listng 2 List . 2 List no. 4 Listng. 5 Listno. § Listno 7 List fier & Ligt e, $
165
186
167 "
- 168 —
Units: Xin { Hz i Y i ! dB <&, mDs ]
Cormner lowar fmit Cqmar upper Fmit
ig!nt X vaive Y vaiue ﬁzfm ¥ value Y vakio
stendard (@) change standard @ change stangard  § () change standard  § (3) change
- e i o ~an.l0
@ officlal stamp daie sigraturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




@ )
2 5 5
£ S
g5 7 2 - 3@
cER i 3 o
s o 5 >
* 5 .m @ c b
G = L @ D @ - Tlg
25 E ¢ < > 58
£2 s 8 & £ E HE
T3 S 5 W . hE E 2l
|} Ex H L® 4 oSl E
®m|o|ss 38 5 ¢ 2 SiE
N K- mw T g e S g
= mmm 2 Lo 5 B L thoe g |2
b | § | 287, £ BE § S | p RN - g
" h a: o] ws ) = g C. ot s k]
o v [ o = =] 7] a a pw ¥ ]
EoeHE k2 g
L | 5558 ©© @0 Zola.@ 319 g
it
o
& =4
Q 2 | g
O = .m mﬁ
g :
&
" i [~ -t
C G S8¢
o = =
o
% -
@ 5 i
= s S g
5 S lE ®
.s
- et
® g0
1
0 o BEL
| @ E £
= E - I
Q 2| 15
[¥]
o @ N
..........!c fa] %@
£ K
© A LN Y,
=0 3 g Lil 5 o
£
o2 So8 L 3
0 .mmmum - E ] .,.L&
G. = 2= 2 |g x K
ES® | B e €
E,mm B M%t £
ETa -4 nm.m.
=x B aJlgg &
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T
tolerance masks
Bv.—No.
Cornpieta this form if the tolerance masic
T T P - % shown opposits s 1o be changed or
4 : axendad.
' : ; : Qnly fillin the sections sutlined
: z ! 5 nheavy oa,
. | s @ rams
‘ « @ page number
I : : : {sams number o both sides’
: ; {3) changed corner values
: (D official stamp, dale, signature
N ;
T ; 3 Name
P : | ] @
This mask s usad S " : : '
in the fallowing 13 1458 2044 00t ath Page nc‘
nparating modas @
List no, 1 Listno. 2 Listng. 3 List no. 4 Lising 5 Listno. 8 Listno 7 List ne. B gt g, ¥
173 SOOI SUOT [ SO I I A
174
175
176 —
177 N
i78
Units: Xin { Hz ] Yin ! ds i
Comer iower fimit Cornar upper tirit
ﬁgim Xvalus ¥ value Esfnt K valua ¥ valie
standard 3} change standard 3) change siandard @ changa standard @ chianga
1 300.00 . g.ne —— .
P 300.00 1200 —— ——
3 500.00 12.00 an am - e
4 6800 00 15.00 . _ .
g 3400.60 15.00 - -
g 3400.060 000 . e
7 4000.09 0.00 e e
cfficial stamp data signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




tolerance masks
Bv.—No.
Completa this form if the tolerance mask
W55 7 : ; m shown opposite is 1o be changed or
! ; g extanded,
: : ! : Qniy il in the sections outlingsd
: | : : In heavy typa.
154, 3E .{ ‘ (ED name
. I: (2) page number
: ; : B {same number on both sidesl)
LT T "
: | : : : (3 changed corner values
. : : . | :
; ; | (3) officlal starp, dats, signature
MO i"_'"‘“' e
H i ,= P
| : - ;
H i : Do
& i s o
1. s . i | |Name
: ; : : i @
This mask ia used 4308 : o !
in the toliowing 269 11 1] 1868 3600 Page no.
uperating modes @
List no. 1 Listna 2 Listno, 3 List ng. 4 List ne. 5 Listno. B Listno. 7 Listne. B Listng, 9
179
180
ig1
182
Units: Xin [ Mz I ¥in i B ]
Comer tower limit Comer uppar limit
int i
ﬁg‘f‘ R value Y valug E:Tm X valug Y vaiug
standard 3} change standard | (3) change standard  { (3} change standard  § (3) changs
1 300,00 0.00 - = e
2 300,00 40.00 . __
3 £00.00 40,00 - o
4 600.00 45 00 o o
5 2400.00 45.00 - ——
g 240040 41,60 - __
7 3£00.00 41.00 . -
a8 J400.60 ) .00 - e
@ otfcial stamp data signaturg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



L]
tolerance masks
Bv.—No.
- Comptete this form if the iclerance mask
T} : ' : shown opoosite is to ba changss ar
o ' : sutandad.
: : : : Only fiflin the sections outtined
! : ’, ; i neavy type.
i i : | @ pags numoer
: : : : {sama numbar on both sidas!)
L . ey :
: I ‘ : % : {3} changed corner vakes
‘ |? : § @ atficial stamp. date, signature
‘ulﬂ'a;? ‘E. i e ‘. ----- !- -----
H e P
3 : B !
i P
| .. | |Name
N . S (1
) ': ; D
This mask is usad +38, 0t ! . P !
i in e followng et il Lith AR Eage no.
cparating mades L
Lisino. 4 List no. 2 Listng. 3 Listno 4 Listno 5 Listro. 8 Listno 7 1| _Listne 8
mmmmmmmm J| L83 - :
) 184 -
185
e s e b, L ;86 ................... - - -
187 .
188 -
.2
g
Uniis: Kin [ Hz i ¥ in i I ; :
Corner trwar [t Gorner ugpar Bt
int
ig"qt X value Y value g:n X value Y value
stangard @ changs stangarg @ rhanga standard @ change standartt | (3) changs
1 20000 4.00 —— e
R 0009 40.00 — —_
2 B0G.00 4000 ) - = —
4 $02.00 1300 = o
2 2430.00 48,00 - Ert =SOSR
. 24G4.00 41.00 - =
I 3400.00 : 41,00 e P
8 3400.00 .00 - -
@ official stamp date signalurs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



signature

date

» &
; &
o
m.nw = = k] &)
gy 2 g g
g o ﬂ 2 w b
g8 g = o & o !1 Tio
25 F - . 10
o - M B 2 - [+) ¢ Yo
£2 4 e 3 02 £ 1] ape
S 5 %3 M L
1 Ew % 58 £ & Q £|E
IOl s: 2 2t § § - 2|5
Z| £t 2 58 3 5 © Rk
m mm & Eg 2 = QO t~ o o
I legg58 8 88 £ 8 = s 1 is
o - R = qw!“w F g © — =
O - m,mmwm c a¥® u B o P - 8
o o @
L M| 3338 ©© @00 Zola.e 2@
=
& 1o
© > ],
=t g HE
w g W
-
b
£y
o p 8g¢g 7
=
 ond # .
5
"4 4
a 5
+
= . 5
C — [1:3
M_m >
u_ bl P
o)
=4 |
2 : i
"
i A ARSI SRRSO SO SN SR m_ ] ®
= - = = h @
C = L = u - £
e Py -+ - - -+ o
o
wDH: o g 3®
£ b :
o o g
=5 1. it
Lih] ERE =3 &1
Cl S.m..l..uu m
O Mwm — = 0
0 832 |¢ i
. m.-..r.rﬂmm .—«.L.. . ‘o.u.
.m.mw Rl 21
£o g 1 EIEE 5
- £ 8 Sl a2

@ ofticial stamp

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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tolerance masks
BV«"NO;:

Complgta this form it the toieramce mask
shown opposiie is 1o e changed or

autehdad.
Cindy filt in the sections qullined
inheayy ivoa

(1) rame

(2} pagenumbar
{sama number on Dol sges!)

@ changad cornar values

(3 officrat stamp, cate, Sighakire

Name
o)

This mas« s Lsed
in thig foHowing
oherating modes

Page no.

Ligtno, ! Listne. 2 Listno. 3 Ligtno. 4 Liging. S Listno, & List ng. 7 Listne B 34 Lisjng &
Uit X in i ] Y in [ MIKROSEK |
Corner towsr it Cornar LpRar i I

. oint
igmg X valus Y waius ﬁof Xvaiua Y walus

standard | (3) change standard | (3) change standard | (3} changs standard  § (3} chars
- —- f - 450.00
@ official starnp dats signaturg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



[
o @
iy
85 Z o - m@ m
=
gHh g m m -
m g8 . = oom oo ] - Bl
2 c = @ o . @ {2
BM .N .M & m ‘ .nnu W
£ 3 - g = x =
=g ° 5 B . & al.l |9
nj Ew 52 £ g 0 QI
M| O g5 2 & = HE
= | 2. 3f § b 3] Zila g :
m - @ M& o o0 - £ =4 @
=i Ligss. E %5 5 ¢ E o e - g E
0O - ;m,mm & a2 § 8 o o o a 2
=y 0o
Wi sidioe @0 zoloe I sl 8
el Ix|e
Li=}
(0o (=i | AORUUOUDDRINS UMY SN P g > gl
t
S - S - [ i famaranat e =4 Mw
R SR S T e ey m_ ®
_E
5
n - 55 |~
[
i g o _
. £
E
0N 5
a e
= 8 S 8
) 2 =
b - 3
] m |
& DR S R SR R b e s
Rmv 7 R S S S R gl £
= m RTINS NSRS SRR SR & m o m
=TTt -l =M = T i [
O = = = = - 18
P e + i s =t - . i A
e & o .m
4 £ =
@ g |z
= e 2 @ £ g
a g o =11 o
C.II mES k1 ]
O X EE - s » g
A . $8 £ |¢ = g
e @ 1y #Big o
a5 19 TIEE |
[ 51883 &

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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PCM—4/PCM-~5 Mask no g7 ||Form3
: L]
tolerance masks
Bv.~No.
Complate this form i the 10laranga mask
TPV i ; : ; : | shown opposite s to be changed ar
: : : axtanded.
: Lo : oo Qnly.fittin the actions oullinec
: | : : i ' in heayy wpe.
- _M‘E | : () nama
: j : D £ ot i)
1 :| % ENEEE  HEN S !
| ! -“"“‘ ol war s wam, T st :
f 1
é : ‘:
b Name
. i ¢
; rask s usesd ‘?MEB:? pa@&% Fie, |
T :
Listng. 2 Listno. 3 Lising 4 List 0o, 5 Psing 4 4l
: 183 SO 1 SRR VUUTORUIE I SV N I SRV DA . :
|
1 L. NE
5 O IR RS T % ANUUNUN NN T VU MM O T B A S :
=L j
initg: X in [ #Hz ! ¥ in N S
Carner lower limit Cornes sipfiad o
igsnt X valua Y value ﬁglm X watua : ¥ value !
standard @ change' standard @ changé standard 3 change SrAnian i:i- change
. o i 500,00 HIlG,
- o e . 2 SO e e, B4 R
= _ 3 B00.00 U O 1 4 s T DO
. o 4. o000 G0R.a0
o e - 5 100000 - ELH U i e
_ . 6 1000.00 306,69
,,,,, —= 7 261000 0000
o —= § 2610.90 199680 . .
e - ] 2600.00 190000 X e .
- = 19 2EQ00.0 1050000 .

{2} official stamp data signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



/PCM-5 Mask no. | gg || Form3
tolerance masks
Bv.—No.
- . . - Comptets this form if the toleranca mask
vigis o @ shawn opposite is to be changed or
' E ‘ : < extandad.
P ; : P Qnly il 1n the sections sutlined
S T : - s e,
A B - o
0 T @ rame
i | ‘: j 1 ; @ page numbar
: I : : 1 : {same number en both sides!)
| ] ; ! ! 5 (@ changsd corner values
‘ n...........;t . i , official stamp, date, signature
: 4 : | :
; ! S
: 3 : : :
s : mprnd |
3 5 | ; Mame
: ; E : ©
: ¥ I — : : :
This magk is used e
inthe following 2l i 2040 G | Page no.
opsrating modss @
List no. 1 Listno 2 Listno. 3 List rio. 4 List no, 5 Listne. 8 List ng. 7 list no. B Listng 9
124
Units; Xin [ Hz ] ¥in [ MIKROSEK, |
Comer ' iower limit Corner upper limit
poing point
no. X vallue Y vaive o X value ¥ valug
standard  § (3) change standard  § (3} change standard | (3) change standard  { (3} change
s s 1 500.00 160006.90
= oo 2 S06.00 900,00
— - = 3 H00.00 900,00
-~ e 4 800,00 450,00
orlind - <] 1080.00 450,00
= o g 000,40 19000
_ - ri S0l 150,00
- = - g 261500 75600
== - g L0000 TS0
- = 1G 2800.00 19000,00
@ oHficial stamp daty sigrature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PCM—4/PCM-5 Mask no &9 Form 3
tolerance masks
Bv.—-No.
Cormplete this farm i the tolerance mask
AT ] : 5 P g sNOwn opposite is to ba changed or
i " ' : Lo extended.
i : ; : i Rnly 8 in tne secticns auflingd
: E ' : P in.heayy type.
: E : : 'f-m : (1) name
; : X . :
: i H ; ) ;
: : : ! | : (2 page number
¢ ' | {same numpar an both sides!)
sap i : . .
F5pp - : ;
L me"‘.} : | @ charged corner vatuas
| i (@ oficial siamp. data, signature
s ;t | L
| j A
: : : -
T : : |
: | 1 | Name
: | | 5 ©
. - IR i : :
Thts mask is used 147 T FAT Uk 3400 Page !’10.
in the {ullowing @
sparaling modes
tisinog i List no. 2 | Listno. 3 Listno. 4 Listng. 5 List ne. B Listno. 7 List g 8 List no G
. 195 I I S SRR O SO NI &
I -
Linits: Xin [ Hz ] ¥ in [ MIKROSEK. ]
Comer lower iimit Comer uppar [zt
N H t
igfm X vaie ¥ valug Eg’l” X valus Y vakia
standard | (3) change standard  { (3} change standard  §{ (Z) change standard  { {3} change
__ — ] 000 10000.00
- — 2 200.00 200.00
e o 3 800,00 BRG]
o - 4 S00.00 450,00
e —-= 4] 1000.00 450,00 S
- = == (] 1080.00 150,00
e e —— 7 £810.00 18000
—— - 8 2610.00 756,00
__ - ) 2800.00 75000
-— o g 280000 1000000
>
@ official starmp date sigrature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



o
o &£
3 o
E : 5
£ . 3 1S
8 s 3 g g
&35 B e P
g C s w & @ - o
sg 5 8 3 ] Zls
@ a 2 g = A E |
mm i > o - ] g2l
3 2 @ £ (3]
t o . & © 3 =
= £ L ® £ g Gl E
=8 o 0 = e
¢} i de BE § E nl s
N Bw. Ed o £ ol & o
m mn S MQ -3 Ly m Mu
l | ggxg £ BE 5 © g — &
- - » hnu.“. m mw nm mm - .ﬂnv
G| >85s8 & 20 5 5
o} o
W D] 82¥52 © @ © O 3
e} x|o
w) ¥ ol
=0 N : Rl
O . B i 2 £l
= . - m_ m
- o
: &
w0 mm 1
b=
£ B
u_ 8,
4 g
.13
L] ki)
b o
© p 2@
= : Rt
- el
3!
[
m
2 o ARt
g E
To E 5
< 1] U_ i =
E 8 |8
I
[}
C oF IR [y e ey B2 B
mrrw SEEEEEEEE 2l®
i 2
TE Sadedasnadl | |x
M oy 2 Q!
]
2 al? 1 e
C e = EE |- £ ®
s 5 b
(4 W se g |8 Tt
o5 |B 2l =
= o, —t = 5=
F£Q 2o aE

signature

date

@ official stamp

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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PCM-4/PCM-5

tolerance masks

Mask no.

71

Form 3

This mask s used

Bv.=-No.

Camptete this iorm if tha ioleranca mask
showrt apposite is to be changed or
axtended.

Ol il in the ssctions olutinad

In heavy wes.

(1} name

@ page number
{same number on hoth sidash

N
1) changed sorner valuas

(&) ofticial stamp, date, signaure

in the following :
nperaling modes '
L_bistng, 1 Listno. 2 List ng. @ Listhe. 4 Listno 5 Ustno & 1 Listac ¢ bmtno, B b lrslno &
12 12 o :
o 15 15 _§ Lee
- 16 18 S TN I SR T :
.
nita: Xin [ } Yin ! B J _M_"
Corner Forwer Sl Cotner uper Aot
Ezum Y yaiis ¥ valus xlnt X valus ¥ walue
standard | (3) change standard | (3 change standard  § (2) changs standard | (3} shaons
T e -0 2 e 30
@) official stamp date signaturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.-No.
Complete this torm if the tolerance mask
b : : ; shown opposite is to be changed or
Bhg : . i %l extended.
: : Qrily fitl in the ssctions autlined
: : : : in heavy type.
() name
5 e 5 : (@ pages numbsr
*29,0: 5 s : RN {same number on bath aides!)
P ! ! iy
1/ ! : ! "'x\} {3) changed corner values
i : i 1 @ official stamp, date, signaiure
H E i E
] ! E ]
f ! : P
i : . i 1
;! '» : o
¥ s :, o Name
A e | e
This mask is used IR : IR .
in tie fotlowing 4y Eg 2 50 TE0E Page no.
opezating modes @
List no. § Listng. 2 Listng, 3 Listne. 4 |_tistre, 5 Listno. § Listne. 7 |_Llstno. B listno. 8
g ]
13 13
Unis:r Xin { Hz ] ¥ in { g ]
Co_mer levwear JETEt Corner ' upper imil
izfm X value ¥ value ‘Egalm A value Y valug
standard  { (3} change stangard (3) change standard | (3) change standard  § (3) changa
1 300,00 . . - - =
2 300.00 —— e
3 b soe00 - ——
4 2500.00 - —_
5 2460.60 __ -
2] 3400.00 o —_
R AP
(&) oftctal stamp dats signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



\aJ tolerance masks
Bv.-No.
- Complete this form if the tolsrance mask
ey * : % shown anposita S to be changed of
T : : : axended.
! : : : Qndy 1l In the seciiang outlined
bog ; ; S Iz heavy vpe,
' : B H
i : 5 : (D rama
: : f (Z) page number
: ' : {58ME NUMBber ¢n both sidesi)
: ; (3 cnanged corner values
t. ! L J {3y official stamip, date, signature
O 5
: | H e :
R -
P ; . "
' ' i +t
_ oz 1 3 [0 SPp——
) ! ! j Name
i ' : ! :
o H : f @J
o : -' 1
This mash {s usad 1,5 L : ; :
1 the foflowing 20§ T i s | Page no.
cperaling modes ’ @
| Ustno 1 List no. 2 List ho. 3 Listno. 4 List ng. 5 Listno. 6 List no. 7 Listno. 8 List o 8
- 26 28 s PPUPE—
........ T 30 30 FpEp———
42 42 -
465 ] —
I " -
Urits; }in [ Mz ] ¥ in [ B }
Comer lowar Emit Carnar uppar limit
j i
ii’_nt X valua Y value E o‘. X value ¥ valug
standard | (3} change standard (3} changs standard ¥ {3) chenge standard | {3) change
1 300.00 ~39.00 15 10,00 .00
= 2 300.00 —1.00 16 200.00 0.00
) 3 400.00 -1.00 17 200.00 .30
4 400.00 —75 15 3600.00 30
& BO0.00 =75 18 3600.00 1.0
<] 800.00 —.35 20 5000.00 0.00
7 2080.60 —.35
8 2000.00 - 45
] 240000 —45
iG 2400.00 -0
1 3000.00 | -70
12 3000.00 ~1.70
13 S400.00 =-1.70
14 3400.00 -82.00
QD official stams date signattire

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



;?ggggéicrgﬁa:ks Mask no. | 74 || Form 3
Bv.-No,
Complats this form if the tolarance mask
IR ! ': ! m shown opposite [3 to be changed or
: : : ‘ & exiended.
: ' ! ; ; ipng.outlined
1 ‘ : : : in haavy tpe,
[0 h :
E :, ! : {1 rame
i i i : @ pape number
; : ; ' {same number on buth sidesi
: . . . .
E : ' (B shanged corner values
Hd A i (& officisl stamp, data, signaturs
L e ; :
A T ':
: | : ; ! :
o o
b ; i Name
| s e i 5
This mask is usad -5 0 : ; -
in the following 20 1L il S L aga no.
operating modes @
List no. 1 List np. 2 Lising. 3 Listno. 4 Lisgtno & | Listno. & 1! Listino. 7 1! Listng. 8 !} Listno 9
27 27
31 31
43 43
a7 a7
Unis: Xin [ Hz 1 Yin { dB 1
Comer fower limit Corner upper limit
i sint
ﬁzmt Lvane ¥ value ﬁc!n ¥ valus Y valteg
standard {3 change standarg @ thahye standard 3) changs standard 9} change
1 300.60 -39.00 12 160.00 A0
2 300,00 ~1.00 16 2600.00 JQ
3 400.00 —1.09 17 A600.00 2.00
5 B0.00 -75 18 S000.00 £.00
=] 601.00 —75
7 2000.00 —.35
i 2000.00 —45
2] 2400.00 —45
19 240000 =70
i1 3000.00 =78 .
12 300000 =170
12 2400.00 ~1.70
14 3400.00 =38 09
AN Y
@) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM-4/PCM-5
tolerance masks

Mask

no.

75

Form 3

Bv.—-No.

Complate this form if the tolarance mask
shown opposite is to ba changed or

th 0 1 ; ; %} sxtended.
L : : : Lnly fliin she sactions sutlined
o : : : I heavy typa.
o 5 z i
P ' : : (D) nama
AL et ; ;
S : : : (2} page number
A - : (same numpar on both sides!
; o ; {3} changad corner values
404 ‘":‘ Gm— : {1:} official stamp. date, signaiure
g '; |
: A : a
Pl | 3
S e —— f
P : z : Name
e : : : ®
This mask is usad SR - : Page 1o,
i tha following -85 -4§.b -it.} th.4 3
oparating modes i
List 1. 1 List no, 2 List no. 3 List ro, 4 Listno. &  Listne & Listng, 7 Ligt na, & List ng. 8
58 1
59
B2 N I
83 - - 1
- i
Units: Xin [ df <0, mo> i Y in { CiB [
Comat iower fimit Comer upper fimit
point Cvam Voara ﬁ:mt ® value ¥ valua
ng. -
standard  § (3) change stangard | (3 change standard | (3} change standard 1 (3) change
1 ~5E.00 ~08.99 2 55,00 A0.09
2 —55.00 -1 .80 10 —R5.00 B L0 I
a -50.60 fe t.60 11 =50,00 160
4 -50.80 —80 12 ~50.00 9
o3 -A0.00 =80 12 =400 60
5] 40,00 -3 14 =400 3¢
T 300 —.30 15 3,00 20
8 300 -558.99 iB 3.00 .00 o
ke T
@ officiat stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.~-No,
Compiate this form If e tolerance mask
TR ; ; i) ghown opposite 18 10 be changed ar
o E : ‘- extanded,
: ' : Qody fill in the sections outlined
#0.6; ! ! : n heavy yos.
| @ name
' _f,,.u-r*"';"““'“'*'”h'"'“'"""; (2} page number
: : Vs : l (same number on both sides))
! s : |
i o S . i @ changed comer values
b L/ : [
¥ : 1 (%) officlal stamp, date, signatura
r i
5 A |
-/ i
N - Z ;
S 5 \ | {Name
Co] a R A
This mask is usad He, 0 Lt : :
in the foliowing 354 40,9 ~30.4 : 1.0 Page no.
aparating mades @
Llst rig, 1 Listno. 2 kist ng. 3 Listne, 4 L Listne. 5 . _Listno. & tistno. 7 Listno, § Listno. 8§
.90
31
S
95
Units: X in [ d8 <0, mO» } ¥ in i a8 ]
Carnar lowar limit Comar uppar rmit
Ezfm X valug . Y valya ﬁg{nt X value 't value
standard || (3} change standard | (3) change standard | (3} change standard | (3) change
1 —45.00 Q.00 o o
2 —45.00 2180 e e ——
3 —40.00 26.50 e ==
4 —30.00 3380 - -
Bl —20.00 3500 —-— -
3 .00 35.00 o= ==
7 500 060 | o -
: ’ T
(@) official stamp dats sighatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PCM~4/PCM-5
tolerance masks

Mask no.

77

Form 3

Bv.-No.

Comptata this form if the tolarance mask
shown opposits is to be changed or
axtandad.

Cinly it in the sactions oullingd
i heavy typa.

{1 name

@ page numbar
{same rivmier Qn Lotk sides!)

{(8) changed cormer values

{(2) officiat stamp, date, signature

Name
@

This mask is used i R SNSRI AR &
in the following L X ! Page nao.
aparating modas @
Listno. 1 List o, 2 Listno. 3 List no 4 Listrno. 5 bistno & V| Listhe 7 List no. 8 List g, &
2
e . S I S
i 114
118 T
Units: X in I ] Yin { g <9, mo> ]
GQFT;EF lower Hrnit Cormer uppar limi
PO JalslgH
o, X value Y value ne. X value Y value
standard  { (3) éhange standard | (3) changa standard | {3) change standarg [ (3) change
. e I - 450
(4 officiai gtamp data signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




sighature

[11]
it g
-4
S &
£y i i
g5 = g >
I E L hud 4 - >
38 £ £ 8 2 w 3|8
29 38 5 ¢ o B
£ 3 - g 2 c S £ 1%
=58 s o ¥ B E £
s | E= 58 £ 4 - slz
o) 0 En .mm g .m._ um..ar.
2|28 % 2 3 2 Blel T,
m tp,m @ m = ~ o [+
_ oo sg o & . 5 =
| o208 E g2 F 2 g - ¥
o v mrmm < i o °© b G
o -
W |0 5555 ©© ©@ 7 ske
E
= Xig
[1n] [
3 > =1,
(O8] g 21
P W.— m
@
n.t
L] " vr»n.lu ——
(] P 688
=
P A
wad
8. >
B
o 5
-+
= o &
: ~ 13
o’ Ym
4]
7
i)
" % a 1B
| & o :
L4 ey E
Ma ] bl b gl 1o
= - 2| |®
O
48 o~
4“ c ]
= 3 <[
= o E_ 2 &1
Cm 223 1k
_0 :R;Wm -~ = ]
P&l nm,m m. *
w28 |8 éls
30 H 8 P
= o 2o &

@ official stamp

dats

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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tolerance masks
_ Bv.—No.

Compista this form if the tolerangs mask
shown Spposite |8 to be changed or
axiandad,

Qnly tll in the sections.cullined

in haawy yoe,

(D nama

@ page numpar
{same number an beih sides!)

@ changed comar vaiugs

@ official stamp, dats, signature

Name

1
This mask is used Page no.
in the falfowing @
aparating modaes
Listno, 1 List no, 2 List o, 3 List ng, 4 tistno, B List np 8 List rg. 7 st me. 8 Lstng, 2
i 128 125 ]
127 127 ...
129 129 SR
131 131 SO
- 133 133
135 135
i37 137 j ;
135 139
Units: Kin i ] Yin { df <0, mo> |
Carnar igwer limit Cornar uppet limit
i bint
22“ X value ¥ vaiue Eol. X valup Y value
standard  } (3) change standard [ (3) changs standard  § {3 change stardard ¥ (3) change
" g i — 7300
() official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com
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o2 = & 5 2 m e
s 0 M a 2 bl I~ i =
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=5 8 5 ¢ 8 S E £ G
o B & 3 R 28 § & M
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= D
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© ol B el
o g g
w0 ww t
P
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el
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i
PCM-4/PCM-5 Mask no. gi || Form3
tolerance masks
Bv"_”NOu
Compiete this farm  the wisrance mask
S : : : % shown opposits is ¢ be changed or
‘ ; : axtanded.
: ; ' ; Only #i In the sections ouilined
! E : : in ey type.
5 : : : 1) name
o1 : pre : ©
: (Z) page number
|: : : [same numier on bath sides!)
' E ‘r @ changad cornar vaiues
'W'ﬂ':" : ' aificial stamp, date, signature
-5h.17 : f ;' :
2 | s’ : Name
- ; : | o
This mask is used 48,1 O . :
in the following 149} 2940 ihany KIIREE Page no.
aperating modes @
List no. 1 List no. 2 List no, 3 List no. 4 Lliatno. § Listng. 5 tistno. 7 List na. B LISt 0. 8
1682 1652 T
184 164
Units: ®in { 1 Y in { gR =0, m0> |
Culrner ivwar Hmit Ce_mer upper limit
Eg"m X value Y viaiue 22@: X valug Y valus
standard  § (3) change standard 3} change . standard | (3) changa standarg é} cherigs
- — 1 =z ~50.00
(&) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
BV»“N Q ®
Cotmplats thla form if the tolerance mask
YT : : ; shown epposita is to ba changed or
" ' g axtendad,
: i : : Only 4l in the sections oulined
: : : : inheavy typa,
o | z © rame
B R : : (® page number
B ‘} : ; (s&rns number on both sidest)
' (3 changed cormer values
' official stamp, date, signature
40,8 : ; :
: : | j Name
; E : : ®
This mask is used -5e,I: : ' oo
in tha fgi]gw}ng 780 MM ZEM J60E 3890 page n@u
operating modes @
Listng, 1 Listno. 2 List no. 3 List no. & List g, 5 Listno 8 Listng. 7 Listno. § istno &
1486 168
168 168,
Unita: Xin [ i Y in { a8 <0, mo> ]
Comer lower Hmit Corner utper limit
igfnl X valua Y valye ﬁg!.m X vaelue ¥ valug
standard | (3 change standard 3) change standard  § (3) change stangard  { {3) changs
—_ B oy "~ 1 - ~£5.00
ol
(&) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks Bv.-No.

Compiate this form ¥ the toleranca mask
shown opposite is 10 be chaaged or
exiandag,

i in the sections outlined

(1} name

@ gage numner
{gams number on both sidas!

(@) changed corner yaluas

@ officiat slamp, date, signatra

Name

@©

This mask is usad
inthe Tollowing

Page no.
5 g

oparating modes

List ngy, 3 Listrip. 2 Listne, 3 Eistng 4 List no. B Listna. 6 Listno, 7 bistne 8 ] Listng 2

172 172 U & A I
Unlts: Xin 1 ] ¥ in f GB <0 mOs |
Comer lawer limit Camer upper imit
i oint
Eﬁmt X valug Y valus Em X value ¥ valup
standard | (3) change | standard  §(3) change standard | (3 change standard | (3} change
I - 1 - -50.00
(@) official stamp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



tolerance masks
Bv.—No.
Complete this form if tha tolerance mask
AqF 5 : i . shown opposits is to be changed o
: : & axtendad. :
! i : : Qnly il In the seetlons aulingd
: : ; ; Inheavy Yype,
' {1} nams
+H .%: : : : @ pags number
: : ; ; {same numbar on both sides!)
@ changed comer vahias
@ oificial stamp, date, signaturs
29,0 : : :
:. " : _“:.H"h :
A e
P ; ; T
L : g A Name
l : | L ®
This mask is used 1L : : ‘: .
in the foflowing i 18 74 a0 i Page no,
aperating migdes @
Listno. 1 Ligtho. 2 Ustno.3 ;] Listho 4 Listno. 5 List ng. @ Listng 7 Listng. B Listno. @
173 173
174 174
178 175
] 176 176
177 177
178 i78
Units: Xin [ py ] ¥in [ o8 I
qunaf ’ lower Limit Corner uppar limit
mm X vaiue Y value %fnt X value ¥ valug
standard  § (3) change standard  § (3) change standard | (3) change standard | (3) change
1 300.00 3.60 . ——
2 300.00 14.00 — —
3 S00.60 18.00 - — e
4 2000.¢0 18.00 - = o
3 3420.00 i4.080 - -
5 3400.00 .00 - i
@) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM-4/PCM-— Form
CM-4/PCM--5 Mask no. |85 | Form3
tolerance masks
Bv.~No.
- Complate this form if the tolerancea magk
45440 : 5 shown opposita is (o be changed or
; : ' : sxtendad.
: : 5 : Oniy filLin the sections outlined
[ : ; : Infggvy e,
: ! : : {2} page numbar
N ' N {sama number o both sides!)
‘ | ' E {(3) changeo cormer values
: : . : |
: D 2 {4} official stamp. date, signature
R Z
3 s 5 C
o : : :
3 : |
H H . ¢
i v ' b
H i o Name
| | . 119
Tnls mask is used #3001 : : : e
ittt A [E 2t TIIT gage no.
operating moedas
Ligt no. 1 List no. 2 Listno. 2 List nip, 4 Listng. 5 Listno. B List ag. 7 Listnn 8 Lisian 8
178 LI IV | S AR [ PO A N A 4 e ;
180 180 i
181 181 T
T r dLige 182
Unjts: ¥in [ Hz ] Yin { aB I
Cormer levwssst Tienit Cornar Lpper fimi
Ezi_m X valig Y valua 2gl,nt Xvalue Y valise
standard | (3} change | standard {(3) change standard | (3) change standard  § (3} change
H 00,00 .00 - =
2 30000 40.00 - e
3 500.00 40,00 ) ——
A &00.00 445,00 e =
5 3400.00 45.00 - -
8} 3400.00 0,00 - i
(4) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



PCM-4/PCM-
/PCM-5 Mask no. | g || Form3
tolerance masks
BVQ-N 0:
Complete this form if the tolarance mask
NTIT g : = 3NhowWn Opposite is to be changad or
o ! : J axiendad.
oM : 5 [ Qrity fi#l ip the seclions quiiined
: ] : : i : i heavy typa,
I ’ : i'"_ (1 name
' 1 i (2) page number
; I * ‘ i {samea nurmber on both sidasi)
i i poe i | : (3) changed camer values
; :.5 ' E @ official stamp, date, signaturs
| j ! L
| ¥ b .
| | E .
U 5 Name
s ': s @
Thie mask is usad -209 ! : e R
in the following 2 iig 344 sir-st | Page no.
operaling modas @
Listng 1 Lisipg. 2 Listno. 3 igtno, 4 Listno. 5 Lstno. B {1 Listro.7 11 Listno B 11 Listno 8
184 194
Units: Xin { Hz 1 Yin f MIKROSEK. ]
Cornar lower Hmit Carmer uppar imit
Egnt X valua ¥ valus ﬁgfm Xvalug Y value
standard | {3} change standard  f (3} change standard  § {2) change standard  § (3) change
— - 1 500,00 10000.00
- J— 2 500.00 316.00
[ o 3 QG000 $00.00
_ . — 4 500.00 450.00
__ o m &) 1000.64 450.00
__ - 6 100000 156,00
__ — 7 26810.04 150.00
- — g 2610.00 750.00
e - g 280000 780.00
o — 18 280600 10000.00
0N
@) officiat stamp date signaturg

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




PCM—4/PCM-5
tolerance masks

Mask no.

87

Form 3

Bv.—No.

Completa this form # the icleranca mask

00 | : § : @I shown opposite is to be changed ar
: . : o axtendad,
3 ° : Do Qnly filtin tha sections qutined
S 7o @ name
N C
: : ; ! ; (2} page number
: 1 ' ; ' {same numbar on both sides!
15 : et B
: L S i ; (3) changed comner values
E | ‘ : (1) officlal stamp, date. sigrature
] o N .
; . | .
. .
: : L
+ ? ................... ; : N a m e
; ; : ©
- - -2 : oo
This mask is used g1 ) i wn | Page no.
in the foliowing - @
operaiing morlas
List no, 1 List ng, 2 Listno. 3 List ng. 4 Hstno. 8 List ho. 7 List na 8 List no. 9
185 198
Units: X in [ Hz ] Yin [ MIKROSEK ]
qunas iower fmit uppar bmit
gi'_m X valhug ¥ value X valua Y valup
standard  } (3) change § standard 3) change standard | {3) change standard  § (3} change
—— . * 50000 1600900
- el 2 500.00 S0 .G0
—- —— 3 804,00 800.00
ot —-— 4 600.00 450.00
- = -— 5 1000.00 450.00
—= — -] 3 K000 150.00
== - 7 2E10.00 150.00
- - -] 2610.0¢ 750.00
== — 9 2800.0¢ Fi-Kue)
- — 10 2800.00 10000.00
{4} ofhefal stamp dats signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




(M PCM-4/PCM-
W CM--4/PCM-5 Mask no. | gg|l Form3
«Jd tolerance masks
Bv.-No.
Complets thia form if the tolerance mask
44, 8 ' : ‘M shawn opposite I8 to be changed or
T H ! A& extended.
L : _ : Dty fill in tha sections outlingd
" ;' s L} | neawios
3 s ; ] | © o
' . (.’ H @ page numiter
! : /r ' ! {game number on both sidash
W8, g E// : f {3 changad corner valuas
,2‘ : : i official stamp, date, signature
: /i E :
A : !
Lo : |
: L 5 R
£28.8; T : E :
S : . | |Name
; o : B
This mask is usad HHEL L L. e '
inthe tofowrng -5, IR “30.3 v, Page no.
operating modes @
List no. 1 Listno. 2 List nn, 3 Listna. 4 liatno. & Listng A Listng 7 Lisino. 8 Listng. 9
=11]
81
84
28
Units: Xin | dB <0, mi> ] Yin f 48 i
Comer \gwar limit qunar uppar it
ﬁg{m X vakie Y valis i:_nt A valug Y value
standard | (3) change standard | (3) changs standard | {3) change standard | (5) change
} —45.00 0.08 —— -
2 —45.00 24.00 __ —— ]
3 ~403.00 25.00 —— -
4 —30.00 35.00 - -
| 5 0.00 35.00 - e
g .00 0.00 - Bl
@) oficial stamp date signatirs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




tolerance masks
Bv.—No.

Complete th:s forrn if the tolerance mask
shown opnosiie is to be changed ar
axtarded.

Qnty fijf in the saglians outined

{1} name

{3} page numbar
sarmsg number on both sides!)

@ changad carnar vakies

(&) afficial stamp, dare, sigrature

Name
o)

Thig mask 15 uzed page no.
in the follewng =
operating modas 2

List fro, 1 Lisina, 2 List ro, 3 List no. 4 List o, 5 List no, B LSt na 7 Lestria, & Lisire, 8
T 102 N D ;
106 !
i 114 3
. 118 T B O S
! o
Uniggs % in ! 1 ¥ in { tB «C, mis  j
Cotroe tawer firnit Cormer upper limit
i olng
point ¥ valus Y value e X value Y value
ma no.
standard ] (3) change standard [ (3} change standard 3 (3) change standard | {3) change
- —_ 1 = --55.00
@ official stamp date signaturs

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



signatirg

date

@ &
i : .
5
= @
w.m % e - m@
88 g S 2 >
B & = o [ — YGU
5 ey iy 0 En o Fell b=t
5 a 5 o 4 |2
.WS.% o 5 o < A MJ.
~ i ™ b} — o
=g - o 5 .._..% E k) E ko
" Fa = v B & a 0 = &.W.
. ; Ta ¥ v].=
AP FRER LN = ik
£ 0 2 g @ o @
€17|58,59 « 52 B = @ i~ gl 1%
M | .| 8585 g3 3 £ o e - g
ol > m.mmﬁ g 32 § B @ = 5
(D3t ce @0 ool Be
o
-
sl ix
- g g gl
=r [a) alt
~ =
& : 5
g
. - EE -
L] o 38¢g
o = =
- u_ &
0 8
a o
it o k@)
o =
M .M.S?EQ - g
= u_mmnu 1
B
[
£ - :
ﬂm g
9% :
44 b &
= & - SHEE
Ce 5
o
.,@HC . £} &)
[ 2]
1& E -
) ha)
Mw& m 2 S
Cmet um_.m '
a3 £
a2 387 [ SN
b 252 tg
528 |3 I EW
B g SiREg

@ official stamp
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| tolerance masks
' Sv.—~NO.

Cormpiete this farm if the {olarance mask
shown apposite is to be changed or
sutendad.

Qiniy filtin the secticns utingd

i Daavy yps.

) namae

%) page numoar
{s&me numbar or: Beth sigas!)

@) changed cormar waklies

@ official stamn, date, signature

This rmask i3 used

in ihe following : b
cparaling modes @ L
List o 1 1ist no. 2 Listno, 3 LSt o, 4 List ng, 5 Listno. 6 using. 7 3i Dastee B} (TR @
i} - [N I SR S i
T iz
15 - [OOSR
18 o
A VRV I AU N ]
Urits: Xin i ] Yin i ag !
Corner tower limit Corner uppes lirmi
oint oirt
g o X vahlie ¥ value ﬁo. X value Y vakie
slandard | (3) change standard  } () changs standard | (3) changs stardard | {3) change
o p— 7 g 3]
(4 official stamp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



1 PCM—-4/PCM-5 Maskno. | go | Form3
L]
wJ tolerance masks
Bv.-No,
_ Complete this form if the tolerance mask
145, b H . ' shown oppesite |8 0 be changed o
: : : 5 E exignded.
; : : ' Only Il the sections outiing
0.6 : : "1 | inbeaveivpe.
: i 5 {1 ] @ name
; : 5 3 &) pags number
: i /;" ' ! {same number on both sides!
: s : g (3 changed corner values
1280 Y ; !
: L : ? official stamp, dats, signatura
: /i E !
! /o i i
! | 5 ’
o | ?
420, 8; p : T
S '; | |Name
- P ! | ®
This mask Is used HLL: Jon! I’ L
in the following -35,0 -9%. 4 ~28.0 +.4 Page no.
operating modes @
Ust ma. 1 | _Listho. 2 Listno. 3 Listno. 4 Listno, & Ligt no. 4 Listno, 7 List i, 8 Listno 8
90
84
urits; X in { 08 <0 m0> i Yin { dB 1
Corner lowar Hrmit Cc;lrner upper imit
ngm X vaiue Y valug gzsim X value Y velye
standard | (3) change | standard (3} change standard ¢ (3) change standard | (3) change
7 ~3500 B8.00 - - —=
2 —~45.00 19.90 = -
3 —40.00 24.90 . — -
& —~30.00 3250 - -
5 —20.00 35,00 - =
5 0.00 35.00 — = -~
ki 0.00 0.00 o -
(& official stamp date signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



i tolerance masks T

Complate this form if the tolerance mask

TR . R . shown opposits is te be ¢hangad or
B ; ; :E oxtanded.
: : : . Only fili in the sections gutlineg
Uﬁ . u:g- : ."..,.\...\3.“.-m..‘.,..,‘..u._........"-...,?...._ ﬂh ,
5 : i | @ name
: : T (2 paga number
/.f.\* ! {same numbar an Btk sidash
i VAR i
{ ! ul é_,_._‘::u_‘-f{: : z @ Changad Lornar Vaiues
! : / : E (%) officied stamp, date, signature
: L/ : i
E s/ ¢ |
i L/ i '.
1 L ' i
430, 5: /{/ ! _],
, 4 | | Name
: . | R O
HY ﬁ: / E : % P
“ris mask is usad T ) : - e a e nQ
e folowrs 554 KTK] i X G .

€

oparaiing modes

Lising. 1 Ligtno 2 Eist ng. 3 Listno. 4 List no. & Listng. & Lsteo, 7 1 [ Lwtoo 8 Lo, 3 :
a1 I
S P I IOV PO I U S i
35 i . . _ i
_____ R SOV I DS
Unitg, X in [ dB <0, me> ] Y in [ B i
Correr lower limit Cornar ppes fimi
. int
ﬁim X valus ¥ valug ggfm X valus ¥ value
' standard  § (3) change standard | (3) change standard | (3) chiange standard ¥ (3} changs
1 —45 05 0.00 it } -
2 —45.00 14.35 i -
3 40,00 19.50 - -
4 -30.00 28.80 - o
b —20.00 33.80 - —--
i =10.00 i 35.00 -= = -
T 0.0 i 3500 i bl
a4 .00 0.00 - -
() official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



3 £ 5
£ 2
23 7 o L_ 20
2 5 = E
52 B = >
ma £ = o - o
22 = © & d & |3
@ B 2 - o o |72
. B o c =
7= 0 = g =
=g S 5 8 B 5
s | Ee F £ g 3 ol
E = | £3 E 2 B 3
B8 2 B o3 ~ g 2
b mq mw,w, & m & g .I.u 5
0 i acE 2 ¢ © £ £
m.mm e o B 24 o
F B CSW @Q Wm@.
g
£ 1
< p s sh
h £ £l
o {ou| 0w (]
o s o] el Bt
T
. @ £ E
&) S 8g%¢g ™
= ¥
k -J m
o &
a 5
|
= e 2 @
: - |3
3 Yd
= 1]
2
o s
SS = ] ®
_a = £
= £ 5 8 Is
O TR |E
£
ae S
o
f.,m s 310
o
| -3
4m 3 Xlw
= 3 3.1 il
Oz Sef /)
Po mwm ~ = @
] g2 |o =
9% iy e
. -z 5|88 [

signature

@) official stamp

date

Guaranteed | (888) 88-SOURCE | www.artisantg.com
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. Bv.~No.
- Complate this farm if the 1gigrance mask
1.5 5 : : shown cpposie is 1o ba changed or
: ' : ; extendsa.
: : ; E Oniy fi i 1he sectinns autfined
PR ; T ; In heavy fyog.
! ; ; : {13 name
: Pl : {2V page numiber
: : : sams number on bath sides!;
o - : B @) shangad corner values
i, t _ ‘ b ................... ................... (;] ocial stamp date. gigﬁamre
5 : hmm :
. : : [ n
vl ! : ] :
: ! : : i
D ; i
- . i
“hib b : z H
i | : Name
. ! : o
2 ’ ;
Thisg mask is used ~4 3 ; L -
i tha tollawing 234 i 2018 Bkl Page no.
cyaraling modes K.@
| Listna 1 Listre 2 Listrio. 3 Listno. 4 Usino. 5 List no. & List o7 Lstoo 8 11 Csfro & H
_________ f 26 28 e B
3o an i ~ —
42 LI
I SR I TS ) .- SN I S S
...... . . S i - i my
Lts: Xin | Mz i Y in ; ok !
Carnar levwer Ihmit Carner Lipper lirmit
irit int
Eg!ﬁ X value Y valus ﬁg " X value ¥ value
standard 3) changa standard @ change stanctard @ change standard f;} changs
1 300.00 8900 11 15.00 _ C.o%
2 300,00 =23 12 200.00 RO 11, O U
.3 2000.00 ] -25 13 200.00 25
4 2000.00 —35 14 J600.00 . g
g 2400.00 =35 15 3800.00 2
B 2400.90 - 50 16 5000.06 £.00
7 3000.90 : =30
i 300000 —1.10 _
3 3400.00 —1.10
10 3400.00 —95 .00
(&) official stamp date signatura

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



CM-4/PCM Maskno. |96 |/ Form3
tolerance masks
BVI“NQ“
Compiate thls form if the toleranca mask
TR : ] shown opposita s te be changed or
: : : @ sxtonded,
| : ; : Oniy fill in the seciions utlined
: | i 5 () name
: ‘: : i (@ paga number
: i : {sarne number on both sides!)
. r {3) changed corner vaiues
. ' ' : @ official stamp, date, signature
s ; ; E
H E — :
T ;‘ !
1R ; :!
4 H b Name
;| : : ] @
H ' i ' i
This mask is used -1.5 4 | .‘ : : L
in the following 284 iz PLET S 3686 3EBE Page no.
oparating modes @
List ng, 1 | Listng. 2 Listno 3 Ltisino. 4 | _Llstno. 5 | Listng. 8 Ligtno. 7 Listng. 8 Listnp. 9
27 27
31 21
43 43
47 47
Units: Xin { Hz ] ¥in [ dB 1
Corner Jower fimit Corner upper lirnit
Egnt X veiua Y vaiug ﬁgfnt X valug ¥ value
standara 3) change standard 3} change stangard  § (3) changs standard  } (3) changa
i 300.00 ~58.00 11 10.00 25 o
2 300.00 - 25 12 A800.00 25 i
3 2000.00 =25 13 3800.00 Q.00 -
4 2000.00 = 35 14 5000.00 8.00
3 2400.00 =35
B 2400.00 =50
7 S008.00 =50
3 300C,00 ' -1.10
2 F400.00 ~1.10
10 3400.00 ~39.00
A
@ official starnp data signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



a
toierance masks
Bv.—No.
— Complata this form if the toferanca mask
N : : : shown opposits is to be changad or
{ : ' exiandad,
E-H_E . }I E Cnly Bilin the sectlons outined
P : ! [nheavy type.
;1“3?,,. j. : ' @nam&
; 1 ; : : (23 page numper
: "“'”'”““i : : [same nurnber or both sides)
- ' (&) changed comer valuas
: : : (&) official stamp. date, signatiira
: : et it e e e
B! i ! i
S e — : .
o ; |
. : 1 {Name
;’"' | : ®
This mask is used "4 : ; :
in tha following RENL Chhed -t Page no.
oparating modes @

List o 1 Listng, 2 Listng. 3 List ho 4 Listno. 5 Listnn. & List no. 7 List ney H listno. &
— 58 3 I A —
. 59 59 e s

62 62
N 82 53 — I S
Urits: Xin { dB <0, mit> 1 Yin f b i
Corner lowar fimit Cornar upper imit

it }

i:n X value f vaiuve ggfnt X vaiue ¥ vatue
standard @ change standard 3) change standard @ changs standard (3} changs

' -85.00 —59.94 g —55.00 30.00

Z 55.00 -1.60 10 -55.00 . 1,680

3 -50.00 =1.60 1 =-55.00 1.60

4 --50,00 : -~.80 i2 =50.00 B0

8 -480.00 =60 i3 -46.00 68

& =400, 00 .30 14 —40.00 A8

7 3.00 -.30 i5 3.00 38

a 3,04 58,99 16 3.00 30.68
{2) official stamp date signature

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



1 PCM—4/PCM-5
| PCM-4/PCM-5 Maskno. |og| Form3
) tolerance masks
BV;“N O "
Complste this torm ¥ the tolerance mask
TR ' : ; I shown opposite is to he changed or
' : i G| sxtonded.
AR : Qnly fillin the sections outlined
@ name
: ' T m———— (@ pags number
! / : ! (aame numbar on both sidesh)
: : 7 ; |
41,8 L . T {3) changed corner values
/:‘; i (@) official starmp, date, signatura
: A E |
| /i : |
; /o : |
PTI CR R | o
' . ' 1
; | | .| {Name
A | A
This mask is usad Ak b i :
in the folowing 33,9 AE T -26.4 it Page no.
oparating modas @
Listno. 1 List no 2 tistng 3 List no. 4 Listno, 5 Listno & Listno. 7 Listno. 8 ist no,
90
2]
S4
45
Upits; Xin [ dB <0, m0s i ¥ in [ aB i
Gc;rner ) lower bimit Caorner upper fimit
g:m X valus Y value ngnt K value ¥ valua
standard | {3} change standard | (3) changs standard | (3} change standard  { (3) changa
1 —45.00 008 m= =
2 4500 £1.80 vied : bomlows
3 ~41.00 26.50 —- e
4 —30.00 33,80 —— oo
g ~20.00 35.00 e ==
8 4.00 35.00 - ==
7 Q.09 LoD m=l e
AN ] e
officlal stamp date signaturs '
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tolerance masks Bv.—No

Complets this farm if the olerance mask
shown opposite 15 10 he changed ar
extanded,

Onty fill in tha sections outlined

in heavy type,

{1} name

@ pags numbsr
(same number on Hoth sidest

@ vhanged cornar vahzes

14 official slamn, date. signatre

Name
@

Page no.

THia mask i5 used
i ihg tollowing

operaling modes @
List o, 1 Listng 2 List ng. 3 Listng. 4 [t o, 5 Ligt ho, 8 Ligl re, 7 (Tlstre B
102 - P A E:
. 108 ; :
e 114
"8y i
Units: Xin f 1 ¥ it [ B <0, mis> ]
Comear ivear et Corner uppsar lirmit
i oirt
Egmi Aovalue Y valus 20_ A valug ¥ vaiug
standard @ change standard 3} changa standart! @ changa standard @ change
- -= 1 - — --§4.50
@ official stamp date signature
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@ official stamp

date
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tolerance masks Bv.-No.

Complets this foem i tha toiarance mask
shown opposite is 10 bs changad or
extandag.

Oniy fillin the sections autlings

in neayy Iype,

{1) nams

@ page numboer
{sama number on both sidesh)

(3) changed cornaer values

(&) official stamy, date, signaturg

Name

o
This mask ts used

in e following page no-

opsrating moces @

list np f List no. 2 Lisino. 3 Listno. 4 Ljstno. 5 List o & Listng, 7 List o, & iist e W
125 1361
127 127
123 129

Units: Xin [ } Vin b dB et md> ]

Coroar inwar lkmit Corner upper iimit

A int
point K valug ¥ vajus poi

X value Y walug
na, a1}

stancard | (3) changs standard 3} change standard { (3) change standard | (3) changs

o - 1 — - R

(&) officiat stamp dato signature
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tolerance masks Bv—No

Camplete this form # the tolerance mask
shown oppasits is fo be changed or
axtandad,

Only filtin the sectians auttined

Inheavy iype,

(D name

{2} page rumber

[same nizmbar on both sidasll

@ changad corner vaiues

(4) ofticial stamp, date, signature

Name
®
Page no.

Thig mask is Usad
in the {ollowing
upsrating modes

Listnp, 2 Listne. 3  Lisipo 4 List ng, 5 List o, 8 higtng, 7 1) bListno B List po 4
1435 143 e

148 149 "
153 153
157 137 S L

List 50, 1

[ } Y i i d8 <0, mO> |
Corner upper imit

Units: Xin
Corner lowar limit

nint oint
ho X velus Y value P X valua ¥ valua

standard | (3} change standard [ (3) change standard | (3} change standard  § (3} change
- i - —55.00

@ official stamp data . slgnature
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tolerance masks
Bv.—No.
Complate this form if the toleranca mask
T : i shewn opposita is to be changad or
': : ' : % extendac.
; : : ; Qniy itl in the sections cutlined
: : ; : in hegyy fype,
.'m.gj... ' - 3 @ narma
: i : ; & page number
: : : : {samg numbar on beth sldes!)
E @ changad corner values
@ official stamip, date, sighatire
-50.1.:; : ¢ T
: g ; Name
: : : :, ®
This mask is used -&d ;ﬂi : :
in ths following G54y 29904 1000 BTt 7280 Page no.
nparating modes @
Listne 8 Listng. 2 listno. 3 List no. 4 Listng. 5 Listno. B List no. 7 Lizd no 8 List no O
162 162 bE "
184 184 |
Units: ®in { 1 ¥in { dB <0, 0>
qunar fowar fimit Cqmer uppar limlt
gfﬂl X value Y valug E:gim K value Y value
standard 3) ¢change standard (3 change standard (3 changs standard @ charge
- - 1 - —50.00 :
&) ofticial stamp date signature
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tolerance masks
Bv.—-No.

Compiete this form if the tolerance mask
. ; shown opposity is bo be changed or
E ' % axtonded.

Only $i§ In; the sectigns owtlingd
inheavy type,

-0

() name

@ page rumber
{same nurmber on hoth sides!}

~10.8

(3} changad comer valuss

(@) official stamp, data, signature

1. u

Name
Q)

'
1

This mask Is used 5§, & :
in the following 24 iine 7t ECTT TR Page fo.
operating modes @

e —1

Listng. ¥ List . 2 Listng. 3 List ng, 4 Llét no., 5 List ng, 8. Listno. 7 List no, B List no. O
1686 166
1688 168

Units: X in { 1 ¥in f dB <3, mi> ]

Cormner lovwesr Hmit Cornar upper Hmil

point ity :
no. X valus Y valug iz‘ ! X valua ¥ walus

standard  { (3) changs standard | (3) change standard } (3) change standard  § (3) change

- 1 - =25.00

@ afficlal stamp date signatura
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tolerance masks ' Bv._No

Compieta this form i the @lerance masi
SHoWN opposite |s in be changad or
extandec.

Only fiff in the sactions pullingd

(T name

@ page nuember
(same numbar on both sides!)

(3 changed corner values

{4) official stamp. data, signature

Name
®

Page no.
;a9

This mask is used
in the foliowing
aperating mades

List no, 1 Listng. 2 List no. 3 | Llstng. 4 | Listno, 5 | Listne. 8 Listno, 7 Listno. 8 Listng, g ;
172 2 k] o
Units: Xin { i ¥in [ o3 <0, mds ]
Cemer tawer limit Corner upper Emit
int
zilm X valua Y valua 2?” Xvalug ¥ vahin
Standard | § (3) change standard | (®) change siandard () change siandard  § (3) change
o —— i - ~50.00
&) officlal stamp date signatura
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CM—4/PCM-5 Mask no. |10g]| Form 3
tolerance masks
Bv.—-No.
Completa this form if the tolerance mask
41,1 V . ' shown opposite is to be changed or
- : : : B extendad.
: ! ' : Dnly fifl in the sectivns outiined
E : : : i heavy type,
E : (D) neme
" | | : (2) page nurnber
. uE : ; (sama number on both sidesi)
@ changed cornar valuss
(&) ofiiclal stamp, date, signature
Loy S | T
H 11 | P
o E N
1 i L Name
| e | - 0]
This mask is used TR : L S
in the foflowing 25 i Fiid i it | Page no.
anerating modes @
Listno. 1 Lisi po. 2 tistna. 3 List no, & Listno o Listng. 8 Listno. 7 Lisino.8 1 tlstna 9
173 173
174 174
15 175
178 176 ]
1iT 177
178 i78
Units: Xin [ Hz ] Yin { B ]
COfﬂBr Iowes limit Cc[mer upper lunit
igfﬁt X walus Y valug ﬁg'_m X value Y vaia
stancard | (3) changs | standard | (3) change stendard | (3) ohange standard | {3} change
1 200,00 i 0.00 b =
2 300.00 20.00 == -
3 400,00 _ 20.00 — ——
] J400.80 .00 == =
@) eficial starnp date signature
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ioierance masks
Bv.—No.
. Complete this iorm if the folsrance mask
1568 : shown opposiis is to be changed or
o ! : extendect.
: ; : ; Qaly #llin the sactions outlined
: : : inhsavy tyne.
+3, %i i . E ,‘ @ namea
i : (D) page number
: : : o {same numbar on Loth sidesl)
. M . . . i
: .[ f (3 changed corar vaiues
i }% i : @ official stamyp, date, signature
: : : : !
I g:..\;:""““:., :, \: ....... J:
o | : ; -
1 s -
¥ z z .
L : a ]
¥ : ; | |Name
. E ; : | 3
This mask is used 13,01 : : : :
in ths fallowing 204 Yy 3t TR, Page no.
GReTEting modes @
list oty 1 Lisk po. 2 List ng. 3 List no. 4 Listno. 5 List ng. B Listno. 7 list b, B ~ Listno. B
178 179 | }
180 180 T
181 EXE I N T R
ig2 182
Uriis, X in [ Hz ) ¥ In [ d& I
Corner lower Hmit Corner upper limit
i int
igfm X value Y value gg{n X value Y valug
standard | (3) changs | standard | (3) change standard  § (3) change standard  { (3} change
} 300.00 0.00 - - =
2 304,00 40.5C - e
| BLH.00 A40.00 - -
4 G300 4_5,00 - __
g 3400.00 458.00 -= -
5] 340000 §.00 - -
_ N
{3) official stamp date signature
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CM-4/PCM-5 Mask no. [|q11p| Form3
tolerance masks
Bv.—No.
Compigte this form If the iclerance mask
Ve ] : ; . shown opposite is o be changed or
P | : le3 extended.
. ; : [ Cistly Il in the sactions outlined
I
L E ; | : In heavy fvps,
LA o ® rane
: | : : : ;
S : P @) page rumber
. | ; : ; : (sama number on hath sides!)
: | ; : i :
£300 : : : : (3 changed corner values
: : : f :
"""'-";} { (&) offictal starnp, date, signature
s ! 1 b
': : : b
I i
e : 5 Name
: ; : ; ©
This mask is used -2M ¢ : : I
operating modes @
Listng. 1 List g, 2 Ligt no. 3 Listno. 4 Listng, 5 Listno, B List ng, 7. List no, 8 Listnp, 8
194 194 :
185 195
Units: X in [ Hz 1 Y in { MIKBOSEK. |}
Cormer tower limit Cormer upper limit
gg"m K valus Y vaiue szint Xvalue Y valug
standard {3) change standard @ changs stardard @ change standard (3) change
-— - 1 500.00 1000000
N - - 2 500.00 750.00
- - 3 £500.00 L IBG.00
- = - 4 630.00 380.00
- -2 - 5 1000.00 380.00
— = - & 1000.00 130.00
- — 7 2610.00 13000
- — B 2610.00 73000
- = 9 2B00.00 5000
- - 10 2B00.00 100060.00
@ officiai stamp date signature
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tolerance masks
BVH_NOH
Complete this form it the tolerance mask
TTRE i ; :@ shown oppostie is 1o be changed ar
B i i E oxtended,
' : ; : rly fill in the sections outined
"ﬁlﬁ 'gE.w.-u“--......,.,..m"“.?.“..-.-.. .‘.3.., . %n h 1 3
: : (D) rame
Vs : T (2} page numpber
; /,/ i I fsame nurnber an both sidash
: e ? !
TS [ — oo @ changed comer valuas
: / . 5 : {4} cofficial stamp, date, signaturs
/ e §
s : f
| § !
P e 5
14, - SR R
o b : F Name
: bt : : ®
Thig mask is s SN Y Lo et I
in the following -S54 4.8 -0 .0 page no.
oparating modes @
Listno. 1 List na. 2 Listng. 3 | tlstno. 4 Listng 5 Listno 8 List ng. 7 Lisine, B List e 9
60
31
34
n 95 I N
Units: Xin [ B <0, mo> ] Yin ! aB }
Comer lower limit Cormer upper fimit
Ezim X valua ' value gzl_m X valus ¥ valua
standard | (3) change standard | (3) change standard | (3) change starclerd | (3) change
1 —45.00 ) 8.00 - i
2 =-45.00 24 00 — -
3 ~40.00 29.00 —— i
4 -30.00 35.00 - - -
5 .00 35.00 - -
[} 008 5.00 - it
)
(&) officiat stamp date signature
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tolerance masks Bv._No

Complete this form if the tolsrance mask
shown oppasits is to be changed or
axtended,

Only 8l in the sacticns quilingy
in hoawy iype.

{1 name

{2 page rumosr
isome numbar on hoth sidesn

@ changed comar valuas

{3} official stamp, date, signanra

Name
&)

Page no.

Thia mask 13 used
ins the following

aperating mocdes @ i
Ligt no. 1 Listng. 2 List no. 3 Ligtno, 4 List no. & Lising & (Sl N higt o 8§ p ‘;
. 193
- 10? i e P
115 . - = -~
1 : (L1 N N & N
Units: X in { ] Yin o dB <0, mds i
Gotnes tower limit Carnar uppar Bmit
iy Qint
:gfn‘ X value ) Y valug io. X valug Y walus
standard | (3) change | standard | (3 change standard | (3} change standard | (3) chungs
. - 1 - =75.00

(@) official stamp date signatire

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Order no.

1

Hina
finear

mation

type of mask

agproxi-

©

TPCM-4/PCM-5
i tolerance masks

g -

FASK NG,
MASK ®

 FORM 4

- Bv. no.

Complete this form 47 you want

to produce 2 conpietely new
tolerance mask.

Cnly Fill Sn the secrigosg

ouf?ingd i heavy Tyipe,

D) nare

@ rage a0,
@m—ask A,

G tyne of mask

[Hine ar pieoew se
Tingar aprorasimalion)

(Dhunits [fae ¥ and T

i teierence values §for ¥ ang ¥

Deffrgial stanp, daiz, aignaturs

name.

f;iC)

page no..

BH 984/700.79

h/1348

- PN O

®) Units ¥ in L ] ) ]

Units: dB(9, m@} Hz, ms, ps, ¥

cor- Tower Timit car= upper Timit

ner ner

point point
:Eo. ® X vaiue ®© Y value na. L value ®© Y value
@ arficial stamp tate signature .
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




