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Preparation for Use and Operating Instructions

2.1 Legend for Rlgure 2-1

No. Ingraving Function

1 - Plug-in for ZPV

2 TOCAL Slide switch for selecting the local,

COMB. remote or combined local plus remote
HEMOVE control mode,
) AMPL. Pushbutton for switching on and off the
STCP AUTORANGING amplitude autoranging facility.
4 AMPL, Status indication of amplitude
STOP AUTORANGING autoranging facility; lights up if
amplitude autoranging 1s switched off.
5 FREQ. Pushbutton for switehing on and off the
STOP AUTORANGING frequency autoranging faeility.
6 FREQ. Status indication of frequency
STOP AUTORANGING autoranging facility; lights up if
frequency autoranging is switched off.

7 Digital readout for one component of the
test result.

§ Quasi-analog tendency indication for one |
component of the test result by an LED line.

9 LEVEL Pushbutton for storing the voltage

REF. STORE reference value.

10 PARAM. CAL. Pushbutton for storing a voltage and
phase reference value for vector mea-
surements and when calibrating the test
setup for parameter measurements.

1 ¥, 7 REF. STORE Pushbutton for storing a phase or
group~delay reference value (depending
on the mode selected).

12 Digital readout for one component of the
test result.

13 Quasi-analog tendency indication for one
component of the test result by an LED line.

14 r, f Status indication of polar coordinate

display; lights up if this mode is
selected.
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No. Engraving Function

15 r, f Pushbutton for selecting polar coordinate
dlsplay.

16 X, ¥ Status indication of Cartesian coordinate
display; lights up if this mode is
selected.

17 X, ¥ Pushbutton for selecting Cartesian
coordinate displey.

18 : Power switch

= | O &l

19 | RECAIL On/off button for displaying the

REF. reference values in readouts 7 and 12;
lights up in the ON state.

20 FILTER On/off button for stabilizing the test
results with the aid of an electronic
fllter; lights up if the filter is
swiltched in.

21 LIN. Lunminous button for selecting linear
display of test results.

22 LIN./REF. Luminous button for selecting linear

(VSWR) display in relation to a reference value
(also VSWR in conjunction with 32).

23 LOG. Luminous button for selecting logarithmic
display of test results.

24 LOG. Luminous button for selecting logarithmic

REF, display in relation to a reference value.
.25 B Luminous button for selecting voltage
measurement in channel B and measure-
ment of the phase angle between channel A
and channel B.

26 A Luminous button for selecting voltage
measurement in channel A and measurement
of the phase angle between channel A and
channel B.

27 B/A Luminous button for selecting ratio

' measurement of voltage in channel B
referred to voltage in channel A plus
measurement of phase angle between
channel A and channel B.

28 Y Lumincus button for selecting

admittance measurement.
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No. Engraving Function
29 50 @ o} Luminous button for entering the
75 0 pod characteristic impedance of the

test system:
On= 75 0
Out = 50 0

20 Z Luminous button for selecting

. impedance measurement.

31 DIR. COUPL. Luminous button for entering information
on test setup used:

On = test setup with directional
coupler or VSWR bridge

Out = test setup without directiocnal
coupler or VSWR bridge

22 811, S22 Luminous button for selectihg measure-
ment of s parameters s11 or 322
{reflection factors).

y) 321, 812 Luminous button for seleecting measure-
ment of s parameters s 1 or 312
(transmission factors)?

34 T Luminous button for selecting group
delay measurement.

35 CAL. Luminous button for selecting frequency
deviation adjustment for automatic group
delay measurement; lights up during the
adjustment procedure.

36 AT Luminous button for selecting measure-
ment of group delay deviation from a
reference group delay value.

27 SET Luminous button for entering the fre-

£+ 40 kHz quency deviation of 40 kHz,

38 AUTO Luminous button for selecting automatic

XTAL group delay measurement with generator
deviation control. Selection of crystal
measurement.

39 SET Tuminous button for entering the fre-

fo + 4 kHz quency deviation of 4 kH=z,

40 SET - Luminous button for entering the test

— 0 I}

HIGH 7 start in the case of manual two-point

and high-impedance Z measurements.
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No. Engraving Function

51 SET Luminous button for entering the fre-

- fo + 0.4 kHz quency deviation of 0.4 kHz.

2 @ 47 - 420 Hz AC supply connector

L>3 220VTO0.8 B235 Vv Voltage selector plus fuse holder.

115V T1.6 B125 V '

44 Air filter of blower.

45 A IF1 YV IF output of channel A.

46 B IFL V IF output of channel B.

4 r SWEEP/1 V Recorder output for the megnitude with
narrowband sweeping.

48 { SWEEP/1 V Recorder output for the phase with
narrowband sweeping.

L9 r, X REC./1 V Recorder output for the magnitude or
real component.

50 f, YREC.1 V Recorder output for the phase or
imaginary component.

51 CONTR. AF Recorder output for deviation control
in the case of automatic group delay
measurement.

52 | ADG/10 ¥ DC voltage test input. (see 2.3.9.5)

535 IEC BUS IEC bus connector (24 poles, Amphenol).
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2.2 Pfeparation for Use

2.2.1 Exchanging the Plug-in

After unlocking the plug-in (1), it can be withdrawn and exchanged; the
new plug-in should be locked again. During this procedure the ZPV must be'
switched off.

2.2.2 Adjusting to the ILoecal AC Supply

The instrument 1s factory-set for an AC supply voltage of 220 V, the fre-
quency range covering 47 to 420 Hz. By changing the position of the voltage
selector ﬂé, the ZPV can be operated also from & 115, 125 or 235 V supply.
To this effect the fuse in 43 is unscrewed and the cover of the voltage
selector withdrawn. Then the cover is reinserted such that the mark points
to the desired AC supply voltage and the corrésponding fuse 1s screwed in:

T1,6 B for 115 or 125 V
T 0,8 B for 220 or 235 V.

The AC supply is connected to 42 using the supplied power cord. The
instiument performance is not affected by AC supply fluctuations of tlo%
from nominal, In the case of greatef variations, a transformer or a voltage
regulator should be connected ahead of the ZPV. '

2.2.3 Setting up

The ambient temperature should not exceed 45°C; for this reason, direect
insolation is to be avoided. To permit easy reading of the test results,
a tlilt stand can be swung out on the bottom of the instrument. The ZPV is
fully isclated from the AC supply and provided with safety earthing.
Chassis connection to the test item is made via the plug-in. If required,
an additional ground connection can be established at the lefthand, lower
‘screw fixiné the front panel.

2.2.4 Switching on

To switch the ZPV on, bufton 18 is pressed; the instrument is ready for
operation afier about 1 s. When the ZPV is switched on, the buttons and
‘the readout should light up.
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2.3 Operating Instructions . - ¢

2edel Ceneral

2.35.1.1 Bagic Settings

After switching the ZPV on, the voltage measurement mode in channel A is
automatically set. The output of the test result magnitude and phase is
linear (mV). The amplitude and frequency autoranging facilitles are con-
nected and filter 20 is switched off. |

The position of the mode selector 2 is important; see 2.3.1.3.

2.3.1.2 Changling the Mode of Operation

When changing the mode of operation (vector, parameter, group=delay mea- (T
surement), automatic switchover to the physical unit (linear or loga-

rithmic, absolute or relative) previously stored in this mode 1s performed

1f meaningful. Changing the unit does not make sense when switching over

from button

25 to 26; 28 to 30; 32 to 33.
The information on the test setup entered with 29 and 21 1s applicable
for buttons 28, 30, 32 and 33.

The states selected with 3, 5, 15, 17, 19 and 20 are not stored and are
therefore maintained irrespective of any change of the mode operation.

2.3.1.3 Electronic Locking of Pushbuttons‘ (

In position REMOTE of switch 2 all pushbuttons are electronically locked

only remote control being pessible.

Depending on the mode of operation, some modes of indication do not make
sense or are not realized for the remaining positions of switch 2. These
specific medes cannot be selected due to electronic locking of the push-
buttons. However, the modes of operation as such ean be, switched in

(gé: é6_9 2_?_.9 __2__§s x: 29 Z’ :ﬁ;! and Ls)'
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2.3.2 Vector Measurement

2.%3.2.1 Voltage Measurement in Channel A

By pressing button A gé, the voltage in channel A and the phase angle
between channels A and B, réferred to channel A, are measured. The phaée
is measured as absolute phase (21 or gz‘pressed) or relative to a reference
value (22 or 24 pressed) and indicated in degrees. Thg following voltage

Indication modes can be selected:
a) absolute linear indication in mV by pressing button LIN. 21

b) linear indication referred to a reference value by pressing button

¢) absolute logarithmic indication in dBm by pressing button LOG. 23

d) logerithmic indication in dB referred to a reference value by
pressing button LOG./REF. 24.

"The voltage reference is the measured value at which button LEVEL REF.
STORE 2 is pressed. The phase reference is the measured value at which
button ]p, 7T REF. STORE 1l is pressed.

For the basic setting the voltage reference is 1 mV and the phase reference

0°.

2.3.2.2  Voltage Measurement in Channel B

By pressing button B 25, the voltage in channel B and the phase angle
between channels A and B, referred to channel A, are measured. The phase

is meaéured as absolute phase (gl or gz pressed) or relative to a reference
value (22 or 24 pressed) and indicated in degrees. For voltage 1lndication
and voltage and phase reference values the same applies as under channel A
(see 2.3.2.1).

2.3.2,3 Measurement of the Voltage Ratio of Channel B to Channel A

By pressing button B/A 27 the voltages in channel A and in channel B and
the phase angle between channels A and B, referred to channel A, are mea-
sured. The phase is measured as absolute phase (gi or 23 pressea) or
relative to a reference value (gg or gﬂ pressed) and indicated in degrees.

The following modes of indication can be selected for the ratic of the

voltages:
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a) abéolute linear ratio, dimensionless, by pressing button LIN. 21

b) Llinear ratio, relative to a reference ratic, dimensionless, by pressing

button LIN./REF. 22.
c) abéolute logarithmic ratio in dB by pressing button LOG. 3

d) logarithmic ratio in dB, relative to a reference ratio, by pressing
button LOG./REF. 24.

The reference value is the voltage ratio at which button LEVEL REF. STORE
9 is pressed. The phase reference is the measured value at which button f ,

T REF. STORE 1l is pressed.

For defining reference ratioc and reference phase at the same time press
button PARAM. CAL. 10.

For the basic setting the reference ratio is 1/1 and the phase reference Oo.

22343 Parameter Measurement

2.3.3.1 Reflection Faector Measurement (511, 522, ar, VSWR)

By pressing button S11, 522 32, the voltages in channel A and in channel B
and the phase angle between channels A and B, referred to channel 4, are

measured. Depending on the plug-in used and the test setup, the button DIR.
COUPL. 31 should be pressed (see also manual of the corresponding plug-inj.

Depending on the connection of the test item, the result is, in linear
display (LIN. 21 pressed), either the input reflection factor 511 or the
output reflection factor Spnt The magnitude and phase (v, ¥ 15 pressed)
or the real and imaginary components (X, Y 17 pressed) of these reflection

factors can also be output.

If logarithmic display is selected by presSingubutton LOG. 23, the output

is the reflection attenuation a ‘of the test item in dB and the phase angle
assoclated with the reflection faetor. When pressing button LIN./REF. 22, the
VSWR of the test item and the phase angle assoclated w1th the reflection

factor are output.

For callbrating the test setup with directional couplers and VSWR bridges,

a shorteircuit has to be established in the test plane and button PARAM.

CAL. 10 pressed. In all other cases the test output should be match-terminated
and button PARAM. CAL. 10 pressed. ' '
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2.3.3.2 Imvedance Measurement

By pressing button Z 20, the voltages in channel A and in channel 3 and the
phase angle beitween channels A and B, referred to channel A, are measured,

Depending on the plug-in used and on the test setup, button DIR. COUPL. 31

and button 20 G/75 29 must be pressed.
Depending on the connection of the test item, the result is - in linear

display (LIN. 21 pressed) - elther the input or the output impedance in Q.
High impedances can also be measured when one of the Tuners ZPV-El, ZPV-E3
or ZFV=E> and an adequate test setup are used., For this meassurement, press
buttons 2 30 aund SET £, HIGH 2 40. (See also manual for Tuner ZFV-El, 10 Hz
to 50 ¥MHz.)

Pressing o, f 15 displays the magnitude and phase and pressing X, ¥ 17,

the real and imaginary components of the test result.
By pressing button LIN,/REF, 22, the impedance is normalized to the reference

value of 50 Q or 75 Q selected with button 29.

Calibration as described under section 2.3.3.1.

2.3.3.5 Admittance Mesasurement

By pressing button Y gﬁ, the voltages in channel A and in channel B and the
phase angle between channels A and B, referred to channel A, are measured,
Depending on the plug-in.uéed and on the test setup, button DIR. COUPL. 31
and button 50 @/75 Q 29 should be pressed.

Depending on the conﬁection of the test iéem, the result is - in linear
display (LIN. 21 pressed) - either the input or the ocutput admittance in
Alsc low admittances can be measured when one of the Tuners ZPV-El, ZPV-E2
or ZEV-E3 and an adequate test setup are used., For this measurement, press
buttons ¥ 28 and SET £ HIGH Z 40, (See also manual for Tuner ZFV-El,

1¢ Hz to 50 MHz.)

Pressing button r,‘P 15 displays the magnitude and phase and pressing
button X, ¥ 17 displays the real and imaginary compounents of the test
result. By pressing button LIN,/REF. 22, the admittance is normalized %o
the reference value of 1/50 Q or 1/75 @ selected with button 29.

Calibration as described under section 2.3.%.1.

2.3.3.4 Transmission Measurement (321, 5., A

127 2217 21p)
By pressing button S21, S12 33, the voltages in channel A and in channel B

and the phase angle between channels A and B, referred to channel A, are

measured. Depending on the plug-in used and on the test setup, dutton
DIR. COUPL. 3% should be pressed. '
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Depending on the connection of the test item, the result is - in linear
display (IIN. 21 pressed) either the forward transmission factor S,y OF
the backward transmission facteor 512.

Pressing butten r, f 15 displays the magnitude and phase and pressing
button X, ¥ 17 the real and imaginary components of these factors.

Vhen selecting logarithmic displlay with bution LOG. 23, the output is the
forward or backward transmission factor in 4B together with the phase
angle associated with the forward or backward transmission factor.

For cﬂibra?ting the test setup, connheet the equipment without the test
item and press button PARAM. CAL. 10.

254 Group Delay Measurement

In the modes A, B or B/A (25, 26 or 27 pressed) the group delay can be
meesured instead of the phase.

2.3.4.1 Single Measurement

Pressing button T 34 conditions ther group delay measurement. For performing
individual measurements, buttons SET f 40, SET f + 0.4 kHz 41,

SET f_ + U4 xiz 39 and SET £+ 40 xHz 2’[ are operated.

The test method 1s based on two individual phase measurements whilch are
made at two irer'y closely spaced frequencies. The phase difference 4 f is
obtained and, using the frequency difference Af, the group delay 7 is
caleulated from T = A 7 /2 I’ Af. The three different Af values corre-
sponding to buttons 37, 39 and 41 permit three measurement ranges to be
selected:

40 kHz: 0,001 %o 9.999 us
4 kHz: 0.0l to 99.99 us
0.4 kHz: 0.1 to 999.9 ps

The test procedure 1ls as follows:
a) Set the signal generator to the desired test frequency.
b) Press button SET £ 40.

¢) Depending cn the expected test result, increase the signal generater
frequency by 40 kHz, 4 x3z ar 0.4 kHz.

R 40538 = 14
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d) Press button SET £+ 40 kHz 37, SET £+ 4 kHz 39 or SET £+ 0.4 kHz

41 in accordance with the frequency increase,

e) The test result is indicated on readout 12; for a new measurement, start
with a).

Since the accuracy of the frequency lncrease directly influences the test
result, the signal generator should be checked, if required, using a frequency

counter.

Due to the built-in frequency counter, group-delay measurements are posslble

at any frequency deviation when Tuner ZPFV-El is used.

The generator frequency can be increased or decreased as required (step e),

see above.

For step d), press button AUTO XTAL 28, (See also manual for Tuner ZFV-El,
10 Hz to 50 MHz).

2.3.4.2 Continuous Measurement

Pressing button't‘}& conditions the group delay measurement.

Select continuous measurement'by first pressing one of buttons SET fo +0.4 kHz
41, SET £ +4 XHz 39, SET £_ +40 kHz 37 and then AUTO XTAL 38. (With ZPV-E2
and ZPV-E3 button AUID XTAL 38 may be pressed immediately after button T'jﬁ.)

For automatic continuous measurements, the output CONTR. AF 51 of the ZPV is
connected to the FM-DC input of a generator. As with individual measurements,
the phases of two very closely spaced frequencles are measured and the group

delay is calculated from the phase and the frequency differences,

However, the generator frequency is automatically varied with the aid of

the 2PV, This facilitates operation considerably. The frequency variation

of Q.4 kHz, 4 kHz or 40 kHz is determined by pressing buttons SET fo + 0.4 xHz
4, SET fo + 4 kHz 39 or SET fo + 40 kHz 37. The Af setting also fixes the
corresponding measurement range (see 2.3.4.1).

After connecting the ZFV to the signal generator, the Af voltage should be
matched by callbrating the slope of the generator modulation characteristic.,
To thls effect, the test item is replaced by the supplied calibrating cable
and button CAL. 35 is pressed. The ZFV performs the calibration automatically,
extinguishing button 35 upon termination.
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The linearity and freguency independence of the generator modulation character-
istic are easential for the accuracy of the test results. The modulation
sensitivity of the generator should always be in the range 1 V/1C kHz to

2.5 V/10 kHz.

2.3.4,3 Measurement of Group Delay Difference

Pressing button Aff §§ conditions the measurement of the group delay differ-
ence relative to a reference delay both for the single and the continuous

modes. Sections 2.3.4.1 and 2.3.4.2 apply accqordingly.

The reference group delay is the value at which button‘f, T REF. STORE 11
is pressed.

For the basic setting, the reference delay 1s O us,

2.3.5 Indication of Reference Value

Pressing button RECALL REF, 19 interrupts the test cycle and causes the
corresponding reference value to be displayed. When button 19 is 1lit, this
mode is swltched on. Ancther push of button 19 makes go out, the test cycle

is continued and the test results appear in the reéadout.

2.3.6 Stabilization of Test Results

By pressing button FILTER 20 an electronic filter is connected for stablilizing
the test results. This adaptive filter proves especially useful for low-

level and noisy signals. Another push of button 20 disables the filter and

the luminous button is extinguished.
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2.3.7 Disconnecting the Autoranging Faéilities

2s3.71 Disconnecting thé‘Amplitude Autoranging Facility

For-the vector measurement modés in channel A and channel B 1t may be necessary
to disconnect the amplitude autoranging facility of the amplifier, which uses
10-dB steps. To this effect, button AMPL. STOP AUTORANGING 3 is pressed and

the status ilndication & lights up. Ancther push of button 3 causes the luminous
indieation 4 to be extinguished and amplitude autoranging is connected again.

In all other operating modes the amplitude autoranging facility of the amplifier
cannot be switched off. Button 3 then only affects the recorder outputs REC/1 V.

2.5 T2 Disconnecting the Frequency Autoranging Facllity

If only one frequency range of the tuner ls used, the frequency autoranging
facility can be disconnected to inerease the measuring rate and the corre-
spending range can be set by hand. To thls effect button FREQ. STOP AUTORANGING
5 is pressed and the status indication § lights up. After pushing button 5

once again, the lumincus indication § goes out and frequency autoranging is

connected again.,

2.3.8 Quasi-analog Indication

The quasi-analog luminous spot indication § is assoclated with the digital‘
readout 7 and the quasi-analog luminous spot indlcation 13 with the digital
readout 12. Although these linear luminous spot indicators feature no
absolute accuracy, they facilitate the recognition of a tendency towards a
maximum or a minimum value and thus prove particularly useful for alignment
work. In order to increase the system speed these Indications can be switched

off by computer command.

2.%.9 Analog Voltage Inputs/Outputs

2.3.9.1 __ IF Outputs IF/1 V

The IF voltages of channels A and B are available at the two ENC sockets A
45 and B 46 on the rear panel. The IF is 20 kHz. The level and phase shifts
of the IF outputs correspond to those of the RF input signals in channels A
and B.
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2.3.9.2 SWEEP/1 V Qutputs

During sweep operation, which can be set for instance on the plug-in ZPV-E2
or ZPV-E3, a voltage corresponding to the amplitude of channel A or B or to
the ratio of channel B/channel A is available at ENC socket r SWEEP/1 V 47
on the rear panel in modes A, B or B/A. The voltage present at ENC socket
SWEEP/1 V 48 corresponds to the phase angle between cheannels A and B. Thése
voltages are produced in a pdrely analog way. The amplitude and frequency
autoranging facilities are disabled.

When measuring the ratio B/A the voltage in channel A must be between 35 mV
and 350 mV. This 1s monitored by the microprocessor and any error is indlcated

on the display.

2.3.9.3 REC./1 V Outputs

At the rear HNC socket r, X 49 an analog voltage corresponding to the digital
readout 7 is available. The analog voltage present at INC socket f, ¥ 50
is assoclated with digltal readout 12. To increase the speed of the system,
these recorder outputs can be switched off by a computer command. They are
also not enabled during sweep operation since in this case outputs &I and &Q

are avallable (see'also 2.3.9.2).

The relationship between display modes and recorder outputs can be seen in
table 2-12.

2.3.9.4 AF CONTR. Cutput

For automatic group delay measurement BNC socket CONTR. AF 51 is connected
to the FM-DC input of a generator to control the deviation frequency
(see also 2.3.4.2).

2.3.9. DC Input ADC/I10 V T

From serial number 879 268 onwards, the internal A/D converter is used
for checking the tuning voltage of group delay measuremenits with the
aid of the Basic Software ZPV-K10 (internal wiring). If the external
input is required, a BNC socket is mounted again on thé Tear panel

and cable X58 is connected between the socket and the A/D converter.
In addition, the 20-kn resistance between pins 3 and 9 of B16 on the
D/A converter pcb 291.5119 must be removed.
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2.4 Remote Control

2.4,1 General

The ZPV 1s equipped with a remote-control connector 1ln accordance with
DIN - IEC 66.22 (IEEE-488); this is the 24-pole programming connector 53
on the rear panel (for contact allocation see table 2-2). The character-
istics realized according to this standard are SHlL, AHl, T6, TE6, L4, SR1,
DCl, DT1, RI@, PP@, CO (see table 2-4).

Only ASCII characters meeting the latest recommendations are used (see
table 2-3). When comnecting the ZPV into an IEC bus system it is not
necessary to be familiar with the functioning of the interface. It is
sufficient to know the programming commands and the data output formats
which are explained below.

2.4,2 Switchover to Iocal, Remote or Combined Operation

The front-panel switch 2 permits manual operation (LOCAL), remote control
(REMOTE) and a coimbined loecal plus remote mode (COMB.) which is especlally
usefil for producing test routines.

These three functions cannct be programmed.

2.4.3% Setting the Device Address

The tazlker and the listener addresses are set together in accordance with
table 2-5 using switch S1 on the IEC=-bus Option ZFV-Bl. The factory-set
address of the talker is Z and that of the listener : (corresponding to device
address 26 when using the TEK 4051). The address status is indicated on the
readout, either II (listener) or TA (talker) lighting up.

2.4.4 Setting the Delimiter

Switch S2.1 to S2.4 on the IEC-bus Option ZPV-Bl permits setting of the
dekimiter furnished by the ZPV at the end of a data transfer (see
table 2-6). This character is factory-set to CR.

R 40538 - 18



2.4.% Dlsconnecting the Service Reaguest

Switch 32.6 on the IEC-bus Option ZPV-Bl permits the service request
capability (SRQ) of the ZPV to be disconnected (52.6 ON) or connected
(S2.6 OFF).

2.4,6 Programming Commands

Programming of the ZPV corresponds to manual operation. Each pushbutton
of the front panel can be remote-controlled by applying a combination

of two ASCII characters. Flgure 2-8 shows the assoceciation of the different
programming commands with the ZPV front-panel controls. The on/off buttcns
are dlsabled by a letter and a 0 and enabled by the same letter and a 1.

Example:

I0 means "flilter off"; Il means "filter on".

In addition to the button functions, the amplitude ranges of the amplifier
and the frequency subranges of the plug-in can be programmed in accordance
with table 2-10. '

Thus programming simply conslsts of a sequence of ASCII characters corre-
sponding to the order of buttons pushed.

Table 2-9 gives an alphabetical list of all control characters acecepted.

2.4.7 Internal /External Trigger Operation

ZPV measurements can be triggered both internally and externally. Internal
triggering is selected by the progremming command combination TT and
external triggering by TE. When switching on, the instrument is set to
internal triggering.

With external triggering, the output coﬁmand combination LR or LX or the
secondary talker addresses a4, b or ¢ initiate a test procedure whose
result is available for outputting at the end of the test.

2,4.8 Data Cutput

2.4.8.1 Output of Lefthand Readout (7)

The output command combinatlion LX or the secondary talker address a
conditions the output of the measured component of the lefthand readout 7
in accordance with the following format example:
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SP-]_-1234E£010R+)

The format is made up as follows: one space (SP), one polarity sisn of the
mantissa (f)’ four digits of the mantissa, one exponent symbol (E), cne
rolarity sign oi the exponent (f)’ two digits of the‘exponent and one
delimiter (CR). The associated unit is either a hasic physical unit (V, Q,
1/0, degree) or, with ratiocs, 1/1, dB.

2.4.8.2 tout of the Righthand Readout (123)

The output command combination RX or the secondary talker address b con-
ditions the output of the measured component of the righthand readout 12
in accordance with the following format example:

SP+1234E+OLCR")

For the format and physical unit see 2.4.8.1.

2.4.8.3  Output of Lefthand and Righthand Readouts (7 and 12)

The output command combination IR or the secondary talker address é con-
ditlons the output of the two measured components of the lefthand (7) and
righthanﬁ (12) readouts. The ocutput consists of the information furnished
" in accordance with 2,4.8.1 and 2.4.8.2 separated by a comma. See the
following format example:

SPi-lajuEtm., SPi1234E1_:01 CR.

For the format and physical unit see 2.4%.8.1.

2.4.8.4 Qutput of Measurement Range of Channel A

The output command combinetion RA or the secondary talker address e con-
ditions the output of the measurement range of channel A. The ocutput ccn-
sists of‘two digits plus one delimiter.

Example: OB8CR

The two flgures indicate the range No., which is explained in table 2-10.

+) SP and CR are the ASCII characters for space and carriage returmn
{see table 2-3),
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2.4.8.5 Output of Measurement Bange of Channel B

The cutput command combination RB or the secondary talker address f condi-
ticns the output of the measurement range of channel B. The output consists

of two digits plus one delimiter.

Example: O1CR
The two figures indicate the range No., which is explained in takle 2-10.

2.4.8.6 Output of Frequency Range of Plug-in

The output command combination RF or the secondary talker address g condi-
tlons the output of the frequency range of the plug-in. The cutput consists

of two digits plus one delimiter.

Example: 12CR .

The twe figures indicate the range Nos, which may have a different meaning
depending on the plug-in used. For plug-ins ZPV-El, ZPV-E2 and ZFV-E3, they
are explained in table 2-11,

2.4.8.7 Qutput of.IC Voltage at ADC Input (see 2.3.9.5)

The output command combination AD or the secondary talker address h triggers
the A/D conversion of the DC voltage applied to ADC input 52 and conditions
the digital output; the data format is in accordance with 2.4.8.1.

Example: SP+1234E-~03CR,
The unit is V, the input voltage range covers 0O to +10 V. The measurement

is performed only in one range, therefore the exponent -C3 is fixed.

2.4.8.8 OQutput of Device Status Word

The output command combination DS or the secondary talker address d condi-
tions the output of the device status word. The output consists of ten
ASCIT characters plus one delimitetr.

Example: 83B5811A87CR

This device status word contains the overall device status in coded form.
It can be read in by the controller at any time and applied to the devicé
later together with the corresponding listener command TS, Thus the con-

troller is able to "learn", for instance, the device status set by hand.
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2,4,8.0 Cutput of Status Byte with Serial Polling

Due to the service request capability SR1, the deviee is able at any time to
transfer a s%%tus byte, for instance during serial polling. This \is condi-
tioned by the universal command SPE., A Single byte without delimiter is
output. The meaning of each bit of the status byte is exﬁlained in table
2-7.

At the end of the transfer, the controller should send the universal command

SPD.

2.4,8.10 Qutput of Test Frequency with Tuner ZPV-El

The frequency of the signal at the SYNG input of Tuner ZPV-El is cutput
with the output command combination FV or with the secondary talker address

Je
The format is the same as with the righthand and lefthand readout (2.4.8.1);
the unit is Hez, ‘

2.4.9 Programming Examples for Desktop Calculators PPC and TEK 4051 /52
2.4.9.1 Programming of Device Setting

Problem: The ZPV is to be set to B/A, LIN, and the filter is to be
conneacted, '

Solution:

a) The ZPV is factory¥set to the listener address: This corresponds to

device address 26 with TEK 4051/52 (see table 2-5).

b) Fig. 2-8 shows the association of the programming commands with the
individual pushbuttons, button B/A corresponding to command BA, button
LIN. to LI and button "filter on" to Il.

c) 'Thus the solution reads:

IECOUT 26, "BALIT1" (PEC)
PRINT (@ 26: "BALTT1" (TEK 4051 /52)

2.%.9.2.1 Programming of Frequency Range {ZBV-E2 or ZPV-ES)

Problem: Plug-in ZPV-E2 is to be set to the range 30 to 60 MHz,
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Solution:
a) Same as under 2.4.9.1

b) The command characters - FR - .for freqﬁency range programming are found
in table 2-9 and the frequency range number for plug-in ZPV-E2 from
table 2-11 - 08 - 1is added. This ylelds the setting combination FRCS.

e¢) 'Thus the solution reads:
IECOUT26, "FROB"  (PPC)
PRINT(2) 26: "FRO8" (TEX 4051/52)

Probleﬁ: The correct frequency range 1s to be adjusted on plug-in unit
ZPV-E2 or ZPV-EJ by entering a frequency of 750.5 MHz.

Solution:
a) Seme as under 2.4,9.1

b} . The command characters - HZ - for frequency programming are found in
table 2-9 and the five-diglt frequency value 07505 (unit 0.1 MHz) is
added. Leading Zeros may be replaced Ly SP, the decimal point may be
set at any position.

e¢) Thus the solution reads:
IECOUT26, "HZO7505"  (PPC)
FRINT(2) 26 "HZO7505" (TEK %051/52)

2.4.9,2.2 Programming of Frequency Setting with ZPV-El

The test frequency can be directly communicated to the Tuner ZPV-El when
frequencies < 25 kHz are concerned. No signal is then required at the SYNC
input. For this application, frequency autoranging must be disabled with -
control character Ql.

The output format is "HZ,_ . ..", the unit 0.1 Hz, Transmitting of a decimal
point is possible, but not necessary.,

Example: IECOUT26, "TEQL" (PPC)
IECOUT26, "“HZg1234,5"
IECOUT26, "TI"

sets the ZPV-El to the frequency 1.2345 kHz. (See manual for Tuner ZFV-El)

2.4,9.3 Reading out a Complete Test Result

Problem: A complete test result consisting of the two components of the
lefthand and righthand ZPV panel indication is to be read out.
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Soluticn:

a) The ZPV is factory-set to the talker address Z. This corresponds to the
device address 26 with TEK 4051/52 (see table 2-5).

b} Section 2.4.8.3 explains the two possibilities of cutputting both panel
readouts. Eilther the command combination LR or the secondary talker

address ¢ 1s used, the latter becoming secondary address 3 with TEK 4051 /52

{see table 2-5).

c) The test result can be read in as an ASCII string (e.g. AZ) and is

availabple in this form for further processing.

o

d) Thus the following two solutions are possible:

1) IRCOUT 26, "LR" PRINT 2 26: "IR"
IECIN 26, AZ (PPC) INPUT (@ 26: A (TEK %4051/52)
2) IECIN 26; 3, Ag INPUT (@ 26, 3: AZ

2.4.9.4 Transfer of Device Status Word

Problem: The ZPV is completely set by hand in the combined mode; this device
setting 1s to be transferred to the TEK 4051/52, stored and output at a

later date.
Sclution:
a) As to listener and talker addresses see 2.4.9.1 and 2,4.9.3.

b) Section 2.4.8.8 explains the two possibilities of reading in the device
status word. Either the qommand,combiﬁation D3 or the secondary talker
address d is used, the latﬁer‘becoming secondary address 4 with
TEK 4051/52 (see table 2-5),

¢) The status word can be read in as an ASCII string (e.g. S8).

d) Thus the followlng two possibilities of reading in exist:

1) - IECOUT 26, "Dpg" PRINT &) 26: "DS"
IECIN 26, Sg (PEC) INPUT ) 26: S8 ~ (TEK 4051/52)
2) IECIN 26; 4, sg INPUT ‘@) 26,4: 8¢

Later output is caused by the command

TECOUT 26, "Ts" PRINT &) 26: "mg"

TECOUT 26, S¥ (PFC)  prine/@ 26: gy (THK %051/52)
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2.4.5.5 Service Request (SRQ) when using the ZPV + TEK 4051/52

The ZPV can send an SRG message if, for example, it is not in synec, the

N
measurement range is exceeded, ete. To this end,
1) set switch S2.6 on the IEC interface board to OFF (ef. 2.4.5).

2) use the TEK to set the ZFV for external trigger operation ("TE")
and to initiate a test cyele ("LR" or secondary address). Cf. 2.4.9.3.

Example: (TEK 4051/52)
100 ON SRQ THEN 2¢@

110 PRINT ‘®) 26: "TE" External trigger operation

120 PRINT @ 26, 3: X1, X2 Initiate test cycle; output results

130 PRINT a) 26: "TI" Internal trigger operation

140 END

200 POLL A, B; 26 Serial poll

210 PRINT A, B Printout of device list number (A), and
status byte (B)

220 BEM SRR REMOVE FAULT €.8+5 by altering test level

230 RETURN

NOTE: Relationship between status byte (B) after a SRQ, and the readout
on the ZPV (cf. Table 2-7).

ZPV readout Status byte (B} 4051/4052
A%? 96

A>> 80

B T2

B 68

A<k 66 (ZPV-El only)

2.4.9.6 Increasing the Test Rate in Programmed Operation

The test rate of the ZPV can be increased by the commands

ag Tendency indication off
Kg Recorder output off
SH Fast test rate
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Switchover to normal operation 1s achieved by the commands

al Tendency indication on
Kl Recorder output on
SL Normal test rate

Example: Switching the ZFV over to fast test rate:
TECOUT 26, "GEX@SH" {PEC)
FRINT 2) 26: "G@XR@SH"  (TEK 4051,/52)

2.4.9.7 Input and Output of Reference Value for Relative Measurements

The reference value for the test result can be output from the ZFV in
coded form (10 ASCII characters) and reentered .in the ZFPV,

Example:

Reference value output

IECOUT 26, "SR" (BPC) Preparation of reference value output
PRINT ‘@) 26: "SR" (TEK 4051/52)
IRCIN 26, AZ (PEC) OQutput of reference value and storage

INPUT /D 26: AF  (THK 4051/52) 1t AR

or with 2 single command using secondary address O:
IECIN 26; 9, AZ (PPC)
INPUT (@) 26,9: AF (TEK 4051/52)

Reentry of reference value in the ZFV

IECOUT 26, "TR" _ PRINT =) 26: "TR"

TECOUT 26, A (PEC) PRINT ‘@ 26: Ag (TEK 4051/52)

2.4.9.8 Phase Offset

In external trigger operation ("TE") it is possible to enter a phase value

into the ZPV prior to the measurement, which is subtracted from the measured

phase 1n the measurement. The phase offset holds only for ohe measurement

command.,

The phase offset 1s programmed by "POXXCOM with the value of X0 ranging

from 000.0 degrees to 360.0 degrees. The decimal point does not have to be

used.
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Example: (PEC)
IECOUT 26, "TERA"
IECOUT 26, "P018gg"
IECIN 2632, P

IECIN 2632, P

External triggering, mode B/A

Phase offset 180 degrees

Result on lefthand readout (phase value P)

P = measured phase --phase offset

Result on lefthand readout (phase value P)

P = measured phase since phase offset holds only

for one measurement after "POXCO" has been
entered.
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2.5 . Measurement of Crystal Equivalent Circult Parameters

2.5.1 General

"t
The Vector Analyzer ZPV in conjunction with a frequency counter, an FM-IC

signal generator, a control amplifier and a crystal adapter (T-network in
accordance with IEC 444 or DIN 45 105) permits measurement of crystal

equivalent c¢lrcult parameters.

' The ZPV supplies a phase-proportional DC voltage which after amplification
in the control amplifier pulls the signal generator to the series-resonance
frequeney of the crystal. The resonant frequency can be read off on the

frequency counter,

If the keys Z and AUTO/XTRL are pressed the ZPV determines the reso-
nant impedance of the crystal from the atienuation at resonance which
is read out directly on the lefthand display.

Use of a desktop calculator with IEC-bus interface, such as Process Con-
troller PPC, in the test assembly permits alsc the dynamiec inductance L1
and the dynamic capacitance Cl to be determined.

To this end, the ZPV is programmed for a phase offset %o; i,e., the control
loop locks at + yo. From the two frequencies at which the phase of the

crystal is + ° and the resonant impedance, L1 and C, are calculated by

1
means of the desktop calculator.

To select the mode "measurement of crystal equivalent circuit parameters"
press the button AUTO . Modes T and AT must be switched off.

The following combinatlons can be selected:

A AUTO LIN/REF Measurement of voltage in channel A
_ relative to a reference value

B AUTO LIN/REF Measurement of voltage in channel B
relative to a reference value

B/A AUTO LIN/REF Measurement of voltage ratio B/A
relative to a reference value

A AUTO Measurement of resonant lmpedance

Y ‘ AUTO Measurement of rescnant admittance

821, Si2 Same as with B/A AUTO LIN/REF

The phase measurement range 1ls limited teo about +120° in these modes .since
only values between f90° are required for measuring crystal equivalent

cilreuit parameters.
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2e5.2 Manual Measurement

2,5.2.1 Vector Measurement

Calibration
- 8Select B/A . LIN/REF AUI0 on the ZFV.
- Press the button r, ¢ on the ZPV.

- Adjust the nominal crystal frequency on the signal generator and select
the test level.

- Press the button STOP AUTORANGING FREQ on the ZFV. The lamp lights up.

- Connect a shorting link into the 7 network in place of the crystal and
press button LEVEL REF STORE . The lefthand display reads out 1.00.

- Connect a resister into the % network, the resistance of which corresponds

to about the resonant impedance of the crystal to ke expected.

= Press the button 99,77 REF STORE on the ZFV. The righthand display
reads out O°.

Measurement

- Comnect the crystal into the T network.

- Now the control loop pulls the crystal to the exad¢t resonant frequency.
The righthand display of the ZPV reads out o°

- The rescnant frequency of the crystal can be read eff on the frequency

counter.

~ The resonant Impedance 1s given by the formula

zZ, = (ﬁ-l)x% [a]

where B/A 1s the attenuation read out on the lefthand display.

2.5.2.2 S-perameter and Z-measurement

The callbration and measurement procedures are basically the same as for
the vector measurement (section 2.1). For calibration, the S21,812 AUTO

mode must however be used. The 321, 812 AUTO mode corresponds to the
B/A AUTO LIN/REF. mode.
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If the Z AUTO or Y AUTO mode 1ls selected, the ZPV calculates the
resenant impedance or admittance in accordance with the above formula and
reads 1t out on the left-hand display.

2.5.3 Automatic Measurement

Program-controlled measurement 1s based on the same prineiple as manual

measurement.

The controller sets the required button comblnations via the IEC hus,
stores the measured data and calculates from them the equivalent circuit

parameters.,

In automatic operation, a phase offset can be entered into the ZFV, say,
for example, t45°, which causes the control loop to pull the sighnal genera-
tor to the frequency at which the phase of the crystal is not 0° but, for
example, f45°' With the glven rescnant impedance Zr’ the controiier can
calculate the dynamlc¢ inductance L s the capacltance C1 and the @ from the
two #5° frequencies in accordance with the following formulae:

(zr +25 @) - tany

L =
1 2 (f - )
+y¢ -y
1
C. =
1 ucn:a-fra-Ll .
290« fp « C
Q = L
7
ol
where f = resonant frequency

4 = frequency with positive phase offset
f_‘f = frequency with negative phase offset
Y = phase offset (e.g. 45°)
Z = resonant impedance.
The IEC-bus instruction for programming a phase offset with the PPC reads

IECOUTG26: "PO,...".
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The decimal points stand for a figure each. For a 450 phase offset, for

examplé, program
IECOUT 26 , "rogisg"

and for --45o
IBCOUT 26 , "PQ}lSW'.

2.5.4 Control Amplifier

Fig. 2=13 iz an example of a simple control amplifler circuit. Cx’ Rx’ Ry,
together with the deviation of the FM-DC signal generator, determine here

the gain and the time constant of the contrel loop. In the case of high-Q
erystals, the loop gain and the time constant should preferably be switch-

selectable.

The control amplifier is driven from the signals obtained at the 2PV cutputs
CONTR. AF and SWEEP Y . The output voltage of the internal phase meter is
avallable at the SWEEP ¥ output.

Scale: 0° corresponds to O V
-180° corresponds to approx. -0.5 V
+180° corresponds to approx. +0.5 V.

In addition, a reference voltage is avallable at the CONTR. AF output. This
reference voltage is proportional to the reference value stored in the ZPV
by means of the button ¢ , T REF STORE .

Scale; o° corresponds to 5 V
-179.9c corresponds to OV .
+179.9o corresponds to 10 V.,

If the two slgnals are taken to an amplifier which maiches the scales to
one another and subtracts the signals from one another,‘a voltage 1s ob-
talned at its output corresponding to the phase feédout in either the
B/A LIN/REF AUTO or 821,512 AUTO mode.

If a phase offset is programmed via an IEC bus instruction, the reference
voltage at the CONTR. AF output changes accordingly, e.g. it falls by
1.25 V if an offset of 45° is programmed.
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2,5.4.1 Hints for the Adjustment of the Potentiometers Pl and P2

Using a controller.
The adjustment is best made during operation, i.e. when measuring on a

erystal. @

If the control amplifier is not correctly adJusted, the control loop locks

not exactly at o° but, for example, at 1. 3

AdJustment

Without a controller j
If no computer is available, proceed as follows:

Adjust the potentiometer P2 (Flg. 1) so that the control loop locks
exactly at o°. ’

Program a phase offset of 45 The control loop will now lock not
exactly at 45° but, for example, at 46°,

Adjust Pl for 45°, |
Program a phase offset of 0° and adjust P2 again fér o°.

Repeat this alternate adJjustment wmtil the control loop locks exactly
at both 45° ang 0°,

Bwltch the ZPV off and back on again.
Select the B/Y LIN/REF AUTO mode.
Shorteircuit the SWEEP49 input of the control amplifier.

Connact the CONTR AF input of the control amplifier to the CONTR AF
output of the ZPV.

The voltage at this output is now 5.0 V.,
Vary P2 until the voltage at the output of the conﬁrol amplifier 1is O V,

Remove the shortelrcult at the SWEEPcf input and cqnnect the input to
the SWEEP  output of the ZPV.

Produce a phase shift of about 45° (watch the dispiay on the ZPV), for
example, by interconnecting the Group-delay ecable 292.4000.00 (accessory
supplled with the ZFV) at a frequency of about 2.5%MHZ.

Press the button STOP AUTORANGING TIREQ. ; the éssociated lamp lights
Up. 1‘
AdJust the output voltage of the control amplifier?to 0 V by means of Pl.
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3. Maintenance and Repaixr
3,1 Required Measuring Equipment é.nd Accessories
Item |ODesignation, required specifications| Type Order No. Use see
®Recommended R&S instrument section
1 |0Signal generator, 3.2.1 to
1 MHz, 2 V/50 o 3.2.4
®Signal generator, SMK 348.0010.03
10 Hz to 140 MHz
2 |oAttenuator set 3.241
0 to 100 aB/50 a
®Programmable Attenuator DPVP 214.8017.52| 3%3.2.3
2 |oRF millivoltmeter Fe2.1
10 kHz to 10 MHz; error <1%
®RMS Voltmeter URE 342.1214.02
4 |Q20-kHz signal generator with 3.2.3
two output gignals whose phase
shift (-180" to +180") is
adjusta‘b%e with an error
of <x0.1
5 [O0Digital voltmeter 3.2.4
®Digital multimeter UDL4 | 346.7800.02
6 |050-n termination 3.2.1 to
® Precision termination RNA 272.4510.50 5.2.4
7 |®Insertion adapter ZPV=21] 292.2713.5013.2.1 to
3.2.4
8 |@FPeed unit ZPV-Z2| 292.2913.50( 3.2.1 to
3.2.4
9 |[(@Tuner 0.1 to 1000 Miz ZPV-E2| 292.0010.02]3.2.1 to
o 3.2.8
10 |oAttenuator 40 dB; 50 o (i) 3.2.1
® Attenuator (2x20 dB/50 o) DNF 272.4310.,50
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3,2 Checking the Rated Specifications

3.2.1 Indication Error of Magnitude Range

Test setup
ZPV-
E2 ZPV
Q Q
a2k A
RF milli-
voltmeter 1A 3 1B
25 4 2
Signal
generator
1A, 1B = 50-Q termination 3 = feed unit ZPV-Z2
2 = insertion adapter UPV-Z1 4 = attenuator set

5 = attenuator 40 dB; 50 Q

Select on the ZPV-E2 the frequency range 1-2 MHz and on the ZPV the operating
mode A, LIN. Connect instead of the termination lA the probe of the RF milli-
voltmeter (50 Q). Adjust for an attenuation of O dB on the attenuator set.
Set the generator frequency to 1 MHz and the level accdrding to the RF milli-
voltmeter to 80 mV. The value indicated on the ZPV must not differ more than
stated in the Specifications. Exchange the probes of the ZPV, select the
operating mode B, LIN. and determine the deviation in the same way as in
channel A. |

Re-establish the initial test setup. Commect the insertion adapter A via the
attenuator 5; adjust for 2 V, 50 Q on the signal generator and 20 dB on the
attenuator set. Select the operating mode B, LOG.-REF., and store the reference
value in the ZPV (button LEVEL REF. STORE). Vary the attenuation of the attenua-
tor set between O dB and 90 dB in 10-dB steps. The Indicated values must not
differ from the rating (n x 10 dB) more than stated in the Specifications
(taking into aceount the calibration curve of the attenuator set).
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3.,2.2 Crosstalk Attenuation

Test setup

ZPV -
Signal E2 ZRV
generatoer 2
A A JLB
1 3 1
2 j‘ 2

1 50- termination
2 = insertion adapter ZPV-Z1
3 = feed unit ZPV-Z2

Select on the ZPV-E2 the frequency range 1-2 MHz and on the ZPV the operating
mode B/A, LOG.-REF. Set the generator frequency to 1 MHz and the optput level
to 2 V/50 Q'(corresponding to 1 V at the ZPV). Store the magnitude by pressing
the button LEVEL REF. STCRE. The indicated magnitude should now be 0 dB. Dis-
cgnnect the insertion‘adaptér with the probe B and connect the feéd unit with
a termination (50 Q). If requlred termlnate also the inserticn adapter B. The
indicated magnitude corresponds to the crosstalk signal in channel B, referred
to the amplitude of the signal in channel A. The erosstalk attenuation is
then egual to the absolute value of the magnitude indication and must not be

smaller than stated,in the Specifications.

3,247 Error of Fhase Indication

Test setup

Signal . \
generator - ¥+(0 to 180°)
20 KHz , ZPv—~ ‘
fBo ‘ E2 ZPYv
Pa o \ o t!)
f

Adjust the phase on the generator to OO and store it on the ZPV. The indication
should be 0°. Check the linearity in the entire range of indication from

+180° to -180°.
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Level dependence of phase indication

Test setup

Signal 1 ' 2PV
generator A g2 2PV
1 MHz ? 2 - < Q
B
- 3
Attenua-
tor set |
2 1

1 = 50-) termination
2 = insertion adapter ZPV-Z1
3 = feed unit ZPV-Z2

Select on the ZPV-E2 the frequency range 1-2 MHz, set the transmitter fre-
quency to 1 MHz and the level to ca. 1 V. Adjust O dB on the attenuator set

and store the phase on the ZPV. The indication should be 0°. Increase the
attenuation of the attenuator set in steps up to 90 dB. Taking into account

the crosstalk attenuation and the variation of the electrical length of the
attenuator set, the variation of the phase must not exceed the speclfled values.

3.2.4 Narrowband Sweeping

Tegt aetﬁp gee 3,2.1

Set the sigﬁal-genérgtor to' 1.5 MHz and'vary.;he.output‘1§ve; S0, that ﬁhe
ZPV indicates*130 mnv. Select on the ZPV-E2 the frequency raggé‘i-z MHz and
switch on SWEEP. The output voltage at socket r éljshou;a bé‘73° mV +30%
(operating mpde‘B/A). Reduce the output level of the signal generator to

40 mv (equiVa}ent to an indication of 20 mV at. the 'ZPV). The oﬁtpﬁt’voltage
at socket r él'must now be 300 mV +30%.

The function of button 3 AMPL. STOP. AUTORANGING is checked in that the
ZPV signals that the minimum voltage in channel A is not reached when the

signal-generator level is reduced even more.

Independent of the operating mode (A, B, B/A) the voltage +0.5 V (+180°) to
-0.5 V (-1800) proporticnal to the phase must be output at socket Y 48. In
the other operating medes (SWEEP, OFF) the sockets are disconnected (ZdE% @
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F.2.5 Basic Setting for Switeching on AC Suppnly

-

Immedlately after switching on the ZPV (button 18), the following instrument

Jfunctions must be effective:

Operating mode vector measurement in channel A (A 26 lights),
dimension linear (LIN. 21 lights),

polar coordinates (r,'f‘i& lights),

freqﬁency and amplitude autoranging (4 and 6 do not light).

The readout panels 7 and 12 indicate the dimensions mV and angular degrees

(¥ Ba).

3.2.6 Control of Analog Section

When performing the checks according to sectlons 3.2.1 to 3.2.4, the control
of the analog section by the microcomputer is checked at the same time.,

3.2.7 Operating and Indicating Elements

The instrument features 7 operating modes. In anyohe mode, only a limited
nunber of pusﬁbuttons cant be actuated, the other buttons being inhibited.
The possibilities for the individual operating modes are shown below.
Checking can be made by hand (switch 2 set to LOCAL or CCMB,) or, if the
IEC-bus option ZPV-Bl is incorporated, by means of the desktop caleculator.
(switch 2 set to COMB. or REMOTE). The dimensions as selected by means

of the respective buttons must be indicated on the display panels 7 and 12.

a) Vector measurements in channel A (button 26, control character CA)

Funetion _ Button Control character
Dimension linear, absolute 21 LI
Dimension linear, relative 22 A4
Dimension logarithmic, absoluté 22 B
Dimension logarithmic, relative 24 DR

Input of reference voltage o) IS

Input of reference phase, group delay 11 S
Reference value indication 1 c1/cg
Filter 20 T1/1g
Crystal measurement 8. Al/Ag
Amplitude autoranging 3 M1 /Mg
Frequency éutoranging 5 Q1/0¢
Group-delay measurements 34 to 41 see Fig. 2-8
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b) Vector measurements in channel B (button 25, control character CB)

see a)

¢) Vector measurements, ratio B/A (button 27, centrol character BA)

see a)

d) s-parameters S11, S22 (button 32, control character S1)

Function

Button

Control character

Dimension linear, absolute
Dimension linear, relative
Dimension logarithmic, absolute
Reference input

Directional coupler

System impedance 50 /75 Q
Polar coordinates ‘
Cartesian coordinates

Filter

Amplitude autoranging

Frequency autoranging

e) s-perameters S21, S12 (button 33, control character 82)
same as d), but without button 22.

' f) Input impedance Z (button 30, control character 2Z1)
same as d), but without button 23.

g) Input admittance (button 28, control character Y1)
same as d), but without button 23.

e BIE B MIEEIRIE

LI
A
DB
FC
R1/R@
05/07

11/18
M1/Mg
Q1/Q¥

The status selected in a particular operating mode remains stored when

switching over to ancther operating mode and is restored when the original

operating mode is selected again (see also section 2.3.1.2).

3.2.8 Calculator Routines

The calculator routines of the s-parameter measurement option ZPV-52 and the

group-delay measurement option ZPV-BJ are best checked with the aid of

md table test setups and some defined test items (e.g. short cireuit,

open circuit, %fermination, cable of known electrical length).
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4, Circuit Description

2,1 Analog Section

The Veector Analyzer ZPV, in conjunction with the RF section, permits the
measurement of the magnitude and the phase of two applied voltages in a wide
frequency range. The instrument has itwo independent test inputs, to whiech
the measured values can be applied and further processed. The measured
values are evaluated at the fixed intermediate frequency of 20 kHz, This
design featu?es a high measuring sensitivity and phase measurement accuracy,
but places exacting requirements on the frequency conversion with respect to
linearity and delay in the entire frequency range. In order to meet these
requirements, the ZPV 1s designed as an instrument with exchangeable

RF sections (plug-ins). - ‘

The interface between the basic unit and the plug-in contains in addition to
the necessary connections for the power supply and control of the plug-in
also two independent IF inputs. This interface has also a connection for

supplying the digital filter with the reference signal,

4,1,1 Amplitude Measurement

The IF signal of reference channel A is taken from the input (ST42.A4)
directly to the PC board Y35, selectivity filter.A, (see circuit diagram)
291.5319 S), where the signal, converted to the IF with correct phase and
amplitude, is derived via the buffer stage R2-C2 and made availlable for
monitoring purposes at the socket IF A on the rear panel,

In order to reduce the crosstalk between the reference channel A and the

test chamnel B, the input of channel A is referred to the ground terminal of
the IF input (ST42 ALY, Aftep flltering in the switch-selectable -bandpass
filter L1-Cl and buffering (Bl) the signal is available at connector ST1.17a/b

for phase and amplitude measurement.

The amplitude indication Y34 (see circuit diagram 291.5160 S) is a programmable
AF millivoltmeter. The input can be electronically switched to reference
channel A or test channel B. The necessary crosstalk attenuation of ca. 130 dB
is obtained by the arrangement of the switching transistors Tl to T3 and T4 to
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T6 and by sultable choice of levels (Fig. 4-3). Both input cireuits are
equlpped with complementary transistors and can thus be controlled at a
commen polnt from the level converter By.

The sensitivity is eca. 1 mV for full-scale deflection of 7.9 V and can be
switch-saelected in 10-dB steps up to 1 V for full-scale deflection. The two
attenuator stages of 20 dB and 20 dB are designed as passive attenuator
pads and are switched by T8 for 20 dB and T9 and T10 for 30 dB. A 10-dB
switchover is already effected Iin the first amplifier stage BY by T7. The
necessary switching signal is processed by the level converter BY. The
amplifier stages Bl, B2, B> are designed such that with automatic range
selection by the mieroprocessor no dead times and delays occur. The coding
of the TTL econtrol signals for the channel and range selection can be taken
from Table 4-4.

The 20-kHz IF signal from the output of B3 is applied to the full-wave
reatifier B4, B5. The current of the negative halfwave is directly fed into
B5. The positive halfwave is also fed into B5, but inverted by B4 and derived
with doubkle current. The main advantage of this rectifier is its good
linearity and high sle& rate. The other amplifier stages B6, used as active
lowpass filters, provide for suppression of the spurious products of the
rectification, permitting at the same time short transient response times.
The DC offset can be adjusted with R32. R3% is intended for calibration of the
amplitude. The analog signal 1s then routed via the electronic switch T1 and
T2 in the selectivity filter A (¥35, circuit diagram 291.5319 S) together
with the ground reference potential in order to avold measuring errors. It

is then applied to the D/A converter Y33,

The test signal of channel B is similarly processed as in the reference
channel A in order to avoid any delay differences. The input signal of ST42.Al
is applied to the preamplifier B (Y24, circuit diagram 291.5219 S) and derived
via the buffer stage R3-Cl for monitoring purposes. The signal is available
at the socket IF B on the rear panel. The transistors Ti, T2, T35, T4 form
together with Tll and T12 in the digital filter (Y23, circuit diagram

291.5260 S) an electronic switch which is required for buffering the ampli-
fier T1l to Tié. Driving is made via T6 to T8.
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I2 and T3 are through-connected for the voltage measuring ranges 0.3 mV to

1 mV; Tl and T4 remain inhibited. The signal is taken via the emitter follower ™
to the elecironiec switch T12 (¥23) and applied to the bandpass filter L1-C20 in
the digital filter. The necessary i;;lation between the phase measuring

branch and the amplitude measuring branch is provided by B4, which is used

as impedance transformer and to whose output both measuring branches are
connected. The amplifier Bl, which is used as intermediate link and is

switchable via B2, in the preamplifier B (Y24) provides for sufficient

isolation of the amplitude measuring branch in the measuring ranges < 1 mV.

R40 (Y24) is provided for compensating the tolerances between the two

channels.,

In the measurement ranges 100 pV and 30 uV the digital filfer is cut in. The
IF signal is now taken via the cirecuit C3-Ll1 and T1 and applied to the ampli-
fier T1l to T16 (preamplifier Y24)., At the same time T4 becomes conductive
and T2 and T35 are inhibited in order to ensure sufficient iSolation between
the two branches. The output signal of the amplifier T1l to T16 is taken to
the digital filter Y23. The operating principle of the digital filter is
shown in Fig. 4-6. The input signal is applied via R and S to the storage
capacitances Cl to C4. The switching frequency is ldentical with the fre-
guency of the input signal. In this way the mean value of the applied
voltage during a quarter pericd is formed at each capacitance. The fundamental
wave is then derived again with the aid of the subsequent bandpass filter.
The limit frequency fT of the filter circuit and hence also the bandwidth

of the digital filter with B= 2 x fT are determined by the time constant
RxC.

R
— ‘ ‘/r\\\ .
Ul*sinau1+ub)*t T U2

Cl CZI C3-I_- C4I Cl1=C2=C3=C4=C

Fig. 4-6 Functional diagram of digital filter Y23
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The switchover circuit is made up of T6 to T9 and a suitable drive (Tl to TS,
Bl, B2, B3). The transistors T3 and T4 form a multivibrator whose frequency

is regulated by T2 to 160 kHz. This frequency 1s divided in Bl down to 20 kHz
and the phase compared with the reference signal (Tl). The voltage proporticnal
to the phase deviation is filtered out at Cl and serves as control signal for
the multivibrator T3, Ti.

By logic operations, four successive pulses are generated which drive the
switching transistors T6 to T9 (testpoints 9 to 12 and associated oscillograms
in circuit diagram 29%L.5260 S).

A compensation network (R15, R16, C7, Cl2) is provided in order to suppress
the crosstalk of the reference signal. The arrangement of the compensation
network permits the generation of a voltage vector which has the same ampli-
tude but opposite phase. The staircase signal from the digital filter is
routed via the buffer stage T10 and T1l to the bandpass filter L1-C20, where
the fundamental wave of the test signal is derived again. R24% permits exact
calibration of the two measurement ranges 30 pV and 100 nv.

4.1.2 Phase Measurement

The phase meter consists of two ildentical channels, which convert the analog
signal with variable amplitude and without phase distortion inte a TTL signal.
The phase information is then converted into an analog signal.

The amplitude of the test signal in each chamnel 1s kept constant by an AGC
amplifier (Fig. %-7).

Amplifier A (Y36) Limiter A {Y37)
Amplifier B (Y¥25) Limiter B (Y26)
To phase
IF _-TE_D_ Eg »>- -]]_ —™ indication
4 A

| ¥

AGC voltage

Fig. 4-7 Block diagram of phase meter



The test signal amplified by T2 and T4 and filtered out in the bandpass
filter L1-C9 (see circuit dlagram 291.5360 S and 291.5460 S) is further
amplified in the limiter A (B) by Tl and T2 (see circult diagram 291.5419 8
and 291.5519 8). The symmetrical signal is then rectified (GL1 to GL4) and
filtered. The actual voltage value 1s compared with the rated value at the
non-inverting input of B2. The resulting deviation is linearized by T3,
processed by B2 and taken back to the amplifier A {(B). An attenuator pad
(R3, Tl) ensures a dynamic range of the amplifier of 100 dB. The amplitude
of the IF signal of amplifier A (B) is thus constant and free from harmonics
within the dynamic range. Phase distortions due to shifting of the zero-axis
crossing are thus largely eliminated. The subsequent comparator Bl in the
limiter A (B) converts the sinewave input signal into a TTL signal for the
phase indicator Y27.

The phase indicator (see circuit dlagram 291,5060 S) consists in principle
of a phase meter with subsequent lowpass filter, a phase reset circuit and é
‘ealibration circuit, which permits calibration of the phase meter without
an external standard.

The phase meter is equipped with the flipfloplB5, which 1s set by the signal
in channel A and reset by the signal in channel B. The mark-to-space ratio
of the ocutput pulses and hence alsc the mean value of the voltage with
constant pulse amplitude is then proportional to the phase difference between
the voltages in the reference and test channels. The constant amplitude of

6 V of the pulses is ensured by the éwitching transistors T1 and T2 and the
use of the constantlreference voltage of the D/A converter, The active low-
pass filter B7, BS derives then the mean value of the output voltage from
the phase meter.

The phase of the itwo voltages in the channels'A and B 1ls additionally
evaluated with fhe gate B4, For the automatic phase resetting the symmetrical
characteristic of the phase meter is used by an exclusive OR gate (Fig. 4-8).
With 2 phase difference of more than thOo the switching threshcold of the
"Schmitt trigger B6 is reached and the logic‘state of the storage flipflop BS
is changed. B4 inverts the reference signal, this corresponding to a phase
offset of +180°.
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Fig. 4-8 Switehing conditions of automatic phase resetting

The phase offset is then taken into in account in the built-in caleculator

when the phase value is output. In this way the otherwise negatively-sloped
characteristic of the phase meter at a phase difference of leOO and hence

also the measuring inaccuracy is eliminated. In order to ensure proper
functioning of tHe phase resetting and also for switchover from narrowband
sweeping, the multivibrator T5, T6 delivers, 1f required, the missing reset
pulses until the phase-proportional voltage at the input of the Schmitt trigger

B6 reaches again the proper values.

The phase indicator Y27 permits in addition self-calibration of the phase

meter, taking into account the error of the 180o phase offset, Por this

purpcse the input B of the phase meter is supplied with the signal of

channel A delayed by = 12,5 us (Fig. 4-9)., This delay corresponds to a

rhase shift of f90°, the polarity being dependent on the logic level at

ST1.31b. As can be seen from Fig. 4-8, this phase shift is within the hysteresis
of the phase resetting. Due to the forced switchover at ST1.l17a it is then
possible to cut in or out the 180° phase offset.
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A Input 82 ™\ B4 .
28a D | 2 .,
B5 ~ f

V24
| 4
b _ﬁi B7, BE 4b
|| g

T [

f reset p——=a—= 30

B6, B5

- 31b . 17a

Fig. 4-9 Block diagram of self-calibration

.
The exact phase measure M and the phase offset O are determined from the
four phase values and the corresponding analog voltages as follows:

NN Bl - oy

M 360 degree where
AR | V=1
0 = degree
M Va=¥fp=7,-0
V., = = - -
53=F 3=-f1 -0
Vy=-F,

4.1.3 Narrowband Sweeping

In some cases a continuous display of the measured values, at least in a
small frequency range, would be desirable, as is for instance required by
crystal manufacturers or for measurement of narrowband filters. Such displays
on the screen of an oseilloscope or in conjunction with an XY recorder are
permitted by the operating mode SWEEP of the ZPV. A sweep rate of up to

300 MHz/s is possible with a sweep width corresponding to the holding range

of the frequency synchronization.



Contrary to the other operating modes of the ZPV, in which the analog test
values are digitized by the computer and output, the built-in computer
monitors in the narrcowband sweep mode the level in reference channel A, In
this way accurate measurement without any additicnal adjustments is also
possible in the SWEEP mode,

7

First condition for an accurate measurement is a constant signal at the

input of the test item. In order to avoid exacting requlrements on the signal
generator used, the level at the input of the test item is measured in
reference chammel A and the value measured in channel B is corrected

accordingly; the ratio of the two voltages is then formed.

The signal in reference channel A is further amplified in Bl on the PC beard
selectivity filter A (see circuit diagram 291.5319 S) and subsequently

rectified by the operatiocnal rectifier Bj. After filtering in the active

lowpass filter B6 the measured DC voltage of the reference channel is applied

to the multiplier BS5. The measurement range of reference channel A is thus

fixed to 0.05 +to 0.5 V. At the same time, the voltage is taken via T2 %o
the computer. If the reference level leaves the particular range, a corres~
ponding signal is delivered via the computer. The Zener dicde GL3 énsures
proper functioning of the instruﬁent in the other operating modes.

The test signal of channel B is processed and measured like in the other
operating modes of the ZPV (see section 4.1.1). With narrbwband swept-frequency
,operation, the analog signal is applied via STl.lla to the multiplier B5. The
voltage ratic between chammels A and B 1s formed and as analog voltage brought
out via the switehing transistor T4 at the socket r SWEEP on the rear panel of
the set. Since the measurement range B can be switch-selected in 10-dB steps,
swept-frequency measurements are possible in the entire dynamic range with a
reference level of 0.03 to 0.3 V. The reference value 1 lies within the measu-
rement range B = 0.1 to 0.3,

In addition to *the possibility of forming the ratio B/4A, a swept display of
the values measured in chamnel B or A is alsc possible by switching off the
voltage measurement in chamnel A by T3. The reference voltage REF., 1 routed
via ST1.7a is used as reference potential. Switchover of the functicn is

effected via the level converter B4 by applying a logic 1 to STl.lb.

B4 also processes the signal required for switching the phase indicator Y27
(see circuit diagram 291.5060 S). When selecting the SWEEP mode, the phase
is automatically output in analog form at the socket ¢ SWEEP on the rear
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panel. The phase-proportlonal voltage is processed without phase resetting
as used in point-for-point measurements. The phase resettlng is disablsd

by applying the logic level O to B5.1 wvia Rll. The amplitude of the phase-
proporticnal voltage is reduced in B6 to +0.5 V for full-scale deflection
(+180 ) and taken via the switching transistor TD and R4l to the socket! SWEEP.

The output impedance is fixed at 100 a by R41.

4,1.4 Power Supply

The power supply ¥2 (see circuit diagram 291.6015 S) is a self-contained
module which is accommodated on the rear panel of the basic unit ZFPV. Since
the rear penel can be removed, measuring and checking the power supply is
easy. The power supply is connected with the basic unit by means of two flat
cables which are plugged inte the motherboard and are part of the power
supply. The power supply contains six supply units, which supply the ZPV basic
unit and the plug-in with +5 V, +12 V, +15 V, +20 V and +120 V.

The supply units for f20 V‘and.+12 V are of conventional design with fixed
voltage regulators Bl, B2, B3. Rl4 and R17 provide for exact setting of +20 V
and -20 V. All three units have an internal current limiting and thermal
overload protection and are therefore short-cireuit-proof, Due to their low
current load, the supply voltages of r15 V are derived from f20 V via the
Zener diodes GLA and GLI.

The +120-V unit is intended for the supply of the pulse generator in the
tuner plug-in. The +20-V supply is used as reference voltage source. The
amplifier T2, T3 1is supplied from the -20-V unit. The overload protection
of the series regulator Tl is ensured by the current limiting R2, GL2, GL3
and an additional fuse SIZ2.

The +5-V supply is a separzte subassembly. The arrangement of the series
regulator T4 permits driving into the saturaticn region of +he collectcr-
emitter voltage, thus ensuring less leakage power in the regulator. The
-5-V supply with the fixed voltage regulator is used as reference voltage
source. The deviationrof the actual value from the rated value 1s amplified

in Bh and via T5 applied to T4.

The voltage at R29, which is proportional to the current load, is compensated
by the bias voltage at ‘R27. In case of overlcad the sum of the voltages ét
R29 and at R27 becomes < 0. As a result the amplifier B4 takes over the
driving via‘GLlS and adjusts for é smaller valuelof the output voltage. Thus
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the bias voltage at R27 becomes smaller and also the maximum short-circuit
current, whicn means a foldback current characteristics (Fig. 4-10).

Vi

+5 v

Pig. 4-1C Current characteristic of the +5~V supply

In order to keep the scurce impedance of the power supply small, separate
sensor lines for measuring the +5~-V voltage and the ground potential are
brought out at BU15.1l and .l. The resistors R30 and Rll provide for a
defined potential on the sensor lines for the case that the power supply
should not be properly connected., The dicdes GL17, gL21, GL7 and GL8 provide
for a protection against overvoltage at the outputs of the power supply.

Tn additicn to the analog and digital subassemblies of the ZPV the power
supply also supplies the three-phase generator MOl of the blower. The power
supply is designed for all usual AC supply voltages, wnich can be selected
by meens of the voltage selector on the rear panel of the ZPV. AC supply
frequencies between 47 Hz and 420 Hzare permissible. A filter incgrporated

in the power cable provides for suppression of mains neoise.

4,2 Digital Section

AS can be seen from Fig. 4-1 in the appendix, the analog section of the ZFV
is controlled by the digital section. The block diagram shows the internal
structure of the digital section. The individual blocks represent the

PC boards or subassemblies. The connecting lines within the digital section
represent address bus, data bus and control lines.,
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Front panel D/A~2/D
converter
Y1 ¥33
4 {
Y )
Tuner Analog
plug—- | o Microcomputer ¥21 -] SUb-
in {(computer board) assem-
ZPV-E blies
!
A
IEC-Bus
Interface

Fig., 4-11 Block diagram of digital section

The main part of the digital section is the PC board carrying the micro-
computer. The front panel with pushbuttons and readouts serves for '
operation éf the get and indieation of the test results. The IEC-bus
interface bog:& énables remote control according to IEC standards. On

" the D/A convqrteﬁ board both digital values are converted into analog '~

values:ﬂagalqg voltage outputs, tendency indication control) and analog
values into digifél values (test vbltages). The connection between com-
puter board and plug-in provides for the information about the synchroni-~
zing state and the possibility of automatic frequency range selection.
The connection to the analog section of the basic unit is réquired for
channel selection, automatic amplitude range seiection, phase calib=

ration, etc.

4,2,1 Computer Board Y21
See cireuit diagram 291.4812 S

The microcomputer proper'of the 7PV is accommodated on this PC board. The
block dizgram below shows the simplified design.

The heart of the microcomputer is the mieroprocessor, which mainly consists
of the two-phase clock pulse generator'Bl, the central processiﬁg unit 83,
the bus control module B6 and the address buffers B4 and B2 The program
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commands and fixed information required for the microprocessor are available
in ROMs Bll to Bl4. The decoder Bl0O in conjunction with the gates B7 and B2
serves for selecting the individual ROMs. The ROM capacity is 4 kbytes.

Variable data and returm addresses are stored by the microcomputer in the
RAMs Bl6 and Bl7. The inverter B2 and gate Bl5 provide for the selection of
these RAMs. The available RAM capacity 1s 1 kbyte.

. Program Random Data bus
oxer and read- access Address bus
pro-= only memory memor X
cassor ROM RA Control lines

3

. B
L7

Inter- Input -
-'rﬂpir pug /ou Delay Module
-‘_'logic module £lipflop decoder
* ‘ Selection lines

Fig. 4-12 Block diagram of computer beard

An interrupt logic combines the three 1nterrupt requests: keybeard inter-
rupt, LACS and TAGS (B7, B8, B9). Cnly one interrupt level is used (inter-
rupt 7). The keyboard interrupt signal is emittéd by the keybhoard as scon
as one button is pressed and sets the flipflop BY, whose output addresses
the central processing unit and interrupts via B7 and B8 the keyboard clock
signal, thus stabilizing the status. After processing of the interrupt the
flipflop is reset and hence free for new interrupts.

The signals LACS and TACS come from the IEC interface board and mean a
listener or a talker interrupt. The flipflop B9 is set and the central
processing unit is addressed by the timing of signal SP15 and B7. A listener
interrupt is stabilized by DAC via BB. After recognition of the cause of
interrupt the flipflop 1s reset again and is free for a new interrupt.

The input/output module B23 1s mainly used for controlling the analog
section. In addition, it also controls the two monoflops B24, which are used

for generating delays. The input/output module 1s selected by the input/output
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decoder B20, B21, B22 like the other input/output modules on other sub-
assemblies.
Parts of the address bus, the data bus and certain control lines are

connected wgth the basie unit via the connector strips.

4¢2.2 Front Panel Y1
‘See circuit diagram 201.4112 S

The front panel consists of the readout panel and the keyboard.
The followlng biock diagram shows the individual functional groups.

Lamp
Data bus Keyboard control .
Address bus 1
Control lines ‘ o t Ana{?g con;rol
from microcomputer1[ | from D/A converter
Digital Alphanumeric Tendency |
readout readout indication

Fig. 4-13 Block diagram of front panel

All functional units, with the exception of the tendency indication, are
connected;to the address bﬁs, thé_data bus and the input/output selection
lines of the micrﬁcompﬁter; The keyboard operates with independent inter-
rogation of the pushbuttbns. The countef B43 is continuouslynswitched by the
keyboard clock signal. A level of O V is pfesent only at one output line

of the decoder B42 which is conﬂected to B43, If & button is depressed, the
0 V-level is switched to one of the inputs of the B44, Consequently the
counter disable line goes to +5 V and inhibits via the computer board the
keyboard clock signal, After a certain delay, the keyboérd interrupt signal
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appears also and causes an interruption of the current computer program. The
microcomputer reads in ‘the gates B33, B34 and determines the depressed
button. After releasing the button, the_interrogation of the buttons is
continued. The counter combination 15, which 1s not used for the pushbuttons,

enables on the computer board an interruption by the IEC bus interface.

The flipflops B31, B4l, B45 with the subsequent decoders BA4O, B50, B51, B52,
B53 and the transistor array B46 drive the lamps in the luminous buttons

as well as the LEDs GL4 to GL7. The selection for the data transfer to the
individual flipflops is made via the decoder BH32.

The hexadecimal components B2, B3, B, B5 provide for the digital readout

of the lefthand indication panel and Bl2, Bl3, Bli4, Bl5 for that of the
righthand indieation panel. The polarity signs of these digital readouts

are produced by the overflow indicators Bl and Bll. The sign and the decimal
point of the lefthand digital readout are controlled via the flipflop Bl9,
that of the righthand digital readout via the flipflop B21, The flipflop B211
provides for blanking of both digital readouts. The selection for the data
transfer to the digital readouts and of the associated flipflops is made by
the decoder B9.

The alphanumeric 5-by-7 dot matrices B6, Bf, B8 are used for dimension
indication of the lefthand readout and Bl6, Bl7, Bl8 for that of the right-
hand readout. One columm of the left and one of the right dimension indi-
cation is unblanked simultaneously with the contents of the RAMs B37, BA4T,
B38 and B48, The column counter BS4% in conjuncetion with its clock pulse
generator B36 switches the RAM addresses synchronous with the coclum de-
coders B39 and 349. This 1s an automatic process. If the dimension changes;
the microcomputer switches via the alpha write enable signal its address
bus via the program switch to the address bus of these RAMs and resets at
the same time the column counter. The new dimensicn pattern can be loaded
in econjunction with the selection lines alpha ocutput right and alpha output
left,

The LED rows B26, B27 and B28, B29 enable quasi-analog display of the left-
hand and the righthand readouts. Driving via B20 and B22 is purely analog
by the reference voltage and the control voltages tendency left and
tendency right from the D/A converter board.
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4,2,3 D/A Converter Y32
See clrcuit diagram 261.5119 S

The D/A converter board serves both for converting digital into analog

values and analog into digital values,

The core of this converter is the 12-bit D/A converter B2, It is driven by

the microcomputer via the input/output module Bl. Via its output amplifier

T9, TlO it pan quickly charge the capacitors C7 to Cl2, which are connected
via one of the FET switches T3 to T8, to a certain voltage.

These voltages are then available via high-impedance emltter followers
for digital output on the rear panel (X, r; ¥, ¢ ), for controlling the
tendency indication (tendency left, tendency right) and for the deviation
control cutput CONTR. AF on the rear panel (deﬁiation control, 7 ).

The quad comparator Blé affords the comparison of analdg voltages. Thus the
voltage of the D/A converter can be compared with that of the A/D converter
(from the sccket ADC on the rear panel), with the #oltage A, B (from the
amplitude indication), with the voltage ¢ (from the phase meter) and with
tﬁe output voltage of Bl5. By systematic comparison the microprocessor can
thus approximate in 12 steps the voltage under observation and detefmine
its digital value.

For increasing the resolution in the phase and group delay measurement the
rhase voltage at B8 can be compensated by a voltage at BS and the difference

amplified by Bl5 can be measured.

Bl7 buffers the two reference voltage ocutputs REF. 1 for the phase meter and
REF. 2 for the tendency indication. '

4,2.4  IEC Interface (Optior ZPV-Bl1)
See eireult diagram 292,3632 S

The IEC interface board provides the ZPV with therinterface functions SH1,
AH1, T6, TE6, L4, SR1, DCl, DT1, RL®, PPY, CF which comply with DIN-IEC 66.22
(IEEE 488). This PC board acts as data cbupler between the external data bus
DI/01 to DI/O8 and the ZPV data bus DBO to IB7., The IEC interface board per-
forms pure interface functions such as handshake, éddressing, unaddressing
and last character coding completely independent, i.e. without any involvement
of the microcomputer of the ZPV, This is shown in the following block diagram.
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IEC bus

Last Computer ZPV-data bus
character output - * e
setting gate T
52, BS B7, B8
- Computer
' input gate
B10, Bl1l ‘

_ i _ Address

Line receiver T setclng

Line driver ! r“"" s1, Bl12
| Line termi- 3sh i
nation :32r252§§g CQntr?E lines
- "1 Listener/talker o
request
B1,B2,B3,B4,B9
Bl14, BlG, B17

Fig. 4-14 Block diagram IEC-Interface

The lines of the IEC bus aue terminated by the resistor networks R1 to R4,
R6, R9 and R10, Depending on the function, either input buffers (29, B2,
B13) or line drivers (B1, B3, B4) are connected to the lines used. 4
switching network with the field-programmable logic array (FPL.A) Bl14, the
memory module B17 and the inverter B16 provides for proper operational
sequencs of the listener and talker handshake (DAV, NRFD, NDAC, ATH, IFC
as well as LADS, TADS, LCCAL and DAC), addressing, uvnaddressing and intexr-
Tupt request of the microcomputer of the ZPV. The output 1@ of B17 stores
the address status of the listener, whereas output 3Q stores the address
status of the talker. The output 2Q of B17 stores the asynchronous IFC
signal., This stored IFC signal is read in by the microcomputer (IEC-IN)
prior to each data output and is erased again with the data output signal
IBC=0UT. The output 4Q stores the active status of the talker, emits via
the TACS signal an interupt request to the microcomputer and controls at
the same time +the bus drivers B3 and B4. Upon an interrupt request dy TACS
the microcomputer only applies the data byte Juat to be cutput to the out=-
put modules B7, B8. If the microcomputer is to accept data, addressed
commands, universal commands or sacondary talker addresses, it will
receive an interrupt request via the LACS signal, whereupon it will in
turn inhibit the handshake via the DAC signal until such information is
accepted by the input modules B10 and 311,

Switch S1 and comparator B12 serve for setiing and identifying the device

address. The relation between the switch positions and the set device
address is shown in Table 2=5.

R 38535 - 53



The switches 82.1 to S2.4, fhe switehing module B5 and the NAND gate B13
serve for setting, output and identification af the last character of a
talk process.: The relation between the switch positions and the set last

character is shown in Table 2-6,

By closing the switch S2.6 the service request (SRQ) to the IEC bus can
be disconnected.
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5.

Repair Ingtructions

5.1 Regquired Measuring Equipment and Accessories
Item|O Designation, regquired specifications Type Order No.
® Recommended R&S instrument
1 |0 8ignal generator, 18 +o 22 kHz, 1 to 2 MHz
1 V/50 a .
® Signal generator, 10 Hz to 140 MH=z SMK 348,0010.03
2 |O Pulse generator, 20 to 200 Hz, O to +5 V
3 |0 Digital voltmeter, 1 mV to 1 V;
0 to >20 kHz, error <0.5%
® Digital multimeter UDL4 346.7800.02
4 |o Attenuator set, 0 to 80 dB/50 q,
error <0.02 43
® Programmable Attenuator DPVP 214.8017.52
5 |© Oscilloscope, O to 10 MHz,
vert. 1 mV/em, hor. 0.5 us to 20 ms
® Oscilloscope, DC to 30 MHz BOP 374.0020.02
6 [o 20~kHz generator with tgo outpuf signals
whose phase shift (-180 to +180 )ois
adjustable with an error of <i0.1
7 |® Tuner plug-in, 0.1 to 1000 MHz ZPV=-E2 292.0010.02
8 |0 Termination 50 o
9 |C Selective millivoltmeter, 10 Hz to 40 kHz
® Test receiver, 9 kHz to 30 MHz EsH2 303.2020.52
10 |0 DC ammeter, O to 10 4, error < 2%
11 [0 Load resistors, see section 5.2.1

R 38535 - 55




R.2 Adjustments

The location of the subassemblies and the adjusting elements is shown in
Fig. 5-1 -

5.2.1 Power Supply -

See cirguit diagram 291.6015 3

Set the voliage selector to the local AC supply (220 V).'Connect the
cables to the motherboard. Connect a load resigtor of 270 Q between
ST14.3 (+15 V) and ST15.3 - 8 {ground) and one between 3T14.5 (=15 V)
and ST15.3 = B. Load ST14.1 (+20 V) and ST14.8 (=20 V) with 43 o and
ST14.9 (+120 V) with 8 ka referred to ground (ST15.3 - 8),

Adjust the voltage at ST14.1 with R14 in the power supply to +20 V +0.01 V.
Adjust the wvoltage at ST14.8 with R17 in the power supply to =20 V¥ +0.01 V.
The hum veltage should not exceed 10 mvﬁp. The voltage at ST14.3 should
amount to +15 V 0,3 V, at 5714.5 =15 ¥ :df%‘v and at ST14.9 +120 ¥

#0.5 V. In the case of deviations > *0.5 V from 120 V, correct by means

of R6 or R7. Load the +12-V power supply (S8T14.15) with 24 a. The voltage

should amount to +12 V 0.6 V. The voltage at ST14.12, loaded with 16 Oy
should amount to +16 V 2 V. When increasing the lozds at the +12-V, +20=V
and =20=V outputs, the maximum currents should not exceed 1 A.

Load the =5=V supply unit (S8T15.9) with 11 o and_fhe +5-V supply unit
(ST15.13 to 16) with 1.1 Q. The voltage at ST15.9 should amount to =5 V
+*0,25 V and at ST15.13 to +5 V 0.3 V. Increase the load of the +5-V supply,
measuring at the same time the maximum current, which should not exceed T A.
The short-circuit current should not be smaller than 100 mA. Should -the
current exceed 7 A, check the input offset voltage of the amplifier B4 (for
functioning of the current limiting circuit see section 4.1.3). Increase
the load of the -5~V supply and measure the maximum c¢urrent, which should
not exceed ca. 0.8 A. Should the +5-V voltage be dependent on the load,
check the +5=V sensor line (BU15.11). Should the other supply units be

also dependent on the load of the +5=V voltage, check the 0-V sensor line
(BU15.1). '

Pinally check the sense of rotation of the built-in blower MO1. The air
must be sucked in through the filter on the rear panel and blown into the
basie unit ZPV. If necessary, two of the connections on the blower motor

- must be interchanged. Check the power supply also at the other AC supply

voltages with the wvoltage selector set to the respective positions.
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5e2.2 IF-.Section, Amplitude Measurément Branch
See circuit diagrams: 291.5319 S gelectivity filter A T35

291.5219 5 = preamplifier B Y24
291.5260 § - digital filter Y23
291.5160 § = amplitude indication T34

Test setun: d

{20 + A f) kHz
N

Genera-{| |- Generator I Digital
A B Zr
tor .L 20 kHz 0 o v voltmeter]

L

y Attenua-

o

It_Or DPVP_!
—_— Eso 0

Apply the 20-kHz #5 Hz signal from the signal generator with an amplitude
of 100 mV to the IF inputs of the basic unit of the ZPV (BU42.41/A4). For
this adjustment of the basic unit without .tuner connect the contacts 4

and 6 -of socket BU42 (circuit diagram 291.4012 8) with a 560-n resistor

to simulate the presence of the tuner for the calculator. Should the di=-
gital section of the ZPV be cperative, select the operating mode A, LIN.
Otherwise make sure that the operating mode A and the voltage measurement
range 100 mV are switched on (see Table 4-4); bandwidth = 2 kHz (Table
4-5). Connect the oscilloscope to BU35.17a/b (Y35, selectivity filter A).
Adjust with L1 for maximum voltage. Connect the DC volimeter to BU34.3a
(Y34, amplitude indication). Adjust the input signal to 0 V and adjust R32
(¥34) for O 'V at the output (BU34.3a). Set the input voltage to 100 mV and
set with R33 (¥34) the output DC voltage to 7.9 V in the measurement range
100 mV. Connect the DC voltmeter to BU35.10a and check the two measured
values (O V and 7.9 V); repeat, if necessary, the adjustment of R33, R32
(7.9 V correspond to an indication of 100). Select mode B, measurement
range 100 mV. Adjust with L1 (Y23, digital filter) for maximum voltage.
Adjust with R40 (Y24, preamplifier B) for the same sensitivity at 100 nV
as in channel A,

Disconnect the signal irn channel A. Terminate chamnnel A with 50 o. Connect
channel B via a terminated attenuator set with the signal generator. Adjust
the amplitude from the signal generator, reading from the digital voltmeter.
Increase the attenuation of the attenuator set in 10-dB ateps, switching over
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at the same time the amplitude measurement ranges of the ZPV and menitoring
the DC voltage at the analog output BU35,10a. The deviations should not
be greater than stated in the Specifications., Take into account the

calibration curve of the attenuator set.

Adjust the input signal in channel B to 1 V (attenuator set O dB), measure-
ment range 1 V. Supply chamel A with a signal of ca. 0.5 mV and a frequency
displaced by ca. 100 Hz (= Af} referred to channel B. Select the measuring
mode A and the measurement range A = 1 mV, Commect a selective millivoltmeter
to the analog output BU35.10a. The superimposed AC voltage with the frequency
Af should not be greater than 16 mV, corresponding to a crosstalk attenuation
of 120 dB min.,

Exchange the IF Inputs. Select the measuring mode B and the measurement
range B = 1 mV and measure the crosstalk attenuation as in channel A. (

Check Tinally whether the same signal is present at the IF outputs as at the
=1 .
IF inputs (Zout k)

Iy Phase Measurement Branch -

Test setup as in section 5.2.2

Adjust the levél in both chamnels to approximately 100 mV, measurement range

1 V. Connect the DC voltmeter to BU36.17a/b. AdJust Ll in the amplifier A

(Y36) such that the negative DC voltage at BU36;17a/b reaches its minimum.

Connect g‘selective millivoltmeter to BU37.6a/b and adjust L1 in the limiter A

(¥Y37) for optimum suppression of the 40-kHz signal. Adjust the amplifier B

(¥25, BU25) and the limiter B (Y26, BU26) in the same way as the amplifier and ()
limiter A, The signal amplitude at the output of the amplifier A (B) should be

‘ca.IOQO‘mep and hardly vary over a dynamic range of 1 V to < 100 uv.

Replace the 20-kHz signal generator by a 20-kHz generator with two 6utput
signals which can be shifted in phase. Connect a DC voltmeter to the analog
output of the phase indication (BU27.4b). (For this purpose the D/A converter
Y33 mist be synchronized and the reference voltage of 6.3 V be availlable at
BU27.4.) The DC voltage at BU27.7b should be +5 V +20 mV for a phase
difference of 0°. Minor deviations can be removed by fine adjustment of one of
the filters in amplifier A (B). ' |
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5.2.3.1 Phase Indication
See circuit diagram 291.5060 S

Test setup:

l.F
32;3;‘32 o 2 | pigital -
rator o- - o & ZPVl voltmeter

\\\ B
f+AT
Y

Pulse Qscillo-
generator scope

Remove the computer bocard Y21. Connect BU27.32a with ground potential

(logic level 0). The undelayed signal of channel B is thus disconnected
(BU27.26a) and the signal delayed by 12.5 us by Bl applied to B5.13. Check
with the oscilloscope at BS.l13 whether the switching circuit functions
properly. A variation.of the phase poslition of the input signals must net
cause a change of the phase relationships at B4.8 and B4.11. AdJjust the time
delay in B4 to 12.5 + 1 pus by suitable selection of the capacitance C4.

Connect the oscilloscope to BU27.2la. The pulse duty factor should be ca. 4:1.
Apply logic O to BUZ27.31b. The_pulse duty factor should be switched to ca.
4:3, The voltage at BU27.18b should in both cases amount to ca. +4 V. Connect
the oscilloscope to BU27.1lb and apply logic O to BU42.23. The pulise duty
factor of the signal at BU27.1llb should be similarly switchable as at
BU27.31b. Connect the pulse generator to BU27.l7a. Adjust the pulse amplitude
to +5 V, the frequency to ca. 100 Hz and a pulse duty factor of 10:9. A
squarewave signal with half the pulse frequency should be present at BU27.30a
(180° bit).

Disceonnect BU27.23a from ground and apply logie O to BU27.l17a. The 180° bit
(BU27.30a ) must now be periodically set and reset with a freguency of
ca. 1 kHz,

Remove all additienal connections. Vary the phase of the input signal in the
range -180° to 0° to +180°. The analog voltage at BU27.4b should accordingly
reach, but not exceed, the following values: V > 0 and 5 10 V. The de-
pendence of the analog output voltage Ve and the 180° bit on the phase is
shown in Fig. 4-8 (section #.1.2).
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5.2,4 Narrowband Sweening
See clrcult diagrams- 291.5319 3 - selectivity filter A Y35

291.5060 S - rhase indication Y27
Test setup:
Generator
20 kH=z - —t 4 A A Zev
1k
Y

Pulse
generator - Oscillo-

scope

'Swept—frequency
attenuator

The swept-frequency attenuator is not required with signal generators which
permit a periodic variation of the amplitude in a range of ca. 20 dB.

Select the operating mode SWEEP, B/A by applying logic O to BU35 2a and
BU35.1b. Adjust the amplitude in channel A such that the DC voltage at BU35. l4b
reaches +4 V, corresponding to about 30C mV at the IF input A,

Select the operating mode B and the measurement range B = 1 V (see Table 4-4).
Connect the oscilloscope to BU35.l4a. Adjﬁst the DC voltage with R41 (Y35)

to 0 V. Vary the amplitude of the 1lnput signal in the range O to -20 das,
referred to the initlal setting. Adjust the AC output voltage with R35 for
minimum. Select the operating mode A and the measurement range A = 300 mV.
The output voltage should be ca. 1 V. Vary the amplitude of channel A in the
range 0 to -20 4B and adjust R44 for minimum variation of the output voltage.
Repeat the adjustment (R44, R41, R35) if required. At the socket r on the
rear panel of the ZPV ca. 20% of the voltage at BUS5.14a should be bresent
(zout_
level at socket r'is typleally -40 dB. Apply loglc level 1 to BUZ5.1b. At
BU35.142 and at socket r on the rear ranel the swept-frequency representation

= 1 X). The suppression of the variations of the input reference

of the input signal should now be present, without voltage ratio., The
measured quantity is determined by the operating mode (A or B). With calcula-
tor-contrelled ZPV, the B signal must be switened over accoraingly for the |

adjustment.

Peed tworao-kHz signals shifted in phase into cﬁannel A and B, The voltage
proportional to the phase must be present at ™ (Y27) and at socket on
the rear panel with an amplitude of +0.5 V7E180°.
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5.2.5 Digital Filter
See circult diagram 291.5260 S

Test setup 1

Signal A ?Eg o Digital
generagpr - o 9 ZPv voltmeter
B
Attenua— o OSCillO-
- tor set : SC‘Ope o SYNC -
50 0 —

Connect the oscilloscope to BU23.7b, the SYNC. input to BU23.la., Select on
the ZPV basic unit the local frequency control mode, operating mode B and
measurement range B = 100 pV. Select on the ZPV-E2 plug-in the frequency
range 600 to 100 MHz. The attenuation of the attenuator set is 60 dB. Adjust
the output level of the signal generator to 200 mV‘and vary the frequency
between ca. 19 and 21 kHz. The signal at BU23.7b must be synchronous with
that at BU23.la in a frequency range of at least 20 kHz +500 Hz. If necessary,
correct R2(digital filter ¥Y23). Set the signal generator frequency to

ca. 1 MHz, with a level of 100 mV. Select the frequency range 1 -~ 2 MHz on
the ZPV-E2 plug-in. Adjust with R24 on the digital voltmeter (BU35.10a) the
same measured value for the measurement range B = 100 uV with an attenuation
of 60 dB and for the measurement range B = 1 mV with an attenuation of

40 4B,

Separate the connection K59-BU24.la (input of the preamplifier B) and
cormect the oscilloscope to BU23.31b. Adjust with RL5 and R1é (¥Y23) for
minimum crosstalk signal. The lamp UNSYNC. on the ZPV-E2 must not light. Re-
establish the comnection at BU24,la and check the calibration of the measure-
ment ranges 30 uV and 100 pV, taking into account the error of the
attenuator set. The instrument must comply with the requirements in the

Specifications.
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Test setup 2

2PV

Signal E2
generator

feed unit ZPV-Z2
insertion adapter ZFV-Z1
50-0 termination
attenuator 40 dB/S0 Q

Mo U1 R | IS
i 1}

Adjust the signal generator freqﬁency in test setup 2 to 1 MHz and the level
to ca. 200 mV. Select the f{requency range 1 - 2 MHz on the ZPV-E2 plug-in
and the measuring mode‘B/A on the ZPV-basic unit. Store the indicated rhase
(button ¢ , T REF. STCRE). Adjust the output level from the signal
generator according to the magnitude indicaticn of the ZPV to ca. 7O to

80 pV. Adjust Ll in the amplifier B (¥25) such that the phase indication is
smaller than +0.1°.

5.3 Trouble Shooting in the Digital Section

See ciroult diagram 291.4812 8 - computer board Y21

5.3.1 General
Sirnce the'microcomputer is involved in all digital operations of the

instrument trouble shooting appears almost impossible without mowing the

complex program flow, The following nints can however be glven:

- The funectioning of the 2-MHz clock pulse generator on the computer beoard
is an essential condition for the functicning of the microcomputef {check
£l and g2 at Bl).

- If the central processing unit B3 on the computer board is operative, the
SYNC signal appears at B3.18, which consists of one pulse per 4 to 5
elock pulses (check SYNC signal).
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= All information from and to the central processing unit flows via the B-bit
data bus. Short circuits or interruptions of the data lines may lead to a
behaviour of the microcomputer which appears completely senseless {check the
data bus for short eircuits and interruptions).

- From where and to where the information flows is also determined via the
16-bit address bus {not fully utilized). Short circuits and interruptions
of the address lines may also lead to a meaningless behaviour of the

microcomputer (check the address bus for short eircuits and interruptions).

-« The control lines of the bus controller B6 generate in conjunction with the
address lines in the various selection decoders the write, read, input and
output pulses for the individual memory and input/ocutput modules. The
absence of these selection pulses may also lead to a meaningless behaviour

of the microcomputer (check selection pulses).

5.5.2 Signature Analysis

Signature analysis is a completely new method for trouble-shooting in digital

systems,

Detection and analysis of dlgltal signatures in digital systems is comparable
to measurement and analysis of analog voltages in analog systems.

3FC4
7H86

8UP1

When the input signals of a component are correct but not the output signals,
the component is elther defective, 1t is too heavily loaded (e.g. shorteircuit)
at its output, or the test point is not connected to the output of the com-
ponent (e.g. interruption). If, for instance, a circuit diagram or corre-
sponding tables with dlglital signatures are avallable, errors can be located

even at component level.

The ZPV is designed to permit signature analysis. Using, for example, the
attractively priced Signature Analyzer HPS004A the technique represents a
new tool for rapld and accurate instrument servieing and trouble-shooting.

The tests made on the ZPV can be divided into two phases. In the first phase

mainly the ROM content as well as the address and databusses are checked.

The second phase, which is based on the first, serves for checking the entire
digital section with the ald of a test program included in the ROM.
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5.3.2.1 Checking the ROM Content pnd the Address and Data Busses

5.3.2.1.1 Purnose.

This test is carried out to emsure that

- the microprocesser (B1, 33, 36},

. = the address bus drivers (B4, B?),

- the address bus, i

- the ROM selection decoder (B10),

- the program memories (B11, B121 B13, B14) as well as
- the data bus i :

function propexly.

v

5.3.2.1.2 Preparation

a) Switch off ZPV; fix computer board to extension boards; lnsert sockets
BUL to BULl such that contacts 2 and 3 of STU4 to ST1l are conhected
(links at the bottom); switch on ZPV.

b) Check START/STOP signal 1 at ST12.1 and ST12.2 with an oscilloscope.

—_— ' . | . [‘f"-

82 Mg —w-t— §2 g —e-

¢) Check CLOCK signal 1 at ST12.3 with an oscilloscope.

o

0.5ps la— 21S ——

d) Connect signature analyzer to ST12 and ST14

ST12 ST13
START ——w 1
STOP  ~———a= 2 2
CLOCK ~—— 3
ST14 8715
ap  —e 3] G
e) Setting of signature analyzer
START: ~|_ STOP: I CLOCK: L.
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5.3.2.1.% Checking the Total ROM Content
I
The signatures glven in table 5-1 can be measured at ST4.1 to ST1l.l on the

computer ¥oard. If the measureé signatures and those in the table are identical
proceed to the second test pha%e. If this 1s not the case start error shooting

s described under section 5.3j2.1.4.
!
|

!
5.3.2.1.4 Trouble-shooting{in the ROM Range
1

If an error is found in the RO$ section (section 5.3.2.1.3) the address lines
AQ to Al5 and some strobes mus% be checked according to table 5-2. The signa-
tures of the address lines mus% first be verified at the CPU (B3 on computer
board), then after the addressjbus drivers (B4 and BS on the computer board),
Any errors traced (Bhortcir%uita, interruptions, defective components)
must he eliminated before tﬂe gtrobes for the individual memory compo-
nents can be checked, For tﬁia trouble=shooting use the remaining

signatures of table 5-2. |

Finally the content of each memory component can be checked.

To this end remove all ROMs |from the holders on the computer board except
for the one to be measured. The signatures produced by each ROM at the data

bus can be seen from table 5-3. Thus errors are easily localized (short-

elreuits, line interruptions oﬁ defective components).

Note: Insert each ROM in its #roper socket.

5.3.2.2 Checking the Entire Digital Section

5.3.2.2.1 Purpose

If the RCM content is in order) the digltal sections of the total instrument
and the RAM components can be checked in a second test phase by using a
special test program (provided) in the ROMs.

During this test a certain test pattern is applied periodically to all out-
put gates and RAM positions.

BeDeala Preparatlion

a) Switch off ZPV.
Connect BU4 to BULll on the| computer board such that contacts 1 and 2 of
ST4 to STll are connected and connect BULT7 on the computer board such
that contacts 2 and 3 of ST17 are interconnected. Switech on ZPV.
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b) Check START/STOP signal 2 at ST13.1 and ST13.2 with an oscilloscope.

—

-425ps: : 1s

e¢) <Check clock signal 2 at ST1%.3 with an oscilloscope.

—

N YAT-R NIy, VATT-y—

d) Connect signature analyzer to |ST13 and ST15.

sT12 | ST13
11 O|—— START
2 O |—— sToP
5 0|-—— cLOCK
ST14 | ST15

o] [0] —— cmp
e) Set signature analyzer to

START: —1.  STOP: [ |CIOCK: L

5.3.2.2.3 ___ Trouble-shooting in the Digzital Section

The running test program causes thel Indicator lamps to light so that each
. . . i
failure is clearly visible. ;

I an error occurs, trace back theésignal path with the aid of the signa-
tures listed in table 5-4 until the| correct signature is measured. The

error must then be near this point.
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