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4.1,

GENERAL INFORMATION

INTRODUCTION

The PM 3311 Digital Storage Oscilloscope is a portable, two-channei 60 MHz measuring instrument featuring

micro-processor controlled electronic circuits.

A compact ergonomic design facilitates the extensive measuring capabilities 0fthe instrument.

The versatile circuit arrangementcombined with the software of the micro-processor gives a wide range of
facilities. including:

— Brilliant display.

— Pre-trigger view.

— Storage of two channels with four different ""event'" signals per channel.

— JEC-bus optional {with the aid of PM 3325). -

— Plotter output.

— Trigger delay.

— Battery powered memory back-up.

Furthermore, a large 8 cm x 10cm screen with illuminated graticule lines provides for easier viewing, a 10kV
accelerating potential giving a high-intensity trace with awell-defined spot.

The oscilloscope is provided with numerous integrated circuits, which ensure stable operation andreduce the
number of adjusting points.

The supply voltage can be set to one of two ranges: 100 ... 120V * 10% or 220 ._240V * 10%.

As aresult of the features listed above, the oscilloscope s suitable for awide range of applications,
for example the measurementand observation of:

— Rise-time (gives brilliant display intensity).
— Fastsignalswith avery low repetition rate.
— Very low frequency signals (upto 1hour per division}

MAT1205 -

Fig. 4.1. 80MHz Digital storage oscilloscope PM 3311




CHARACTERISTICS

This instrument has been designed and tested in accordance with 1EC Publicz‘ftion 348 for Clas§ 1 _m:trume»nts
and UL 1244 and has been supplied in a safe condition. The present Instruction Manual c.ontam_s information
and warnings that shall be followed by the purchaser to ensure safe operation and to retain the instrument

in a safe condition.

i [
on is valid after. the instrument has warmed up for 30 minutes {reference temperature 23 0¢).

—_ This specificati
d in numerical values with tolerance stated, are guaranteed by the manufacturer.

— Properties expresse ed .
. esent the characteristics of an average instrument.

Numerical values without talerances are typical and repr
_ inaccuracies (absotute or in %} relate to the indicated reference value.

Designation Specification Additional information

CRT.

Cathode ray tube D14 - 292 GH/38

Accelerating voltage 10 kv ——
etal backe
Screen size 8x 10cm N
Phosphor type P31 (GH) . - .
) Internal With centimeter divisions and 2 mm
Graticule

subdivisions along the central vertical
axis shorter 2 mm divisions along the
second, fourth, sixth and eight hori-

zontal axis. _

Graticule illumination Clearly visible under normal
lightconditions and
continuously variable

Trace rotation Front panel screwdriver
adjustment

Focus Adijusted automatically

Input vertical

Frequency range d.c.0 ... 60 MHz
ac. 10 Hz ...60 MHz

Rise-time <Bns A
+3% Measured in Y -expand with a

Pulse aberrations o5t pulse of 8 div: rise-time

1 ns; frequency 1 MHz (except
first 0.2 cm measured from
mid pulse)

Vertical deflection

10 mV/div . 50 V/div 12 Calibrated Positions in

i

Detl- coett 1-2-5 sequence
Error limit +3% 5% in Y .expand
Continuous control range 1:>25
Inputimpedance 1MS2// 25 pF
Coupling ac.-0-dec.

A Max. safe input voltage 400V d.c. + a.c. peak
Inputselecti A only Channel B can be inverted
nputselection

B only
Add

AandB

>

C.M.R.R.

Dynami¢ range
DC offset
Max. sample rate

Visible signal delay

Time-base

Time coefficients
Repetitive only
Direct

Rofl

Coefficient error

Resolution

Triggering

Source

Sensitivity

Internal
External
Ext : 10

Slope
Modes

Level

Auto

a.c./d.c.
Delay

Range
Accuracy

Input impedance

A Max. safe inputvoltage

100:1

2x voltage range
+ 4x voltage range
126MHz

>10ns

5ns ... 0.1ps/div
02 us ...0.2 s/div
05 s ...60 min/div
<2%

25 samples/div

A

B

EXT
EXT: 10
Line

0.3 div
0.15 div
03 V
015 Vv
3 v
15v
+/—
Auto
d.c.

ac.
TV-frame {1/1 picture)

Proportional to Peak-to-peak
value of trigger §igna|

* 3div
-9 ...+9999 div
0 ... 100div

£2mm or 0.01 %
£2 div + visible delay
1MQ// 25 pF
400V

At 2 MHz max. common
mode signal 8 div.

See also “’delav*’

4% combined with delay in
"REPETITIVE ONLY"

at 60 MHz
at 40 MHz
at 60 MHz
at 40 MHz
at 60 MHz
at 40 MHz

20Hz .60 MHz
dc .- 60 MHz
10 Hz ..60MHz
Acc. to CCIR 1625)ines)

0.2 s ..0.5pus/div
02 4s .5 ns/div

0.2 s ..05 us/div
0.24s .5 ns/div

dc + ac peak




Memory

- Number of memories

Resolution horizontal

Resolution vertical

Operation modes =

Single

Recurrent

Roll

Multiple

Display modes

Memory

Channel display combinations
Accumulator

Register

Vertical position range

Vertical expand

Horizontalexpand

X-Y selection

1:250
1:250

Refreshment of accumulator mem

takes place, when trigger level is
reached and time set with trigger
delay has been passed. Signai is
stored according to position of
trigger delay. During waiting
time accumulator. is displayed
and LED "NOT TRIG'D"" lights
UP.

Signal in accumuiator memory
is displayed on the screen.
After the time set with the

trigger delay the memory is over-

written by new information.

Signalis built-up point by
point at the right-hand side of
the screen and moves to the
left. When accumulator Is
completely filled, information
is placed in register 3, next

in 2, then in 1and nextin
accumulator. After this, roll-
mode stops, indicated by
flashing ""RUN"" light.

4 times singlewith ""SAVE" in
memories

Covers 2 div. screen height

Depends on input selection

Information as stored in
accumulator can be selected

for storage in each of the three

register memories and is
displayed if display button s
depressed.

+ 8div

5x

1:>28

Deflection in Xdirection can be
derived from time base or from
memory contents derived from

A-input

1 accumulator memory and
3 store memories

0.2 s .. 0.2 s/div

5ns ...0.2s/div

In single trace mode

05 s .. 60 min/div

02us 0.2 s/div

Total information held 1
STORE 1.2 or 3 can be
inverted.

Memory covers 10 cm screen
height. Indicated via LED in
display section.

Continuous

1.2.8.

_ 129

1.2.10.

1.2.11.

12.12.

Memory modes

Dotioin

Plot output
Horizontal

Vertical

A\ rentife

Max. permissible voltage
Plot time

Plot sequence

Interfaces

IEC-Bus
IEC-Bur

Local/Remote

X-Y Display
Y f(t)

Y f{x)
Bandwidth
Accuracy

Phase difference

Position

Calibration output
Frequency
Voltage

Current

Power supply

ALine voltage

Line frequency

Power consumption

45

Cleai Accumulator memory 1s
cleared

Save (3x1 Contents of accumulafor
memory are stored in selected
register

Write Input signal can be written
in accumulator memory

Lock Memory systemis closed

Pushbutton Changesnormal display

mode {dot-join} into display
of only dots.

1V / full scale
1V / full scale

TTL comp.
0" = unblanked (pers down)
"1" = blanked (pen up)

open collector output

max. load 8,5V at 500 mA conf.
20V PEAK

approx. 100s.

B plot after A plot

Optional by means of a plug-in
p.c. board

Settings and output controllable
from bus-line controller

With IEC connector.

From time-base
From YA input Dot jomn 1s nor :n operation
See YA

<5% Tube included

Distance between signal derived
from A and signal derived from
B is 1/25 div.

0 of stored A signal will be at
centre of screen

2.5 kMz
3v
6 mA

100.. 120V + 10%
220 . 240V * 10%

50...400Hz + 10%
<70wW




Battery
Function For memory back-up only
Type 2 pen light batteries of 1.5 V For instance
2 x 15 Philips R6P
Insulation The insulation of the power

supply fulfils the safety
requirements of IEC 348cl. |
for metal-encased instruments

Environmental characteristics

Note: The characteristics are valid only if the instrumentis checked in accordance with the official

checking procedure. Derails on these procedures and failure criteria are supplied on request by the
PHILIPS-organisation 1 your courttry, Of by N, V. PHILIPS GLOEILAMPENFABRIEKEN, TEST
AND MEASURING DEPARTMENT, EINOHOVEN. THE NETHERLANDS.
Ambient temperature + 59C ..$40°C Rated range of use
-10°C .. +40°C Operating temperature range
—550C .. +759C Storage temperature in accor-
dance with MIL 28800 and a
maximum at 24 hours on

high and low temperature
Altitude

Operating 5000 m {15000 1) In accordancewith
Non-operating 15000 N (50000ft) 1EC 68-2-13 test M

Humidity Acc. IEC68 0b instrument withstands 95 %
RH over a temperature cycle
of 25 °C to 40 °C
Inon-operatingl

Shock 30m/s? Operating: half sine-wave
shock of 11 ms duration;

3 shocks per direction for a
total of 18 shocks.

Vibration 3 m/s? Operating; vibrations in three
directions with a maximum of
20 mun, per direction;
10 minutes with afrequency
of 5. 25 Hz and amplitude
of 1.016 mm p-p; 10 min
with a frequency of 25 - 55 Hz
and an amplitude of 0.5 mm
p-p. An extra 10 minutes of
the resonant of frequency
with the highest rise in ampli-
tude. Unit mounted on vibra-
tion table without shock
absorbing material.
Dimensions Length 460 mm Handle and controls excluded
Width 316 mm Handle excluded
Height 154 mm Feet excluded
See also Fig. 1.2.

Weight Approx. 12kg

FQ. 42 Dimensions

4.7
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6.1.1.

CIRCUIT DESCRIPTIONS

BLOCK DIAGRAM DESCRIPTION

This chapter serves to explain the main functions of the oscilloscope. The working principle !s divided into
four sections

6.1 1. Acquisition system

6 12 Display system

6.1.3. Microprocessorand software
6 14. Power supply

Acquisition system

By means of thaacquisition system the analog input signals are converted into digital Information.
Before conversion the analog signals must be adapted so that an Analog to Digital Converter {ADC)} s able to
convert them. This system can be divided into the following sections:

6.1.1.1. The vertical channels

6112 The analog to-digital convenor (including P2CCD)
6.1.1.3. Trigger and trigger delay circuits

611 4 The samplingsystem

6 1 15. The time base system

6.1.1 6. The acquisition control
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6.1.1.1.

The vertical channels funit A21 page 6—17188}

The vertical channel consist of two identical channels A and B except for the possibility E
The sensitivity range is 10mV/div ... 50 V/div in a 1-2-5 sequence.

All front panel settings of the vertical channels except for the CONTINUE an OFFSET cc
main loop of the program of the mtcroprocessor system via multiplexers.

After calculation in the microprocessor, the settings are written into the switch setting de
generates the signals to set the ac/de coupling, the-high and low ohmic attenuators and th
according to the front panel senings. Moreover these settings can be determined by the iE
?he input signat is applied to the channel switch via the ae/dc coupling, the high ohmic at
convertor, the low ohmic attenuator and the amplifier.

Just after the amplifier azero insignal NULIN for P! CCD-mode operation i1s applied to tt
For time base settings of 3600 s/div. 0.5ms/div - and 0.2 us/div - 5 ns/div the channe
signal to the delay line.

In dual channel mode (A and B} the r\ﬂicropmcessor system generates via the switch settin
A ON and B ON insuch away. that achopped signal is applied to the delay line. ?he out;
is connected to a compensation netwdrk to correct the faults introduced by the delay line

The analog-todigital convertor (includingPZCCDl (unitsA7 + A10 + A7r + A34 page

The output signal of the delay line is applied to the T&H (Track and Hold) gate via a subt
This T&H gate tracks the inputsignal continuously and atacommand TANDH its output
momentary value of the inputsignal for about 4 useconds. The signal TANDH is generate
and will be described later. Via a low frequency amplifier and a multiplexer the output sig
is applied to the sample and hold gate of an ADC in which the output signal of the T&H g
held to the same value for at least the conversion time.

The ADC is controlled by the signals TRACK and CLADC which are generated at tne Acq
Logic A9 {ACL).

To eliminate faults of the ADC conversion acorrection takes place.
In ROLL, DIRECT and SAMPLING {see operating manual andchapter 6.1.1.6.) mode thx
as follows:

M N Mnomn s
FROM [ e B
ACQUISITION |
SYSTEM ‘
——_—
L»ﬁ_& oac

M-t

ANALOG ' DIGHTAL

Fig. 6.1.2.




6.1.1.

7. The verticalchannels {unit A2 page 6—788}

The vertical channel consist of two identical channels A and 8 except for the possibility g invert.

The sensitivity range is 10mV/div ... 50 V/div in a 1-2-5 sequence.

All front panel settings of the vertical channels except for the CONTINUE an OFFSET controis are read each
main loop of the program of the microprocessor system via multiplexers.

After calculation in the microprocessor, the settings are written into the switch setting decoding. This decoding
generates the signals to set the ac/dc coupling, the high and low ohmic attenuators and the amplifier gain
according to the front panel settings. Moreover these settings can be determined by the IEC Bus interface option
The inputsignal is applied to the channel switch via the acldc coupling, the high ohmic attenuator, the impedance
convertor, the low ohmic attenuator and the amplifier.

Just after the amplifier a zero in signal NULIN for P2cCD-mode operation is applied to the channel switch.

For time base settings of 3600 s/div. 0.5ms/div - and 0.2 us/div - 5 ns/div the channel switch connects the
signal to the delay line.

In dual channel mode {A and B} the microprocessor system generatesvia the switch setting decoding the signals
A DN and B ON #n such away, that a chopped signal 15 applied to the delay line The output of the delay line

1S connected to a compensation network to correct the faults introduced by the delay line.

L3
6.1.1.2. The analog-to-digital convertor fincluding PZCCD) (units AT + AJ0 t A11 + A34 page 6-72/-110/-122/-232).

The output signal of the deiay line is applied to the T&H (Track and Hold) gate via a subtractor.

This T&H gate tracks the inputsignal continuously and at acommand TANDH its output is held to the
momentary value of the inputsignal for about 4 useconds. The signal TANDH is generated on the trigger unit
and will be described later. Via a low frequency amplifier and a multiplexer the output signal of the T&H gate
is applied to the sample and hold gate of an ADC in which the output signal of the T&H gate is taken over gng-
held to the same value for at least the conversion time.

The ADC is controlled by the signals TRACK and CLADC which are generatedat the Acquisition Control
Logic A9 {ACL).

To eliminate faults of the AOC conversion a correction takes place.
In ROLL, DIRECT and SAMPLING (see operating manual and chapter 6.1.1.6.}) mode the correction functions
as follows:

FROM
ACQUISITION
SYSTEM

TO MEMORIES
h

M3
ANALOG ! DiGITAL

Fig. 6.1.2.
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To reduce errors in conversion, analog samples for digitising are compared with preceding samples. these

being subtracted so that only smait increments are converted to digital values in the ADC. After conversion.
the digital equivalent of the original analog signal is produced by adding the differential signal from the ADC
to the digital value of the preceding sample.

Referring to the block diagram, My, is the new sample of the input signal from the acquisition system;

Mp-1 is the preceding sample. derived from the shift register and reconverted by DAC M-I to analog form

At the input to the Track and Hold circuit, Mp.1 is subtracted from My, to produce a differential analog
voltage, which is then converted to digital form inthe ADC and added to the preceding digital value Mn-1-

¥
ie. (Mq —Mpnp.1) + Mn.1 =Mp

After this procedure, the adder cutput value My will be shifted into a shift register as a new and corrected value.
This system of digi’tal adding is also used, inadifferent way, inthe P2CCD-mode g described below.

Fortime base settings of 02 ms/div - 0.5 us/div the instriment operates in P2CCD mode. P2CCD means
Profiled Peristaltic Charge Coupled Device in which an input signal can be written-in at a high speed and
afterwards can be read out at a low speed.

If the instrument operatesin P2CCD mode, the output of the channel selector is applied to the input amplifier

of the PZCCD. Because of the principle of the PSCCD in dual channel mode the signals — Aand + B are applied as
P AMP OUT 1and P AMP OUT 2 resp. The P2CCD contents is read wt by a 78 kHz signal and written in by
aTime Base Fast (TBF) pulse via the clock driver input logic. The output of the P2CCD js amplified and

applied to a multiplexer which switches between the two pP2ccD wtputs. So inthe P2CCD mode the chopper
switch of the channel switch is inoperative.

Output VOUT of the multiplexer is applied to the sample and hold gate of the ADC.

Dueto internal P2CCD faults and differences between the frequencies fin and fout. an incorrect zero level OF
the P2GCD output signal is possible as shown in the following graph.

FAULTY ZERO LEVEL

MAT 713

Fig. 6.1.3. P2CCD output signal with shifting zero feve/

Under these conditions, the total faulty contents of the P2CCD are converted from analogform to digital in
256 steps and after each conversion the data is put on the ADCB@ ADCB8 bus and directly shifted into the
9-bit shift register on buffer unit A7. After 256 steps, the total P2CCD contents are stored here, and the
register is then blocked.

In order tg correct the zero level, the p2ceo input is switched to zero by asignal NULIN and 256 samples of this
zero signal are shifted into the P“CCD at the same frequency fin & for the normal input signal.



By reading the P2CCD contents again. with the same frequency fout (78 kHz) as for the faulty ADC input

signal, an incorrect zero level having the same errors as described above will appear on the P2cCco output as
snown below.

|

\

i
FAULTY ZERO LEVEL

R ——
t

MAT 71¢

Fig. 6.1.4.

This incorrect zero level is then digitally subtracted (in 256 steps) from the faulty (_\DC input signal. which was
already stored in the shift register.

The corrected result is then re-stored in the shift register.

6.1.1.3. Triggerandtrigger delay circuits (unitsA 13 + A22 pages 6-147 + 6-217)

Inthe trigger channel a signal derived from one of the sources A, B, external or line is applied 10 the AC/DC
switch. The output of this switch is applied to the automatic level circuit which determines the peak-peak
value. If automatic triggering is selected the peak-peak value is applied to the level potentiometer to obtain the
possibility to level over the complete signal.

In the modes AC or DC a constant voltage is applied to the level potentiometer. In TVF mode the same voltage
is applied to both sides of the potentiometer so that leveling is inoperative.

The slope determines which voltage is selected; positive or negative peak voltage.

After amplification the slope is selected and the trigger signal is applied to the pulsestretcher. The TV pathin
parallel applies its output signal also to the pulse stretcher.

1f the TV signal contains equalisation pulses there is a selection to odd or even frame pulses. Otherwise only
frame pulses are available at the output.

The pulse stretcher output signal is applied to two circuits: the sampling circuit and the trigger delay circuit.
The trigger delay circuit contains a down counter of which the loading is effected by the microprocessor system
via an output port with a value derived from the front panel settings in combination with the TIME/DIV switch
setting. Upon the receipt of a trigger pulse from the trigger circuit the down-counter starts counting time base
pulses (seealso 6.1.1.5.} until its zero state is reached. This effects in a pulse which blocks the reading of new
information in the shift register. After this the shift register contents can be copied in the ACCU memory.

6.1.1.4. The sampling system {unit A22 page 6-—-211)

In sampling mode the output of the pulse stretcher is controlling the fast ramp generator. The ramp is determined
by the TIME/DIV switch setting via the microprocessor and the control signals 1.8 ... L2. The fast ramp output
is applied to a comparator. At the other input of the comparator a signal DACSTAIR is applied which 'S a
stair case voltage derived from the ACL counter that increases one step every time that a conversion is
completed and a COUNT pulse is counted by the ACL counter. To this staircase voltage a voltage called
DACDEL is added which is derived from the trigger delay unit. This is a voltage proportional to the preset
trigger delay.

If now the fast ramp voltage reachesthe same potential as the sum of DACDEL and DACSTAIR. the system
generatesa HOCON (Hold and convert) and a TANDH (Track and hold) pulse to start an analog to digital
Conversion. Ifaconversion is completed the output of the pulse stretcher is enabledto generate via the fast
ramp generator a new HOCONDRS pulse to start the next conversion. Now the DACSTAIR signal will be
increased one stair level so this conversion takes place at the following point of the repetitive input signal.
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6.1.1.5. The time base system (unit A12 page 6—135}

6.1.1.6.

With respectto an ordinary c;;cilloscope this digital storage oscilloscope does not need a sawtooth time base
generator becausethe position on the screen is determined digitally.

Therefore the time-base system consists mainly of frequency dividers.

The base frequency is 25 MHz derived from the cristal clock frequency of the microprocessor system.
Because the needof higher frequencies then 25 MHz avoltage controlled oscillator is introduced with a
frequency of 100 MHz. This frequency is kept stable by dividing it by afactor of 80 and to compare itwith
the microprocessor clockpuise divided by afactor of 2. Now both signals have a frequency of 1.25 MHz and
via afeedback loop the VCO is controlled.

For the P2CCD mode a TBF signal is generatedand in DIRECT and ROLL mode a TBS signal.

The dividing factors, so the frequencies of the TBF and TBS signals. are determined by the setting of the
TIME/DIV switch which & decoded by the time base setting decoding.

The frequency of the TBF and TBS signals is such that for one horizontally division on the screen exactly
25 TBF or TBS periods are generated.

The acquisition controf {unit A9 page 6--92)

The most important part of the acquisition control is a counter which counts the number of conversions by
counting COUNT pulses.

Each conversion is initiated by a HOCON (hold and convert pulse) and results after completion into a
COUNT pulse.

So itis counting how many inputvalues are written into the shift register.

The acquisition control is operating in a different way for each of the four system modes DIRECT {D) -

ROLL {R) -SAMPLING {S} and P2ZCCD {P).

In each of these four modes NDR (New Data Ready) pulses are generatedto indicate to the microprocessor
that new data is ready and can be copied inthe ACCU memory.

The microprocessor in turn answerswith SOD pulsestelling that the copying of new information into the ACCU
memory is completed and that new information can be stored in the shift register.

Direct mode

After ahold-off period inwhich at least 256 new input signal samples are shifted into the shift register, so
after atotal refreshment of the shift register contents the acquisition system is enabled to react on a new trigger
pulse.

Upon the receipt of such atrigger pulse a NDR pulse will be generatedjust after the completion of the last
conversion.

ROLL-mode

The ROLL-mode action is started when ROLL-mode is selected and the front panel R/S pushbutton is
depressed. This results in the generation of TBS pulses by the time-base unit. These TBS pulses are
converted by the trigger unitin HOCONDRS (Hold and convert) pulses which are used in the ACL unitto
initiate the conversionsof new input signal samples.

After each completed conversion a COUNT pulse 1s generatedand so a NDR pulse.

On each NDR pulse the total shift register contents are copied into the RAM memory and in the same time
the shift registeroutput information is shifted again into this shift register by coupling the output of the shift
register directly to its input.

Furthermore ROLL-mode functions are under the control of the software.

The software counts the number of NDR pulses and after 256 NDR pulses it saves the ACCU contents into
STQ3, after again 256 puises into STOZ, then into STO1. After in total 4 x 256 pulses the software stops the
ROLL-mode action and indicates this by generating a flashing command for the RUN lamp.

Sampling mode

In sampling mode a HOCONDRS pulse is generated on each incoming TRIST pulse except for those coming
within the hold-off period. These HOCONDRS pulses initiate conversions of the input signal samples.

After 256 samplesare converted and stored in the shift register aNDR pulse is generated and the shift

register contents are copied into the ACCU memory.

The microprocessor generates a SOD signal after this copying, the ACL counter is resetto zero and the system
reactsagain on new incoming triggers.
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6.1.2.

6.1.2.1.

6.1.2.2.

P2CCD-mode

After readingin at least 256 samples of new input information into the P2CCD circuit, these samples are read
out. converted and shifted into the shift register.

Then for a period of about 5 ms zero information will be shifted into the P2CCD, controlled by the signal
NUL N from the ACL unit which is active in the vertical channels (see also 6.1.1.1.}.

These zero information is then read out and corrected (see also 6.1.1.2.) with the 256 samples of signal
information which was already stored in the shift register and the corrected information is shifted again in the
shift register. This total procedure results then inaNDR pulse and copying of shift register contents into the
ACCU memory can be started.

Display system

The display part consists of hardware to store and display data on the CRT display. Moreover this part
arranges the coding for information to be displayed on pilot and control lampsand on the alphanumeric display
This chapter can be divided in:

6.1.2.1. Memories

6.1.2.2. Dot join and plot
6.1.2.3. Vertical amplifier
6.1.2.4. Horizontal amplifier
6.1.2:5. CRT section

6.1.2.6. Alphanumeric display

Memories {unit A6 page 6-61)

The memories are consisting of four separate parts which can be written and read independently. If from the
acquisition control logic the signal New Data Ready arrives, new information is written in the ACCU.

This means that the contents of the shift register is copied in the ACCU.

This information is now read out continuously with a speed, determined so that the display on the CRT seams
to be steady.

Ata' SAVE"command the contents of the ACCU is copied in one or more of the registersSTOI .. .STO3.
The registersSTOI ... STO3 can only copy information from the ACCU. The only other possibility to write in
one of the memories STOI ... STO3 is with the use of the IEC-bus interface via the databus..

The information is stored in the memories as a two-complement notation which means that the data are
integers with values from —128 up to and including +127. To convert this in straight binary notation for the
YDAC only the mostsignificant bithasto be inverted. After that the complete information can be inverted
by operating the push pull knobs **pullto invert”. This inversion takes place by an eight-bit-exclusive-or.

Via the databus the information can be applied also to the X-DAC. This is necessary in the mode X = A: Y = B.

Dot join and plot (unit A20 page 6—7178)

Ifthe mode ""DOTS" is selected separate dots will appear on the CRT display.
The dot join circuit generates straight lines between the consecutively dots. The block diagram of the dot join
principle is shown in the figure below.

From
oAC
8 Saw 100TH
mux —
a GENERATOR t- e rour
G A
wRATE yx
oo
=z MaT 787
Saw 100TH
N GENERATOR
Fig. 6.1.5. —ax

6.1.2.3.

6.1.2.4.

6.1.2.5.
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In dual channel operation on points 1 and 3 is always the information of one channel. By the control signals AO
and A1 this information is switched to the output of the multiplexer. SuggestA is the oldest information and
B the newest, then, the subtractor output is A-B. This voltage controls the variable sawtooth generator of
which the ramp is determined so that the B value is reached before a new write pulse arrives. The output of the
sawtooth generator is added to the oldest information A and applied to the final amplifier.

If the sawtooth generator is resetthe CRT display is blanked.

For X-deflection also asawtooth voltage is generated but now with afixed ramp and amplitude.

The plot action is principally asoftware matter.

The microproce&sor system activatesthe sample and hold gates for the plots so that every 0.25 se¢ anew
sample is taken. This is visible on the CRT display as an intensified point so itis traceable for how far the piot
action is got.

The speedness is choosenin such away that asimple chart recorder is able to record the information.

Vertical amplifier (unit A20 page 6—778)

After the dot join itis possibleto magnify the signal 5x. Now itis possible to obtain the contents of

the ACCU or STOI ..STQ3 for full screen deflection. InY x 1 mode for each memory two divisions are available.
Midrange of the position controls effects in displaying the memory base lines on the CRT at resp. 1,3, 5and 7
cm with respectto the screentop. This offset is switched to zero if the Y x 5 mode is choosen.

Now all base lines of the memories are situated inthe centre of the screen.

The finalamplifier consists of a long tailed pair which drivesthe CRT directly. This is possiblebecause of the

low bandwidth of 1 MHz.
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Fig. 6.1.6.

Horizontalamplifier (unit A20 page 6—778)

The horizontal amplifier consists of an integrated circuit for the magnifier adjusting and a final amplifier
consisting of two shunted} feedback pushpull amplifiers. Position control is effected at the input of the integrated
circuit.

CRT section (unit A15 page 6—157)

Because of the principle of the CRT itis not necessary to correct the barrel and pin cushion distortion.

The cathode current of the CRT as used in the concept of this oscilloscope will never yet very high so that a
focus voltage dependentto the intensity setting can be arranged automatically. Now there is no needfor a

front panel focus control.

The Z-control is arranged by the microprocessor system.

Only if amemory is readthe CRT is unblanked.

If via the overflow detection a maximum or a minimum value 1s exceeded this part is displayed with afrequency
of approx. 5 Hz so the display blinks.
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6.1.3.

6.1.2.6.

Display {unit A2 page 6—25)

There are four front-panel alphanumeric displays:
— channel A V/DIV display

— channel 6 V/DIV display

— s/DiV display

— DIV display.

Each of these alphanumeric displays s an intelligent four-digit unit with a built-in CMOS integratedcircuit.
The integratedcircuit contains a memory, an ASClt-character generator. and a LED multiplexing and drive
circuit. —

The displays are controlled by the microprocessor. each individual display section being selected by means of
addresses fed to the ADDRESS-bus by the microprocessor.

The characters that are requiredto be displayed are generated by the microprocessorsystem in Standard ASCli
character code and are placed on the databus (signalsD® ...D7}.

Controf and pilet lamps
The NOT TRIG'D. RUN and REMOTE lamps are directly controlled by the signals NOT TRIG'D. RUNL and
REM. which are generated on the microprocessor board.

The DISPLAY lamps, the SELECT lamps. the UNCAL A and UNCAL B lamps, the A and B AMPL/DIV
control lamps and the TIME/DIV control lamps are controlled by addresses generated by the microprocessor
system.

Microprocessor (unit A4 page 6-45)

As shown in the simplified block diagram, the micro-processor unit basically consists of the following
circuit elements:

— A micro-processor integratedcircuit block for controlling and organisingdata flow.

— Ereasable and programmable read-only memories (EPROMs) for system programming.

— Random-access memories {RAMs) for stacking and storing the variable data.

— Address and data selection latches for the multiplexed address bus.

— Decodersfor RAM and ROM selection and address decoding.

— Trap and watchdog circuits to guard against toss of data

— Two-way buffer circuit to the system data-bus.

— A blankingcircuit for the c.r.t.

The heart of the microprocessor unit is an B-bit microprocessortype 8085 with 16 address lines.

The first eight address lines AO _ A7 are multiplexed with the eight data lines D9 ... D7 and are defined as
ADO ..AD7. Addressingis selected by the ALE {address latch enable) signal from the microprocessor, which
qives an external indication when address information is on the bus-lines.

Trap /nput Circuit

The TRAP input is effective when the battery back-up facility is used. It prevents the RAM contents being
disturbedwhen the instrument is switched off or in the event of a power failure. The TRAP input forces the
microprocessorto continue with the executionof the program at the starting address of the POWER DOWN
routine. Failureof the power supply activates the TRAP input of the microprocessor.

A 5 MHz crystal. is connected to the clock inputs of the microprocessorto provide an accurate timing
referencesource.

A reset signal is generated when the instrumentis switched ON. This resetsignal forces the microprocessor to
start the execution of the main program.
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6.1.4.  Power supply (unitA15 page6—157 and A16 page 6—1661
Connection to the system address bus

The mains voltage is applied via the mains filter and the mains selector switch on the AC POWER UNIT A16 tg a
rectifier where it is full-wave rectified and fed to a regulated sine-converter (oscillator and switching circuit}.

The output voltage of the sine converter is kept constant by regulating the duty cycle of the applied voltage by

a special integrated circuit.

This outputvoltage is applied to the primary of a transformer, the secundary voltages of this transformer are
appliedto DC POWER unit A15 where they are full-wave rectified, smoothed and applied to the various circuits.
Also the voltages for the C.R.T. filament and the CRT. cathode {—1,5 kV} are generated here.

The —15 kV isalso applied to the EHT unit A23 which gives a high tension for g8 of the C.R.T.

The first eight address bits placed by the microprocessor on the multrplexed address-data bus lines ADO ._A07
have to be separated from the eight data bits.

This separation 1s achieved by an address latch, which is enabled by signal ALE.

The group of output signals A0 .. A7 constitute the system address bus.

Connectionto the system data-bus

The eight data bits placed by the microprocessor on the muitiplexed address-data bus lines A0O ._ AD7 have 0
be separated from the first eight address bits.

This separation is done by a bidirectional buffer. The MAINS triggering is taken direct from the mains and, via an opto-isolator, fed to the trigger circuitry on a

safe level.
System memory map w
FFFF H r———
- DATA 3 6.2. UNIT DESCRIPTIONS
] 6.2.1.  Front side unit A1
€00 H . . . - . .
The front side unit consists of an aluminium front cast on which the following items are
mounted.
1/0
— LEO 824 + LEO-holder
— Light reflector assembly inclusive two lampholders and two 28 V - 80 mA lamps E | and £2.
8000 H — CAL outputterminals X1 and X2.
— Measuring earth socket X5,
pP-RAM — BNC inputsocket X6 for external triggering.
— LEVEL/SLOPE control R9/S27. -
J — INTENS control R15.
4900 H
3 — TRACE ROTATION control R16.
— Trigger mode selector switch $29.
2 > RoM
4
0000 o b D // (PM 33110 -60 MHz PHILTPS Josray 1 POSITION orspay cidan wRiTE cotn® X MAGH X FGETERY)
= @5‘ @ - R?] R
Fig. 6.1.8. MAT 1249 N 3] T
syRe SBfL.1)
[ | oo -
ROM memory i d T, saf
The ROM (read-only memory), which contains the system program, consists of the tw@ EPROM chips o1 —t ] ‘ A SR 510
4K-bytes each (4096X 8 bits). ; ! AMPUGIV AMPUOV

EERNEN

i Lol smcac
. . I IR [e] 524
Because the microprocessor's first eight address lines ADO ._ AD7 are multiplexed in the microprocessor with o x i Lo 1 Ty ur
. T Bl ¥ 1 b ™ ey 525
the data lines, the addresseshave to be latched by the address latch 0416 with the aid of the ALE signai. [ 1 | P I <) i it
When a Certain ROM address is selected, the contents of the selected location are placed on the multiplexed [ It i = Bgsarl 1,/ % e ¥ e
. N SRS S A N S T S g 7 ¢
address-data bus lines A0 O ... AD7. A S S B A B SN (N
. 1 b oot OFFSET At OFFSET A
s [ 10 528
RAM memory x = it
The uP-RAM (microprocessor random access memory) s used by the microprocessor for stack purposes and R oon Moo

for storage of variable data.

N hnma soutn i TENS r::ﬁ.x );: 535 5%
Itconsists of two RAM chips -of % K-nibbles each (256 x 4 bits), which means that a maximum of 256 bytes s o @ "5'“ ad @ -
of data can be stored. oFF S

Each uP-RAM memory address can be selected by the address lines A@* ...A7". Fig. 6.2.1 MATI250

Reading the RAM contents or writing data intoa RAM location is controlled by the signals RD* and WR™

The data to be written into, or read frem the RAM memory Is transported via the multiplexed address-data bus
ADO ...AD7.

Blankingcircuit

This circuit provides for a blanking signal ZIN {Z-amptifier input) for blanking the trace on the c.r.t. display
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6.2.2.2. Switchboard A202 and Switch Units A203 ...A207

The front-panel controls listed below are located on these units.

A202 switchboard

SWITCHES Circuit ref. Switch signals
YA AMPL/DtV 520 YA1
- YA2
YA4
YAS See table A
YA6
YA7
YB AMPL/DIV S22 YB1
_ YB2
vB4 See table B
YBS
YB6
Y87
TB TIME/DIV 523 TB1
82
TB4
85 See table C
TB6
TB7
INV 5TO1 S5 INV1
INV STO2 S6 INV2
INV STO3 s7 INV3
CALA $19 CALA
CAL B S21 CALB
INV YB 528 BIN
SERV 1 X241 SERV1
SERV 2 X241 SERV2
POTENTIOMETERS Circuit ref. Slider signais
X POSITION R3 X POS
X MAGN R2 X MAGN
{(+12 V in X CAL}
OFFSET A R10/R11 OFF A
OFFSET B R12/R13 OFF B
POSACCU R1 POSH
POS STO1 R4 POS1
POS STO2 RS POS2
POS STO3 R6 POS3
CDNTA R7 ACON
CONTB R8 BCON

The slider signals of the above-lasted potentiometers are applied to various unsts of the instrument via

connector X269

A203 interconnection board

Provides fhe connection between units 5201 and A202.

A204 display switch board

DISPLAY ACCU
DISPLAY STO1
DISPLAY ST0O2
DISPLAY STO3

A 205 I delay switch board

—
UpP

RESET
DIG ————
DOWN

A 205 Il save switch board
SAVE STO1
SAVE STO2
SAVE STO3

A206 clear switch board
CLEAR

WRITE

LOCK

A207 select switch board
SELECT

X=t

X=A/Y=B

Y x|

Yx5

00TS

PLOT

S1
S2
S3
s4

S24
$25
S26

S8
S9
s10

s
S12A
S128B

S14
S16A
S158
S16A
Si68
Ss17
S18

Switch signals

o9 9
o B B
N DS

|

o
&8

DOTS
PLOT

The settings of all the switches on the above units are read periodically by the microprocessor system via three
groups of multiplexers. D241/D247, D242/D248, D243/D249 according to the following table:

— —
uDDRESS AQF 07 D6 D5 D4 D3 D2 D1 Do
i t
8020 RDF@=0 1 YA1 YA4 YAS5 YAG YAT7 YA2 DIG CAM
8021  ADFd0 0 YB1 YB4 YB5 YE6 YB7 \%:%) BIN CALB
8022 RDE2= _
1 TB1 TB4 185 786 T87 TB2 0P DOWN
8023 RDF2=0 0 DIS3  DIS2  Dist DiSe INvV3 INVZ INV1  FRUN
8024 RDFa4=0 1 +5V FASA  Yx5 SEL SAV3 SAVZ SAV1 DELTRG
8025 RDE4=9 . . i
0o | PLOT oV DOTS A/B CLEAR LOCK SERVZ SERVI

The selection of one of the multiplexer groups and the internal setting of the selected group is made Vvia the
address selector circuit. which consists of NAND-gate D244 {11, 12, 13} and the three-to-eight decoder circuit
D246, as shown inthe following table:
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{ADDRESS oz A3 A2 A A0 AOF
8020 0 0 0 0 0 1
8021 0 0 0 0 1 0
8922 - 0 0 0 1 0 1
8023 0 0 0 1 1 0 N
8024 0 0 1 0 0 1
8025 0 0 1 0 - 1 0
] —
INCOMING JUTGOING GENERATED USED DESCRIPTION -
SIGNAL IGNAL ON UNIT ON UNIT
AD A4 A4 Address bits from system address-bus
ACON A202 A21 Slider of channel A continuous control
3CON A202 _ A21 Slider of channel B continuous control 3
Do ..D7 A4 - Data bits from system data-bus g
¥ D7 A202 Ad Data bits to system data-bus 03 :
DELTRG ~ A13 A9 Delayed trigger signat 'frETL
FASA A9 Qutput phase flip-flop 2 4 g
F_R’UN Al3 Freerun signal
102 A4 Input switches select L
10A Ad Display select 1/0 address decoding signais
NOT TRIG'D Ad Controi for NOT TRIG'D tamp
3FFA A202 A21 Stider of channel A OFFSET control MAT 766
OFFB A202 A21 Stider of channel B OFFSET control INTERCONNECTION BOARD
POSP A202 A20 Slider of ACCU position control Fig. 6.2.5. DISPLAY ¢
POS1 A202 A20 Slider of STO1 position control . Fig. 6.2.6.
POS2 A202 A20 Stider of STO2 position controt e
POS3 A202 A20 Slider of STO3 position control
REM A4 Control for REMOTE lamp
RUNL A4 Controi for RUN lamp
RD A4 Signal READ from microprocessor
WR A4 Signal WRITE from microprocessor
XMAG A202 A20 Stider of XMAGN controi g §. ; — —
XPOS A202 A20 Slider of X POSITION controi 1 — - "] ] [ —
+5V Al5 [— [ 1 1
=] — 1 1 {1
_12K Al5 7 7 7 i g
+12K Al5 O U
-12L A15 N O |s8 C S11 C
+12L Al15 — s T \_/‘TE\‘_"/
- Al5 ) SR —
] 21— s 3 - i - ~:_._,
3 ey n N b
& : & & 3 SR i S ‘; ::;g — :% R
TEST POINTS : A_ZGSII *
I TEREEEEfaco
il  [[A206
MAT 769A
MAT770
X231
X241
SAVE SWITCH BOARD
. , CLEAR sSwITCH BOARD
i Fig. 6.2.8.

Fig. 6.2.9.
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6.2.4.

6.24.1.

6.2.4.2.

6.24.3.

62.4.4.
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Microprocessor unitA4

General

As shown in the simplified block diagram, the microprocessor unit basically consists of the following
circuit elements:

— A microprocessor integrated circuit block for controlling and organising data riow.
— Erasableand programmable read-only memories {EPROMSs} for system programming.
— Random-accessmemories {RAMSs) for stacking and storingthe variable data.

.— Address and data selection latchesfor the multiplexed address bus.

— Decodersfor RAM and ROM selection and address décoding.
— Trap and watchdog circuits to guard againstloss of data.

— Two-way buffer circuit to the system data-bus.

= A blanking circuit for the c.r.t.

The heart of the microprocessor unit is integrated circuit D408, an 8-bit microprocessor type 8085 with

16 address lines.

The first eight address lines A0 .. A7 are multiplexed with the eight data lines D@ _. D7 and are defined as
ADO ..AD7. Addressing is selected by the ALE (address latch enabte) signal from the microprocessor, which
gives an external indication when address information is on the bus-lines.

Trap /nput Circuit

The TRAP input is effective when the battery back-up facility is used, It preventsthe RAM contents being
disturbed when the instrument is switched off or in the event of a power failure. The TRAP input can be
regarded as a nonmaskable restart input. A logic 1level on this input forces the microprocessor to continue

with the execution of the program starting at address@@24H, the starting address of the POWER DOWN
routine.

The signal PWR (power), a 530Hz sinewave signal generated on the power supply unit, is converted to a 50Hz
squarewave voltage on pin 3 of Schmitt trigger D426 and integrated by C437/R412 to provide pulseson
input 11 of the retriggerable oneshot D424.

During the initial switching-on of the power supply, a low voltage on resetinput 13 of the one-shot holds the
circuit in its reset state. When the power supply is started, however. the retriggerable one-shot switches over

and signal PON (power on) goes to logic 1. As long as pulses are generated on input 12. the oneshot will remain
in this state.

Failure of the power supply. i.e. no control pulses on input 11, causes the oneshot to be resetand thus
activate the TRAP input of the microprocessor.

For test procedures, the circuit can be isolated by unsoldering the spot on the printed-circuit track.
CLOCK inputs X7 and X2

A 5MHz crystal, 8401, is connected to the clock inputs X1 and X7 of the microprocessor to provide an
accurate timing reference source.

RESIN /nput and WATCHDOG Circuit

A reset signal is generated when the instrument is switched ON. This resetsignal forces the microprocessorto
start the execution of the main;program beginning at the address @000H.

The retriggerable one-shot D424 is initially reset by input pin 3 {R} during the switching-on of the instrument.
After switching on, the one-shot is set to the logic 1 state by the DT (display timing) pulses from the display
timing flip-flop B4089, pin 9 on this p.c. board, applied to D424-5."

The oneshot remainsin this state as long as the system continues to generate DT pulses.
If these pulses are interrupted. the circuit functions as awatchdog and resets the microprocessor. The oneahot

will in fact be reset to logic O and a 1 Hz Schmitt oscillator consisting of C432/V402/R421 and D426 will
switch the RESIN input of the microprocessor between logic O and logic 1.
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This reset process continues unless the program resumes correct running.

For test purposes. the watchdog circuit can be replacedby a fixed reset circuit by soldering the spot 0n the
printed-circuit track.

i aniRELS
FRIGUER PULSES
ANS
CONTROL DATA
SYSIEM
DATA BUS

cRT

7 AMP

6.2.4.5. RST7.5— RST6.5— RST 5.5 inputs

These restartinputs to the microprocessor force it to continue the program on defined addresses. from where
1t can jump to different programs.

1
i
Ag

e
)
&7
o
ST, B
MAL7ID

- | N RESTART PRIORITY. RESTART REMARKS
INPUTS ADDRESS —
 SURE—— 8 Az 2 g .
g z 2B s iE P - .
2 s &% 3 3 3 B z Z i . )
E g R RS 75 Highest 003CH Not used in standard instruments (can eventually
L2 } I .- be used for test purposes)
93] N
g::f M RS 6.5 0934H Not used in standard instruments (connectedto
’é{ﬁm{ﬁ:@ \ . * 'SPARE' connector)
< g RS54 Lowest 0p2CH Used by IEC-bus interface option
S S N
N NN _

6.2.4.6. SID (Serial data input)

The microprocessorwill receive the information NDR (new data ready) on the SID input.

SRENMERENNN

QXL

=

6.24.7. READY input

Via this input. additional WAIT states are generated to double the RD* and WR* pulse duration. This s
necessary to provide correctadaption betweenthe microprocessorand the slower actingdata RAM circuits.
The length of the signals RD™ and WR™ is doubled by flip-flop D423 only when signal DAT is logic 0.

3
5 N _ The output of this flip-flop D423 is connected to the microprocessor READY input to indicate the end of the
:@ 3 ® N wait time.
G
53 s 2 é m 2 6.2.4.8. Connectionto the system addressbus

- B =

;; 5 & The first eight address bits placed by the microprocessoron the multiplexed addressdatabus lines ADO ...AD7

2 I S)\§\> \ : have to be separated from the eight data bits. This separationis achieved by address latch 0413, which is
_\ " H 338 enabled by signal ALE.
4? . Em— \ : : gzi The group of output signals AO ... A7 constitute the system address bus.
% g N z B

3 S 5

3 5.2.4.9. Connectionto the system data-bus

2

The eight data bits placed by the microprocessor on the multiplexed addressdatabus lines ADO _. AD7 have
to be separared from the first eight address bits.

This separation is done by the bidirectional buffer D417.

This buffer 1s selected if address line A15 is logic 1 (as in 1/0 and DATA part of the memory map).

Input or output data depends on the togic level of signal RD*.

a0,

7 85f
ES——YY

RO' = logic 1 means OUTPUT
RD' = logic O means INPUT

G108
MICRO-PROCESSCR
sces

Data is transported between the D417 in- and outputs and the system data-bus over the lines D9 .. b7

[rI—

Fig. 6.2. 14.

R e T
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SYSTEM MEMORY MAP

FFFF H
} At5=1 DAT=0
DATA Ala=1
_CRA0 H
- A15=1 1/0 ADDRESS
Lo Al4=0 DECODER D418
SELECTED
8000 H
A15 =0
P-RAM PR=0
}” Ald=1 .
= L0000 H
3
- =k L -0
1 Al4=0'
0000H mJ
MAT 1249
Fig. 6.2.15.

ADDRESS DECODING

6.2.4.10. ROM - uP/RAM - 1/0 - DATA selection
In decoder D419, four select signals are generated as follows:

OUTPUT SIGNAL

uPRAM selection signal UPR
1/Oselection signal (not used)
DATASELECTION SIGNAL DAT

L L

ROM chip select signals ROM® ... ROM3

[ ats Ala A3 A12 OUTPUT SIGNAL ADDRESSES
0 0 0 0 ROMD 0000 - 07FF
i 0 0 1 ROWH 1098 - 17FF
o 0 1 ) ROM?2 2000 - 27FF
o 0 1 1 "OM3 3000 - 37FF

1/0 select signals 100 ._ I0E.

The three-bit decoder D418 decodes the address bits A15, A14, A7*, A6' and A5” into the eight address
decoding signals 100 ...10E. Each of these signals represent a group of addresses as shown 1n the table.
The signals are used invarious circuits of the instrument.

6-49
A8 | A14 | A7" | A6" | A5" | OUTPUTSIGNAL | ADDRESSES | 70 UNIT

1 0 0 0 0 100 8000- 801F | A21 AMPLIFIER

1 0 0 0 1 02 8020 - 803F | A2-Ad4 SWITCHES +up

1 0 0 1 0 104 - 8040- 805F A6 RAM

1 0 0 1 1 106 8060-807F | A12 TIME-BASE

1 0 1 0 0 108 8080- 809F | A13 TRIGGER DELAY

1 0 1 0 1 10A . 80AD - 80BF A2 DISPLAY

1 0 1 1 0 10Cc 80C0- 80DF | NOT USED

1 ] o 1 1 1 10E 80E0-80FF | A14 IEC OPTION

ROM MEMORY

The ROM (read-only memory), which contains thesystem program, consists of the two EPROM chips 0403 -
D404 and 4K-bytes each (4096X 8 hits).

Because the microprocessor's first eight address lines ADO ... AD7 are multiplexed in the microprocessor with
the data lines, the addresseshave to be latched by the address latch 0416 wirh the aid of the ALE signal.

The ALE signal enables the iatching of the AO' AT' signals. These AO' .. A7' signals are placed on the
microprocessor hoard internal address bus.

Each ROM memory address can be selected by the address lines A@* ... A7' together with address lines
AS- A9 - At0and All.

Each ROM memory chip is selected by the read signal RD* and the relevant ROM setection signal ROM®,
ROM1, ROM2 or ROM3.

When a certain ROM address is selected in this way the contents of the selected location are placed on the
multiplexed addressdata bus lines ADO  AD7
uP RAM MEMORY

The 4P RAM (microprocessor random access memory) isused by the microprocessor for stack purposes and for
storage of variable data

It consists of two RAM chips D401 0402 of %K nibbies each (256 x 4 bits) which means that amaximum of
256 bytes of data can be stored

Each uP RAM memory address can he selected by The address lines AB*  aA7*
The two chips are selected by the signal combination PON UPR

Reading the RAM contents or writing data into a RAM focation is controlled by The signals RD* and WR*

The data to bewritten into or read from the RAM memory is transported via the muitipiexed addressdata bus
ADO AD7
DATA LATCH D414

When the microprocessor niaces the address 8020 on The multiplexed address data bus. this results in signal 102
going to logic O This 102 combined with the WR signal on gate D421 enables data latch D414 To latch the byte of
data present on the multiplexed address data bus

The byte of data consists of the fotlowing signals

BITO CIR Clear signal for clearing the shift register
BIT1 REM Control signal for REMOTE lamp

BIT2 NOTTRIG'D Control signal for NOT TRIG'D lamp
BIT3 ZEN Z enable signal

BIT4 RUNL Control signal for RUN lamp

BITS BLOL Blinkingoverload signai

BIT 6 INV Invertsignal for RAM output data

BIT7 CLDT Clear display tming flip flop




BLANKING CIRCUIT

This circuit provides for a blanking signal ZIN {Z-amplifier input) for blanking the trace on the c.r.t. display.

ZIN = logic 1 means blanking

The trace on the ¢.r.t. display is only presentif all the input signals of NAND circuit D411 are logic 1 at the
same time.

— pin4  The signal ZEN is only presentduring the time that a selected memory [ACCU, STO1,STO 2 or
STO3) is displayed-

— pin11 Ifanoverflow is detected on the RAM unitthe short signal ZDVL {Z-overflow), will be latched in
a D-type flip-flop D423 with the dock signal DAT WR.
As the output signal of the flip-flop isconnectedto OR circuit D421, the blinking overload signal
1s passed to pin 11 of the NAND D411, resulting in blinking of the trace at a low frequency.

— pin3 In mode DOTS, the ZDJ (Z dot join) blinking signal will be active

— pin5  Signal DT [display timing) blanks the trace when no memory contents (ACCU, STO1, STO2 or
-~ STO3} are displayed. Signal DT is derived from the addresses, which are also applied to the XDAC
for horizontal deflection.

i
|
|
|
!
1
t

FD—;OO SWEEP FD-==00

NAND circuit D412 detects the address FDH on the first eight address lines.
The output signal indicates the beginning and the end of a sweep by going to logic 1 level. This signal 1s latched
in D-type flip-flop D409 with the clock signal DAT.WR, resulting in asignal DT.

The trace 1s blanked if DT = logic O. Flip-flop D409 can be reset by signal CLDT (clear display timing flip-flop)
resulting in a blanked trace.

— pin1 Inmode X = A/Y = B [Aversus B — AVSB)
a signal ZAB 1s generatedon output pin 5 of flip-flopD409.
Data can only be latched in this flip-flop on clock signal DAT.WR
This data 15 derived from signal AQAB.
{ADAB s address AO in mode X = A/Y = B}

TRIGGER PULSES FOR TEST PURPOSES

Trigger pulse 'START MAINLOOP' s available at X407
Trigger pulse "*START DISPLAY LOOP" is available at X409
Trigger pulse 'START DELAY LOOP' is available at X412

INCOMING
SIGNAL

APAB
AVSB

D@ . D7

NDR

RST5,5
RST6,5

ZDJ

ZOVL
+5\V

JUTGOING GENERATED| USED
SIGNAL ON UNIT ON UNIT
AQ .. A7 A4
A6
A13 .46
3LoL A4
2K A4
ZLR A4 A\8~AS
DB D7 A4-AB
DAT A4 I8
DT A4 n13
INV A4 %
100 A4 1421
0z A4 14202
104 A4 A6
106 A4 A12
io8 A4 .413
i0A A4 A201/A202
ioC A4 NOT USED
10E A4 414
A9
NOT TRIGD A4 A201/A202
PON A4 A6
Al5
RD A4
REM A4 A201/A20%
RESOUT A4 Al4
Al4
A5
RUNL A4 A201/A20.
SOD A4 A6—7-9
WR A4
A13
ZEN A4
ZIN A4 A15
A6

Al5

6-51

DESCRIPTION

Address bits from system address bits
Address bitAO in X =A/Y =8B mode
Logic 0 in X"=A/Y = 8 mode
Blinking overload

Microprocessor clock pulse output signal (2.5 MHz}
Clear signal for shift register

Data bits from system data-bus

Data selection

Display timing

Signal invert-

Inputswitches select

amplifier settings (A21)

Input switches select (A2)

Output port select (A4} :j/e(():()a((jiitrj]ress
Data RAM select (A6} ecoding
signais.

Time-base select {A12)
Delay trigger unit settings {A13)
Display select {A2)

New data ready

Control for NOTTRIG'D lamp

Power on

Power signal {20 kHz})

Signal READ from microprocessor
Control for REMOTE lamp
Microprocessor RESET OUTPUT signal
Restart 5,5 inputfrom IEC-bus interface
Restart 6.5 input (not used)
Control for RUN lamp

Microprocessor serial output data
Signal WRITE from microprocessor

Z dot join

Z enable

Z input

Z overflow signal
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TEST POINTS

X401 D421-pin 6 (WR.DAT)
X402 PON

X403 OPR

X404 0T

X406 ROMD

X407 IEM

X408 oM1

X409 AUNL

X411 ROM2
X412 NOT TRIGD
X413 ROM3

X414 ALE

X416 Al5

X417 NDR

X418 SO0D

X419 RD*

X421 CLK (OUT)
X422 - WR*

X423 -
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626. RAMunitA6
6.2.5. Spare unit A5

The RAM unit basically comprises the four random-access memories. ACCU. STQO1, STO2, ST03 used for

There is a connector X501 available on the motherboard unit A3 inwhich no plug-in unit is placed signal Storage. the two digital-to-analog converters X DAC and Y DAC and their associated control circuits

On this connector X501 a number of signals are available :or measuring PUrposes. 6.2.6.7. RAMmemoriesACCU, STO 1, §702, STO3

Al 15V c1 5V Each of the RAM memories consists of two RAM (C-chips of %4K-nibbles each (256x4 bits) enabling amaximum
A2 oV c2 ov of 256 bytes to be stored.
- c3 +12V
A3 112V
A4 _12V c4 -12V . The overall memory is selected by PON.DAT = 1, i.e, with the power on and the data field addressed.
A5 ZIN cs PWR2 Memory allocation is as follows:
Cc6 YDAC
XDAC
ﬁ? +5 BATT c7 +5 BATT .MEMORY IC ELEMENTS
- C8 ov
ov
ig ey co -6V ACCU D601, D602
0 D7 c10 D6 STO1 D603, 0604
c11 D4 ST02 D606, D607
All ps o12 02 _ sT03 D608, D60Y
Al2 D3 Do -
Al13 D3 gﬁ RESOUT Selection of one or more of the memories is made under microprocessor control.
Al4 RST 65 o5 o A byte of data representing the information for reading orywriting one or more of the memories is sent by the
Al5 AVSB microprocessor on data-lines D@ ... D7 to the latch D613, if the signal combination WR.104 is logic 1, the data
AL6 PON c16 ZoVL byte will be latched by DG13.
A17 NDR C17 E% Two groups of output signals are produced by latch D613:
100 c18 sO
A18 100 ==
WR c19 RD ; [N
Al9 WR c20 DAT Output Enable RAM signals (OER)  _ signals OER@ ._OER3 select the memory ofwhich the contents are
- A20 104 required to be read.
— I0A i i TEER
A21 102 c21 ACQE7 Write Enable RAM signais (WRER)  _ signals WRER® _ WRERZ select the memory inwhich datas
A22 ACOB3 c22 required to be written. With no WR signal available these signals are
A23 ACQB2 c23 ACQBE blocked.
A24 ACOB1 c24 ACQOB5
A2 ACQB0 c25 ACQB4 Individual RAM locations are selected by address lines AO A7
—_— C26 2,5 MHz
A26 OERZ Data inputs for the memores
A21 OER3 cz7 o=RL
A28 OER1 c28 OERD Data received from other units can only be stored in the ACCU RAM.
A29 A7 c29 A6 Datastored in any of the other three memories STO1, STO2, STO3, is always derived from the ACCU memory.
C30 A4
A30 A5
A31 A3 Cc31 A2 Datafor storage inthe ACCU memory (0601, D602) can be:
C32 A0
A32 Al

— output data ACQB8¢ .. ACQB7 from the dcquisition circurt,
— data from the microprocessor,

— data from the IEC-bus Interface board via the system data-bus lines D@ ... 7.

The signals ACQB® ... ACQB7 are applied to the latch D614 and the signals D@ .. D7 are applied to the latch
D616.

Selection of either one of these latches 1s made under microprocessor control via the logic level of signai SOD
(serial output data).

SOD =1 sglects D614

SOD =0 selects D616 via inverter D626

Inverter D626 prohibits the output of data from both latches to the ACCU bitlines at the same time

]
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Overflow detect:on

The information in the RAMs 1s stored in 2's complement notation, which means that signal amplitudes are
stored in positive as well @ negative binary numbers.

maximum positive +127 01111111

+1 00000001
+0 00000000
-1 11111111

maximum negative ~i28 1000 0000

From the above, we can see that if the most-significant bit of a binary number 1s at 10gic 0, we have a positive
number, otherwise it represents a negative number.

An incorrect setting of the AMPL/D!V switch or the OFFSET control causes an overflow, which means that
the result after digitising 1s greater than can be stored. Therefore, if the maximum number 0111 1111 or the
minimum number 1000 0000 is reached, an overflow situation is recognised. This is signalled by aflashing
trace 0N the c.r.t. display.

These two extreme overflow situations can be decoded as follows:

The most-significant bit D7 is inverted by 0626 {1,2) resulting in the overflow codes 0000 0000 or 1111 1111
By comparing the inverted most-significant bit with the other seven bits in exclusive OR circuits D618 and
D619, an output signal ZOVL (Z Overload) is indicated when one of these two overload situations occurs.
The overflow signal ZOVL is applied to the Z-pulse {ZN} circuit on Unit 4 to produce the flashing of the
display when overload is reached.

Digital-to-analog converters X DAC, Y DAC

DAC outputsignalsin X = t mode

Horizontal deflection on the c.r.t. display in the X =t mode is controlled by the addresses needed for reading
the contents of the memories. Therefore. the address bits AO A7 are applied to the X DAC (horizontal
digital-to-analog converter) D622 to generate an analog deflection signal XDAC that varies between +5 V and
-5V.

The address bits are applied to the X DAC {D622) via two multiplexers D611 and D612, which are controlled
by the signal AVSB.

AVSB = 1 selects X =t mode
AVSB=0 selectsX =A /Y =8 mode

Vertical deflection on the c.r.t. display is controlled by the eight data bits D®* .. D7’, which are applied to the
Y DAC {D621} to generate an analogdeflection signal Y DAC.

These data bits are routed to the Y DAC via eight exclusive OR gates D623, D624, which are controlled hy the
INV signal to invert the data when the front-panel INV switches are operated.

The X DAC and Y DAC latchescan be enabled by the enable signals X DACE and Y DACE respectively. These
are the output signals from the multiplexer $628, which is enabled by the DAT signal. Selection of inputsignais
to the multiplexer is made by the signals ABAB and AVSB according to the following table:

AVSB r AGAB L XDACE YDACE
1
0 0 W * \ X=ASY=B mode
0 1 * WR
0 WR WR
! ‘ X=t mode
1 1 WR WR

6-63

DACoutput signalsin X = A/Y =8 mode
If channel A as well as channel B informationis stored in the RAMs, XY deflection can be obtained by selecting
the X = A/Y = 8 mode by depressingthe relevant front-panel switch.

To give XY deflection, the channel information on A and B has to be applied to the X DAC and the Y DAC
respectively.

There are two different methods of storing the channel A and channel 8 information in the RAMs.

Channei A ODD: Channel A information is stored in locations with ODD addresses and channel 8 in
(FASDI = Q) locations with EVEN addresses.

Channe/ A EVEN:  Channel A information is stored in locations with EVEN addresses and channel B in
(FASDI = 1) locations with ODD addresses.

To obtain XY deflection. it is necessary to apply data from the ODD addressesto the X DAC and data from the
EVEN addressesto the Y DAC or vice versa depending 0n the logic level of the FASDH signal.

For correct functioning, only one DAC latch may be enabled at a time, this being controlled by the enable
signals XDACE and YDACE o0n the output of multiplexer D628.

The logic level of signal FASDI (phase of display) controls which channel is stored in odd or even addresses by

determining which DAC is loaded first. If FASDI is at logic 0, we have the situation where X DAC (latch D622)
is loaded first: i.e. channel A wil} be srored inthe odd addresses.

Alternatively. ifFASDI is at logic 1, then Y DAC (latch D621) will be loaded first and channel 8 will be stored
in the odd addresses.

FASDI A0 ADAB
0 (0] 1
0 1 0
1 0 0
1 1 1

FASDI =0 resultsin A0 beinginverted
FASDI=1 resultsin AO not inverted




INCOMING
SIGNAL

AQ .. A7

ACQBD ... ACQB7
AVSB
DY ... D7
DAT
FASDH
INV

104

3

%)
o]
o

i

£
-

+5V

+5 BATT
+12V
=12V

QUTGOING
SIGNAL

GENERATED
ON UNIT

USED
ON UNYT

Ad

A20
A20
A20

A20
A2C
A4

DESCRIPTION

Address bits from system address bus
Address bit A@ in X=A/Y=B made
Acquisition output bits @ .8
Logic 0 in X=A/Y=8 mode

Data bits from system data-bus
Data selection-

Phase on display fevel

Signal invert

Data RAM select

Output enable RAMO

output enable RAM1

Output enable RAM2

Output enable RAM3

Power on

Signial READ from microprocessor
Microprocessor serial output data
Signat WRITE from microprocessot
Horizontal DAC outputsignal
Vertical DAC output signal

2z overflow signal
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6-73

After this procedure. the adder output value My, will be shifted infoa shift reg:ster as a new and corrected value.

This system of digital adding is also used, ina different way. inthe P2CCD-mode as described in the Conversion
6.2.7. Buffer unit A7 Unit AB.
iqi - erter . L
6.2.7.1. General ¢ bt x 256 digita) shift register for data storage and a digital-to-anatog conv Detailed description
. — e mit anncicte nT A 8-

onsists of a 3-bit X 2656 digital shaft regisiet 1o wutur i - ~nerartinn of subsequent analog

- i alo
e is from the ADC for the correction of subsequent anaiog

This digital adding technique is now described in greater detail with reference to the various circuit elements.
AC M-1, which re-converts the digital output signa The gr?alog value of the prec.edlng.mgnal §amp|e Mp-1 is subtracted from lh.e ngw sample My, |n.1h.e ve.mcal
D i amplifier stage. This results in a differential analog voltage M — Mp-1, which is converted to digital signals

ADCB® ... ADCBS and appliedto the adder circuit on unit A8 together with the preceding sample 5.1 in
digital form.

signals. o.bit digital value
Y N i -1 gy
.. : ilioscope is converted into 2 g ¢

. i uisition section of the osci P h . onal bits are shifted
NSy mfofgég‘;“ ﬁt;:\et::nii?sion unit. After conversion and final corre(f:non. lheze signa: Dy
ADCBO ... A on 8 g 1...D711 on this buffer unit, for storage. .
i -bi digital shift register D701 ... <anal CLIKSH, generated in
o the‘g btn 2f2::,?5 5)'?ift register are onty shifted under the contro! of a clock sig
The contents

p718, D718,

After adding overflow detection and marking, the sum signal My, is applied as ADCB® ._ ADCRB8 to the shift

register on the buffer unit A7. With this new signal value stored in the shift register. the circuit continues with
the next.
I
CLKSH = (INS.NDR) + {SOD.WR) The corrected sample value M,, on the ADCB linesfrom the conversion unit A8 to the shift register is also
_ applied to the 4-bit latches 0712 and stored under the control of signal C@. The output signals from the latches
Shifting can be interrupted therefore by blocking signal CLIKSH. are applied to the digital-tosnalog converter DAC {M-1) 0714.
ignal P =

o . in the P2CCD-mode {signa!
The nine shift register output signals will onfy be appliad 1 the dACO'P; :::n‘:ble) .
jogic 1) for correction purposes of it signal NOR = fogic ! -(nev; fi::;D']'lG and D717.
Data is applied to the ACOB bus via the 3-state non-inverting bu

atais @

Inthe P-mode. the DAC {M-1} circuit is switched off by the P signal on the
However, in the DRS-mode the DAC (M-1} circuit is switched on.

The most-significant bit of the 8-bit 26 complement information offered to the DAC {M-1} is Inverted by D719
{4,5) 1o translate the data into 8-bit straight binary notation.

Conversion by DAC {M-1} results in the analog value of the precedingdigital sample Mp-4 and this value is fed
back to the vertical amplifier stage for subtraction from the new signal sample My,.

input pin 10.

§.2.7.2. Data routeing and correction in P2CCD mode

) For details of this, refer to the Conversion Unit A8 description.

o . In the amplifier stage, anaiog subtraction will resuit ina new differential voltage as previously described. This
6.2.7.3. Data routeing and correction in DRS-moi

differential voltage My — Mp.1 15 then converted to digital in the ADC and added to the old digital value Mp_3.
The old digital value that was stored in the two 4-bit latches 0712 is in the meantme shifted to the next two
4-bit latches 0713 by control signal C4 and fed to the adder circuit. Here, the 8-bit 2's complement notation is
converted into a 9-bit ACQB® ... ACOBS digital form by copying the last bit.

Data from one signal source only may be fed to the ACQB bus by more than one buffer simultaneously. This s
made possible by signals P and NDR via NOR-gate D718 {4,5,8) and inverter D719 (2-3).

Each time an NDR pulse is generated. the total shift register contents will be copied into the ACCU memory.
Precise timing diagrams are given in the ACL Unit A9 description.

. .
- e {Direct, Roll and Samplel, inaccuracies of the rack/Hold circuit and the ADC ¢ cuit are
tn the DRS-mod: D R

B e perat formation s 0 e Shkl'it '99'519 ith both channel A and channei B switched on.
ircui i I-channel mode working, ¢.&. w
The circuit is operative for dua

This mode is arranged o function automa

Tically even if only one channet is selected.

Principle of operation
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INCOMING
SIGNAL?

OUTGOING

SIGNALS

GENERATED
ON UNIT

USED
ON UNIT

4
DESCRIPTION

Acquisition output bits @ ... 8
ADC bits

Control O signal from ACL unt
Control 4 signal from ACL untt
Clock pulse for shift register
DAC M-1 output signal

Shift command for shift register
New dara ready

P mode signal .
Microprocessor serial output data
Microprocessor serial output data
Signal write from microprocessor
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Conversion unit A8
The conversion unit basically consists of an ADC for converting the input signals into digitat form Tor storing
in the shift register on the buffer unit A7, a circuit for signat zero correction, and an overflow detection and

markingcircuit.

These functions are performed by the following circuit blocks!

— asample and hold circuit for analog inputs, D822

— analog-to-digital converter (ADC) D821

— AND-gates D801, D813 for controlling fnputs to the adder circuit

_ exclusive-OR gates D802, D814, DBOY for inverting signal to adder for subtraction duting correction
_ adder circuit D803, D816, D804 s

— multiplexers D806, pan7, D817, D818 on adder outputs for overflow detection, marking, etc.

_ result registers D819, D811 for storing multipiexer output signals.

6.2.8.1. Sample and Hold circuit

Analog output signal VOUT from the CCD logic unit (A10), which represents the A and/or B channet input
signals in one of the selected modes, is applied to input 13 of the sample and hotd circuit D822. This circuit is
controlled by the TRACK signai:

~i’RACK = logic 1 ~ the circuit only tracks the input signal

TRACK = fogic 0~ {= HOLD) the circuit holds the input level that was present at the
negative-going edge of the TRACK signal

The output signal of this sample and hold circuit DB22 provides an input to the ADC that lies between +5V
and ~5 V.

6.2.8.2. Analog-to-digital converter{ADC)

The 373108 jnput level from the sample and hold circuit is converted into a digital 9-bit number i the ADC

circuit D823.
Conversion is controtied by the clock pulses CLADC. (Nine clock pulses are used to convert to this 9-bit number}

As the ADC is a 10-bit type, the least-significant bit being ignored. These clock pulses are onty generated by the
ACL unit A9 during the period when the CONV signat {conversion) is at logic 1.

The ADC output signat CONV reverts to logic 0 at the ead of the conversion period, thus indicating that
conversion is complete and that the results can be fed to the ADCB® ... ADCBS bus via the tri-state non-

mnverting buffers D811, DB12:

The 9-bit digital output of the ADC is straight binary coded and is converted 10 2's complement notation in
exciusive-OR gate D809 (11,12,13) by inverting the most-significant {9th} bit, as shown in the foltowing table.

STRAIGHT BINARY 19-bit) 2's COMPLEMENT {9-bit)
Decimal Decimal
8 1
5V +0 00000000 -256 |{1100000000
0lo0 00 i
0 00001 -255 {1 000001
0l1 0000000 128 (1110000000
o111 11111 —~1 M1 111111
1feoo0oo00000¢0 +0 ojlooooooao?0
|
Mori1 11t +127 g{o 1t 11111
5V +511 §i31 11ty vt +255 ol 111 v U
[ L

t——-——- INVERSION OF THE 9th BIT iy

The 2's complement equivalent value is fed to th S-hines by the tri-state-nor -inverting buffers
P g
e ADCB bus-li by the tri-stat, buffers D811
D812 under the cor trol of signal C1. W th C1at fogic 1, the buffers are ir 3-state mode ’
.
Signal input C1 is a controt line wh

bus-fine: ich, together with si
s by more than one buffer. ith signal C2 prevents simultaneous inpys of ¢
of data to the

6.2.8.3. Correction circyits

As the correction circui
) circuits operate i i i
e e o in conjunction with ircui
- era ather circu
b he pn!ncnples of correction in the P2cCD ":;5;““ vt i, Ut he
‘ o -+ e are first dj '
Data routeing and correction in the P2CCD-mode -
Due to internaj P2CCD fa I
the P2CCD output signal

]

ults and differences between the frex

quencies f; .
inand fo .y, an
g graph. uts ingorrect zero fevel of

ts possibie as shown in the fotlowin

FAULTY ZERQ LEVEL

Fig. §.2.24. T
P2 cep B
output signal with shifti !
1th shifting zero level AT 713

Under these conditi
onditions, the t
256 ste ' otal faulty contents
o DS and after each conversion the data i of the P2CCD are conve
it shift register on buf is put on the ADCB@ ... AD

- or o rted from analog form to digitat in
is then blocked. - After 256 steps, the total P2CCD c

ontB bus and directly shifted into the
ents are stored here, and the register

By readin
g the PZCCD con
. tents again, wi
an incorrect zero ieve hayj » with the same frequency f
below. aving the same errors as de ¥ Tout {78 kHz} as for the faulty i .
scribed above will appear on the p2cen ty input signal,
output as shown

FAULTY ZERO LEVEL

Fig. 6.2.25.
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This incorrect zero level is then digitally subtracted {in 256 steps)irom the faulty input signal. which was
already stored n the shift register.
The corrected result is then re-stored in the shift register.

Correction circuit description

Considering the correction circuits in more detail, the correction cycle is started when the P2CCD s completely
filled with zero samples. This s done in 256 steps, in which for every step, one sample of fauity input
information from the shift register, and one converted zero sample from the P2CCD are applied ¥ an adder
circuit on this conversion unit {A8), consisting of the integratedcircuits 0803. 0816 and D804.

The procedure is as follows:

— The shift register contents are placed byte after byte on the ACQBB . 8 busvia, a buffer and directly applied
to the inputs of the adder circuits.

—. The samples of zero information from the PZCCD are placed on the ADCB® 8 bus, sample after sampte in
the same way as described for the uncorrectedsignal information. However, in this case it is not shifted into
the shift register but is transferred via AND-gates D801, D813 and exclusive-OR gates D802, D814 and D869
(4,5,6) to the adder circuit. For correct overflow detection and marking, hit 9 is copied and appliedto the
adder as bit 10.

(During the copying of the shift register contents into the ACCU memory in ROLL-mode, one side of the
adder input is blocked via AND-gates D801, D813 by the NDR signal to permit recirculation of the shift-
register contents.)

The exclusive-OR circuits serve to invert the zero information so that it can be subtracted from the signal
information. The subtraction processis performed by inverting the zero information and adding it, together
with a forced carry. to the signal information from the shift register.

The forced carry is obtained by signal P on input 9 of adder circuit D803.

At the output of the adder, the corrected signal samples appear one by one and are transferredto the overflow
detecting and marking circuits (multiplexers D806, D807, D817, D818).

The ACCU memory, and thus the ¢.r.t. display, is 8-bit wide; therefore the corrected adder output signals, which
can be 10-bit wide. are checked for overflow. Consequently, if overflow occurs, this condition will be Indicated
and overflow marking is necessary.

27 INPUT SIGNAL ?ovznnow
N

3
ACCU MEMORY 1
8=BIT3 MaxiMUM _ | _ £

!

i

i
OVERFLOW
—128
MAT 115

Fig. 6.2.26.

Marking is carried out by changingthe signal value during overflow in one of the digital values +127 or —128,
via the multiplexers 0806. D807, 0817, D818.

These multiplexers are controlled by the adder output bits ADO87, ADOBE, ADOBS, which give information
about overilow.

6-85

T T T
ADO089 ADOBS8 ADOB7 MULTIPLEXER OUTPUT

ADDER OUTPUT
+127
+127

o R O

|

NON-EXISTING
COMBINATIONS
—128
—128
ADDER OUTPUT

- = p B O O OO
- =+ O O » » O O
[ -

In case of an overflow, signal ADOBS indicateswhether it is an overflow or an underflow. ADOB8 and ADOB7
together indicate whether there is an overflow condition.

After marking, the multiplexer output signals are stored in the result register D819 under the control of C3.
These output signals are-appiied to the bus ADCB® ... 8 via D819 and D811 when signal C2 is logic 0.

C2 = lindicatesthat the buffer outputs are in tristate.

At the same time. the last hit is copied to reestablish a correct 9-bit 2s complement notation.

The data placed on the bus in this way are the corrected samples and are shifted again into the shift register.
After 256 correction steps the shift register contains the complete corrected signal.

Signal NDR (new data ready) now reverts to logic 1 and the shift register contents are copied into the ACCU
memory under the control of the microprocessorand its software.

The contents of the shift register are copied into the ACCU memory including the overflow markings +127

or —128. The overflow markings are detected by hardware when the contents of the ACCU are required to be
displayedon the c.r.t, screen. This resultsthen in a flashing trace on the ¢.r.t. screen to indicate this overflow.
The same is possible if the ACCU-memory contents are saved in one of the memoriesSTQO1 - STO2 or STO3.

Signal CLR enables zeros to be placed on the bus to reset the shift register contents in case of ACCU-memory
clearing.

Data routaing and correction /n DRS mode

Referto description of buffer unit A7

Note: For timing diagramsand explanation of timing refer to the description of the ACL unit A9.

INCOMING | OUTGOING GENERATED USED {  DESCRIPTION
SIGNAL SIGNAL ON UNIT ON UNIT
—

ACQBB ...ACQB8 AT Acquisition output bits0 ... 8

ADCB® .., 8 A8 A7 ADC output signals bit 0 ...bit8
C1 A9 Control 1 signal from ACL unit
c2 : A9 ; Control 2 signal from ACL unit
c3 ‘ A9 “ Control 3 signal from ACL unit
(EDC ‘ A9 ‘ } Clock signal for ADC
CLR | A4 ' ‘ Clear signal for shift register
o CONV ‘ A8 ‘ A9 1 Conversion
NDR A9 ! New data ready
P | alz | | P2CCOD-mode
SOD ‘ A7 : Microprocessor serial output data
TRACK ‘ A9 i I Track command from ACL unit
vout | Al0 | | CCO logic unitanalog autput signal
WR & A4 ‘] ‘J Signal WRITE from microprocessor
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6.2.9. Acquisition control logic unit A9 The first counting pulse results in counter-state 0. Output signalsOA. OB, OC and OD are applied to a

BCD/1 : 10 decoder, D923.

Control pulses C3 and C4 are derived directly from decoder outputs 3 and 4 respectively. The C3 pulsesare
only present whenever there isn0 new data ready, i.e. if NDR = logic 1.

After state 7 of the counter, alogic O on output pin 9 of the decoder is fed back to the direct reset input of
flip-flop 0927 to switch itto its zero state. Thus the count pulses for the counter are blocked and it is again
preset by the value 15. From the same decoder output signal aCOUNT pulse is given via flip-flop £913, which
is switched as a normal inverter. One COUNT signal is generated for each ADC conversron and so provides a
means of counting the number of conversions.

6.2.9.1. General

Before discussingthe timing functions in the various operating modes, the general circuit functions of the
Acquisition Control Logic unit are first outlined. The ACL unit contains the timing circuits that generate the
signals required to control the conversion unit (A81and the buffer unit {A7}.

A Hold and Convert pulse HOCON starts each analog-todigital conversion of an input signal sample. |# the
_ P-mode, this is signal HOCON P from the CCD logic unitA10; in the Direct. Roll and Sampling modes, this is

HOCON DRS from the trigger unit A22.

Depending on the mode selected, one of these hold and convert signal lines is applied to the clock input of

D-type flip-flop D809 via multiplexer D911, pin 7. This multiplexer is controlled by the signals P and R, t©
give the following.

Control pulses C1, €2 (C1 inverted) and INSP are generated by multiplexer D921 controlled by the NDR and.—
PN signals.

CONTROL SIGNALS OUTPUT SIGNALS
SIGNALS D911
{ R : P | output pin 7 i NOR - PN C1 INSP
|

0 | 0 HOCON DRS 0 0 oc INSR

0 | 1 HOCON P 0 1 ov c3

1 | 0 HOCON DRS 1 0 +5V +5V
| 1 A 1 i (unavailable input signal combination) 1 1 5V 15V

Flip-flop DG0Q is switched by the HOCON pulse, resulting in the TRACK signal going to logic 0, which brings
the Track and Hold circuit on the conversion unitto the HOLD state.

Analog-to-digital conversion is now started and controlled by the nine clock pulses CLADC (pin 11 of NAND-
gate D906}, which are derived from a 1.25 MHz clock signal. During conversion in the ADC. a signal CONV is
at logic 1. After conversion, this signal goes to logic 0, indicating that conversion is finished. Output pinb of
flip-flop 0909 is now witched to O by the CONV signal and this zero resets the other two flip-flops in the
circuit (RESET inputs D908-12, D909-13). In this way, the CONV signal blocks the CLADC pulses again and
switches the TRACK signal. The track and hold circuit now returns to tracking the inputsignal.

Signals C1 and INSP are permanently at logic 1 during NDR. Therefore. during copying the contents of the
shift register into the ACCU memory, the buffer following the AGC circuit will be set in its tri-state, i.e. NO
AOC output data can be sent either to the adder or to the shift register circuit.

Signal C1 will be at logic 1when uncorrected signal information has to be shifted into the shift registerin the
P-mode {PN at logic 1}. This allows the information to be shifted directly into the register. The shift command
INSP is in this situation derived from signal C3. In the DRS modes and during zero correction in the P-mode,
C1 and also C2 signals are derived from counter output OC. These signals control the AOC output buffer and

the adder output result register {3819 on unit A8} so that only one of the two can output data on to the
ADCBQ ... 8 bus at any given time.

The CHOP output of chopper flip-flop D908 is switched to its opposite state at the end of each conversion by
signal CONV on its clock input. Only in the P-mede, where the CHOP signal is not required, is the chopper

flip-flop set permanently to its '1-state, i.e. signal CHOP is logic 1. This is achieved by a zero level on the direct

Inthe DRS modes, and during zero correction in the P-mode, the INSP signal is derived from decoder output
set inputof the flip-flop. signal INSR. Therefore. INSP is generated after the correction results put in the result register and the register

output data is fed to the ADCBQ ... 8 bus.
During each conversion, aC® pulse on D906-8 is fed from the CONV signal to control the first buffer stage

{D712 on unit A7) after the adder circuit (on unit A8). This is the buffer stage that sends its data to the digital-

Timingin P-mode
to-analog converter DAC (M-1).

Flip-flop D913 is set to logic 1 by atrigger pulse OELTRG i1n normal trigger mode and by AUTR/{ inthe AUTO
mode, both signals being generated by the delayed trigger unit (A13}.

After receiving atrigger signal. the NULIN signal goes to logic 1. This signal is applied to the vertical amplifier
unit A21 to block the amplifier channels S0 that a zero level is offered to the P2cCD inputs.

A signal FOE (frequency output enable) also goes to logic O (assumingthat pin 10 of D814 is at logic 1) to

At the completion of each ADC conversion. counter D928, which has been presetto the value 15, starts
counting the 1.25 MHz pulses on its clock input.

The start of counting is initiated by the output signal of flip-flop D927, which is set to logic 1 by the posttive-
going edge of the CONV signal.

indicate to the CCD logic unit that the PZCCD contents can be read with aclock signal of 78kHz approx.
ob o T o8 oA This will result in HOCON P pulses to start ADC conversions.
B 1 The COUNT signals generated at each conversion are counted by the 10-bit acquisition control logic

15— 1 1 1 counter consisting of two flip-flops D924 and two 4-bit counters D918 and D917.

0 ) 0 Q 0 This counter, which was in its reset state in the preceding P-mode cycle. is now enabled for counting. Signal

1 0 0 0 1 NUL IN switches, via multiplexer D818, the flip-flop D902 so that the counter is no longer held in its reset

1 o ' state and is ready to receive count pulses. Signal FOE sets the multiplexer 926 <0 that rhe COUNT pulses on
2 0 0 input 12 appear at output 9. These COUNT Pulses are applied to the counter and after 256 have been counted
3 a aQ 1 1 the entire PZCCD contents are read, digitised and shifted into the shift register. Counter state 256 is indicated
[¢] ¢}
4 0 1 0 0 by a logic 1 on pin 12 of 0917. This signal switches FOE to logic 1via inverter D319 and NAND-gate 0914
. o ) to stop the P2CCD read cycle.

5 -0

6 0 1 1 0

7 KO 1 1 1

15 1 1 1 i
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A cycle now starts in which the P2CCD is completely filled with zero information, using the same frequency
for shifting as that for reading in the input signal information.

Signal EOE Now switches multiplexer 0926 to the state where the 50 kHz signal on pin 13is coupled to the
input Of the counter. Counting conuinues up to 512 and in the meantime. zero information s shifted for about
5 msec tnto the P2CCD via the NUL IN signal in the vertical amplifier unit 1256 x 0.02 Msec is approximatély
5 msec). o

When the counter reaches 512, output 12 of D817 returns to logic O and also signal FOE = |ogic O-

Now a cycle starts inwhich the zero contents of the P2ZCCO are read and digitised in 256 steps at a clock
frequency of approximately 78-kHz. At every step, one sample of uncorrected information in the shift register
is corrected by a zero sample from the PZCCD and the result shifted again into the register. After 256 corrections
the total corrected signal is presentin the shift register.

At the end of the correction cycle, the state 768 {512+256) of the counter is detected by NAND-gate pg14
{11,12,13), which results in a logic O on output pin 11,

This signal is fed to output pin 9 of multiplexer D916 and causes flip-flop 0902 1@ switch to its zero state. The
output signal on pin 9 of 0902 prepares the reset of two synchronous counters with synchronous clear, D918,
D817, These can now e reset by a pulse on the clock input, which is derived from a 1.25 MHz clock signal via
0926 and 0924. The clock signal can pass through multiplexer D926 because of the low level of the output
signal on pin-8-of D316, which 1s applied to input 2 of D826.

After the reset of counters D918 and D917, the output pin 3 of NAND-gate 2914 goes to logic 0 via the
multiplexer and NAND-gate 0914 (11,12,13). This signal resets the two flip-flops 0924 of the acquisition

control logic counter. The entire counter is now in the reset state and remains in this state until the next
NUL IN signal is generated.

At the end of the correction cycle. the positive-going edge of the signal on output 8 of flip-flop D902 will, via
multiplexer D901, switch NDR flip-flop £902 to :ts logic 1 state. Signal NDA is appliedto the SID input of the
microprocessor on unit A4 to indicate that new data s ready and can be copied by the ACCU memory.

After a certain time, the microprocessor reacts by generating a logic 1 on its SOD output and 256 WR pulses

followed by a logic 0 on (ts SOD input. During the SOD signal the shift register contents are copied 1to the
ACCU memory in 256 steps controlled by the WR pulses from the microprocessor.

Trigger flip-flop D913 is then brought to its reset state by signal CTF, which is derived from signal NDR via
multiplexer D901

The whole system can reactagain 0n incoming trigger pulsesat the end of the’handshake' cycle.
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Flip flop NDR s then reset by the positive-going edge of the SOD signal via the flip flop consisting of NAND
gates D903, and signal CTF goes to logic 1 S0 enabiing trigger flip flop 0913 again

The NDA signal will also be generatedwhile the CLEAR button on the front panel s operated
Signal CLR is then at logic O.

6.2.93 Timing in Direct mode

mode anﬂel)cy} m?nfméf}ﬂw %1305%5%25%%@ i%nlgb ergnetll:iaqgg rb?/'ﬁlﬁg Eeﬁ!iye%?ribngg?hm\ﬁl m%%ﬁr

On receipt of atrigger. flip-flop 0913 is switched and applies alogic 1 to the D-input of NDR flip-flop D902
via NAND-gate 0903 {1,2,3). .-
The NOR flip-flop switchesto logic 1 at the first COUNT pulse on its clock input (receivedvia multiplexer D01}

This commencesan NDR cycle to copy the shiffregister contents into the ACCU memory in the way already
described forthe P-mode.

The NDR flip-flop is reset by the positive-going edge of the SOD signal via the flip-flop comprising NAND
circuits 0903. Simultaneously,the acquisition control logic counter starts counting 256 COUNT pulses. This
startis initiated by the NDR signal on the clock input of flip-flop D902, receivedvia multiplexer DS16.

At this same start time, a logic O on output 8 of flip-flop D902 causes output CTF of multiplexer 0901 to go
to logic 0. This results in a reset of the trigger flip-flop D913.

The acquisition control logic counter counts up to state 256. This state is decoded. resulting in a logic |
on pin 12 of counter 917, which is applied via inverter 0919 (8.9) and multiplexer 3816 to flip-flop 0902.

The counter is then reset in the way described for the P-mode.

At this moment. 1t is established that at least 256 new samples of the snput signal are stored in the shift register,
so the total shift register contents are refreshed {i.e. a type of trigger hold-off).

Resettingthe acquisition control logic counter resultsin signal CTF going to logic 1. thus again enablingthe
trigger flip-flop D913.

This prepares the flip-flop to receive another trigger to start a new D-mode cycle.
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6.2.9.4. Timing in Roll mode

button is pressed once, the ROLL-mode action is started by
U .

the mMicCropracessor. )
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In.the' a new signai sampfe is stored in the shift reglster,va
Each time -
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6.2.9.5.

Timming inn Sampfing mode
The control signal S sets the ACL unit in the Sampling mode.

Correct functioning in this mode requires that signals of a re;

petitive nature are applied to the input channets
of the instrument. ’

Each sampling cycle is started with the staircase counter i

n the zero position and a pre-determined LEVEL
setting. R

During one sampling cycle 256 samples of the input signal are stored in the shift register to build a complete
signal picture. Each input trigger signal takes one sample of the input signal as now described.

On each trigger signal a fast ramp signal is génerated
DAC circuit DACSTAIR, D904. This circuit is coupl
into the analog signali DACSTAIR.

At the crossover point determined by each com
HOCON DRS puise is generated to start the AD:
The time between samples depends on the fast
frequency setting.

{on unit A22) which is compared with the output of a
ed to the staircase counter to convert the counter state

parison of the fast ramp signal and the DACSTAIR signai, an

C conversion of the new signal sample.
ramp speed which, in turn, is determined by the time-base

TRIGGER |

FAST RAMPS FOR DIFFERENT FIME
BASE SETTINGS

\

Fig. 6.2.32. -

PRI

After each conversion, a COUNT pulse is counted by the staircase counter,
output signal to increase by one step {40 mV).

In this way, the time between the trigger pulses and the
eagh new sample is taken one step later.

which causes the DACSTAIR

generation of the HOCON DRS signal increases so that

The shift register is completely filled after 256 samples and its contents can be copied by the ACCU memory.
This is initiated by state 256 of the staircase counter. A logic 1 on pin 12 of the counter D917 causes it to
reset to zero as already described in the P-mode. The logic 1 level on output 8 of reset flip-flop D902 is fed
to the ciock input of the NDR flip-flop via muitiplexer D901, This starts an NDR cycle and the shift register
contents can be copied in the ACCU memory. After this, the staircase counter is again enabled for counting by

the positive-going edge of the NDR signal via multiplexer D916 and a new sampling cycle is started.
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$6.2.10. CCD logic unit A10

6.2.10.1-General

The CCD logic unit together with the driver unit A34 control the correct functioning of the p2ccD Circuit on
unit 11. The centrol circuits can be considered under the following headings:

— circuits for various supply voltages

— P“CCD external output circuits

— control signals generator

— clock-pulse generator (on unit A34 page 6-232)

6.2.10.2. Circuits forvarious supply voltages
+11,4V Fromthe +12V supply a stabilised +11,4V is derived by the circuit consisting of
D3223 {1,2,3) and transistors V3216 and V¥3211.
This +11,4V supply output can be adjusted by potentiometer 83273 at the input of
D3223.

-11,4v A —11,4V stabilised supply voltage is derived from the =12V supply by the circuit
consisting of D3223 (5.,6,7) and transistors V3217 and V3212, The level of the
—11,4V supply is controlled by the stabilised +11,4V on resistor R3299.

458 A +5V stabilised supply voltage is derived from the +11,4V at input 1 of 03224
BIAS
Resumed: | Time base position Potentiometer | TB | TA
0.2 ms/div ._ 1ps/div R3206 0 0
0,5pus/div R3221 0 1
0,2us/div R3207 1 g

Theoutput of the multiplexer is routed via amplifier 03203 and relevant components
to the P2CCD circuit.

6.270.3 P2CCD external output circuits

Output signals OUT PAand OUT PB (from the two sections of the PZCCDAOH unit 11) are applied to two
output circuits comprising two multiplexers 03221. D3222 and two integrators consisting of operational
amplifiers D3213, D3219 and capacitors C3210, €3222.

In order to obtain a possibilityto adjust the zero level for the differenttime base positions, a corrected zero
signal is applied to the upper sections of the two multiplexers D3221 and 03222.

These zero signals are derived from the circuit built up around the lower section of muitipiexer 03202. This
circuit 1sorganised analog to the bias circuitry.

Resumed: Time base position Potentiometer TB TA
0.2ms/div ._ ps/div 93208
0 5us/div R3222
0, 2us/div R3209
L

Both output circuits serveto eliminate outputsource-follower drift. noise signals and clock-pulse or reset
crosstalk signals that would influence the P“CCD output signais.

6-111

Fig. 6.2.39.

a01262

As aresult, clean output signals are produced, which are applied via multiplexer D3206 and amplifier stage
D3204 to the conversion unit A8 asthe V QUT signal.
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outPuT
SECTION |

ourPyT
SECTION 1

Before time 1y, signal RES1 is at logic 1, which causes the P2CCD reset FET to conduct. The parasitic capacitol
Cp of the source-follower gate 1s then charged to the level of the DRAIN RS1 voltage.

At the moment t,, signal REST switches to fogic O and the reset FET goes non-conducting.

Oue to the crosstalk of signal RESI present on the source-follower gate, a voltage jump appears on the emitter
of transistor V1111

During the time between t_,and t, ,the analog multiplexer D3222 is set to position 2 by its contral signals
PDR1 and PDR2, Capacitgr C3209 is then charged to the level 0n the emitter of V111 1. At the same time,
integrator capacitor €3222 will be discharged to OV via position 2 of the multiplexer.

e g i e,
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At t7 (the positive-going edge of the clock-signal A1}, asignal sample is fed to the source-follower gate, which

resuits in a change o i the voltage across CP’ This voltage across C_ is also influenced by crosstalk from the
clock-signal A1. The emitter of transistor V1111 follows the voitage changes across C_.

During the time between t, and t_,the multiplexer D3222 is setto position 3. The difference between the
emitter voltage of ¥V1111 and the voltage across C3209 is now applied across R3293 and is integrated by the
circuit D3213 and €3222, As can be seen from the timing diagram, the crosstalk of RESI is now completely
suppressed. —
Duringthe time between t, and t,,, the analog muitiplexer switches to either position 1 or O, butthe multi-
plexer is not then enabled {signat PDR2 on the enable input G4}. The output voltage therefore remains
available on pin 6 of D3213.

A similar external output circuit is available for signal OUT PB, resulting in integrated voltages on pin 6 of
D3219. Because of the differences in control signals PDRI and PDR2, the signals are 180° phase-shifted.

The signals that are read into the PZCCD for temporary storage need to be converted into digital information
for permanent storage in adigital memory.

Forthis purpose, the output signals on pins 6 of D3213 and D3219 are applied to a multiplexer, D32086.

This multiplexer switches both PZCCD output signals to one single serial output signal V OUT, when P-mode
is selected (signal P at logic 1).

Signal PDR2 is reponsible for switching over from output section |to output section {i. Forthe DRS modes
the multiplexer D1008 switches the signal DRS to itsoutput V OUT.

Amplifier stage D3212 is switched as an inverter.

This is necesarry to correct For the different phase of the signal in the P2CCD, -

Preset potentiometers provide gain adjustment for the two P“CCD sections at different time base settings.
Signal V OUT is applied to conversion unit A8.

6.2.10.4. Controlsignals generator

Inthe P-mode, the signals P, PRES. FOE and 78kHz are converted from TTL to ECLby D3218.

As long as gignal PRES = logic 1, these signals control the two D-type flip-flop D3217, which generate the
signals WREP and RDEP.

PRES

qnonnr

1BFIZ

WREP

Bz

RDEP

TBF OR 78kHz

READ CYCLE WAITE C IERC SIGNAL READ CYCLE

MatIz8
Fig. 6.2.41.

As shown in the timing diagram, during the time that signal WREP = (ogic 0, new signal samples will be shifted
into the P2CCD with a clock-frequency signal derived from signal TBF. (WREP: WRITE ENABLE P-MODEI.
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Signals WREP and WREP are only switched synchronously with even TBF pulses {TBF/2} in order to achieve
precise zero-correction (see ACL unit AG}). This is reaiised by dividing the TBF pulses using the lower flip-flop
of D3218, resulting in signal TBF/2, which is used as a clock-signal for flip-flop WREP.

During the time that signal RDEP = logic 0, the P2CCD contents are shifted outwith aclock-frequency
derived from signal 78 kHz.

Signals RDEP and RDEP are only switched synchronously with the 78 kHz signal.
(RDEP: READ ENABLE P-MODE).

The signal on pin 10 of NOR-gate D3208 is built up by TBF or 78kHz.

This signal, which is applied to pin & of D3209, is also inverted by D3208 and applied to pin 11 of D3209.
These flip-flops and the associated circuits that follow {$3211, D3214) generate the signals listed below in
accordance with the timing diagram.

REST: Reset signal for P2ZCCD output section 1

RES2: Reset signal for PZCCD output section }

PDRIVE: P2CCD phase signal -
PDRI & PDR2: Control signals for multiplexers D1018, D1019 and D1008

CLKDR: Drive signal for clock-pulse generator.

Integrated circuits D3214 are ECL/TTL converters of which one output is connected to an internal reference
voltage of —1,2V.

P10 - 01004 | { 1 I ! i i H ~
T8F OR Tkt L) ed e E—— | S L
01006-Pte | { ] & i A ; ) ! ! 9

SN el - | E—

01006-Pt 11 }r Iy ! Iy H I i 13 H f I
— S [, [ -

PORT/ P ORIVE : i ; 1

Gom — :

POR2/RESH e

EBR2/HE" 2 f i

MAT 727

Fig. 6.2.42.

The whole system is inactive while signal PECL from the time-base unit is at logic 1. Signal P DRIVE will then
be permanently at logic 1.

Furthermore, the generation &f signals POR1, PDR2, PDR2, PDRIVE, RESI and RESZ is inhibitedwhile
signal WREP is at logic 1. This signal is at logic 1 during the reading of new signal samples into the P2CCD.
Signals RESI| and RES2 are then positive to open the reset FET during reading in.
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Sianal HOCONP (Hold ano Convert in P-mode)

HOCONP pulses are only generated during the reading of the P2CCD contents. These pulses are derived from
the 78kHz pulses via NOR-gate 03208 while signal RDEP = logic 0 (RDEP: READ ENABLE IN P-mode).
Immediately the first P2CCD signal sample s available for conversionto digital, the leading edge of the first
HOCONP pulse has already passed. Therefore. this analog-to-digital conversion has to be started on the second

HOCONP pulse.

For this reason. the first HOCONP pulse is suppressedby the upper flip-flop of 93216 as shown inthe
following diagram.

Fig. 6.2.43.

- — — — — —
THkHz i

P2-piole T

HOCCN P

SUPRESSED Mal 728

INCOMING

SeNaL |

FOE
OUTPA
OouTPB

PECL
PRES

78kHz

—5.2v
+8Y
-6V
+12V
-12v
+40V
DRS
TBF

TA
T8

OUTGOING_
SISNAL

BIAS

RES1
RES2

+11,4V
+40V

VDUT
HOCONP
_5.2v

114V
PDRIVE
ZERO

p2 K
pZcep cLock

1 ON whT

SENERATED

A10
All
A9

All
A1l
Al12
Al12
A9

A10
A10
A12
Al0
A10
Al5
A15
Al5
A15
A15
A15
A21
Al12
Al10
Al10
A10
Al10
Al0
A10
A10
Al0
Al12

Al12

USED

_ | ONUNIT

6-115

JESCRIPTION

All

All
All

A11/AZ4
All

A8
A9
A11/A34
A11/A34

A9

A34
A34

3ias voltage

Frequency output enable
Pceo output signal section |
p2cep output signal section I
P-mode signal

P-mode signal for ECL circuits
Enable signal in P-mode
Resetsignal 1

Resetsignal 2

78kHz pulse

Signalfrom T & H gate

Time-base fast

CCD logic unit analog output signal
Hold and cenvert in P-mede

Phase signal in P-mode
Clock for P2cCD
. Inverted clock for p2cep

Control signal for p2ccD adjustment
| Control signal for P<CCD adjustment

P

i
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§.2.11. P2CCD unit A1l

6.2.11.7. General

The chCD circuit (Profiled Peristaltic Charged Coupled Device) is used in this digital storage oscilloscope as
an analog shift register. Using this circuit. different time conversions can Be realised in the TIME/D1V switch
positions 0,2us/DIV up to 0,2ms/DI1V to digitise fast input signals with a relatively slow (12,8 approx.)
analog-to-digital converter.

The P2CCD circuit 01101 located on unit 411 consists of two CCD sections in parallel. These two sections
are required in order to fake samples of the input signal on the 0° phase and on the 180° phase of the clock
signal.

23804 SIGRAL 0

SECTONT  INPUT - 128 STAGES - OuTPL T
L
. — —_
SECTIONT  INPUT ——r 128 STAGES l—-nuwur
— wal 710

Fig. 6.2.47.

Each section consists of 128 stages, i.e. the complete circuit 01101 contains 256 stages in which a total of
256 samples can be stored.

In addition, each section consists of asystem for the transport of charges, an input circuit that accepts the
charges from the vertical channel switch signals PAMP OUT I and P AMP OUT 2, and an output section which
measures the sizes of the charges and produces corresponding output signals.

Samples can be taken from the analog inputsignal at a high sample rate, which varies between 125kHz and
125MHz depending on the TIME/D1V switch setting. These samples are shifted into the PZCCDA

After the reading in of informationin all the 256 stages, the reading out cycle is started. The entire operation
is carried out under the control of the acquisition control logic and the CCD logic unit.

The P2CCD circuit contents are read out with a lower frequency of 78 ki4z approx.

This frequency remains the same for ?he different TIME/D!V switch settings and is low enough to guarantee
perfect ADC conversion by the ADC onunit A8.

The frequency must notbe too low otherwise loss of information could occur in the P2CCD circut.
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$6.2.11.2. Input section

Each of the two sections of the P2CCD circuit has its own Inputsection. One of these input sections is now
described. This particular section has the following Inputs:

IN1 (pin 22} this inputis connected to the clock signal P2 in such a way that the d.c. voltage jevei
on IN1is always about 13V more positive than the P2 signal level.

P111IN {pin 21) this is a threshold voltage set to +6 V approx.

A11IN (pin 17) this is connected to the analog inputsignal P AMP OUT 1with amaxmum ampli-
tude of 1V peak-peak on ad.c. bias level of about +7,5 V.

oc VOLY;GE RHEV PaMP QUT
o.
2
{ 1
1

J '—’H’—I
{ 1
iNT ‘PulN ISTLINEH Az Py A

: ! i
; o I‘ﬂr—‘ﬁr‘ljf*—lrﬁmr‘ﬁ

INPUT SECTION ' TRANSPOAT SECTION
-— P b

_ MATTN

Fig. 6.2.48.

For correct sampling of the input signai, 1t 1s most important that the low level {+2 V) of the clock signal P2
remains constant. For higher frequencies, the amplitude of the clock signal P2 decreasesdue to the Capacitive
loading caused by the P2CCD circuit.

A control loop 1s used to ensure that the low level of P2 remains constant.

The clock signals P2 and P1 are measured by the cireuit V1101, V1117, which results in a feedback signal
CLF for the four-phase dock-pulse generator on unit A34.

(CLF =CLOCK AMPLITUDE FEEDBACK).

A
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6.2.17.3. Transportsection

generated on CCD logic unit A34, are derivedfrom the 125kHz _..126MHz input frequency {TBF) from the
time-base circuit {A12) when reading in, and from a 78 kHz input frequency when reading out.

Each stage inside the P2CCD consists of four gates that are isolated from each other, and are controlled by the
Tour clock signals as shown in the following diagram.

o Az Py Ay . SECTION I

| LL

7

T 1
T T T
S RPN Dt S OupN
1#5TAGE 2% STAGE 3¢ STAGE N
By A 81 Az SECTION 11
r T
I T T
I T ! T ! 1
...................... |-----’;------i---».i._--7 [ U PRI Apmp
eArES£é:—l::c:1r:_1L-\x:J ResRrEE R
~
1* STAGE 2% STAGE 3¢ STAGE

MAT 732

Fig. 6.2.49.

The charges are transportedn the following way:

Assumne for instance that a negative charge is brought under a positive gate. If the next gate is made positive
and the previous gate is made negative, the charge will be repelled in the direction of the position gate.

Displacement of charges is achieved in practice by changing the levels on the gates by the four periodically
changing clock-puises. For a description of the clock-pulse generator, refer to unit A10.

———mee
|
o

The four clock 5ianais P2, A2, P1 and A1 are used to shift information in and out of the P2CCD. These signals,

Py —d 1 !

sy —d A SO S

[y CRERAY
Y !

e

Fig. 6.2.50. Timing clock signals

B 1

;1'55; C;“m
_‘——\
to -4 Y::@ENEGAIIVE CHARGE

TO OUTPUT SECTION

Fig. 6.2.51. Displacement of a negative charge as a function of the clock valtages
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6.2.11.4. Ouput section
Each of the two P2CCD sections has its own output stage, as now described.

+ 40V
[ T e ———

DRAIN  GRAIN
RS1 Ft

v

ouT PA

MAT 734

Fig. 6.2.52.

On every positive-going edge of the clock signal A1 a charge will load the parasitic capacitor Cp of the source-
follower gate (previously dischargedto the DRAIN RS1 voltage level by the reset FETI.

The level across Cy, will leave the output section via the appropriate source-follower. Both FET transistors are
also part of the P£CCD circuit.

The output signal is approx. T00 mV for an input signal {Vin} of 1Vp-p.

This source-follower output signal is applied to an emitter-follower V1111 which in turn feeds it as signal
OUTPA to an output amplifier on unit A10.

6.2.11.5. P2CCD circuit in dualchannel mode

In the dualchannel mode, channel A signal is shifted to section | and channel B to section it. The clock signals
for the two sections are in anti-phase. which resultsin a situation where the P2CCD itself acts as a chopper.
The chopper frequency depends on the TIME/DIV switch setting.

This dual-mode of working results in 128 samples per channel being stored, instead of 256.
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INCOMING JUTGOING GENERATED USED DESCRIPTION -
SIGNAL IGNAL ON UNIT ON UNIT
BIAS A10 Bias voltage
CLF All Al10 Clock-pulse amplitude feedback
OUTPA A1l A10 P2CCD output signal section |
OouTPB All Al10 P“CCD output signal section {1
RES1 A10 Resetsignal 1
RES2 A10 Reset signal 2
+11,4V A10
+HoV A10 -
A10
PAMPOUT1 A21 Output signal of amplifier
PAMPOUT2 A21 Output signal of amplifier
—5,2v A10
—114V A10
Al A34 To 50£2 terminator
A2 A34 To 5082 terminator
A34 Clock pulse
P1 A34 Clock pulse
P2
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6.2.12.

6.2.12.1.
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Time-base unit A12

The time-base unit generates a number of control signals of different frequencies derived from the micro
processor clock-pulse output signal of 25 MHz.

Encoding TIME/DIV settings

Depending on the setting of the TIME/DIV switch, one of these frequencies is selected and applied to other
units as signals TBF (time-base fast, used in P2cco mode) or TBS (time-baseslow, used for other modes).

The relation between the TIME/DIV switch settings and the signals TBF and TBS is such that there are always
25 pulses (TBF or TBS) generated per horizontal division:..

The settings of the TIME/DIV switch are read by the microprocessorsystem (unit A2).

The microprocessor loads the 8-bit latch D1221 with a byte of data according to the TIME/DIV settings listed
in the following table.

Latch D1221 is selected when the microprocessor generates address 8860H.
When the microprocessor places this address on the address bus, signal 108 goes to logic O.
This 106 signai combined with the WR signal enables data latch D1221 to latch the data present on the data bus

The output signals of latch D1221 have the following functions:
D@ ...Da™ used to control the various multiplexers on time-base units A12.
D5 enables or disables the output signal TBS

D6 and D7* these signals together, control decoder D1216, which results in the four mode signals:
P — P2CCD mode
D - Direct mode
R - Roll mode
S - Samplingmode
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6.2.12.2. Generation of signals 1.25MHz, 0.5MHz, 25Q kiHz, 156 kHz, 78 kHz
» TA -
TIME/DIV FREQUENCY[ M<)DETD 7 D6 05 D4 03 D2 ol o T8 The 25 MHz clock-pulse signal from the microprocessor is divided by factors of 2, 5 and 10in divider D1206,
5 ns/div S T1 1 0 0 0 1 1 0 1 1 resulting insignais 1.25 MHz {pin 3}, 05 MHz (pin 4) and 250 kHz (pin 6) respectively.
10 ns/div S 1 1 0 0 Y] 0 0 1 1 1 Two other signals are derived from the 1.25 MHz signal by 01207. which divides by factors of 8 and 16. These
20 ns/div S 1 1 0 0 0 1 0 0 1 1 divisions produce a signal of 156 kHz for use in the 2-amplifier and a signal of 78 kHz for reading out the
. contents of the P2CCD unit.
50 ns/div S 1 1 0 0 0 1 0 1 1 1
11 ps/div S 1 1 0 0 0 0 0 0 1 1 6.2.12.3. Generation of TBS signais for the D and R modes
- 3 The 0.5 MHz signal on pin 4 of D1206 is applied to pin 10 of D1206, the first of achain of dividers consisting
— of D1206, D1204, D1203, 01202 and D1201.
0.2 psldiv 125 MHz P 0 0 o} 1 1 1 1 0 3 The first three of these divide by a factor of ten, thus producing the frequencies 50 kHz, 5 kHz, 500 Hz, 50 Hz
i and 5 Hz.
(15 psldiv 50 MHz P 0 0 1 1 0 1 N The 25 kHz output from D1204 pin 11is appliedvia inverter 04218 {8, 9. 10) to the final amplifier unitA20
1psldiv 25 MHz P 0 0 0 0 1 1 1 0 0 ? for generating the CAL voltage.
2 psldiv 125 MH 7ol 0 0 0 1 0 1 0 0 ?
P ? ) Pin 2 of D1203, normally at 500 Hz, can be switched to 25 MHz by switch $1201 for test purposes in the
5 psldiv 5MHz {= P al 0 0 0 1 0 1 1 0 ¥ ROLL-Mode.
10us/div 25 MHz P la 0 0 1 0 0 0 1 0 ?
20 psldiv R 125 MHz P oo 0 0 1 G 4 1 0 ¢] [¢] Circuit D1202 divides the 5 Hz inputsignal by a factor of 6 to give an output signal with a frequency of»5/8 Hz.
. p o 5 1 o 0 Inturn, D1201 divides this 516 Hz inputsignal by a factor of 12if D2* is logic 0. and by a factor of 15 if D2*
50 psidiv 05 MHz 0 Q 0 1 0 i logic 1, thus producing frequencies of 5/72 Hz or 5/90 Hz.
0.1 ms/div 025 MHz P ia 0 0 1 1 0 0 1 0 ?
0.2 ms/div 125 kHz a 0 0 1 0 1 0 P All these frequencies are routed to multiplexer D1214, the outputs of which are controllea by signals D2*,
18S D3 and D4*.
5 Only one of the inputfrequencies appears on output 3 of D1214 and is applied in one of two ways to
Sms/d D {1 0 1 0 0 0 0 0 1 1
(15ms/div 50 kHz . _ multiplexer 31218:
i D 1 0 1 0 0 0 0 1 1
Lmstdiv 25 khaz — directly to input6 of 01219, or
2 ms/div 175 kHz D1 0 1 0 0 0 1 0 1 k — first divided in D1207 by factors of 2, 4 and 8 and then applied to inputs 5, 4 and 3 of D1219.
5 ms/div 5 kHz D |1 0 1 0 0 1 0 0 1 1
; . : N .
10 ms/div 25 kHz D {1 0 1 0 0 1 0 1 1 1 Multlplexer D1219 iscontrolled b.y 5|gnials D" and D1*. ) . . . .
. The final selected frequency, obtained via NOR-gate D1217 as signal TBS, is applied to the trigger unit.
20 ms/div 125 kHz D1 0 1 0 0 1 1 0 1 The output TBS can be disabled by flip-flop D1222, under the control of the D5 signal.
50 ms/div 500 Hz D {1 0 1 0 1 0 0 0 1 1 Signal T8S is blocked at the end of the ROLL-mode and in the P-mode. D* is then logic O.
11 s/div 250 Hz D 1 0 1 0 1 0 0 1 1 1
12 s/div 195 Hz D |1 0 1 0 1 0 1 0 1 1
8S
05 s/div 50 Hz R 0 1 0/1 (0] 1 1 0 J 1 1
sldiv 25 Hz R |0 1 011 0 1 1 0 1 1 1
2 s/div 125 Hz R 0 1 V73] 0 1 1 1 0 1 1
5 s/div 5 Hz R |0 1 0/t 1 0 0 0 0 1 1
10 s/div 25 Hz R Jo0 1 01 1 0 0 0 1 1 1
20 s/div 125 Hz R J0 1 o 1 0 0 1 o 1 1
30 sldiv 516 Hz R 0 1 0/1 1 0 1 0 0 1 1
60 sldiv 5/12 Hz R {0 1 on 1 0 1 0 1 1 1
120 s/div 5/24 Hz R 40 1 011 1 0 1 1 0 1 1
360 sldiv 5/72 Hz R 0 1 7] 1 1 0 0 0 1 1
900 s/div 5/180 Hz R [0} 1 a/1 1 1 1 0 1 1 1
800 s/div 5/360 Hz R 10 1 /1 1 1 1 1 0 1 1
600 s/div 5/720 Hz R 10 1 0/1 1 1 1 1 1 1 1
D5 = 1— RUN 1 1
. D5 =0—>STOP
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5.2.12.4. Generation of T8F signals for the P-mode

Signals of a higher frequency than the microprocessor clock-pulse output signal of 2.5 MHZ are generatedby
means of a voltage-controlled oscillator (VCO)D1213 that has an output frequency of 100 MHz.

The output frequency of this oscillator 1s controlled by ad.c. voltage, VC, on the VCO input. pin 2.

To obtain this stable VCO output, the 100MHz output is divided by a factor of 80 in circuits 1227, D1209
and D1208. The resulting 1.25 MHz signal, VC0/80, is then compared with a reference signal Of the same
frequency in a phase detector, which is then used to control the VCO frequency.

The phase detector comprises the flip-flops D1211 and the associated integrator circuit. These flip-flops are set
and reset inaccordance with the timing diagram shown below.

The output signals on pins 1 and 12 are added and applied to pin 2 of 01212 of the integrator. The resulting
signal \C, controls the VCO to ensure aconstant frequency. The VCO is only switched into circuit by signal
VCOEN (VCO Enable) in the 5 TIME/DIV switch position G,2us/div to Sus/div.

FEEDBACK

—_—
veo/80 1 { 1 - } | » !
AR S [ e -
D1211-P1 2
CLOCKPULSE T ! I

N 1.25MHz "L } $ L J
oDizn-Pn

— —

Da211-P11 ! i B !

01211- P12 i '_‘_—_—L_J—_—_—_] f T ~
S —

o] ! | S

owz1t-pra2 _-'"idf hE . U——?,/

v ) L ] L
Fig. 6.2.55. MAT735A

Divider D1227 derives the 50 MHz and 25 MHz signalsfrom the 100 MHz VCO output signal. these being
routed to multiplexer 01224 for selection.

The 25 MHz signal is also applied to a multiplexer D1223 wia ECL/TTL converter D1231. This multiplexer
selects one of the input signals 25 MHz, 2.5 MMz and 250 kHz under the control of signalsD3* and 04"

The 25 MH2 output signal from D1223 is divided in B1209 by a factor of 5 and a factor of 2. From there it s
divided further 1n D1208 by a factor of 2. giving a signal VC0O/80 of 1.25 MHz on output pin 12 or D1208.
This 1s the 1.25 MHz signal that is fed back to the phase detector for controlling the VCO frequency.

Inthe position 0,2us/div the VCO is adjusted to 125MHz.

The data lines D3' and D4* are both O in this position and thus is the multiplexer switching the signal YCO/100
as the feed-back frequency.

Now the frequency of 125MHz is available at output 4 of 01213 and this signal is routed to iNPUts 3 and 13

of multiplexer 01224,

The foltowing frequencies are also available:

output pin9 of D1223: 25 MHz, 2.5 MHz or 250 kHz
output pin 8 of 01222: 125 MHz, 1.25 MHz or 125kHz
output pin 12 of D1209: 5 MHz, 500 kHz (or 50 kHz - not used)

After selection by multiplexer D1219 (only enabled in P-mode), one of these frequencies appear on Output
pin 9 of D1219.

The selected signal is applied to multiplexer D1224 via aTTLIECL converter, D1226
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Multiplexer 31224, which iscontrolled by D@*, D1* and D2%, is empioyed?or the final selection of the
frequency of the output signal TBF. This signal is applied to the CCD logic unitA10 via a 50 £2 cable.
In Parallel. a TBF signal is generated, which is connected via a50§2 cable to the trigger unit A13,

INCOMING OUTGOING GENERATED USED

SIGNAL SIGNAL - ONUNIT ON UNIT
O A12 AS

00. D7 A4

06 A4
R Al12 AS
S A12 AQ-A22
P A12 A7-8-9-10-21
PECL Al12 A10
TBF CcCD Al12 A10
TBF TRIGGER Al12 A13
TBS Al12 A13-A22
50kHz Al12 AS
78kHz Al12 A10
25 kHz A12 A20
156 kHz A12 Al5

o 1.25 MHz Al12 AS-13

WR A4

25 MHz Ad

+5V - Al5

52V A15

TEST POINTS l

X1201 RESET

X1202 ‘ Low

X1203 5 Hz

X 1204 156 kHz

X1207 TBF

X1208 VG,

DESCRIPTION

DIRECT-mode signal

Data bits from system data bus
Address decoding signal TB select
ROLL-mode signal
SAMPLE-mode signal
P2CCD-mode signal

P-mode signal from ECL circuits
Time-base fast for CCD unit
Time-base fast for TRIGGER unit
Time-base slow signal

25 kHz for CAL voltage

Signal WRITE from microprocessor
Microprocessor clock-pulse output signal
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in this event, EDCT goes active, so set input 5 of D1304 goes low, and on receipt of a TBS or TBF pulse at
clock input 6 of ©1304, output 3 goes nigh and enables D1306 &s a five-counter.

After counting down to zero, output 13 of D1312 goes low and via AND-gate D1316 (8, 9. 10) the reset
input 1 of D1317 goes low and output 6, the EDCT pulse, goes high to disable D1306.

Divider D1308 must be blocked during the new loading of the down counter. This is achieved by the pulse
NTSC which remains low during loading, and D1317 reset 1 remains low. .

After loading, D1317 reset 1 goes high and on receipt of a TRIST pulse, signal EDCT revertsto the active
state.

If the counter s blocked, the signal DELTRG goes high via D1323 and D1318 (4, 5, 6).

6.2.13.4. Digital-to-analog converter for trigger delay in Sampling mode

In the sampling mode. an analog signal is required to delay the trigger. This signal is derived from the digital-to-
analog converter 01327, which is loaded with the information of the data-bus when enabled by Pulse WR in
combination with TO8 and address 8086.

The digital information is coded by the software and is converted into an analogvoltage. This is ad.c. voitage
for the time during which no change is made in the delay setting. The total delay possible in the sampling
mode is 100 divisions. These 100 divisions are digitally divided into 200 steps: that is. each division delay is
digitally two steps. On conversion. its then 80 mV/division.

The function of the trigger delay is explained in the description of the trigger unit A22.

Note: Sear in mind that the principle of the oscilloscopewith a trigger delay of zero means that the DEL TRIG
pulse always appears 10 divisions after the TRIST pulse.

INCOMING
SIGNAL

AD- AT-A2
AUTO TB

CTF
Do...D7

DT

TBF
TBS
TRIST

WR
X OouT

Y OUT

1.25 MHz
25 MHz
+5v
—5.2V
+12V
—-12v

OUTGOING
SIGNAL

DACDEL
DELTRG
DJ

ENKEL
FAS Di !
FRUN

PEN LFT

Qo -0l
RESDJ

TRSH
X PLOT
Y EX

Y PLOT
ZDJ
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GENERATED USED DESCRIPTION

ON UNIT ON UNIT

A4 Address bits from system address bus
A22 Auto sigiggrfrom AUTO switch
A13 A9

Al3 A4-6-20 logic ““0* in X= AN =8 mode
A9 Clear signal for trigger flip-flop
A4 Data bits from system data bus
Al13 A22 Output signal of DAC delay
Al3 AQ-A202 Delayed trigger signal

Al3 A20 Dotjoin signal

A4 Display timing

A13 A20 Single channel mode

A13 A6 Phase on display level

A13 A22-A202 Freerun signal

A4 /0 address decoding signal
A13 OUTPUT Penlift

Al13 A20 Control signals for dot join
Al13 A20 Resetdotjoin

Al12 Time-base fast

A12 Time-base slow

A22 Trigger signal for strecher

Al13 A20 Trigger for dot join sample & hold
A4 Signal WRITE from microprocessor
A20 Horizontal output signal

Al3 OUTPUT Horizontal plot output signal
Al3 A20 Y-expand

A20 Vertical output signal

A13 OUTPUT Vertical plot output signal
Al13 A4-AZ20 Z dotjoin

Al12

A4

A15

Al15

Al15

Al15

A15
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6.2.14.1 General description (refer t o block diagram).

6.2.14. 1.E.Cunit A4 o ] o . _

An |EC bus line interface is used in muitidevice systems to connect the instrusments in parallel to the same

interface lines. Each instrument has its own specific address (selected with switches in the instrument) so that

an instrumentis only listening after it has received its specific address, in IEC terms is called My listen Address

{MLA]. The listenaddresses are generated by the controller of the system {e.g. a computer) and are trans-

mitted via the data lines of the bus during an address or interface message the attention line {ATN) is active

to indicate that the information on the data lines have a special interface function.

The 1EC bus can besplit upinto three functional parts: the data bus, the handshake bus and the management

bus.

— The Data Bus is used to transport messages for the device functions as well as for the interface functions and
consists of 8 lines (D101...8).

— The Handshake Burcontrols the correcttransfer of data bytes with the nextthree signals.

Data Valid {DAV) indicatedthe condition of information on the 8 D10 lines.

Notready for data {NRFD} indicates the condition of readiness of device (s} t o accept data.

Notdata accepted {NDACY) indicates the condition of acceptance of data by devices.

A timing diagram for the handshake cycle is shown in the figure,take rotice that the cycle is as fast as the

slowest instrument.

There 1s aconnector X1401 available on the motherboard unit A3 in which no plug-in unitis placed.
Here the LE.C. bus interface option PM 3325 can be placed.

For mounting instructions refer to the sheet which is delivered with the PM3325.

— PM3311C instruments are already provided with an L.E.C. unitAl4
— For sefvice spare parts refer to chapter 12 “PARTS LISTS".

Data i | [}
DAV — ———— DATA NOT VALID
| | L1 __OATA VALID
Foarans) ———READY FOR DATA
- W_b—u_/ NON PEAOY FOR DATA
- AN ‘/7/—!—- ,,’/7-7—] — DATA ACCEPTED
" — NON DATA ACCEPTED
MAT838

— The managementbus is used to manage an orderly flow of information accross the interface.

Herefore the next five signals are available:

Attention {ATN) specifies how data on the DI1Q lines are to be interpreted. Active indicates a message is trans-
ferred via the data bus {for example a listen address). not active status is present during normal data transfer
(for example acommand for the oscilloscope).

Interface clear {1FC) places the interface of all interconnected devices in a known quiescent state.

Service Request {SRQ} indicates that one of the instruments wants the attention of the controler forexample
to give an error message.

Remote enable {REN) sets an instrument to its remote-control mode, if it1s in the addressed state.

End of identify {EQ#} indicates ?heend of amuitiple byte transfer.

NOTE: Because 0f the negative logic used for the IEC-bus the signals are "true” {active} when they have
 low Jevel, HOWEVER all signals at the lefthand of ?hebuffers D1406-07-16-17 are given for
positive logic, so “true” is a high level.
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How does the interface function?
Initiation:

When the oscilloscope is switched-on. the C.P.U. reads the card code to identify which of the optional inter-
faces has been fitted. Inthis case it is the PM3325 so the CP.U. starts with the initiation of the interface by
sending control-signals to the latch D1424. The integrated circuit D1408 (HEF 4738) readsthe status of the
switches for MLLA/MTA, TALK ONLY and LISTEN ONLY and some control signalsvia the two shift registers
D1429 and D1431. The listen address s put into aregister of D1408.

Now the interface is ready to operate.

Receiving: -

Firstthe systemcontroller sends.a listener address via the DIO lines (so ATN is "true™). Ifthe address is equal
tothe MLA inthe HEF4738, the interface hecomesthe listener status, this action is performed without inter-
vention of the CP.U. of the oscilloscope. Once in the listener state all succeeding data (without ATN=""trye""}
is read by the CP.U. of the oscilloscope  the following way: The CP U sets via the control signals latch the
signal READY FOR NEXT MESSAGE to the active (low) state.

After the falling edge of the RDY signal the HEF 4738 starts with the bus handshake. First Not Ready For
Data (NRFD) on connector X1402-pt8 ismade high by the PM3325, so the interface is ready to receivedata
(for remember the IEC-bus USes negative logic). Then the controller puts data on-the DIO lines and makes
Data Valid {DAV) on connector X1402-pt7 **true** {=low). DAV is received by the HEF 4738 and as a result
Data Valid Device (DVD) on pin 17 becomes ""true'* {=high). When DV D becomes high the data is latched
intoD1426. DVD s also supplied to the interrupt logic, so the CPU. of the oscilloscope interrupts its current
program and checksthe interrupt status D1423. DVD on pin 2 of D1423 is high, consequently the oscillo-
scope sets listen enable high, to inhibit interrupts caused by DV D and reads the contents of the input latch
D1426. Subsequently the CP.U. sets the signal ready for next message high and reads DVD, when DVD
hecomes low the CP.U. resets the signals ready for neéxt message and Tisten enable. The latter enables the DVD
signal again to interrupt the oscilloscope.

(CONTROLLER ) DIO Hj 71]; DATA (INPUT)
t
(CONTROLLER) DAV _a— FF — —F

(FROM CPU. ) RDY E

!
(PM3325) NRFD BUS
“ﬁ FJ‘ HANDSHAKE
(PM3325) NDAC H ' i
(TO INTERRUPT LOGIC) DVD i L ([
4 i
| | DEVICE
" HANDSHAKE
0 L

MAT 300

cHip
SELECT

MLA f MTa

PARALLEL

A
SERIAL

ADDRESS

SWITCHES

LISTEN DNLY

TALK  ONLY

PARALLEL

SERIAL

—

ADw1 ‘

CONTROL
SIGNALS
LAICH

— ]
INTERRUPT

ADRT

IDENTIFICATION

o m




L sneviva 7 ” ; 5% % \\Mv\ 7 \\\

140Y

%\
{

SIS 7 \
1dNEE3LNG
AMvHSal
301
AINSNIOVNYRH y34dne o
LonsEaN 515y
IHVHSC
I TNAWIOVNYI+ IHVHSONYR 5yv Wy & \\s (L1NaNt)
SIYNDIS
WHSUONVH
rHsa y34nd  NIWIOVNYI + HVHSONVH 1DGLNO <OHINGD
: ang @
ﬂ‘ VI¥O 10N .
4y
-O4
-— JUTIT
Pry— pi
LMY - s
[T &
w343 oeir 43m N £¥aY = eef
of1 W3S .
28y - 0
1 BovaEANTOT » 153138
1HQY -
3VHYd
2 QY ~—! 01
01 ayLy
“ - ﬂnnm:
10534 ZHHST'| -1
TwNols
0T jent
T e
EEEZ4C] KINO N3G
i
anov 37IvEve 7 LG EARTS
Rt




6-1560

Transmitting:

The PM3310 in combination with th PM3325 is capable to send status messagesto a controller in case ©f an
error condition. Ifthe oscilloscope has such a message, it asks the attention of the controller by meansof the
Service Request {SRQ} line on connector X1402-pt11. The SRQ line becomes active after the C.P.U. has set
the request for service bit of the control-signals latch D1424. All the connected instruments use the same SRQ
line so the controller must check which of the instruments has caused the service request. This is called
SERIAL POLLING therefore the controller must address the instruments one by one as-talker and refatdthe
status-byte: The seventh bit of the status-byte indicates that the corresponding insteument 1s asked for
service, the other bits give the status condition of the Instrument.

The status word is buift-up as follows:

bit8 Notused

bit7.."1" A SRQ has been given by the PM3311
"o No SRQ s given

bit6 .. 1" An ALARM is given to indicate that there is afault

condition. -

o" NoALARM is given

bit5.."1" - The PM3311 is busy with the programmed action
Lol The PM3311 is ready with the programmed action

bit4 .1+ Data on bus valid } notused for PM3311
o) Data on bus not valid

bit3

bit2 Notused

bit1

The sequence of signals during an error condition is as follows.

First the CP.U. activates the request for service signal of integrated circuit D1424 pin 6. The resultis an
active SRQ signal on connector X1402-pt11. The controller sendstalk addresses, once become talker the
C.P.U. putsthe status-byte inthe putput latch and activates the signal new byte available {D1424 pin 19).
Subsequently the PM3325 waits till NRFD {X1402-pt8) becomes high and then DAV {X1402-pt7) js made
active {= low) and NRFD is reset by the controller.

When the controller has received the data, it makes the signal NDAC (X1402-pt9) high, the PM3325 answers
with setting the DAV high and then the controller resets the NDAC signal.

(PM3325) oo | ﬂ DATA (OUTPUT)

—_— | )
(PM3325) DAV .

'ﬁj I BUS
(CONTROLLER) NRFO l {; HANDSHAKE
(CONTROLLER)  NDAC j { w L*—‘}’_J—q____
e — | DEVICE

(FROM CPU) NEA TP J:r | - l | HANDSHAKE

MAT 901

Ll ‘
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"’ 6.2.14.2 Chip select -

To select chips of the 1EC interface board the inputs of the chip select circuit must have the logic levels as
given 1 the next table.

INPUTS ADDRESS - BUS ouTPUT SELECTED FUNCTION
I A1 A0 RD WR | HEX.-CODE
0 0 0 80EO(H} ADWR Output latch D1427
0 0 1 1 0 80ET(H} ADW1 Control signals latch D1424
0 1 0 1 0 80E2(H) ADW2 Test latch D1413
0 0 0 0 1 8OGEG(H) ADRO input latch B1426
0 0 1 0 1 80E1{H) ADR1 Interrupt status D1423
0 1 0 0 1 80E2(H) ADRZ Test latch 01428
0 1 1 0 1 80E3(H} ADR3 Card identification D1428

6.2.14.3. Card identification

After areset of the PM3310 or after switching-on the power, the CPU. of the oscilloscope checks ifan
optional interface has been fitted into connector X1402 (of the PM3311). This is performed by puttingthe
hexadecimal code 80E3 on the address bus and readingthe card code (0010 is the code of the PM3325) via
the data bus. -

“0” if an optional interface has beenfitted.

6.2.14.4 MLA/MTA address, listen only and talk only.

With switches $1401-2-3-4-5 the listen address as well as the talk address is selected.

51401 is the least significant bit and S1405 the most significant bit.

Do not use de code 00000 or 11111, the first is generally used as the address of the system controller the
latter 1s the code for the commands ““unlisten’ and “untaik™.

The MLA/MTA code s converted to a serial pattern with integrated circuit 01431 and is shifted intoa
register o f 31408.

"Talk only" is notused if the PM3325 is used in combination with the oscilioscope **Listen only** can be
used if another instrument connected to the oscilloscope is not capable t o generate addresses. then that
instrument must be switched to its ""talk only™ position.

6.2.14.5 Control-signals latch

Via integrated circuit D1424 the C.P.U. of the oscilloscope can control functions of the IEC-bus interface such
as request for service. and the handshake between the interface board and the oscilloscope. The nexttable
gives the signals with adescription of the function.
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SIGNAL DESCRIPTION

READY FOR NEXT MESSAGE Indicates the readyness of the C.P.U. to receive the next

character.

LISTEN 0" indicates that the HEF4738 (D1408) may be addressed
as talker as well as listener at the same time. ""1"* causes an
unaddressing of the listener function, when atalk address is -
given and an unaddressingof the talker function. when a
listen address is given.

REQUEST FOR SERVICE
RETURN TO LOCAL
TEST ENABLE

END OR IDENTIFY
LISTEN ENABLE

The oscilloscope wants the attention of the system controller.
Notusedin PM3310.
Notusedin PM3310.
Notused in PM3310.

Signalto enable [if low) or inhibit an interrupt caused by
""DATA VALID DEVICE" via D1403 pin 4.

NEW BYTE AVAILABLE An active low signal indicates that the oscilloscope has data to

be transmitted.

6.2.14.6 Interrupt logic, interrupt status.

The output signal RST 5.5 of the interrupt logic {D1418 pin 4) gives an interrupt to the microprocessor of the
instrument, when the input of flip flop 01419 becomeslow. Four signals can cause an interrupt in this way,
namely DATA VALID DEVICE, DEVICE CLEAR, LOCAL and TALKER ACTIVE STATE. Flipflop D1419
is reset by the positive going edge of signal ADR1 with the circuit consisting of R1402, C1421, D1411, D1412
and D1422. ADRT is generated by the chip selectcircuit when the interrupt statusis read.

By reading the interrupt status the CP.U. of the oscilloscope can check the status of the interface board after
an interrupt has been received. The next table gives asurvey of the statussignals with a description.

lSIGNAL DESCRIPTION

DATA VALID DEVICE "'1" indicates the IEC-bus interface has receiveddata for the

oscilloscope.

DEVICE CLEAR 1" after the system controller has transmitted the command

**device clear'* or "'selecteddevice clear""

TRIGGER **1' after the system controller has transmitted the command
**device clear"*

LOCAL "*1'" after the system controller has transmitted the command
**device clear"

SERIAL POLL “*1* after the system controller has transmitted the command
“serial poll enable". The signal is reset by the command
**serial poll disable"".

TALKER "'1"" indicates that the interface board is in the talker active

state
END OR IDENTIFY
HANDSHAKE

"*1"" after the system controller has transmitted an active EOI

Becomes 1" when the signal DAV (sourcetransfer state)
becomes true. Itis resetby the signal new byte available.

6-156G !

The clock pulse of 1,25 MHz from the PM3310 is used for the internal synchranisation of the HEF4728
{D1408) and for the two 8 bit shift registers{D1431 and D1429).

MAT 902

The RESOUT signal is usedto resetthe HEF4738 to initial values andto resetthe flip-flop's of integrated
circuit D. The figure shows the signals when the instrument is switched on.

MAT 903

6.2.14 8 Dutput latch, input latch.

The output data, coming from the CP.U. of the oscilloscope. are latched into the O-flip flops of the output
latch when the signal ADW2 becomes high. The 8-bit output of the latchis continuously connectedto the
nand-gatesin the 1/Obuffers D1416 and D1417 because the enable input (pin 1 of 01427) has been
connected to ground.

The input data, coming from the /O buffers D1416 and D1417, are latched into the eight D-flip flops of

D 1426 when the signal "'Data Valid Device' {DVD) becomes high. The output of the O-flip flops & connected
osthlesEipeus when signal ADRO becomes low, at that moment the input data is read by the CP.U. of the

6.2.14.9 1/0 buffers.

As buffers for the eight DIO lines 01416 and D1417 are used They consist of inverters, nand gates and

resistors. The inputdata s fed to the input latch and to the HEF4738 (D1408) via the inverters. Output data.
cormng from the output latch is fed to the nand-gates The output data is-put on the B10O lines when the

signal " TALKER ACTIVE STATE' is high The two remaining buffers {D1406 and D1407) are usedfor the
handshake signals and management signals Here the enable signalsfor the nand gates have been connected to ground
S0 the outputs are always enabled.
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DC power unitA15

The DC power unit A15 contains the following circuits:

— DC output circuits

— High voltage converter and EHT unit
— Memory back-up circuit

— Protection circuit for the +& V

— Cathode-ray tube circuit

— Z-amplifier circuit

= Hlumination circuit

— Line signal circuit

Each of these circuits is now separately described.

DC output circuits

The voltages on the secondary windings of transformer T 1602 onthe AC power unit A16 are applied t© several
rectifiers and voltage doublers.

The bridge rectifiers provide for the +5 ¥V, -5V, +6V, -6 V, +12V, =12V and +40 V supply voltages. The
voltage doublers provide for the +125 V and —125V supplies.

A =5 A supply voltage is derived from the —12 A via 01501.
A +8,5 V supply is derived from the +12 A by R1561, C1547 and V 1544.
A +94 V supply is derived from the +125 V via R1572, C1548 and zener diodes V1554, V 1556.

The secondary windings providing the voltages for the various circuits in the oscilloscope are completely
isolated from the mains power supply.
Each supply voltage is individually rectified and smoothed.

The filament of the c.r.t. is supplied by the 63 V heater voltage between f1 and f5.

High-voltage converter and EHT unit
A sine-wave converter formed by transformer 71831 and V 1501 converts the +40V d.c. into 1500V a.c. with
a frequency of approximately 30 kHz.

This voltage is applied to a voltage multiplier on EHT unit A23. The output voltage of this multiplier. 6.5 kV,
is applied to g8 of the c.r.t.

Furthermore, the converter output of 1500V is also rectified and smoothed by V 1502, C1502, R1514 and
€1503 and appliedto the c.r.t. cathode. it is also fed back to the positive input of operational amplifier 01503
to stabilise the cathode voltage of the ¢.r.t. and thus prevent any variations in ¢.r.t. sensitivity.

A reference voltage, obtained from divider R1578, R1891 and R1577 is applied to the negativeinput pin 2 of
operational amplifier D1503.

The resulting voltage on pin 6 of D1503 now controls the high-voltage converter via R1626.

Memory backupcircuit

Two 15 V batteries can be fined in the instrument for memory back-up.
When this battery back-up facility is used, the information that was stored in the random-access memories
(/AMSs} before switch-off {i.e. signal information and switch settings) is saved when the POWER switch is OFF .

The RAM memories are normally supplied by the voltage +5 EATT, which is derived from the +5 V via transistor
V 1549 when the instrument is switched on. In this case, the batteries are protected by diode V1546. Whenthe
POWER switch is OFF, the supply for the RAM memories is obtained from the batteriesvia V1546.

Protectioncircuitfor the +& V

This circuit protects the TTL circuits in the instrument from damage caused by an excessively high+8 V supply.
When, for some reason. the +6 V supply increasesto a value above 6 V approx., this +5 V supply is switched off
by thyristor V1551 under the control of SCS V1527.
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Cathode-ray tube circuit

In addition to the ¢.r.t., this circust includes the intensity, focus, astigmatism, trace rotation and geometry
controls.

C.r.t. controls

By means of the front-panel INTENS potentiometer R15, the intensity of {hﬂ disptay can be continuously
controlled. —
Focussing of the trace is only possible by means of the internal FOCUS potentiometer RT506 (coarse control)
and R 1588 (fine control).

Trace rotation is achieved by the trace rotation coil circuit. The coil is mounted inside amd’metal screen and
provides a magnetic field for rotational control of the entire scan. The degree and direction of rotation is
determined by the setting of the TRACE ROTATION front-panel preset R16 {screwdriver-operated).

The slider of R16 is connected to the bases of complementary emitter-followers V1558, V 1659. The trace
rotation coil current is supplied by these transistors, only one conducting at atime depending on the setting

— ~

OPTIMUM ADJUSTMENT

The ASTIGMATISM control R1587 enablesthe form of the spot to be adjusted by influencing the voltage on
c.r.t. grids G2/G4.

@ D @

Barrel and pin-cushion distortion are automatically minimised by the signal X-Y GEM connected to G5, G6
and G7. In this way, these screeninggrids are connected to a potential equivalent to the mean voltage of the
deflection plater. The signal X-Y GEM is generated in the final amplifier unit A20.

Z-amplifier circuit
a Intensity control

The output voltage of amplifier D1502 can be varied by INTENS potentiometer R15, to give variable
illumination of the c.r.1. trace.

The Z-amplifier receives an input signal ZIN which originates in the microprocessor unit A4.

When necessary, the trace is blanked by this signal ZIN, which is the final outcome of a number of different
blanking situations occurring in this instrument. Signal ZIN is amplified by the stage incorporating
transistors V1547 and V 1553, Transistor V 1553 acts as a constant-current source. At the output of this
amplifier the a.c. and d.c. components of the blanking signal are routed along different paths.

The a.c. pathis via blocking capacitor C1518 directly to the Wehnelt cylinder of the c.r.t. The d.c. compo-
nent of the signal is fed to the emitters of V1541 and V1537 via a low-pass T-filter. R1671, C1555 and
R1569.

The signal is modulated by afrequency of 156 kHz applied to V1541 via diode VV 15652. The resulting a.c.
voltage on the collector of V1537 has a peak-to-peak value that depends on the output voltage of the
low-passfilter.

The a.c. collector voltage of V1537 is applied via a symmetrical emitter-follower V1526, V1533 to a peak
detector. This peak detector {C1522, V1517, V1516, R1518 and C1518) rectifies the a.c. voltage. Finally.
this rectified voltage is added to the cathode voltage and applied to the Wehnelt cylinder G1.

The signal is split into its a.c. and d.c. components in order to isolate the cathode and Wehnelt cylinder.
which stand at —1500V, from the other circuits.

Adjustment of the black level is achieved by potentiometer R 1588 in the emitter circuit of V1537 in the
d.c. amplifier.

6-159

b. Focussingcontrol

The electron beam is Focussedusing internal focus potentiometer R 1588, which controls the emitter voltage
of transistors V¥ 1539 and V 1536. The signal is modulated by afrequency of 156 kHz applied to V1538 via
diode V1552. On the collector of V1536 a signal is produced, the amplitude of which depends on the
position of potentiometer R 1588 (and R15 INTENS).

The a.c. voltage on the collector of V1538 is applied via symmetrical emitter-follower V1524, V1532, to a
peak detector. This peak detector {C1621, V1514, V1513, R1516 and C1514) rectifies the a.c. voltage.
Finally. this rectified voltage is added to- the voltage set by potentiometer R 1506 (part of avoltage divider
network acrossthe high-voltage converter output) and then applied to the focussing anode g3 of the e.r.1.
In this way, the focus voltage also depends on the position of the INTENS potentiometer, which determines
the voltage across the divider network R1502, R1506, R1508. This provides a measure of compensation, so
that the focds of the electron beam is automatically adapted when the intensity of the trace is varied.

illuminationcircuit

The graticule can be illuminated by the indicator lamps E | and E2. The intensity can be varied by the front-
panel lLLUM potentiometer R 14, which controls the base, and hencethe collector current of transistor V1561,
which flows through the lamps. Note that the illumination circuit is not short-circuit proof.

Line signal circuit

The line signal circuit produces a sine-wave voltage for mains triggering that is derived from the input mains
voltage.

Photocoupler 01602 onunit A16, which provides isolation between the mains voltage and the oscilloscope
circuits, drives the V1564 circuit into saturation, which means that the square-wave voltage appearingon its

collector has the same amplitude value for all mains voltages.

The original sine-wave is reconstructed by means of an integrator network R1553, R1551, R1536 and C15486,
C1543, C1541.

This signal, LINE. is applied via V1523 and V1531 to the trigger selector.
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6.2.16. AC. power unitA16

The A.C. POWER UNIT comprises a bridge rectifier, a d.c. to a.c. converter regulator and a transformer.
Rectifier circuits for the different supply voltages are located on D.C. POWER UNIT A15.

Inputcircuit

The incoming mainsvoltage is fed via a double-pole POWER ON/OFF switch $40, fuse F1701 (2 A delayed.
action) and mains filter 1701 to the mains rectifier circuit.

This mains rectifier circuit can be matched to one out of two input voltage ranges {115V or 230 V range) With
the MAINS ADAPTER SWITCH 545 on the rear panel of the instrument.

The two-position switching enables the instrument to operate at any mains voltage between -100V and 120V
+ 10% (115visible in MAINS ADAPTER SWITCH window) and between 220 V and 240V * 10% (230V
visible in window).

Note: The same 24 delayed-action fuse is applicable for both settings of the mains adaptor switch

The mains voltage is rectified with the diode bridge V1602 and smoothed by capacitors C1606 and C1604,

which form avoltage doubler in the 115 V range of S45 and a standard bridge rectifier circuit inthe 230 V
range of S45.

The voltage across the series circuit of C1606 and C1604 is 250 V to 400 V for both mains voltage ranges.
Switching circuit

The unregulated d.c. voltage is applied in the form of pulses to a resonant circuit consisting of the primary coil
of the converter transformer T1602, combined with C1802 and C1603, via switching transistor V1618.

The sine-wave voltage (approx. 800 Vy, ) across the primary coil of T1602 is kept constant by regulating the
duty cycle of the base current of V1618.

The primary coil of T1601, which is in series with the switching transistor, limits the current through this
transistor.

The energy stored in T1601 is fed back to the mains rectifier circuit. during the cut-off time of V1618,
via diode V1601.

Diodes V1608 and V 1609 eliminate the dissipation through transistor ¥ 1618 during the switching period;
instead of this, these losses are dissipated in R1604 and R1603.
Diode V1617 improves the base drive for ¥1618.

Regulatorcircuit

The regulator circuit consists of integrated circuit 01601 (type TDA 1060}, the output (pin 15) of which
supplies a square-wave current with a variable duty-cycie to the base of transistor V1616. The signal on the
collector of this transistor is applied to switching transistor V1618 via transformer T1603.

The regulator circuit is controlled by the following:

— Feedbackvoltage (pin 3}

This is the regulator control voltage derived from the rectifier circuit in the feedback winding of T1602.
The value of this control voltage depends on the setting of R1646.

— Feed-forward voltage (pin 16}
This voltage is derived from the mains voltage and provides direct compensation for mains variation

— Overvoltage protection {pin 13)

A voltage is also derived from the mains voltage, via zener diode V1613, to inhibit the requlator output gt
excessivemains voltages (the level on pin 13 is 600 mV).

— Current limiting (pin 11)

The voltage drop across the current-senseresistor R1627 controls the regulator circuit in the event of
overload.
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— Frequency adjustment (pin 7}
The value of resistance between pin 7 and earth determines the converter frequency. PresetR1647 shoutd

he adjusted for a frequency of 20 kHz approximatelv, i.e. the resonantfrequency of C1602, C1603 and the
primary coil of T1602.

During normal working, the power supply for the regulator circuit is provided by the rectifier connected to the
feedback winding of T1602. Transistor V1622 then conducts, therefore V1621 does notgive any current
output.

Switching-on and switch-on protection

Atthe moment of switching-on the instrument, no supply voltages are immediately available in the regulator
circuit from T1602. Transistor V1622 is not yet conducting, therefore transistor V1621 is fully conducting and
the regulator derives its current via 81616 and R1631. As soon as the converter circuit is working, transistor
V1622 conducts and V1621 blocks.

Inthe event of the instrument giving no converter voltage at switch-on (due to a possible defect). the PTC
resistor 81631 warms uP and so reduces the current through transistor V1621 to asafe level.

Output circuits

Various supply voltages are derived from the secondary windings of transformer T1602. These supplies are
generatedon D.C. POWER UNIT A15.

Photocoupler circuit

To enable triggering on a mains signal, this circuit produces a signal derived from the mains voltage.
Photocoupier D1602 provides isolation between the mainsvoltage and the oscilloscope circuits to produce a safe
triggering signal. This output signal is applied to transistor ¥ 1564 on unitA15, which is driven into saturation
to give a square-wave voltage on itstotlectar. This square-wave has a constant amplitude for all mains voltages.
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6.2.20.

Final amplifier unit A20

The final amplifier unit consists of the following sections:
— Dot-join system

— Position control system

— Final X and Y amplifiers

6.2.20.1. The Dot-join system

The dot-join system provides the facility for interconnecting the dots on the e.r.t. display to enable a continuous

~line to be traced. This meansthat a sawtooth voltage hasto be applied to the final amplifier between the dots.

The amplitude between adjacent dots in the Y direction controls the amplitude of the sawtooth generator
{D2004 and associated components}.

Four different signal modes are possible at the input of the dot-join system YDAC:

3. AgBg A1By AgB, ..
4 BoApByAgBoAy

In these modes, the voltagesto be applied to the current source of the sawtooth generator are:
1. A7-AO;A2-A1;A3-A2;A4-A3;An-A‘n_1;

2. By-Bg: 8584, B5-By; 84-83;Bn<B(n-1) )
3 AgAG By Be Ay Ay ByBy) s AnAm-1) BBy
4 ByByiAyAg ByByiAgAy e Bn-Bin-1) AnAtn-1)

Circuit D2007 serves to subtract the signals that are derived from multiplexer D2011 via buffers D2009.

Inorder to obtain the correct signals at the outputs of £2011, multiplexers D2017 and D20618 together with
three sample-and-hold gates, in combinationwith buffers, are introduced.

The sample-and-hold gates are controlled by the TRSH signal (trigger sample hold) which is applied to input3
of D2018. Depending on the signals Qg and Q‘, one of the sample-and-hold cireuits D2019, D2026 or D2024
follows the YDAC signal while the other two are holding the information of the last sample, and the sample

before it. By means of the Qg and Q1 pulses. the system is scanning the Y DAC signal so an analog-shift register
is formed.

Signals Qg and Q4 are generated on the delay trigger unit A13. These signals are derived from the write signal
WR generated by the microprocessor.

Multiplexer D2011 switches the correct signalsto the subtract circuit D2007 via the buffer amplifiers D2009.
The correct signals are:

— insingle channel mode: every time the mean amplitude of two sequential samples is switched to the
subtractor

— indual-channel-mode; two sequential samples of channel A and the two sequential samples of channel B.
(seetiming diagram)

The multiplexer 32006 servesto discharge the sawtooth capacitor 2007 and in the case of the 'DOTS mode,
this capacitor is short-circuited so that separate dots are displayed on the screen.

The output of the sawtooth generator is applied to the summing point at the input 2 of D2004. At input 3 of
D2004 a crosstalk suppressionvoltage is present, derived from the multiplexer D2017-3.

For the X channel, the dot-join system functions as follows:

The XDAC signal is applied to input 2 of amplifier D2021. A sawtooth voltage is also applied to that input.
The ramp of this voltage is determined by signal SINGLE ,which switches multiplexer D2013 so that in single
channel operation capacitors €2027 and C2014 are connected in parallet: in dualchannel operation, only
C2014 is switched into circuit. The duration of the ramp is determined by the signal RESDJ, which switches
multiplexer 02013 so that the capacitor{s} will be discharged.
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INCOMING WTGOING SENERATED USED DESCRIPTION
At pin 3 of D2023 the X OUT signal is available. SIGNAL IGNAL 3N UNIT ON UNIT
This signal may be:
— with no DOT-JOIN facility, a staircase voltage. ASTIGM STIGM AL5 A20 Astigmatism
— with DOT-JOIN facility, a staircase voltage with a sawtooth voltage on every stair AVSE A13 Logic O in X = AlY = 8 mode
DJ Al13 Dot join signal
6.2.20.2. Y-Position Control System ENKEL Al3 Single channel mode
Inthe two modes Y x| and Yx5, a different method of position control 1s employed for each. OER® A6 Output enable RAMO
OER1 A6 Output enabie RAM1 ;
YX7 mode OER2 A6 Output enable RAM2 ;
- Slider of ACCU position control
In this mode, two different voltages are added to the signal at the summing point {D2001-2}: POS@ A202 Sl:der of STO1 posililon sontrol
— A presetvoltage for position determination of the displayed memories on the ¢.r.t. screen. PoS1 h2o2 Slider of STO2 position control
— An adjustable voltage to position the displayed memories on the screen. POS2 A202 . ° P -
POS3 A202 Slider of STO3 position control
The presetvoltage is selected by multiplexer D2012 output 13 and applied to the summing point via D2008 00 Al3 Control s!gnal for dotj.o!n
and buffer amplifier D2002 (5.6.7}. Q1 Al13 Control signal for dot join
RESDJ Al13 Resetdotjoin
The selection of the corresponding memory is controlled by the OER®  OERZ signals generatedon RAM TRSH Al3 Tng_ger for dOtJO”? sample and hold
unit A6 X1 A20 A19 Horizontal deflection signal
The adjustable voltage is selected by multiplexer D2012 output 3 and applied to the summing point via buffer x2 A20 Al9 Horl.zomal deflection Slgr'!al
amplifier D2002 {1,2,3). : XDAC A6 Horizontal DAC output signal
. - XMAGN A202 Slider of X MAGN control
. Horizontal output signal
The Y'OUT signal is applied via D2008 output 12 and R2036 to the summing point if YEX is 0, as is the case XOouT A20 A13 ¢ 1z utput sig ;
inthe Y x| mode XPOS A202 Slider of X POSITION control
' X-Y GEM A20 Al9 Geometry control signal
¥x5 mode Y1 A20 A19 Vertical deflection signal
1 Y2 A20 Al19 Vertical deflection signal
- The preset voltage must not be added in the ¥Yx5 mode, since the base-line of all displayed memoriesis now YDAC A6 Vertical DAC output signal
situated on the centre-line of the c.r.t. screen (Y POS controls at mid-range position). Multiplexer D2008 15 YEX AL3 Vestipaho utput signal
swnchec.j by 5|gnal YEX = 1so.that the output on pin 15 is connected to earth. This means that no additional YOUT A20 A13 ;
voltage is applied to the summing point. 703 Al3 Z dot join :
. . . . . . . . . . 25 kHz Al12 B
Moreover. the Y'OUT signal is applied to the summing point via resistors R2027 and R2023 in series. The 5y ALS
value of these resistorsis only one-fifth of R2036, so a5 times magnified signal is applied to the summuing 6y AlS
point. 6V Al5
. e +12V Al5 i
6.2.20.3. Final Y Amplifier Y ALS
The output of the summing amplifier D2001 {2,3,6) 1s applied to the differential ampiifier V2001 and V2021. +40V A15
The constant emitter currentis derived from the current source V2028 and its associated components. /’ﬂ +135V A15
Variation in the collector current results in a control voltage for V2006 and V2013, which proauces output _135V Al5
signals Y2 and Y 1 to drive the c.r.t. deflection plates.

ﬁ A15

6.2.20.4. Final X Amplifier

To obtain the possibility of magnification in the X direction, integrated circuit D2023 is used. This circuit

comprisesa Darlington pair input stage to obtain a symmetrical signal; a buffer stage and a continuous yain:
adjustment facility for X magnnification and for X gain.

The final stage functions in a similar way to that of the iinal Y stage.

6.2.20.5. CAL circuit

The lower part of multiplexer D2008 is controlled by a frequency of 2.5 kHz, derived from the microprocessor
crystal frequency of 5 MHz by dividers on the time-base unit.

Input 3 of D2003 is switched between pins 3 and 5 of D2008, i.e. between 1V and 0 V. Amplifier D2003
serves as a follower circuit with an output of 3 V, adjustable by means of R2017.
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6.2.27.

6.2.21.1.

6.221.2

Input amplifier unitA21

Genera/

The input amplifier unit is sub-divided into the following sections, a shown 1n the biock diagram
— Inputattenuator

= Amplifier

— Channel switch and mode switch

— Delay line compensation/Track & Hold gate

— Logic circuits (control interfaces)

Briefly, the channel input attenuator reduces the inputsignal according to the front-panel switch settings or
remote signals, and converts itfrom high to low impedance.

The asymmetrical output signal is applied to the amplifier section to give a symmetrical output, an amplified
trigger pick-off and an offset facility. A buffer stage provides for signal inversion and offset before feeding the
channel and mode switch section. Here the logic control signals are used to switch the appropriate channels
and display modes to the ADC in the storage section of the oscilloscope.

Input aftenuator

The input stage comprises two identical attenuator circuits. For convenience, only the channel A attenuator 1S
described.

The input signal can be either a.c. or d.c. coupled (viaC2478 or K2412} to the attenuators.

Basically, the inputattenuator comprises a triple high-ohmic voltage divider and an impedance converter in
conjunciion with adrift correction circuit. The impedance converter {V2451, V2448) provides a zero level
output, adjusted by potentiometer R2643, which feeds a low-ohmic attenuator.

Overall, the attenuation of the input stage is determined by the combination of the selected sections of the

two attenuators. according to the setting of the front-panel AMPL/DIV switch. The control sequence is as
follows:

The posirion of the AMPL/D1V switch, the AC/DC switch and the '0' switch are decoded and appliedto the
reed relays and FET switches {D2411) via the microprocessor system. The reed relays and the FET switches
determine the position of the attenuators and are controlled from two 8-bit output ports {D2424, 024261 in

the logic circuit. These output ports are controlled via the data-bus and can also be controlled by the IEC-bus
interface for remote operation.

The three sections of the high-ohmic voltage divider have an attenuation factor of 1.25, 125 and 125 times.

if the front-panel pushbutton 'O' is depressed, reed switch K2411 closes and ail other reed switches are open.
Control for this action is via the output ports of the microprocessor system. With K2411 closed, the input

signal is not connected to the attenuator and the impedance converter, via R2668 and R2578, is switched to
zero level.

The low-ohmic voltage divider. following the input impedance converter, attenuates 1, 2 or 5 times. Taking the
overall combinations, together with the 1or 10 times gain of the intermediate amplifier. twelve different
deflection coefficients can be chosen.

To obtain the correct frequency characteristic. the attenuator sections are shunted by capacitors. Trimming
capacttors provide for the adjustment of the capacitive divider sections for a.c. voltages to the same ratio of the
resistive dividers for d.c. voltages. In this way, the divider sections are independent of frequency.

A diode clipper inthe gate circuit of the field-effect transistor (FET Y2451} protects it against excessive
negative swings, the FET being inherently protected against excessive positive swings.

The high frequency path for the input signal consists of series capacitor C504 and the FET connected ina
source-follower configuration. The low-frequency path comprises an operational amplifier and an error
amplifier, which corrects the output signal related to the input signal of the impedance converter over a
frequency range from d.c. to 1kHz. The output of the error amplifier (02416} is fed to the inputof the
operational amplifier to replace the missing low frequency portions of the signal. In this way. the drift is reduced
toaminimum.
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6-192

The output of the impedance converter is applied to the 1,2 or 5 times voltage divider. The dividing factors
are controlled by FET switches {D2411), which inturn are controlled. via operational amplifiers (D2421), by
the output ports of the microprocessor system.

6.2.21.3. Amplifier
a. ?re-amplifier

The output of the 1-2-5 divider stage is asymmetrically applied to pin 3 of pre-amplifier 02413 {OQ 0043)
The block diagram of the OQ 0043 is given in the figure and is drawn with the relevant components as
mounted in this oscilloscope.

The supply voltage 1s routed via a temperature-Compensating circuit connected to pin 9. The 0Q 0043
. consists of input Darlington pairs to provide asymmetrical signal from the asymmetrical input; a buffer
: stage; two x3 amplifiers in series and switched in parallel to a buffer stage; trigger pick-off after
amplification; a continuous gain adjustment facility and an offset adjustment for the continuous control

o

. Buffer stage

The output of the OQ 0043 is symmetrically applied to a buffer stage. In order to obtain the invertingmode
for Channel B (PULL FOR —B}, the buffer stage 1n this channel is provided with two extra transistors
(V2419,V2424).

If the channel B invert switch is pulled, the microprocessor system decodes this setting and applies a high
voltage to the base of V2408, which conducts.

Consequently, transistors V2418 and V2426 switch off and V2413 and V2424 now conduct so that the-
signal path is inverted.

After this stage, an offset stage, adjustable from the front panel, adapts the current so that an offset adjust
ment of four times the voltage range is possible (OFFSETA - V2456 0OFFSET B - V2414).

To obtain the facility for switching both A and B channels to zero. necessary in the P2CCD mode {see
Section 6.2.8.3}, both current flows are switched to the supply voltage via transisters V2468 and V2473,
To control the zero switching, the Acquisition Control Logic and the time-base system generate the signals
NUL IN and P respectively. These signals are applied to a NAND gate, the output of which is fed to
operational amplifier 02422 (pins 8, 9 and 10}. A zero on the negative input results s a high level on the
output and the transistors conduct, thus interrupting the signal current flow.

6.2.21.4. Channelswitch andmode switch

The principle of this oscilloscope is such that the channel A and channel B signal 1s alwavs stored in the
chopoed mode. The CHOP signat, which is derived from the acquisition control logic (A8}, is applied to the
channel switch via NAND gates {D2428, D2429 on the logic circuit) to determine the positions of the ON/OFF
switches. The signals derived from the control gates are called A ON and B ON, these signals being applied via
V2468 (V2428) to pins 9 and 11 of D2412 (D2404). I the signal ON is high, the transistor blocks, and via
V2474 (V2433), the outer transistors on the right-hand side of D2412 {D2404) become conductive. If the
signal ON is low, V2468 {V2428) is conductive and the inner right transistors become conductive, the signal
current flow of Y+ and Y — s shunted via pins 13 and 15 of D2412 {2404}, so the channel s switched off.

The following switching modes are indicated in the figures:

— Channel A ON: similar to channel A P2CCD mode X

— Channel B ON: similar to channel 8 P2CCD mode except for switching in 52409
— Channel A and B ON in ADD mode

— Dual channel P2ZCCD mode (chopping is effected in P2CCD}

In all modes except P2cCD, chopping is effected by the channel switch.

To obtain a constant load for the supply voltages of the channel switch, it is necessary that the current remains
the same, irrespective of the mode selected. Hence the reason for the alternative transistor loads. The relevant
current paths are shown in the figures.
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Integrated circuit D2408 serves to switch the signal either to the P2CCD amplifier or to the delay line.
if the signal P s high, the transistor V2449 blocks and V2444 becomes conductive. Consequently, the two
outer righttransistors of D2409 conduct and the signal is fed to the PAMP OUT 1 and P AMP OUT 2.

I the signal P is low, the two inner right transistors conduct and the signal is fed to the delay line. This occurs
in the direct, roll and sampling mode.

5.2.21.5. Delay line compensation/Track and Hold Gate

A symmetrical delay line is mounted between the channel switch (via D2409) and a series feedback push-pull
amplifier in combination with a shunt feedback push-pull amplifier.

The delay line 1s an symmetrically-mounted spiralled cable with characteristic impedance of 1502 and a delay
of approximately 60 ns. The output is terminated by two series resistors. each of 75 £2.

The emitter impedance of the series feedback stage {D3004) consists of RC frequency compensation networks.

For greater accuracy, itis preferable to measure the difference between an instantaneous analog signal sample
and the previous signal sample rather than measuring each signal value separately.
This is done by recovering the previous sample that has been digitised. using a digital-to-analog converter and
subtracting this value from the existing value t0 obtain the analog difference 8V.

Transistors V3004 and V3003 are used to subtract the previous sample from the existing one. The sample to be
subtracted, reconverted from the digital section, is called the DAC M-1. This voltage is converted into current

and is applied to the emitter of the series feedback stage, D3004. As this signal is in antiphase itwill be
subtracted.

Because of the asymmetrical input to the Track and Hold {T & H} gate, the common-mode signal in addition to
the supply voltage variation must be suppressed. For these reasons, the transistors Y3001 and V3002 are SCHMITT -
introduced. The emitters are driven by a constantcurrent supply derived from the current source builtup by ‘
an operational amplifier D3006 (pins 1, 2 and 3), which measures the voltage across resistor R3058 and drives

V3008 to maintain constantcurrent. The constant current drives transistors V3001, V3002 in such away that
the bias current is always constant.

TRIGGER

The Track and Hold gate will now take a sample controlled by the signal TAND H. This signal is generated on the
Trigger Unit A22. If the signal is low. the input signal is tracked. If the signal is high, the instantaneous value Of
the inputsignal 1s held momentarily. This gate i1s incapable of holding the sample long enough, without voltage
droop. to convertitinto adigital value. For this reason, a Sample and Hold gate is added on the Conversion
UnitA8. The output signal of the Track and Hold gate is applied via a buffer amplifier to D3003, an

operational amplifier {x5 gain approx.}, which compensates the offset voltage. The output of the offset

§ “ compensation circuit is applied via amultiplexer on the CCD logic unit A10 to the Sample and Hold gate on
s | . the Conversion Unit A8.
1el HesT .

! 0n

T&H Gate

R p—

1 ]

0 T TuAT 910
50 6.2.21.6. Logic circuits (control interfaces}

Inorder to activate the correct combination of reed relays, the microprocessor scans the following switches of
both channel A and channel B:

AC/DC; 0 and AMPL/D1V switches.

To read the positions of the switches, an eight-inputifour-output muitiplexer {D2418) is addressed, each main Source
loop by 10@ together with read pulse RD.

INPUT »———1  Gate " ————# OUTPUT
Address line A ensures that D2418 is addressed by address 801E for channel A switching and 801F for - follower
channel B switching.

The output of multiplexer D2418 and D2418 is connected to the data-bus lines D@ ... D7 and read by the
microprocessor system.

The switch settings are converted by the microprocessor system and are applied, via the data-bus, to the
latches D2424. These outputs ports are enabled by the combination of the write puise WR; the inputloutput

. Schmitt- oc

pulse 108, and for each port an address line {A1 and A2) Address D2424 is 8003. Address D2426 is 8005; Tew—— Clipper triager ‘

- address 02427 is 8006. 9

g The outputs of these ports are fed to the reed relays; the following table indicates the reed relays that are active MAT 911
in relationship to the position of the switches:
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RANGE RANGE K2412  K2413  K2414 K2416 K2418 K2409 K241
{x1@probe}  (x1probe)

1V 10mv 110 1 1 0 0 0 0
2 Vv 20mV 110 1 1 0 0 0 0
5 V 50 mV i/0 1 T - 0 0 0 o
1V 1 v 170 1 1 0 0 0 0
2V 2 v 1/0 1 1 0 0 0 0
5 v 5 V 1/0 1 1 0 0 0 0
10 V 1V 1/0 0 0 1 1 0 0
20 Vv 2 v 1o} o 0 1 1 0 0
50 V 5 v 110 0 o] 1 1 0 0
1 kv 10 V 1/0 0 0 0 0 1 1
2 kv 20 V Vo 0 0 0 0 1 1
5 kV 50 V 1/0 0 0 0 0 1 1
0 0 o 0 0 0 0 0 1

The complete output of D2424 (and D2426) with the corresponding attenuator, AC/DC and 0 switch positions

1s given in the table below {D2426 isfor channel 8 andis analog):

1 1 1
BANSEoe BANGRe) XM x5A i B

1 = xV100A x'10A X!
x1100A L foa ol

A ADC

< < €« < <

N
S
< < < <

2kV
5kV

(0]
AC

Bt

10mV 1 1 0
20mV 1 1 1
50 mV 1 0 0
1V 0 1 0
2 v 0 1 1
5 v 1] 0 0
1V 0 1 0
2 Vv 0 1 1
5 v 0 0 0
10 VvV 0 1 0
20v 0 1 1
50V o} 0 0
0 0/1 0/1 011
AC - - -
BE - - -

Range indication

When using a probe with range indication, the microprocessor system calculatesthe attenuation of the probe,

O O R O O p O O p O O p

f=1
=
=

[ T =

o o ©o O ¥

|

R S = S S N R o

L O O O K

Qo Qo = -

which is then displayed on the scale rings of the AMPL/DIV switches and also tn the alphan i

The microprocessor system obtains the information of the probe, via D2417, by the signals PA@, PA1, PBY,

PB1 for channels A and B respectively.

These signals are decoded in the microprocessor system and then applied to the displays.

o O o o O o

INCOMING

QUTGOING

GENERATED

6-199

DESCRIPTION

Address bits from system address bys
Slider of channel A continuous control
Slider of channel B continuous control
Chopper signal

Data-bits from system data bus

Data bits to system data bys’

DAC M-1 output signal

Signal information in D-R and S mode
Enable run signal

1/0 address decoding signal

Signal to switch vert. ampi. inputto zero
Slider of channel A OFFSET control
Slider of channel 8 OFFSET control

Output signal for P2CCD

Output signal for P2CCH

Signal READ from microprocessor
Signal from RECURR switch
Signal from ROLL switch

Signal from R/S-RESET switch
Signal from SINGLE switch i
Track and hold signal

Signal WRITE from microprocessor

i
!

l USED
SIGNAL SIGNAL ON UNIT ON UNIT
AQ-1-2 . l A4
ACON ! 2909
BCON A202
CHOP A9
00 . D7 Ad
DB _.D7 A21 Ad
DAC M-I A7
DRS A21 A10
ERUN A22
100 A4
NULIN A9
QOFFA A202
OFFE A202
P Al2 Pmode signal
PAMPOUT1 A21 A1l
— PAMPOUT2 A21 All
RD - Ad
RECURR A22
RoLL A22
RUN A22
SINGLE A22
TANDH A22
WR A4
oV A15
Sy A15
12v Al15
2V A15
- [ A15
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6.2.22. Trigger unit A22
The trigger unit comprises the following circuits:
— Trigger source switching circuit
— AC-DC coupling
— Peak-peak detector
— Level circuit
— Slope circuit

PROBE NDICATION CIRCUIT

- - I — TV circuit

- i T 7 -
| Z | lom Y e .Pglse stretcher ) )
! h Tl - AR A — Time-base slow circuit
: RUNISTOP 4t 57 L,
i RESET | s T 1T

— Sampling circuit

]0LL § 6.2.22.1. Trigger source switching circuit
H (f MULT}l—F'LE i The trigger source switching circuit serves to detectthe selected trigger source, the various possibilities being:
L ! Y — channel A
Lo SINGLE d
L ! — channel B
Lol - | - LINE .
i / RECURR & : ! | ‘ — EXTERN
: e | ! - EXTERN+ 10
i . T b} TG | rencaus
! A22 TRIGGER UNIT B s T i ~
: e —

e

With no pushbutton depressed, channel A is automatically chosen. Transistor V2723 provides this facility.
If all pushbuttons are released. the base of V2723 is connected to zero, which causes the transistor { o plock.
In turn, transistors V2746 and V2747 are blocked and therefore the signal of channel A is enabled.

in all other positions of the switches, except for CHAN A switch, V2723 is conductive and the channel A
signal flows via V2746 and V2747 to the —6 V supply line, i.e. it is blocked.

CHOPPER DECODING

Insingle or recurrent operation, two modes of external triggering are possible: EXT and EXT + 10.

Inthe EXT+ 10mode, the inputsignal is attenuated by a factor of 10and applied to the amplifier. The h.i.
path of the amplifier is via C2708 and V2701 to V2702; the 1.f. path is a.c.-coupled via C2719 and 02708
to V2702, and d.c.-coupled via D2709 {13, 14) and D2708 to V2702.

g

e

RPUT ADDRESS

A

2
El

5

In the roll-mode the function of the external inputis a RUN/STOP action at TTL-level. This IS asoftware
OR-function together with the position of the R/S switch. A high level at the input1s applied to V2727 via
02709 and D2708, V2702, V2707. This causes the ERUN signal to 9o high, which then starts the ROLL-mode
via the software program if the R/S switch is at STOP.

6.2.22.2. AC-OC coupling

The trigger signal is routed to V2724 and V2728 via the AC-DC coupling ¢treuit.

If the d.c. signal is high, the reed relay K2701 switches off and the signal is applied to the basesof ¥2724 and
V2728 via R2789, R2788 and R2792, R2791 respectively. It the d.c. signal is low, ?he reed relay s energised
and the d.c. component in the trigger signal is filtered out, the a.c. component flowing through C2737 and

C2743. The signal is applied via an amplifier stage to the input of the slope circuit and the input of the peak-
peak detector.

RE-S]

AT

28

usg

6.2223. Peak-peak detector

A peak-to-peak detector 15 introduced to enable the possibility of levelling between the positrve and negating,

peaks of the signal in the AUTO mode.

The positive peak flows via the base-emitter diode of D2703 {6, 7, 8), to charge electrolytic capacitor C2709.

The current requiredto drive D2703 (9, 10, 11)is obtained from D2704 {5, 6, 7). The output of this amplifier
is the d.c. level proportional to the positive peak.

The negative peak flows via the emitter-collector diode of 02703 {1, 2. 3} to charge C2711. This peak voltage
is amplified by D2704 {1, 2, 3} to give an output d.c. level proportional to the negative peak.

MAT 93C

6.2.22.4. Level circuit

The level potentiometer is connected to the outputs of a multiplexer D2701.
Depending on the signals TV and OH, the level potentiometer s connected to:

Fig. 6.2.82




6-212 6213
— 1
MODE D2701 OUTPUTS TV o4 I
13 ‘ 3 I 6.2.22 8. Time-base slow circuit
| i - D2906.
AUTO postop negtop 0 0 ‘ The output of the pulée stretch.er |§ convgrted to TTL-level ny the two converters _The upper converter
DCor AC producesthe TRIST signal which is applied to the delaved trigger umt A13. In the sampling mode, the lower
or d.c. de. 8] 1 converter can feed the trigger signal to the sampling system.
TV + postop postop 1 0
IV~ negtop neato | Inthe Direct and Roll-modes. the system is operated by the TBS signal. This signal is feo via Inverter D2911
qop | 1 1 ! (5-6) and NAND-gate D2912 {11, 12, 13) to the clock input 11 of D-flip-flop D2902. At the inverted
6.2.22.5. Slope circuit f' ! output g, alow level is clocked, which is the STOP signal. This STOP signal is applied to multiplexer 02908
) - . ) — . and via the inverted output and diode Y2919 to the wired-OR gate {32911-13}. pin 12 of D297 1 goes low and
The t | lied to the diff tial lifi D2711
© trigger signal s app I? .0 ) ed .eren & ampt |§r n e[ via the upper NAND-gate of D2902 a Track and Hold {TANDH) pulse s generated.
The output of the level circuit is applied to the other input. i
Depending on the position of the slope switch. either V2732 or V2751 conducts. which causes the positive or i The lower NAND-gate of D2902 is controlled by the TANDH pulse via D2903 {13, 11)and inverter 0291!
negative signal to be connected to the outputs of D2711. The trigger signal is applied via an electronic switch 11, 71 and generates a HONCONDRS pulse. At the same momerit, aTANDH pulse 1s taken over by a high level
V2761 and its associated components to ECL-Schmitt trigger D2807 (2, 3.4, 5). atloutput 8 of D2903.
6.2226. TV cireuit The HOCONDRS pulse goes high after 3.6 us caused by the RC combination R2928 and C2918, (3‘2919‘
& i i i isti i i 8 of D2903 goes low and therefore the HOCONDRS pulse again becomes
The outputs 12 and 13 of D2711 &re applied to the video clipper consisting of V2717 and its components. After approximately 0.4 ys, output 8o 9
The TV trigger signal is now applied to two re-triggerable monostable one-shots {02702} in series, with “\ low.
different pulsetimes. The output of the first one-shot 1s applied to the clock inout of D-flip-flop p2707. This 2.9 Th . reuit
flip-flop is enabled by the TV signal. At output 9 of 02707 a 50 Hz field pulse is available, To obtain frame 6.2.22.9. The sampling circui

pulses. the inverting output 8 of D2707 is applied to clock input 3. At the D input 2, the output of the second If the oscilloscope is in the sampling mode. the output of the pulse stretcher is applied to the clock input 11

one-shot is applied. The frame pulse now appears at the inverting output 5 of D2707. of D2909. This flip-flop is enabled by a high level on resetinobut 13, and its inverted output blocks transistors
Normal triggering is now inhibited because of the TV signal applied to the electronic switch V2761, which V2916 and V2913.
causes the voltage at X2708 to go low. Sawtooth capacitor C2923 starts charging with a current derived from the current source ¥V2922. The current

that feeds the fast ramp sawtooth generator is determined by the settings of the time-base switch. These
6.2.22 7. Pulse stretcher — settings are decoded by the microprocessor system and applied to a FET-switch array D2401 and FET V2401,
g ionsh L - )
The trigger pulse s applied via the EGL-Schmitt trigger to the clock nput of the dual ECL D-flip-flop 02904, :;n?rizlloné_:'She following table shows the reiationship between the time-base settings and the current-source
This flip-flop in combination with two Schmitt trigger circuits D2907 (9, 10, 6, 7), D2907 (12, 13, 14, 15) D2431 D2431
form the pulse stretcher.
The principle is shown in the following diagram. 4 5 11 6 7 L2 L1 Lo
1 1 R
5 ns/div 1 1 0 1 1
TRIGGER 10ns/div 1 o] 1 1 1 9 0 1
our 0 1 1 0 0
20ns/div 1 1 1
1
50ns/div 1 1 1 0 . 0
TRIGGER A ps/div 0 1 1 1 1 0 0 0
o,

DELAY TIME One control line is always low. This means that one of the resistors R2421, R2443, R2446, R2454 and. R2458
is switched in parallel with the currentdetermining resistor R2434. The value of the resistors is determined so
that in the 5ns/cm position the highest current is obtained.

Fig. 6.2.83.

The fast ramp sawtooth voltage is applied to the positive input of comparator D2902 (11, 12). To the negative
MAT 705 input, a presetvoltage built-up from DACSTAIR and DACDEL is applied. If the last ramp reaches the

; i -NAND igh for 4 us
On receipt of atrigger pulse at the clock input of FFi, its inverted output goes low. After time t1, this output potential of the presetvoltage, the comparator output goes low and the tripie gate goes high K
. . - N . Lo : (described under time-base stow).
is applied as alogic high signal, which sets FFIl. Consequently, its inverted output goes jow and the non- . : b .
inverting output goes high. This results in a reset of FFI. After t, FFHi is resetand, as aresult, FF1 is enabled. The sawtooth voltage s blocked and the capacitor is discharged by a reset pulse derived from the TANDH
pulse at D2909-13, so output 8 goes high.
The flip-flop is enabledto start a new sawtooth ramp if the TANDH signal i1s low and TRACK is high.
The DACSTAIR signal is generated at the ACL unit and is divided into 256 steps, each of 40 mV. The
DACDEL signal is generated on the delayed time-base unit and is divided into 200 steps, each of 40 mV. This
means that each division delay corresponds to two steps (i.e. 80 mV). The resistor network R2910, R2913,

R2914 s chosen S0 that 256 steps of DACSTAIR generate the same potential as 20 steps of OACDEL at
input 6 of D2901.

Times t7 and t2 are chosen so that the pulse stretcher acts as a pulse-shaper at frequencies up to 2kHz, as a
divide-by-two circuit from 2 kHz to 10kHz, and as adivider by n for frequencies above 10kHz.

If no sampling mode is chosen, the TANDH signal is not generated by means of the sawtooth generator and
the comparator, butvia the system described under time-base slow. This s effected by presetting the negative
input 11 of the comparator to a high voltage via D2901.
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INCOMING OUTGOING GENERATE 3} USED DESCRIPTION
SIGNAL SIGNAL ON UNIT ON UNIT
AUTO TB A22 A13 Auto signal from AUTO switch
DAC DEL Al13 Output signal of DAC delay
__ DAC STAIR A9 Output signal of DAC STAIR -
— ERUN A22 A21 Enable run signal
— - FRUN A13 Freerun signal
—_ HOCONDRS A22 A9 Hold and convert signal in D-R and =
S-mode
LINE Al5 Signal for mains triggering
S Al2 S-mode signal
TANDH ’ A22 A21 Track and hold signal
TBS Al2 Time-base slow
TRACK A9 Track command for S/H circuit
— TRIST A22 A13 Trigger signal for strecher
+5v A15
—5.2v Al5
+6V Al5
-6V Al5
+12v Al5
—-12Vv Al5
- +40V A15
) i A15
TEST POINTS
X2700 External trigger )
X2707 TRIGGER SIGNAL :
X2708 TRIG. *’
X2905 HOCONDRS :
i
18
i




89 Bl

{£00€£X) - 1Z¥ 1IN O1 12¥ LINN O
1Zv 1IN OL

7021 1VR

12V LIND OL

T'"*"‘I“‘T'"T""
J—@»

T

i
1
)

-
i
i

———
)
I
!

@@@

@

>

v LINN muoo_mh

€V 1INN Ol SV 1INN WOHS,, 300N Y309ME1 HO3

i
m (1ZeX) (161X} NOIL2313S
‘ﬂ SIHILIMS INOY S Ol
,

i
[k 24 4]
1Z¥ 1INN OL

LiT=







Lo e

— iala. and,

TNA Oy 1z |

i
. (B
‘\ Tt STONIS
e ] |
L

EatBRii]

oy




58°C°9 B4

"
yom—
4
e
4

vzz-2

112% uy




974 LVH . 482’9 04

98°C°9 b4

(]

S7L LVK

_ 1IN 1H3 €2V !

€V HUR 1HI "£TT9 i ) .

LE€Z-9




6-232

8.2.24. Clock-pulse generator. Driver yniy A34.

The four clock-putse signals P2, A2, P1and A1 needed
produced by clock-pulse generator 01007 in combination with the LC filters on unit A11, which are termi
nated by 50 ) resistors to minimise reflections. One of these double-T filters is connected between the

output pins 7 and 6, and the other between the Qutput pins 9 and 10 of clock-pulse generator D1001.

The resulting four Square-wave clock-puise signals have a high level of +11.4 V and 3 low level of +2 v/ a5
shown betow.

to shift the signal samples through the P2CCD, are

—— sy

Fig. 6.2.44, ‘

uaT 125

—

; P S

: Ziockariver 538
Fig. 6.2,443 oo

Signals P2/A2 are 180°

phase-shifted with P1/A1. The delay between the filter sections is approximately
4nsec,

For correct sampling of the input signal by the P2CCD, itis necessary that the low level (+2V) of the clock
signals P2 and P1 remains constant. To achieve this, the clock-signals P2 and P1 are measured on unit 10,
which results in a feedback signal CLF of approximately +3 6V {clock-pulse amplitude feedback signal),

This voltage is applied to the base of transistor V3403 via low-

voltage of +3,6V is applied to the base of transistor V3404. in this way, variations of the low Jevel {+2V) of
the clock-signals P2 and P1 result in a variation of the signal le

vel on the collector of transistor V3404, This
variation is then fed hack via emitter-follower V3401 to a current source pin 1 of the clock-pulse generator
D3401.

pass filter R3436/C3418. A stable reference

The clock-gulse generator is driven by a signal CLKDR from pin 2 of fii

p-flop D3209 and routed via D3211
as signals P“CCD clock and P2CCD clock to unit A34.

“

o~

I

Fig. 6.2.88.

FROM UNIT
A11{X 1108}

FROM UNIT
All (X 1104)

|
I
LRIVER } UNIT A3L :

araut la a{raty fo Te{Rad

©)

X3401 @ @

TO UNIT
A11(X1106)

T UNIT
A11{X1107)

6-233

FROM UNIT

A0 {X3208)
F——»—7{1

~ FROM UNIT

. A10(X 3207)
?—{:IJ

FROM UNIT
All {X1101)

3
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FROM UNIT
A10(X3208)

FROM UNIT

A10(X3207)
e— D

FROM UNIT
All{X1101)

-5,2Vm-

-5.2Y

114V

=52y
52V (29 €3412 R3L3IT R3LL (3423 R3442
V3406_L31.1z. .].03404 UR3 2
I’OO” I’OO” T33“ R3413 [ WHIR3414 B

(7 (703 -

lag} O\

- & WIR3403 ‘ X3407
REFAS gy X303 0 ‘

- 03402 03.52 FROM A1
€3L09 _C3413 _ C3403 P2cCD 50 Ohm TERMINATOR X1104
100n <T"100n 7T 100n CLOCK > g m g ] > 3 -11,4V

I I_ FROM X3208 ] . oL
73 5 L 2
JSERAYT 11,4V T R340
BA10 ~ER622T COOHT X3"°‘T 14V
I¢ I I PZCCO +  RILOL[E R3406
CLOCK o i
FROM X 3207 A D3401
52V X3406
-52v 4 5 fa
) T To PP
S AR ¥ AY 17 JIrR3401 X106
L]
CLOCKPULSE i
.4V 8
R3433 [ Raz.sz. GENERATOR 3401
CLOCK e -
5 1 s 1'596
CONTROL L 2 T
X3402
2! 10
R34L32 V3402 11,4V 5 T
K19 BC5588 To P2
o
3 —1R3412 X107
L)
) R3426 o
R3438 —R3:28 | c3u18 (422E]
& IG“B I £3407
c3611 G R3&21 Toos
R3436 V3403 V3404 100n 5
CLF 2K15 BCS588 BC5588 (
3418
100p R3L39 L 4
R
B IFAY
EL REFNO | TYPE [acos |cac02 Jraen TR3/.16 _j_cama R3417
P w AD n % 100n fw
03401 OMS38 93 m 2 i
03402 MC10H115 V3401 <3404
BC548C o
R348 FROM AZ
50 Ohm TERMINATOR 108
s wan il
- i MAT 1211
52Ve—-d

A34 DRIVER UNIT

8-235

Fig. 6.2.89.
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7. DISMANTLING THE INSTRUMENT

7.1 WARNINGS

WARNING: The opening of covers or removal of parts, except those to which access can be gained by hand,
is likely to expose live parts, and also accessible terminals may be live.
The instrument shall be disconnected from all voltage sources before any adjustment, replace-
ment or maintenance and repair during which the instrument wiil b¢ ~nened.
If afterwards any adjustment. maintenance or repair of the opened instrument under voltage is
inevitable, itshall be carried out only by a qualified personwho is aware of the hazard involved.

Bear in mind that capacitors inside the instrument may still be charged even if the instrument
has_been separated from all voltage sources.

ATTENTION: This section provides the dismantling procedures required for the removal of components

during repair operations. All circuit boards removed from the oseillascope should be
adequately protected against damage. and all normal precautions regarding the use of tools
must be observed. During dismantling procedures, acareful note must be made of all
disconnected leads that they may be reconnected to their correct terminals during assembly.
Damage may result ifthe instrument is switched on when acircuit board has been removed.
or if acircuit board is removed within one minute after switching off the instrument.

WARNING: The EH.T. cableis unbreakably connected to the E.H.T. unit (disconnection at C.R.T.).

When the EH.T. cable to the post-acceleration anode of the C.R.T. is disconnected at the C.R.T.
unitend, the EH.T. cable must be discharged immediately by shortening them to earth.
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8.1.

CHECKING AND ADJUSTING

Before starting with the CHECKING and ADJUSTING procedure check the instruments specification by means
of the PERFORMANCE CHECK procedure on page 8-29.

WARNING: The opening of covers or removal of parts, except those to which access can be gained by hand,

is likely to expose live parts, and also accessible terminals may be live.

The instrumentshall be disconnected from all voltage sources before any adjustment, replace-
mentor maintenance and repair during which the instrumentwill be opened.

If afterwards any adjustment, maintenance or repair of the opened instrument under voltage is
inevitable, itshall be carried out only by a qualified person who is aware of the hazard involved.
Bear in mind that capacitors inside the instrument may still be charged even if the instrument
has been separated from all voltage sources.

GENERAL INFORMATION

The following information provides the complete checking and adjusting procedure for the oscilloscope. AS

various control functions are interdependent. acertain order of adjustment is often necessary.

The procedure is. therefore, presented in a sequence which is best suited to this order, cross-reference being

made to any circuit which may affect a particular adiustment.

Before any check or adjustment, the instrument must attain its normal operating temperature.

— Where possible, instrument performance is checked before an adjustment !s made.

— Warming-up time under average conditions is 30 minutes.

— All limits and tolerances given in this section are calibration guides and should not be interpreted as
instrument specifications uniess they are also published in chapter 1.2. characteristics.

— Tolerances given are for the instrument under test and do not include test equipment error.

— The most accurate display adjustments are made with a stable, well-focused, low-Intensity display. Unless
otherwise noted, adjust the Intensity, Astigmatism, Focus and Trigger Level controls as needed.




8.1.1. Recommended test equipment

Type of instrument

Specifications

Used for

Example of recommended instrument

1, Constant amplitride sine-wave
generator

[\

Time marker generator

w

Square-wave calibration generator

&

L.F. sine-wave/square-wave generator

o

Cables, T-piece, terminations for tlie
generators

5”

Dummy probe 2: 1

~

Trimming tool kit

e}

. Variable mains transformer

©

. Moving-iron meter

10. Oscilloscope

11. Digital mujtimeter

Freq. 200 kHz ...60 MHz
Constant amplitude of 12mVp-p ...
1.2vp-p

Repetition rate 0.55 ...20 ns

Rise time < 200 ns

Voltage 10mV up to (for pretereiice)
30V

Duty cycle 50 %

Rise time < 1 nsec.

Sine-wave: 1 Hz ...1MHz/0 ... 30 V
Square-wave: 1Hz ... 1MHz/0 .30V
Rise time < 100 is

General Radio types for fast rise-time
squdre-wave and high frequency sine.
wave.

BNC-types for other applications.

1M§220.1%// 25 pF

Wellinsulated output voitage
90 ... 264 Vac.

The bandwidth must be the
same or higher than the bandwidth
of the instrument under test.

‘Wide voitaye, current and resistance
ranges. Required accuracy 0.1 %.

Bandwidth check of vertical channels
and triggering

Checking and adjusting of sweep rates

Checking and adjusting of square-wave
response of vertical channels and
triygering

Checking the trigger sensitivity
Checking and adjusting square-wave
response of for instance attenuator unit

See points 1and 3

See points 2 and 4.
Adjustment of input capacitance.
Adjustments

Checking influence of mains voltage
variations and adjustment of power
supply.

Checking the power consumption of
the instrument.

Various measurements.

Checking the instrument under test.

Tektronix SG 503 t SG 504

Tektronix TG 501

Generator with additional attenuator
unit. Partly PG506

PM 5129

PHILIPS 800 NTX - 4822 310 50015
PHILIPS ord. number 2422 529 00005

PM 3262 PHILIPS

PHILIPS PM 2527
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« 8.3.2. Cathode-ray-tubecircuit
CHECKING AND ADJUSTING PROCEDURE

Cathode voltage
Power supply

— Check that the voltage on testpoint X1502 on unit A15is —1.5 V.
Power consumption If necessary; readjust potentiometer R1591 on unit A15.

— Check that the mains adapter switch S45 has been set to the local mains voltage and connect the instrument Intensity
to such a voltage.

— Set the front panel INTENS control R15 to 30° from its left hand stop.

- i illoscope ilot i . - - ; . .
Switch the oscifloscope on and check that the pi lamp on POWER ON the front panel lights UP. — Adjust potentiometer R1589 on unit A15 in such a way that the trace is just not visible

— Check that the current consumption does not exceed 300 mA at 220 V local mains and 600 mA at 117V

local mains. (Measuredwith a moving-iron meter.) Focus and astigmatism

— Depress pushbutton DISPLAY STOI S2.

+12 V supply voltage — Depress pushbutton WRITE $12-A.

— Check at nominal mains voltage that the voltage on the positive pole of C1513 onumit A15is +12.6 vV £ 1%; — Set channel A AMPL/D{V switch 520 to position 0.2 VIdiv. {40 mV/div. on the screenand in the
if necessary readjust potentiometer FEEDBACK R 1646 on unit A16. alphanumericdisplay).
— Check that this voltage does not vary more than + 60 mV when the mains voltage is varied between 200 V — Set TIME/DIV switch $23 to position 50 ms/div.
and 265 V or between 100V and 130V. — Depress pushbunon AUTO $29-A of the trigger mode selector switch.
‘ - %1 -8.
— Check that the +5 V on the positive pole of C1527 on unit A15 is+5 V £ 0.25 V. “‘ Depress pyshbutton X5516-8 .
_Check that the oscilloscope starts at 180 V or 90 V. — Apply a sine-wave voltage of 240 mV-2 kHz to the A-input socket X3.

— Depress pushbutton SAVE STOI S8.
Frequency
— Depress pushbunon LOCK $12-B.

— Set the mains input voltage to 180V or 90 V. — Depress pushbutton DOTSS17.

— Check that the voltage on the positive pole of C1513 on unit A15 has a 100 Hz ripple that does not — Set FOCUS LINE potentiometer R1588 on unit A15 in its mid-position.
exceed 10mV. If necessary; readjust potentiometer FREQ. R1647 on unit A16. — Set the front panel INTENS control R15 to maximum brightness.
— Adjust FOCUS potentiometer R 1506 on unit A15 and ASTIGMATISM potentiometer 81587 on unit A15
for a sharp and well-defined trace over the whole screen area.
AC POWER UMT A16 Check that the trace remains focused when the intensity is varied.
iﬁ‘“ﬂ DC POWER UNIT Al5
FREQ FEED BACK B xisoz
CATHODE VOLTAGE
fx1602
FOCUS
"
MAT 747
: FOCUS
Fig. 8.3.1. g M5 ASTIGM F!’NE INTENS CATH. VOLTAGE
e — — =)
A4
t5v 126V MAT 748 A

Fig. 8.3.2.

Tracerotation

— Release push-bunon DOTS S17.
— Depress push-bunon WRITE 512-A.
— Depress both push-buttons CLEAR S | | and SAVE STOI S8 simultaneously.
y — Setthe STOI Y POSITIONcontrol R4 in such a way that the trace is placed in the centre of the screen.
w — Check that the trace runs exactly in parallel with the horizontal graticute lines; if necessary. readjust the
TRACE ROTATION screw driver control R16 on the front panef.
— Release push-bunon DISPLAY STOI §2.
— Remove the input signal.
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833. Pre-adjustmentP2CCD circuit

TRIGGER UNIT 422 — Check that the trace does not jump when the TIME/DIV switch 523 is switched between positions

0.2 ms/div and 0.5 ms/div.
E"_m?( | If necessary, readjust potentiometer R3057 on unit A21
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8.3.3. Pre-adjustment P2CCD circuit 833.1. PZCCD adjfusting procedure

) o — Check that the trace does not jump when the TIME/D{V switch S23 is switched betweenpasitions
0.2 ms/div and 0.5 ms/div.

It necessary, readjust potentiometer R3057 on unit A21

IMPORTANT:  Before adjusting the P2CCD be sure that the channels are adjusted correctly in the
direct mode.

PRELIMINARY SETTINGS

CCD UNIT AT0 320

GAINO.2ms GAINDZuS GAINO2ms GANOSuS BiAS02ms  BIAS0.2us ZERO02ms ZERCOZus
- —

0= o =
1 R [reeor R3200 R3206 3207 | ﬁ R3209
035s TAINOSps SIAS 05ps 3

E GAIN EROOSuS
]

— Depressthe channel A ON-OFF pushbunon $32

— Release the channel B ON-OFF pushbunon S34

— Setthe channel A variable AMPL/DIV control R7 in the CAL position

— Depress RECURR $38-C

— Depress pushbutton AUTO S29

— Depress pushbutton A of the trigger selection switch S39

— Depress pushbutton ACCU DISPLAY S1
Release pushbutton STO1, $TO2 and $T03, $2, S3and $4

— Depress pushbutton WRITE S512-A

— Depress pushbutton X =t S15-A

— Depress pushbutton Y x 5 S16-8B

— Setthe X-MAGN control R2 intoits CAL position

— Setthe TIME/DIV switch S23 to position 0,5ms/div

— Setthe channel A AMPL/DIV switchto 0,1V/div

— Depressthe channel A 0 pushbutton and adjust the trace to the centre of the screenwith the OFFSET
control and releasethe O pushbutton

— Apply asine-wave of 1kHz, with an amplitude to obtain a display of 8 divisions on the screen, to the
channel A input socket X3

— Setthe TIME/D1V switch 523 to position 0,2ms/div

ATTSTA

R3273 | +10LV

IR

I

|

S — Switch off the instrument
- j{“m JJ—I - : — Connect point C22 of pcb connector X2004 (Unit A20} to ground
| | i — Connect points C30 and C32 of pcb connector X3209 (Unit A10) to ground
i MATTZS ; — Connect the measuring oscilloscope to signal V OUT (testpoint X3201 unit A10} and trigger it on the
' Fig. 8.3.5. negative edge of the signal NULIN (testpoint X902 unit 9}
RCCD UNIT ALl Settings of the measuring oscilloscope: 0,5V/div; 1ms/div; zero line inthe centre of the screen.

The use of a 10:1 probe is necessary!

PI/P22 E N2

uB — Switch on the instrument again
}mms knum; RHDB’
\—/ \/ ADJUSTING PROCEDURE
- Low frequency chCD adjustment
L1ot ﬁ w 0,2ms/div PZCCD low frequency adjustment:
iw'é ot 1. Adjust the positive supply voltage with R3273 to +11.4 £ 0,05V.
| onor | Measuringpoint: X3202 point 5.
‘I:f ] 2. Check that the negative supply voltage 1s between —11,3V and —11,5V
3 1
LBO4 LIOE E

Measuringpoint: X3202 point 4.

3. Adjust the following potentiometers to the indicated voltages:
Fig. 8.3.6.

R1107 to +2V * 0,5V (SUB) measuring point: IC1101 pin 3.
‘ uaTIzs7 R1106 to +6V £ 0,1V (P11/P22) measuring point: 1C1101 pin 4.
R3206 to +9V * 0,5V (BIAS) measuring point: X3203 pin 7.

{1

R3208 (ZERO)to midposition
A3201 (GAIN)to midposition

BT

4. Turn R1108 {IN1/iN2) completely clockwise, then turn slowly counter-clockwise until two sine-wave signals
appear on the screen of the measuring oscilloscope.
Turn on until the sine waves abruptly disappear.

TTA

NOTE: /#fthe NULIN lines exceed +and —2000m V readjust to zero with potentiometer A3208 (ZERO)
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Now turn R1108 slowly clockwise, just sofar that two stable sine-waves are displayed on the screen of the
measuring oscilloscope.

. Set the measuringoscilloscope to 0,1V/div.

. Adjust R3208 (ZERO) so that the NULIN signals on the measuringoscilloscope screen are at + and —1V

level. Be sure that the signals are adjusted according to figure A.

. Adjust R3226 in combination with R3208 so that the NULIN signals are at + and —1V level and are

symmetrical around the zero line.

. Adjust R3201 and R3203 (GAIN)for 8 divisions display on the PM3311.
. Adjust R3206 (BIAS) for optimal covering of the two sine waves on the PM3311 screen.

10. After each changement of 3206 start with point 6. again.

11. Apply asquare-wave of TkHz and check that the signal correspondsto fig.B. If necessary increase the SUB

voltage with R1107 for approx. 3V.

APPROX . 75UB DIVISION

CORRECT NULIN LINES {NCORRECT NULIN LINES
5 T t

i
]

Ly .

b

i
|

s e

i

SIV/DIV Imsj0IV MEASURING OSCILLOSCOPE
1021 PROBE

DIV/BIY tma/DIV MEASURMG OSCILLOSCOPE IO 0 2me] DY PHI310

MAT 9088
MAT 1258

Fig. A. Fig. 8.

12. After each adjustment of R1107 start with point 4. again

NOTE 7: Ifpoint 9. is not successfull, then try another value for P17/P22 (+ 0,5V). /t may be necessary to
increase the SUE voltage too. Stan with pont 4. again.

NOTE 2 Apply asine-waveof 4 divisions amplitude and shift it by means of the OFFSET controf over
the screen. Check if the amplitude changes no more than 0,5 sub-division, otherwise start with
point 2 again. Resetthe input signal to 8 divisions.

3-14A

High frequency PZCCD adjustments
0,5us/div P2CCD adjustment:
1. Set the TIME/DIV switch to 0,5us/div.

2. Apply asine-wave of 400kHz with an amplitude to obtain adisplay of 8 divisions display on the PM3311
screen.

3. Adjust L1101, L1102, L1104 and L1106 50 that:
a The NULIN signals on the measuring oscilloscope screen are at + and —1V level.
b. The display of the PM3311 shows about 8 divisions amplitude.
¢ The covering of the two sine waves i1s optimal on the screen of the PM3311.
d. Check the 1us/div position for correct display.
Eventually optimisme the adjustment of the coils betweenthe positions 0,5us/div and 1us/div. L

4. Disconnect the ground connection of X3208 points C30 and C32.

4

. Adjust R3222 so that the NULIN signalson the measuring oscilloscope screen are at + and — |Vlevel.
8e sure that the signals are adjusted acmrding to figure A.

6. Adjust R3211 and R3219 (GAIN) for 8 divisions display on the screen of the PM3311.
7. Adjust R3221 (BIAS) for optimal covering of the two sine-waveson the PM331 1 screen.
8. After each adjustment of R3221 start with point 5. again.

This isthe end of the 0 5us/div PZCCD adjustment.

NOTE . Apply asine-wave of 4 divisions amplitude and shift itby meansof the OFFSET control over
the screen. Check if the amplitude changes no more than 0,5 sub-division, otherwise start with
point 7.again. Reset the input signal to 8 divisions.

0,215/div PZCCD adjustment:

1. Adjust R3209 so that the NULIN signals on the measuring oscilloscope are at + and —1V level.
2. Adjust R3202 and R3204 (GAIN)for 8 divisions display on the screen of the PM3311.

3. Adjust R3207 (BIAS) for optimal covering of the two sine-waveson the PM3311 screen.

4. After each adjustment of 83207 Start with point 1. again.
NOTE 7. If itis not possible to adjust for 8 divisions ampiitude, decrease the SU/B voltage and readjust
completely.

NOTE 2:  Apply asine-wave of 4 divisions amplitude and shift it by means of the OFFSET control over
the screen. Check if the amplitude changes no more than 05 sub-division, otherwise start with
point 3. again.




8.3.4.

8.34.1.

8.3.4.2.

8.3.4.3.

Balance adjustments

?he adjustments of the vertical channels A and B are identical.
?he knobs, sockets and adjusting elements of channel 8 are shown in brackets after those of channel A.

These balance adjustments influence one another and must, thereiore. be readjusted in the sequence 11 which
they are described.

Vertical amplifier balances
0-DC baiance

— Setchannel A (B} AMPL/DIV switch S20 (8§22} in position 50 mV/div.
— Check that the trace does notjump when pushbutton 0 $31 (S35} is operated.

If necessary, readjust potentiometer R2642 {R2526) on unit A21 for minimum jump
— Reieasethe channel A {B) O pushbutton S31°{S$35).

Attenuator balance

— Set the trace in the centre of the screen with the channel A (B} OFFSET control R10 {R12}.
— Release pushbutton DOTS 16-C.

— Set TIME/DIV switch 523 to position 0.5 ms/div.

— Depress channel A {B} ON-OFF pushbutton $32 {S34) to ON.

— Check that the trace does notjump when the AMPL/DIV sw'ich $20 {S22} is switched between 10mV/div.
20 mV/div and 50 mV/div.

If necessary readjust potentiometer R2643 {R2527) on unit A21 for minimum jump.

X1/X10 balance

— Check that the trace does not jump, when the channel A {B) AMPL/DIV switch S20 {S22) is switched
between positions 50 mV/div and 0.1 V/div.
If necessary, readjust potentiometer R2657 {R2534) on unit A21 for minimum lump.

Continue balance

— Set channel A {8) AMPL/DIV switch S20 (S22} in position 50 mV/div.

— Check that the trace does not move when the channel A {B} AMPL/DIV continuous control R7 {R8) is
rotated between minimum and maximum.
If necessary, readjust potentiometer R2576 {R2416) on unit A21 for minimum shift.

— Release thechannel A {B} ON-OFF pushbutton S32 {S34) to OFF.

Follow the same procedure for channel B.

Normal/invert baiance (ONLY for channei B}

— Depress channel B ON-OFF pushbutton S34 to ON.

— Check that the trace does not lump when ?hechannel 8 OFFSET control S28 is puiled and pushed
{f necessary, readjust potentiometer R2411 on unit A21 for minimum jump.
— Push channel B OFFSET control 528 to normal.

Trigger point symmetry

— Check that the voltage on testpoint X2707 is —1 V. e
— If necessary, readjust potentiometer R2819 on the trigger-unit

Trigger balances AC-DC
External

— Depress channel B ON-OFF pushbutton 534 to ON.

— Set TIME/DIV switch S23 to position 0.5 ms/div.

— Set the channel B AMPL/DIV switch S22 to position 1 V/div (0.2 VIdiv on the screen and in the
alphanumeric display).

— Depress pushbutton EXT S39-C of the trigger source selector switch.

— Depress pushbutton AC S29-B of the trigger mode selector switch.

— Apply a sine-wave signal of 1.2 Vp-p — 2 kHz to the channel B input socket X4 as well as to ?he EXT input
socket X6.

— Set the LEVEL control R9 for a stable display.

§
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— Depress pushbutton SAVE STOI S8.

— Check that in double channel operation the dot join system still functions correctly.

— Adjust potentiometer R2039 on unit A20 for minimum cross-taik between the two channels A and B
— Remove the input signal.

— Release pushbutton STOI DISPLAY S2.

CALibration voltage

— Check that the amplitude of the CAL voltage on CAL terminal X1 is 3V =0.7%. -
If necessary, readjust potentiometer R2017 on unit A20. _
— Check that the frequency of the CAL voltage is 2.5 kHz.

FINAL AMPL. UNIT A20

GAIN  OISPLAY TRACE -
POSITIONS LENGTH

CAL a¥ GAIN oY BAL

R
CROSS~TALK

ax GAIN

Fig.8.3.7. “

8.3.6.

8.3.6.1.

Vertical channels

The adjustments of the vertical channels A and B are identical.
The knobs, socketsand adjusting elements of channel 3 are shown in brackets after those of channel A.

Vertical amplifier sensitivity adjustments

Before checking the sensitivities, check the balances in accordance with section 8.3.4.

Channel B gain x1

— Depress the channel A and B ON-OFF pushbuttons S32 and S34 to ON.
Releasethe channel A and B AC-DC switches $30 and S36 and the O switches S31 and S35.

— Set the channel Aand B AMPLIDIV switches S20 and S22 to position 0.2 VIdiv 140 mV/div on the screen
and in the alphanumeric display).

— Set the channel A and B AMPLIDIV continuous control R7 and R8 in the CAL position.

— Set the channel A and B OFFSET controls R10 and R12 so that the traces are shifted to the centre of the
screen.

— Depresspushbutton RECURR S38-C.

— Setthe TIMEIDIV switch S23 to position 05 ms/div.

— Depress pushbunon AUTO of the trigger mode selector switch S29.

— Depresspushbutton B of the trigger source selector switch S39.

— Depress the ACCU DISPLAY pushbunon §1.

— Releasethe DISPLAY pushbuttons STOI - STOZ and STO3, 52-53 and $4.

— Depress pushbutton WRITE S12-A.

— Depress pushbunon X =t S15-A.

— Depresspushbunon Y x 5 $16-8.

— Setthe XMAGN control R2 to its CAL position.

— Apply asquare-wavesignal of 240 mVp-p — 2 kHz to the channel B input socket X4.

— Adjust potentiometer R3029 on unit A21 for a trace height of 6 divisions.

Channel A gain x1

— Depress pushbutton A of trigger source selector switch $39.

— Apply asquarewave signal of 240 mVp-p — 2 kHz to the channel A input socket X3.
— Adjust potentiometer R2661 on unit A21 for atrace height of 6 divisions.

Channel A {B) gainx10

— Set channel A (B} AMPLIDIV switch 520 {$22) to position 20 mV/div {4 mV/div on the screen and in the
alphanumeric display).

— Apply a square-wave signal of 24 mVp-p — 2 kHz to channel A {B) input X3 {X4).

— Adjust potentiometer R2658 {R2536) on unit A21 for a trace height of 6 divisions.

L.F. Correction

— Set channel A {B) AMPLIDIV switch $20 {$22) to position 02 VIdiv (40 mV/div on the screen and in the
alphanumeric display).

— Apply asquare-wavesignal of 240 mVp-p — 100 Hz to channel A (B} input socket X3 {X4).

— Set TIMEIDIV switch 523 to position 1 ms/div.

— Check that the pulse top is straight: if necessary, readjust potentiometer R2611 {R2481) on unit A21.

AC-DC channel A {B}

— Depress push-button AC-DC of channel A (B} - $30 {S36)
— Check that the pulse top difference is more than 0.5 div.

Sampling loop gain
— Setthe TIMEIDIV switch §23 to position 0.2 ms/div.
— Depressthe channel A and 8 ON-OFF pushbuttons $32 and S34 to ON.

— Apply asquarewave signal of 240 mV — 2 kHz to channel A input socket X3.
— Setthe channel 8 OFFSET control R12 so that the trace is set in the middle of the screen.

— Setthe TIMEIDIV switch S23 to position 0.5 ms/div.
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Now turn R1108 slowly clockwise, just sofar that two stable sine-waves are displayed on the screen of the
measuring oscilloscope.

. Set the measuringoscilloscope to 0,1V/div.

. Adjust R3208 (ZERO) so that the NULIN signals on the measuringoscilloscope screen are at + and —1V

level. Be sure that the signals are adjusted according to figure A.

. Adjust R3226 in combination with R3208 so that the NULIN signals are at + and —1V level and are

symmetrical around the zero line.

. Adjust R3201 and R3203 (GAIN)for 8 divisions display on the PM3311.
. Adjust R3206 (BIAS) for optimal covering of the two sine waves on the PM3311 screen.

10. After each changement of 3206 start with point 6. again.

11. Apply asquare-wave of TkHz and check that the signal correspondsto fig.B. If necessary increase the SUB

voltage with R1107 for approx. 3V.

APPROX . 75UB DIVISION

CORRECT NULIN LINES {NCORRECT NULIN LINES
5 T t

i
]
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SIV/DIV Imsj0IV MEASURING OSCILLOSCOPE
1021 PROBE

DIV/BIY tma/DIV MEASURMG OSCILLOSCOPE IO 0 2me] DY PHI310

MAT 9088
MAT 1258

Fig. A. Fig. 8.

12. After each adjustment of R1107 start with point 4. again

NOTE 7: Ifpoint 9. is not successfull, then try another value for P17/P22 (+ 0,5V). /t may be necessary to
increase the SUE voltage too. Stan with pont 4. again.

NOTE 2 Apply asine-waveof 4 divisions amplitude and shift it by means of the OFFSET controf over
the screen. Check if the amplitude changes no more than 0,5 sub-division, otherwise start with
point 2 again. Resetthe input signal to 8 divisions.

3-14A

High frequency PZCCD adjustments
0,5us/div P2CCD adjustment:
1. Set the TIME/DIV switch to 0,5us/div.

2. Apply asine-wave of 400kHz with an amplitude to obtain adisplay of 8 divisions display on the PM3311
screen.

3. Adjust L1101, L1102, L1104 and L1106 50 that:
a The NULIN signals on the measuring oscilloscope screen are at + and —1V level.
b. The display of the PM3311 shows about 8 divisions amplitude.
¢ The covering of the two sine waves i1s optimal on the screen of the PM3311.
d. Check the 1us/div position for correct display.
Eventually optimisme the adjustment of the coils betweenthe positions 0,5us/div and 1us/div. L

4. Disconnect the ground connection of X3208 points C30 and C32.

4

. Adjust R3222 so that the NULIN signalson the measuring oscilloscope screen are at + and — |Vlevel.
8e sure that the signals are adjusted acmrding to figure A.

6. Adjust R3211 and R3219 (GAIN) for 8 divisions display on the screen of the PM3311.
7. Adjust R3221 (BIAS) for optimal covering of the two sine-waveson the PM331 1 screen.
8. After each adjustment of R3221 start with point 5. again.

This isthe end of the 0 5us/div PZCCD adjustment.

NOTE . Apply asine-wave of 4 divisions amplitude and shift itby meansof the OFFSET control over
the screen. Check if the amplitude changes no more than 0,5 sub-division, otherwise start with
point 7.again. Reset the input signal to 8 divisions.

0,215/div PZCCD adjustment:

1. Adjust R3209 so that the NULIN signals on the measuring oscilloscope are at + and —1V level.
2. Adjust R3202 and R3204 (GAIN)for 8 divisions display on the screen of the PM3311.

3. Adjust R3207 (BIAS) for optimal covering of the two sine-waveson the PM3311 screen.

4. After each adjustment of 83207 Start with point 1. again.
NOTE 7. If itis not possible to adjust for 8 divisions ampiitude, decrease the SU/B voltage and readjust
completely.

NOTE 2:  Apply asine-wave of 4 divisions amplitude and shift it by means of the OFFSET control over
the screen. Check if the amplitude changes no more than 05 sub-division, otherwise start with
point 3. again.




8.3.4.

8.34.1.

8.3.4.2.

8.3.4.3.

Balance adjustments

?he adjustments of the vertical channels A and B are identical.
?he knobs, sockets and adjusting elements of channel 8 are shown in brackets after those of channel A.

These balance adjustments influence one another and must, thereiore. be readjusted in the sequence 11 which
they are described.

Vertical amplifier balances
0-DC baiance

— Setchannel A (B} AMPL/DIV switch S20 (8§22} in position 50 mV/div.
— Check that the trace does notjump when pushbutton 0 $31 (S35} is operated.

If necessary, readjust potentiometer R2642 {R2526) on unit A21 for minimum jump
— Reieasethe channel A {B) O pushbutton S31°{S$35).

Attenuator balance

— Set the trace in the centre of the screen with the channel A (B} OFFSET control R10 {R12}.
— Release pushbutton DOTS 16-C.

— Set TIME/DIV switch 523 to position 0.5 ms/div.

— Depress channel A {B} ON-OFF pushbutton $32 {S34) to ON.

— Check that the trace does notjump when the AMPL/DIV sw'ich $20 {S22} is switched between 10mV/div.
20 mV/div and 50 mV/div.

If necessary readjust potentiometer R2643 {R2527) on unit A21 for minimum jump.

X1/X10 balance

— Check that the trace does not jump, when the channel A {B) AMPL/DIV switch S20 {S22) is switched
between positions 50 mV/div and 0.1 V/div.
If necessary, readjust potentiometer R2657 {R2534) on unit A21 for minimum lump.

Continue balance

— Set channel A {8) AMPL/DIV switch S20 (S22} in position 50 mV/div.

— Check that the trace does not move when the channel A {B} AMPL/DIV continuous control R7 {R8) is
rotated between minimum and maximum.
If necessary, readjust potentiometer R2576 {R2416) on unit A21 for minimum shift.

— Release thechannel A {B} ON-OFF pushbutton S32 {S34) to OFF.

Follow the same procedure for channel B.

Normal/invert baiance (ONLY for channei B}

— Depress channel B ON-OFF pushbutton S34 to ON.

— Check that the trace does not lump when ?hechannel 8 OFFSET control S28 is puiled and pushed
{f necessary, readjust potentiometer R2411 on unit A21 for minimum jump.
— Push channel B OFFSET control 528 to normal.

Trigger point symmetry

— Check that the voltage on testpoint X2707 is —1 V. e
— If necessary, readjust potentiometer R2819 on the trigger-unit

Trigger balances AC-DC
External

— Depress channel B ON-OFF pushbutton 534 to ON.

— Set TIME/DIV switch S23 to position 0.5 ms/div.

— Set the channel B AMPL/DIV switch S22 to position 1 V/div (0.2 VIdiv on the screen and in the
alphanumeric display).

— Depress pushbutton EXT S39-C of the trigger source selector switch.

— Depress pushbutton AC S29-B of the trigger mode selector switch.

— Apply a sine-wave signal of 1.2 Vp-p — 2 kHz to the channel B input socket X4 as well as to ?he EXT input
socket X6.

— Set the LEVEL control R9 for a stable display.

§
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— Check that the trigger point does not shift when the trigger mode selector switch $29 is switched between
AC and DC. i f necessary. readjust potentiometer 82753, on unit A22 for mintmum shift. in DC-mode.
— Remove the inputsignal from EXT input socket X6 and irom channel B input socket x4.

8.3.5.  Final amplifier adjustments

Vertical trace height

— Depress the channel A ON-OFF switch $32 to ON.

= Depress pushbutton A of the trigger source selector switch S39.

— Depress pushbutton AUTO of the trigger mode selector switch $28.

— Depress pushbutton Yx5 S16-B.

— Depress pushbutton WRITE $12-A.

— Depressthe ACCU DISPLAY pushbunon St1.

— Setthe TIME/DIV switch S23 to position 0.5 ms/div.

— Depress pushbutton CLEAR S11 and shift the trace to —1 div simultaneously.

— Apply asignal to channel A input socket X3 with an amplitude so high that the display on the C.R.T.
screen is blinking at the upper side.

— Adjust potentiometer R2008 on unit A20 so that the display is blinking at + 4 divisions.
If necessary, repeat this procedure.

— Remove the input signal.

A balance

— Depress channel A ON-OFF pushbutton S32 to ON.

— Release channel B ON-OFF pushbutton S34 to OFF:

— Set the channel A AMPL/DIV switch 520 to position 1 VIdiv (0.2 V/div on the screen and inthe
alphanumeric display).

— Depress pushbutton A S39-A of ‘the trigger source selector switch.

— Depress pushbutton AC S29-B of the trigger mode selector switch.

— Apply asine-wave signal of 1.2 Vp-p — 2 kHz to the channel A input socket X3.

— Setthe LEVEL control R9 for atriggered display.

— Check that the trigger point does not move when the trigger mode selector switch $29 is switched between
AC and DC.
If necessary, readjust potentiometer R2861 on unit A22, in DC-mode.

— Remove the inputsignal from channel A input socket A3.

Display positions ACCU - STOI - ST02 - 5TO3

— Depress the four ACCU - STOI - STO2 and STO3 DISPLAY pushbuttons $1-$2-S3 and S4.

— Depress pushbutton CLEAR S11, keep it in the depressed position and depress then the pushbuttons
SAVE STOI S8, SAVE STO2 $S9, SAVE STO3 S10 and LOCK §12-8

— Turn the ACCU - STOI - STO2 and STO3 Y POSITION controls R1-R4-R5 and R6 such that the four
traces cover each other in the centre of the screen.

— Depress pushbutton Y x| S16-A.

— Adjust potentiometer R2009 on unit A20 for adistance of two divisions between the traces.

8 balance

Depress channel B ON-OFF oushbutton S34 to ON. \

— Release channel A ON-OFF pushbutton $32 to OFF.

— Set the channel 8 AMPL/DIV switch $22 to position 1 VIdiv (0.2 V/div on the screen and in the
alphanumeric display).

— Depress pushbutton B $39-B of the trigger source selector switch.

— Depress pushbutton AC S29-8 of the trigger mode selector switch.

— Apply asine-wave signal of 1.2 Vp-p — 2 kHz to the channel B input socket X4.

— Setthe LEVEL control R9 for atriggered display.

— Check that the trigger point does not shift when the trigger mode selector switch $29 is switched between
AC and DC.
If necessary, readjust potentiometer 82859 on unit A22, ;n DC - mode.

— Release the channel 8 ON-OFF pushbutton S34 to OFF.

— Remove the input signal from channel B input socket X4.

Invertregisters

3 — Depress pushbutton WRITE S$12-A

E Set the channel A AMPL/DIV switch S20 to position 1 VIdiv

— Apply a sine-wave voltage of 1.2 Vp-p — 2 kHz to the channel A input socket X3.
— Depress pushbuttons SAVE STOI S8, SAVE STO2 S8 and SAVE STO3 S10.

— Pull the invert switches S5. S6 and S7 and check that STOI, STO2 and STO3 are inverted
— Push the switches S5, 36 and 57.

LINE balance — Removethe input signal.

— Depress pushbuttons EXT and EXTI-10 of the trigger source selector switch S39 simultaneously (LINE).

— Depressthe channel A ON-OFF switch S32to ON. Horizontal trace length

— Set TIME/DIV switch 523 to position 10ms/div. - — Clear STOI, STO2 and STO3.

— Apply a mains voitage derived signal via a mains transformer with an amplitude of 6 divisions to the “ _ Adjust with potentiometer R2011 on unit A20 the length of the horizontal lines on the screen for 10

channel A input socket X3.
— Check that the trigger point does not move when the trigger mode selector switch 529 is switched between
AC and DC.
If necessary readjust potentiometer R2857 on unit A22, in DC-mode.
Remove the input signal from channel A input socket X3.

divisions.

Dotjoint adjustments

— Release pushbutton DOTS S17.

— Depressthe channel A ON-OFF pushbutton S32 to ON.
Release the channel B ON-OFF pushbutton S34 to OFF.

— Depress pushbutton WRITE S12-A.

— Depress pushbutton Yx5 516-B.

8.3.4.4. Triggeramplifier balance
— Set TIME/DIV switch $23 to position 0.5 ms/div.

— Setthe LEVEL control RS in its mid-position. —~ Apply a sine-wave signal with atrace height for 6 divisions display and a frequency of 2 kHz to the
— Depress pushbutton A S39-A of the trigger source selector switch. channel A input socket X3.

— Depress pushbutton AUTO $28-C of the trigger mode selector switch. — Set TIME/DIV switch 523 to position 0.2 ms/div.

— Apply asine-wave signal of 1.2 Vp-p — 2 kHz to the channel A input socket X3 — Depress pushbutton SAVE STOI S8.

— Check that the trigger point is situated in the middle of the signal amplitude. — Depress DISPLAY pushbutton STOI S2.

Ifnecessary, readjust potentiometer R2867 on unit A22. — Release the ACCU - ST0O2 and STO3 DISPLAY buttons S1 - S3 and S4.

8.3.4.5. Triggerpointsymmetry — Check that the dotjoin faults in vertical direction are equal for the positive going edge and the
— Depress pushbutton DCS29-A of the trigger mode selector switch. . negative going edge of the signal. ‘ |
— Set LEVEL control R9 in its mid-position E If necessary equalize these faults with potentiometer R2019 on unit A20.
— Check that the trigger point is situated in the middle of the signal amplitude. w — Eliminate the dot join faults by adjusting potentiometer R2018 on unit A20.
If necessary, readjust potentiometer R 2819 on unit A22 — Adjust potentiometer R2072 on unit A20 so that the dots on the screen are really connected with each
— Removethe input signal from channel A input socket X3. b other.

— Depress the channel B ON-OFF pushbutton S34 to ON=




— Depress pushbutton SAVE STOI S8.

— Check that in double channel operation the dot join system still functions correctly.

— Adjust potentiometer R2039 on unit A20 for minimum cross-taik between the two channels A and B
— Remove the input signal.

— Release pushbutton STOI DISPLAY S2.

CALibration voltage

— Check that the amplitude of the CAL voltage on CAL terminal X1 is 3V =0.7%. -
If necessary, readjust potentiometer R2017 on unit A20. _
— Check that the frequency of the CAL voltage is 2.5 kHz.

FINAL AMPL. UNIT A20
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POSITIONS LENGTH
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Fig.8.3.7. “

8.3.6.

8.3.6.1.

Vertical channels

The adjustments of the vertical channels A and B are identical.
The knobs, socketsand adjusting elements of channel 3 are shown in brackets after those of channel A.

Vertical amplifier sensitivity adjustments

Before checking the sensitivities, check the balances in accordance with section 8.3.4.

Channel B gain x1

— Depress the channel A and B ON-OFF pushbuttons S32 and S34 to ON.
Releasethe channel A and B AC-DC switches $30 and S36 and the O switches S31 and S35.

— Set the channel Aand B AMPLIDIV switches S20 and S22 to position 0.2 VIdiv 140 mV/div on the screen
and in the alphanumeric display).

— Set the channel A and B AMPLIDIV continuous control R7 and R8 in the CAL position.

— Set the channel A and B OFFSET controls R10 and R12 so that the traces are shifted to the centre of the
screen.

— Depresspushbutton RECURR S38-C.

— Setthe TIMEIDIV switch S23 to position 05 ms/div.

— Depress pushbunon AUTO of the trigger mode selector switch S29.

— Depresspushbutton B of the trigger source selector switch S39.

— Depress the ACCU DISPLAY pushbunon §1.

— Releasethe DISPLAY pushbuttons STOI - STOZ and STO3, 52-53 and $4.

— Depress pushbutton WRITE S12-A.

— Depress pushbunon X =t S15-A.

— Depresspushbunon Y x 5 $16-8.

— Setthe XMAGN control R2 to its CAL position.

— Apply asquare-wavesignal of 240 mVp-p — 2 kHz to the channel B input socket X4.

— Adjust potentiometer R3029 on unit A21 for a trace height of 6 divisions.

Channel A gain x1

— Depress pushbutton A of trigger source selector switch $39.

— Apply asquarewave signal of 240 mVp-p — 2 kHz to the channel A input socket X3.
— Adjust potentiometer R2661 on unit A21 for atrace height of 6 divisions.

Channel A {B) gainx10

— Set channel A (B} AMPLIDIV switch 520 {$22) to position 20 mV/div {4 mV/div on the screen and in the
alphanumeric display).

— Apply a square-wave signal of 24 mVp-p — 2 kHz to channel A {B) input X3 {X4).

— Adjust potentiometer R2658 {R2536) on unit A21 for a trace height of 6 divisions.

L.F. Correction

— Set channel A {B) AMPLIDIV switch $20 {$22) to position 02 VIdiv (40 mV/div on the screen and in the
alphanumeric display).

— Apply asquare-wavesignal of 240 mVp-p — 100 Hz to channel A (B} input socket X3 {X4).

— Set TIMEIDIV switch 523 to position 1 ms/div.

— Check that the pulse top is straight: if necessary, readjust potentiometer R2611 {R2481) on unit A21.

AC-DC channel A {B}

— Depress push-button AC-DC of channel A (B} - $30 {S36)
— Check that the pulse top difference is more than 0.5 div.

Sampling loop gain
— Setthe TIMEIDIV switch §23 to position 0.2 ms/div.
— Depressthe channel A and 8 ON-OFF pushbuttons $32 and S34 to ON.

— Apply asquarewave signal of 240 mV — 2 kHz to channel A input socket X3.
— Setthe channel 8 OFFSET control R12 so that the trace is set in the middle of the screen.

— Setthe TIMEIDIV switch S23 to position 0.5 ms/div.



320

8.36.2

8.3.6.3.

Adjust potentiometer R3009 on unit A21 so that the pulse top s straight.

Adjust potentiometer R3056 on unit A21 so that the pulse variation 's symmetrical.

Adjust potentiometer R3057 on unit A21 so that the channel 8 line is in the middle of the screen
if the range of R3057 is too small. change resistor R3054 (limits between 5K62 and 2K49).

If necessary, repeatthis procedure.

Input attenuators (square-wave responseand /77put capacitance)

Set TIME/DIV switch $23 to position 20 us/div.

Depress channel A {B} ON-OFF pushbutton S32 {534} to ON.

Release channel B (A) ON-OFF pushbutton $34 {S32) to OFF.

Release the channel A {8) AC-DC pushbutton S30 {S36) te DC.

Release the channel A (B} 0 pushbutton S31 {S35}).

Apply a square-wave voltage with a frequency as indicated in the table below. rise time << 100Ns to the
channel A {B) input socket X3 {X4}; peak to peak value as indicated in the table below.

Check that the pulse top is straight, and pulse top errors does not exceed + or — 4%; if necessary readjust
the relevant trimmers on unit A21.

2 :1DUMMY PROBE II\

| i
1 MHz//25 pF i /IlZSPF ;
e ——— —
A (B} AMPL/DIV CHANNEL A (B} ADJUSTER TRACE HEIGHT
$20 (522) INPUT SIGNAL
20 mV/div 2kHz — 24V 2503 (C2427) 6 div +/—4 %
20 mV/div 10kHz — 48 mV via dummy C dummy 6div+/—4 %
02 V/div 2kHz — 240mV - 6div +/—4%
02 Vidiv 10kHz — 480 mV via dummy - 6 div +/—4 %
2 Vidiv 2kHz — 24V C2521 (C2444) 6 div +/ -4%
2 Vidiv 10kHz — 48 V viadummy C2518 (C2442) 6 div +/—4 %
20 Vidiv 2kHz — 24 v £2484 (C2416} 6 div +/ —4%
20 Vidiv 10kHz — 48 Vviadummy 2477 {C2409) 6div +/ —4%

Note: Thedifference ininputcapacitance between channel A and channel 8 may nor exceed0.5 pF.

Check that the range of the continuous control R7 {R8} st :> 2.6
Remove the input signal.

Square-waveresponse vertical cnannel

Square-wave responsechannel A {8} x 1

Set TIME/DIV switch 523 to position 20 ns/div.

Depress channel A {B} ON-OFF switch $32 (S34] to ON.

Release channel B (A) ON-OFF switch S34 {S32) to OFF.

Set the cnannel A {B} AMPLIDIV switch $S20 {S22) to position 0.2 V/div 140mV/div on the screen and

in the alphanumeric display).

Apply a square wave voitage of 240 mV - 1 MHz, risetime < 1ns to the channel A (B} input socket X3.
Check the équare wave responseof channel A.

Pulse top errors may not exceed 1 subdivision; if necessary, readjust R3039, C3017, C2447 and 2424,

or check the square wave responseof channel {B}.

Pulsetop errors may not exceed 1 subdivision; if necessary, readjust C2424 and C2447 {2496 and C2523).

8.3.6.4.

8.3.6.5.

Channel A square-wave response in ADD-mode

— Depress pushbutton ADD S33.

— Depresschannel A ON-OFF pushbunon S32to ON.

— Release channel B8 ON-OFF pushbutton S34 to OFF.

— Depresspushbutton A of the trigger source selector 539.

— Check that the square-wave responsedoes not change when pushbutton ADD 533 is operated.

Channel B square-wave response in ADD-mode

— Release channel A ON-OFF pushbutton $32 to OFF.

— Depresschannel B ON-OFF pushbutton S34 to ON.

— Depress pushbutton B of the trigger source selector $39.

— Check that the square-wave response does not change when pushbutton ADD S33 is operated.

Square-wave responsechannel 6-INVERT

— Depress channel B ON-OFF pushbuttons S34to ON.

— Check that the square-wave response does not change when the PULL FOR —B switch $28 is operated.
— Remove the input signal.

Bandwidth

— Depress channel A {8} ON-OFF pushbutton S32 {§34) to ON.
— Release channel B {A) ON-OFF pushbutton $34 {532) to OFF.
— Setthe channel A {B} AMPL/DIV switch 520 (S22) to position 10 mV/div {2 mV/div on the screenand in
the alphanumeric display).
Apply a sine-wave signal of 12 mVp-p and a frequency of 1 MHz to channel A (B} input socket X3 {X4).
— Set TIMEIDIV switch S23 in such a position that about ten sine-waves are displayed on the screen
{1 ms/div).
— Check that the trace height is 6 divisions.
— Increasethe frequency of the input signat to 60 MHz {amplitude still 12mVp-p}.
— Set TIME/DIV switch 523 in such a position that about ten sine-wavesare displayed on the screen
{20 ns/div}.
— Check that during the frequency range the trace height is at least 4.6 divisions.
— Remove the input signal.

1f the trace height 1s less than 4.6 divisions, check the square-wave response again.

OFFSET control range

— Set TIMEIDIV switch S23 to position 0.2 us/div.

— Set channel A {B) AMPLIDIV switch $20 (S22) to position 0.2 VIdiv (40 mV/div on the screen and in the
alphanumeric display).

— Apply a sine-wave signal of 1.2 Vp-o and a frequency of 2 MHz (= 30 div}.

— Check that the display can be shifted more than 15 divisions on both sides by turning the channel A (B}
OFFSET controls R10 (R12).

— Remove the input signal.

. Common mode rejection

— Depress the channel A and B ON-OFF pushbuttons S32 and 534 to ON.

— Depressthe channel A and B 0 pushbuttons S31 and S35.

~— Set the channel A and channel B AMPL/D1V switches S20 and S22 to positions 0.2 V/div.

Set the channel A and channel B AMPLIDIV continuous controls R7 and R8 to their CAL positions.

— Set the channel A and 6 OFFSET controls R10 and R12 so that the traces are situated in thecentre of the
screen.

Release the channel A and B O pushbuttons S31 and S35.

Depress pushbutton ADD 533.

- Pull PULL FOR B switch 528,

— Apply asine-wave signal with an amplitude of 960 mVp-p and a frequency of 2MHz to the channel A &
well as the channel 8 input sockets X3 and X4.

Check that the rejection factor is better than 100. {Signal <0.25 divisions).



§.3.7.

83.7.1.

8.3.7.2.

83.7.3.

Time coefficient adjustments

Recurrent-mode

— Depress channei A ON-OFF pushbutton S32 to ON.

— Release channel B ON-OFF pfjshbutton 534 to OFF.

— Turn the XMAGN control R2 inthe CAL position.

— Set channel A AMPL/DIV switch 520 to position 0.2 V/div {40 mV/div on the screen and in the
alphanumeric display). -

— Set the TIME/D!V switch 23 to position 20 ns/div.

— Apply atime marker signal of 160 mV and a pulse repetition rate of 20 nsto the channel A input socket
x3.

— Check that the entre 8 cycles have a total width of 8 divisions.
If necessary readjust potentiometer R2958 on unit A22.

— Check that the range of the variable X-magn. R2 is 1 : >2.5.

— Depress pushbutton DOTS S16-C.

— Turn potentiometer R2911 clockwise so that a horizontal trace appears at the left-hand side of the screen.

— Now adjust B2911 on unit A22 so that the horizontal trace just disappears .. the first dot of the signal
starts on the most left graticule line.

— Release pushbutton DOTS S16-C.

— Check all the TIMEIDIV switch $23 positions in recurrent mode.

— Remove the input signal.

Roll-mode

Depress pushhutton Y x 1 S16-A.

Depress pushbutton ROLL S38-A.

Apply a square wave signal with arepetition rate of 0.5 s to the channel A inputsocket X3.
Depress pushbutton RUN-STOP S37.

— Check the ROLL mede in TIMEIDIV switch $S23 position 0.5 s/div.

— Depress pushbutton CLEAR S11.

— Apply a voltage of +3 V to the external socket X6 and check that the ROLL-mode starts.
— Remove the voltage from X6.

— Depress pushbutton CLEAR S11.

— Apply a square wave signal with arepretition rate of 1sto the channel A input socket X3.
— Depress pushhutton RUN-STOP S37.

— Check the ROLL-mode in TIMEIDIV switch S23 position 1s/div.

— Depress pushbutton CLEAR S11.

— Set the jumper $1201 on unit A12 inthe left position.

— Depress pushbunon RUN-STOP S37.

— Check the ROLL-mode in TIME/DIV switch S23 position 60 min/div.

— Set the jumper S1201 on unit A12 in the correct position.

— Remove the input signal.

Effectivedelay

— Depress pushbutton RECURR S38-C.

— Depress pushbutton Yx5 S16-8.

— Set the TIME/DIV switch S23 to position 10 ns/div.

— Set channel A AMPLIDIV switch $S20 to position 2 V/div {0.4mV/div. on the screen and in the
alphanumeric display). Setthe DELAY to 0000.

— Apply asquare-wave voltage of about 24 VP-P — 100kHz and a rise time < 3 ns to the A input socket X3

— Depress pushbutton DC of the trigger mode seiector switch S29.

— Set LEVEL control R for a triggered display.

— Check that the effective delay is more than 1 division. |

Effective delay

8.3.7.4.

8.3.7.5

8.3.7.6.

3-23

Single shot

— Depress pushhutton DISPLAY ACCU §1.

— Depress pushhuttons DISPLAY STO1, STO2 and STO3 {S2, S3 and S4).

— Depresspushbutton Yx1 S16-A.

— Set TIME/DIV switch S23 to position 2 ms/div.

— Depress pushhutton AC of the trigger mode selector switch $29.

— Apply a square wave voltage of 1.2 Vp-p, frequency 1kHz to the channel A input socket X3.

— Set LEVEL control R9 for a triggered display.

— Remove the input signal. ’

— Depress pushbutton SINGLE $38-B and check that the pilot lamp NOT TRIG'D 823 lights up (depress
RESET $37).

— Apply the square wave voltage to the channel A input socket X3 again.

— Check that the ACCU is refreshedand that the pilot lamp NOT TRIG'O 823 is extinguished.

Multiple

— Depress pushbutton RECURR $38-C.

— Remove the input signal. -

~ Depress pushbuttons ROLL and SINGLE {= MULTIPLE) S38-A and $38-8 and check that the pilot lamp
NOT TRIG'D 823 lights uP (depress pushbutton RESET $37).

— Apply the square wave voltageto the channel A input socket X3 again.

— Check that all 4 registers are refreshed and that the pilot lamp NOT TRIG'D 823 is extinguished.

~ Release pushbuttons S2, 53 and $4.

— Remove the input signal.

vCo

— Connect a voltmeter to test point Vcx.

— Setthe TIME/DIV switch to position 0,2us/div.

— Adjust C1213 for avoltmeter display of 460mV approx.
— Set the TIMEIDIV switch to position 0,5us/div.

— Check the voltage at test point Vcx to he 800mV approx.

Start
display

o
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8.3.8.

Triggering

Trigger sensitivity

— Depresspushbunon Yx5 S16-8.

— Depresschannel A ON-OFF pushbunon S32to ON.

— Depress pushbutton AUTO of the trigger mode selector switch 529.

— Depress pushbutton RECURR S38-C.

— Set channel A AMPL/DIV switch S20 to position 0.2 V+/div i40 mV/div on the screenand in the alpha
numeric display).

— Set TIME/DIV switch $23 to position 0.5 ms/div.

— Depress pushbutton A of the trigger source selector switch S39.

— Set LEVEL control R9 inits mid-position.

— Apply a sine-wave signal of 20 mVp-p —2 kHz to the channel A input socket X3.

— Adjust potentiometer R2867 on unit A22 S0 that atriggered display is obtained.

— Removethe input signal.

Triggerdope and level -

— Push SLOPE switch S27to “+".

— Apply asine-wave signal of 240 mVp-p — 2 kHz to the channel A input socket X3.

— Check that the display is triggered on the positive going edge of the signal and that the trigger point moves
upwards when the LEVEL control R9 is turned clockwise.

— Pull SLOPE switch $27 to """

— Check that the display is triggered on the negative going edge of the input signal.

— Push SLOPE switch S27 againto =" ™

— Depress pushhutton AC of the trigger mode selector switch §28.

— Rotatethe LEVEL control R9 fully clockwise and anti-clockwise and check that in both extreme positions
the trace is not triggered.

— Increase the signal amplitude of the input signal to 960 mVp-p.

— Rotate the LEVEL control R fully clockwise and anti-ciockwise and check that in both extreme positions
the trace remains triggered.

— Remove the input signal.

Trigger level AUTO

— Depresspushhutton AUTO of the trigger mode selector switch $29.

— Apply asine-wave signal of 240 mVp-p — 100 Hz to channel A input socket X3.

— Rotate LEVEL control R9 and check that the trigger point can be shifted over 4 divisions.
— Remove the input signal.

Triggerlevel EXT

— Depresspushhutton AC of the trigger mode selector switch $29,

— Depresspushhutton EXT of the trigger source selector switch S39.

— Apply asine-wave signal of 240 mVp-p — 100Hz to channel A input socket X3.

— Apply asinewave signal of 3.2 Vp-p — 2 kHz to EXT input socket X6.

— Rotate LEVEL control RS and check that the trigger point can be shifted over the total signal amplitude.

Trigger level EXT=10

— Depress pushhutton EXT+10 of the trigger source selector switch S39.

— Apply asine-wave signal 032 Vp-p — 2 kHz to EXT input socket X5.

— Rotate LEVEL control Rg and check that the trigger point can be shifted over the total signal amplitude.
— Remove the input signal.

Triggersensitivities

— Depresspushhutton A of the trigger source selector switch S39.

— Apply asine-wave signal to the channel A input socket X3 according to the table below.

— Setthe TIME/DIV witch 523to such a position that about ten sine-waves are displayed on the screen;
— Setthe LEVEL control R9 for a stationary display.

8-25

— Check the trigger sensitivity in accordancewith the table below.

TRIGGER MODE INPUT FREQUENCY AMPLITUDE
AUTO 100 Hz 0.75 div
60 MHz 15 div
AC 20 Hz 0.75 div
60 MHz 15 div
DC’ 10 Hz 0.75 div
60 MHz 15 div
EXT 40 MHz 0.15 V
60 MHz 03 Vv
EXT+ 10 40 MHz 1.5 V
60 MHz 3 v

— Check the trigger sensitivity for EXT and EXT+10 for 1.f. and h.f. signals.

— Remove the input signal.

— Depress channel B ON-OFF pushhutton $34 to ON.

— Release channel A ON-OFF pushbunon S32 to OFF.

— Set channel B AMPL/DIV witch 522 to 0.2 V/div. (40mV/div on the screenand in the alphanumeric
display).

— Depress pushhutton B of the trigger source selector switch S39.

— Apply asinewave signal with an amplitude of 1.5 division — 60 MHz to the channel B input socket X4.

— Check that atriggered display is obtained.

Remove the input signal.

Triggeringat mains frequency

— Depress channel A ON-OFF pushbutton S32 to ON.

— ReleasechannelB ON-OFF pushhutton S34 to OFF.

— Depress pushhutton AC of the trigger mode selector switch S29.

— Set TIME/DIV switch 523 to position 2 ms/div.

— Depress pushbuttons EXT and EXT+10 of trigger source selector switch 538 simultaneously (LINE).

— Apply amains voltage derived signal of 200 mVp-p via a transformer to the channel A input socket X3.
— Check that independent on the position of LEVEL control RS atriggered display can be obtained.

— Remove the input signal.

T.V. triggering

— Depress pushbutton A of the trigger source selector switch S39.

— Depress pushbutton TVF of trigger mode selector switch S29.

— Apply aTV signal {CCIR norm - 625 lines - positive video - amplitude 0.5 division sync. pulse)to channel A
input socket X3.

— Set TIME/D#V switch $23 to position 0.1 ms/div.

— Check that atriggered display is obtained with a frame pulse and an equalization pulse on the screen.

— Removethe TV signal.

Trigger delay adjustment

— Depress pushbunon AUTO of the trigger mode selector switch $29.

— Set TIME/DIV switch $23 to 10 ns/div.

— Setthe TRIGGER DELAY alohanumeric disptay B21 to zero by pressing both pushbuttons UP and DIGIT
S24 and 525 simultaneously (RESET}.

— Apply asquare-wavesignal of 2 MHz, risetime < 1 ns to channel A input socket X3.

— Check that thk leading edge of the signal is visible on the screen.

— Setthe number 100 in the alphanumeric display 821 with pushbuttons DIGIT and UP S25 and S24.

— Adjust potentiometer R2910 on unit A22 0 that the leading edge of the signal is again visible on the
screen.

— Set the number 0O in the display 821 by Pressing both pushbuttons UP and DIGIT S24 and $25
simultaneously.

— Remove the input signal.
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Trigger delay

8.3.9.

Set TIME/D1V switch S23 to position 0.2 ms/div.

Depress pushbutton DC of the trigger mode selector switch $23.

Set the number 0002 in the alphanumeric display 821 with pushbuttons DIGITand UP S25 ano $24 and

set pushbutton DIGIT S25to the leastsignificant DIGIT {= 2).

Apply asquare-wave voltage of 2 kHz to the channel A inputsocket x3.

Set LEVEL control RS for a triggered display.

Set TIME/D1V switch 523 step by step to position 05 us/div. and check at each position that the

beginning of the signal can be shifted in the screen by using pushbunon UP S24.

Set the TIME/DIV switch $23 to position 0.2 us/div and Check that the number inthe alphanumeric

display 821 1s 100 {max. value in sampling mode-'"repetitive only"").
8.3.10.
8.3.11.
8.3.12.
3.3.13.

8-27

X-Y mode

— Depress the channel A and 8 ON-OFF pushbuttons $32 and S34to ON.

— Depressthe channel A and B pushbuttons "'0" S31 and S35.

— Set the channel A and B AMPL/DiV switch 520 and $22 to 0.2 V/div.

— Set TIME/DIV switch S23 to position 0.5 us/div.

— Set the channel A and 8 OFFSET controls R10 and R12 so that the spot is shifted to the centre of the
screen.

— Releasethe channel A and B pushbuttons "'0" $31 and S35.

— Depress pushbunon X = A N =18 $15-B.

Apply asinewave signal of 240 mVp-p — 2 MHz to the channel A as well as the channel B input sockets

X3 and X4.

— Check that a straight line is displayed with a angle of 45° with the positive horizontal axis.

— Check the same with TIME/DIV switch $23 in position 0.2 us/div.

— Depress the channel A 0" pushbutton S31.

— Check that avertical line is displayed.

Remove the input signals.

Range indication

— Depress pushbutton X =t S15-A.

— Depresschannel A {B) ON-OFF pushbutton $32 (S34) to ON.

— Release channel B (A) ON-OFF pushbutton 534 {$32) to OFF.

— Readthe A (B} V/div. alphanumeric display 810 (B11} contents.

— Connect a probe with range indication to the channel A {B) input socket X3 {X4).

Check that the indication in the A {8} V/div. alphanumeric display B10 (B11)is changed by a factor of 10.

Plotter outputs

— Store a square-wave signal of 1div. in memory STOI.
— Select memory STO1 with SELECT pushbutton S14.
— Connect voitmeters to the plotter output sockets on the rear side of the instrument
— Depresspushbutton PLCT $18 and check the following:
1. X-OUT and Y-OUT are O Volt
2. PENUIFT goes to 0 Volt
3. X-OUT and Y-OUT are generating output signals
— Check that during plotting an intensified dot is visible on the screen.
— Depress pushbunon PLOT $18 again and check that the PLOT action is stopped.
— Remove the input signal.

Periodic and random deviations
These must be checked only with the cabinet platesfitted:

— Depress pushbutton RECURR S38-C.

— Set TIME/DIV switch S23 to position 1 ms/div.

— Depress channel A {8) ON-OFF pushbutton 5§32 (S34) to ON.

Depresschannel B {A} ON-OFF pushbutton 534 {$32} to OFF.

— Releasethe channel A and 8 pushbuttons 0" S31 and S35.

— Depress pushbuttons AC/DC of the input coupling controls S30 and S36 to AC.

— Set both AMPL/D1V switches S20 and S22 to positions 10mV/div and the AMPL/D1V continuous controls
R7 and R8 to their CAL positions.

— Depress pushbutton AUTO of the trigger mode switch S29.

— Check that ripple-noise-instability of the trace and microfony does not exceed 4 mm.

Effect of mains voltage variations

— Depresschannel A ON-OFF pushbutton S32 to ON.

— Depresschannel 8 ON-OFF pushbutton S34to ON.

— Set channel A AMPL/DIV switch $20 to position 1 V/div.
— Set channel B AMPL/D1V switch S22 to position 1 V/div.

Connect the CAL terminal x1 output signal with the channel A as well as the channel 8 input sockets X3
and X4.

— Vary the mains voltage by + and —10 %.
Check that neither trace height nor trace width changes and that the brilliance remainsthe same.
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8.4. ADJUSTMENT INTERACTIONS 8.5. PERFORMANCE CHECK

8.5.1. Generalinformation

WARNING: Before switching on, ensure that the oscilloscope has been installed in accordancewith the
instructions outlined in chapter 2 of the operating manual. Installation Instructions.

This procedure is intended to be used for incoming inspection_to determine the acceptability of newly pur-
chased or recently recalibrated instruments.

Itdoes not check every facet of the instrument's calibration: rather it is concerned primarily with those
portions of the instrument which are essential to measurement accuracy and correct operation. Removingthe
instrument covers is not necessary to perform this procedure. All checks are made from the front panel.

If this test is started a few minutes after switching on, bear in mind that test steps may be out of specification,
due to insufficient warming-up time. To avoid this situation. allow the specified warming-up time.

. )
@ c
= ] The performance checks are made with astable, weil-focused, low intensity display. Unless otherwise noted,
= - N . .
g' " © adjust the intensity and trigger-level controls as needed.
< @ o
= = 8
c_“} ® E = g Note 1: At the start of every check, the controls always occupy the preliminary settings; unless other-
= ) =]
5 8 E; ; 5 2 b wise stated.
> —_— - . - . .
24 8 g i 22 é' Note 2: The input voltage has to be supplied to the A-input: unless otherwise stated.
E < 5 E B 3 E g =1 E 2z Note 3: Set the TIME/DIV switch to a suitable position; unless otherwise stated.
e 8s25S65882
233250 cEg328aTs
S §8S%ECB5TERE ST
£ I35 TR eaag_SL 28 aT imi i
S 23 .- 53a8® 458 o 8.56.2. Preliminary settings of the controls
I ghg%%ggéggzg%“g
) x 2222 c 5 a =z £.2.9
- E LoarErE i o= [ g — Start this check procedure with NO input signals connected. ALL pushbuttons released and AL L switches
inthe CAL position.
Adjustment — Depressthe controls as indicated in figure below.
Power supply gcogooooooaooo
CRT. circuit O og
Balance adjustments vertical amplifier a B0 3311 0 ~60 Mz BRILIPE Jormreny ¥ P OSITION vt wmre oo L MAGN X POSITG)
{
Trigger balance AC-DC ad (
Tri ifi ag
rigger amplifier balance —
Trigger point symmetry oo i e R id
Final amplifier adjustments = : Brrmod o T 1]
Vertical amplifier sensitivities ooc : AHFLOY LA e
imml
p2cep adjustments o0 i
—
input attenuators [ | H V[
Square-wave responsevertical channel ! . O = ! E :
; i [ 14 : : ’ , i
Time coefficients — | : Lk »
Trigger sensitivity o | [ o pee! CICTET |
Trigger delay j- e NI
| : _ : T | T |
NTENS ieace | s — lums
a0TaTIoN | 7
!‘ G 5 Au@m@ Y| © I |
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CHECKING PROCEDURE

STEP

OBJECTIVE
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INPUT VOLTAG

SETTINGS

REQUIREMENTS

MEASURING RESULTS

A3

A4,

POWER ON t DISPLAY

Start power on

Currentcofsumption

{llumination
fntens
Focus

Trace rotation

Sot the power on/off switch
to ON

IIIuminationpotentiometer(\)
Intens potentiometer

Intens potentiometer n

Starts at 180V
(Q-version: at YO V)
Pilot lamp POWER ON lights up

600 mA max. at 110V
300 mA max. at 220 V

Normal brightness adjusting
Normal intens adjusting
Autoniatic focus adjusting

Line must be in paraliel with
horizontal yiaticule lines, if
necessary, readjust potentiomete:
TRACE ROTATION T,

B.1.

B.2

8.3.

VERTICAL SELECTIONS

Channel control A {B)

0O DC AC controf A {B)

ADD

Sine-wave sighal,
2 kHz t DCoffset
to ch. A (ch. B)

Sine-wave signal,
2kHztoch A
and ch. R

Depress pushbutton ON
of ch A {ch. B)

Depiess pushbutton O of
ch. A {ch. B)

Release pushbutton O of
ch. A (ch. B}

Depress pushbutton AC of
ch. A (ch. B}

Release pushbutton AC of
ch. A {ch. B);ey. DC

Depress pushbutton ADD

Trdce channel A {B) is visible
on the screen

Adjust the sinewave amplitude
so that the trace heigh is ca. 4 div

Set the trace in the centie of
the screen

Signal is visible on the screen,
centie of tlie sine-wave is on
the centre of ttie screen

Signal is visible on the screen,
centre of the sine-wave is on
DC-offset level.

Signal amplitude is the adding

ofch. A tch.B
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CHECKING PROCEDURE

STEP

OBJECTIVE

INPUT VOLTAGE

SETTINGS

IEQUIREMENTS

MEASURING RESULTS

POWER ON t DISPLAY

Start power on

Current consumption

tHumination
Intens
Focus

Trace rotation

Set the power on/off switch
to ON

Hlumination potentiometer(-
intens potentiometet

Intens potentiometer m

Starts at 180 v
(lversion: at 80 V}
jlot lamp POWER ON lights up

300 mA rnax. at 110V
300 mA max. at 220 V

Normat brightness adjusting
Normal intens adjusting
Automatic focus adjusting

-tne must be in parallel with
1orizontal graticule lines; if
jecessary, readjust potentiometer
TRACE ROTATION

B.1.

8.2.

B 3.

8.4.

B 5.

B.6.

VERTICAL SELECTIONS

Channel control A (B}

0-DC-AC control A (B)

ADD

Vertical trace height

Invert stores

Dot join

Sine-wave signal.
2kHz + DC offset
toch, A {ch. B)

Sine-wave signal,
2kHztoch A
and ch. B

Sine wave signat
480 mVp-p 2 kHz

AsB 4

Aa B4

Depress pushibutton ON
of ch. A {ch. 81

Depress pustibutton O of
ch. A {ch B)

Release pushbutton O of
ch. A (ch. B)

Depress pushbutton AC of
ch. A {ch B}

Release pushbutton AC of
ch. A (ch. B);eg DC

Depress pushbutton ADD

Ampl /Div. switch = 0.2 V/div

Depress Display ACCU;

STO 1,STO 2 and STO 3
Depress SAVE STO 1; STO 2
and STO 3

Depress pushbutton YxI

As. B 4.

Pull the INVERT switches
of STO1, STO 2 and STO 3
As. B 4

Depress pushbutton DOTS

Trace channel A (B) is visible
an the screen

adjust the sine-wave amplitude
;o that the trace heigh is ca. 4 div.

Set the trace in the centre of
tie screen

Signat 1s visible on the screen,
sentre of the sine-wave is on
the centre of the screen

Signal is visible on the screen,
centre of the sine-wave is on
DC-offset {evel.

signal amplitude is the adding
>tch. A+ ch.B

Max. signal amplitude = 2 div.
all 4 signals are blinking at
upper and lower-top

Display of STO |, STO 2 and
STO 3is inverted

Signals are built up by dots

C.1.

c.2,

VERTICAL. CHANNELS

Vertical gain A (B}

AMPL/DIV positioris

Square-wave siyna
240 mVp-p 2 kHz
to ch. A {ch. B)

Square-wave signz ,
freq. 2kHz to
ch. A {ch. B)

12mV p
24 "
60 "
120 o
240 M
600 “
1.2Vp-
2.4

)

Ampl:

12 :
24 ’
60 .

AMPL/DIV switch = 0.2 V/div
Depress pushbutton Yx1

Depress pushbutton Yx5

AMPL/DIV switch position:

10 mV/div.
20 “
50 o
0,1 V/div.
0.2 =«
0,5 =«
1 4
2 M
5 P
10
20
50

Trace hciylit= 1.2div. £ 3%
(£ 0,2 subdiv.}

Trace height = 6 div.* 5%
(il.5subdiv )

Trace height= 6 div. £ 5%
(t 1.5subdiv.)

Ze8




INPUT VOLTAGE

STEP OBJECTIVE
c3 Continue range A {B)
C.4. Vertical deflection
A (B) via dummy
e Lama b
2 |

c.5.

cs.

c.7.

c.8.

c.9.

25pF

SQUEFE‘WHVQ response
(A Band — B)

Visible signal defay

Bandwidth A (B)

Offset contiol range A (B)

Common maode rejection
Aand —- B

Square-wave signal
240 mV - 100 Hz
tuch A {ch B)
Squate wave signal
freq 10 kHz to
ch, A (ch B)
Ampl, 48 mVp-p

480  ~
4.8 Vp-p
48 “

Square-wave signal
240 mVp-p, 1 MH:
risetime = 1 nsec.
to ch. A {ch. B}

As C.5.

Siiie-wave signal to
ch. A (ch. B)
1MH¢

1MHz .60 MH2
Sine-wave signal
1.2 Vp-p, 2 MHiz
toch A {ch. B)

Sine-wave signal
960 mVp-p, 2 MHz
toch. Aandch. B

SETTINGS

REQUIREMENTS

MEASURING RESULTS

Continue potentiometer ¥ )

AMPL/DIV switch position:

20 mV/div
0,2 V/div.
2w

20«

AMPL/DIV switch = 0,2 V/div.

{for - B pull the PULL
FOR - B switch}

AMPL/DIV switch = 0,2 V/div,

TIME/DIV switch = 10ns/div.

AMPL/DIV switch = 0,2 V/div

OFFSET control of ch. A
{ch.B) ¢ Yor m

AMPL/DIV switch = 0,2 V/div

Depress push-button ADD

Pull the PULL FOR — B
switch

Continue range 1:>2.,6
Pilot lamp “UNCAL" lights up

Trace height = 6 div. t B%
(+ 1.5subdiv )

Pulise abberations & 3%, «

risetime < 6 nsec.

Visible signal delay > 10 nsec.
NOTE: iemember the value foi
point E.7

Adjust the sine-wave amplitude
0 that the trace height = 6 div.

Trace height ;2 4.2 div.

Sine-wave signal out of
the screen

Rejection > 100 (signal < 0,25 div

£e8
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STEP OBJECTIVE INPUT VOLTAGI | SETTINGS REQUIREMENTS IEASURING RESULTS
D. TiME BASE
D1  Time coefficients Square wave signa { IME/DIV switch position. )
toch. A
— Recuirent Repetition time: Coefficient error £ 2% {c.i.0,2 div.
5 nsec 5 nsecldiv. over 10div. screenwith) !
10 nsec 10 nsecidiv. (Combined with magnifier: [
20 nsec 20 nsecidiv. coefficient error * 4%)
50 nsec 50 nsec/div.
0.1 psec ). 1 psecidiv.
0.2 psec J,2 psecldiv.
0.5 psec 15 psecldiv.
1psec | psecldiv.
2 usec 2 psecldiv
5 psec 5 psecldiv.
10psec 10psecldiv.
20 psec 20 psec/div.
50 psec 50 psec/div.
0.1 msec J,1 msecldiv.
0.2 msec 1.2 msecldiv.
0.5 msec 3,5 msecidiv.
1 msec 1 msec/div
2 msec 2 msecldiv.
5 msec 5 msecidiv.
10 msec 10 msecldiv.
20 msec 20 msecidiv.
50 msec 50 msecldiv.
0.1 sec 3.1 sldiv.
02 sec 0.2 sldiv
— Roll Depress pushbutton ROLL
Start every action with RUN
0.5 sec 0.5 s/div. Coefficient eiror  2%f{c.i.0,2 div.
1sec 1s/div. over 10div. screenwith)
2 sec 2 s/div. During action pilot lamp "RUN"
5 sec 5 sldiv lights up
10sec 10 s/div. After action pilot lamp ""RUN"
20 sec 20 s/div. flashes
0.5 min{ 30sec | 0.5 minldiv. |
1min{ 60 sec 1 minldiv.
2 min{ 120sec 2 min/div
6 min{ 360 sec 6 min/div.
15 min( 900 sec 15 min/div
30 min{1800 sec 30 minldiv.
60 min{3600 sec 60 minldiv.
D.2. Variable X-magn. range Squaie-wave sign: | TIME/DIV switch position X-magnifier range= 12 2.5
toch A 1 ms/div.
repetition time
10 msec
D.3.  Single shot Squarewave sign: | TIME/DIV switch position ACCUis refreshed and during
1kHz toch A 1 ms/div. the single shot action the pilot
Depress pushbutton SINGLE lamp *"NOT TRIG'D" lights up
Depress pushbutton Y x|
Start every action with RUN
D.4. Multiple As D.3. TIME/DIV switch position ACCU, STO 1, STO 2 and STO 3

1 ms/div.

Depress pushbuttons ROLL,
and SINGLE{c.i. MULTIPLE)
Depress Display ACCU,;

STO 1; STO 2 and STO 3
Depress pushbutton Yx1
Start every action with RUN

are refreshed and during the
Multiple action the pilot lamp
"NOT TRIG'D" lights up

8e8



ding to C.C.L.R.
(625 lines), ampl.
sync.pulse = . J

STEP OBJECTIVE INPUT VOLTAGE SETTINGS REQUIREMENTS "MEASURING RESULTS
E. TRIGGERING (NOTE: If signal triggers the pilot
lamp “NOT TRIG'D"” is
extinguished)
E.1 Sensitivity A (B) Sine-wave signal Depress pushbutton A (B)
to ch. A (ch. B)
frequency
? 100 Hz Depress pushbutton AUTO Signal triggers at 0,75 div.
20 Hz Depress pushbutton AC Signal triggers at 0,75 div! {
10 Hz Depress pushbutton DC Signal triggers at 0,75 div. :
40 MHz Signal triggers at 0,75 div. . |
60 MHz Signal triggers at 1,5 div. :
E2. Sensitivity EXT Sine-wave signal Depress pushbutton EXT ‘
to EXT frequentie
40 MHz Depress pushbutton DC Signal triggers at 0,15 Vp-p :
60 MHz Signal triggers at 0,3 Vp-p
EXT+10 40 MHz Depress pushbutton EXT =10 Signal triggers at 1,5 Vp-p
60 MHz Signal triggers at 3 Vp-p
E.3. Slope Sine-wave signal AMPL/DIV switch = 0,2 V/div. | Signal triggers on positive going |
240 mVp-p, edge i
2 kHz toch. A
Pull the SLOPE switch Signal triggers on negative going
edge
EA4. Level range As E.3. LEVEL control m Trace is triggered in the most
extreme positions of the LEVEL
control
Depress pushbutton AC " ‘
LEVEL control m Trace is not triggered in the most ‘}
extreme positions of the LEVEL
control A ‘
Depress pushbutton DC Trace is not triggered in the most i
, LEVEL control m extreme positions of the LEVEL ‘
control ‘
Increase the sine- LEVEL control (-\' Trace is triggered in the most \
wave signal to extreme positions of the LEVEL
1,2 Vp-p, 2 kHz control ‘
ES5. T.V. triggering T.V. signal accor- | Depress pushbutton TVF Signal triggers |
|
\
|
|

0,5 div.p-p

EG. Display range triggey If necessary, depress push-
delay button UP, DOWN or DIGIT
TIME/DIV switch = 1 ms/div Display range is — 9 ... 9999 div. |
TIME/DIV switch = 0,2 us/div Display range is 0 ... 100 div.
E7. Accuracy trigger delay Square-wave signal,| TIME/DIV switch = 20 us/div. ‘
repetition time = Trigger delay = 0000 Accuracy = 0
0,1 msec to ch. A | Trigger delay = 1900 Accuracy = + 2 mm (1 subdiv.) |
Trigger delay = 9999 Accuracy = 0,01% (for 9999 : 1 div.)
NOTE: Wait for a trigger pulse !
Square-wave signal,| TIME/DIV switch = 0,2 ps/div. ;
repetition time = Trigger delay = 0000 Accuracy = 0
1 psec toch. A Trigger delay = 0100 Accuracy =+ 2 div. + visible delay
(for visible delay, see point C.7.)
F. X-Y Mode Sine-wave signal, Depress pushbutton ON of -- A line is visible with an angle
240 mVp-p, ch. Aand ch. B of 459 with the horizontal axis ‘
2 MHz to ch. A Depress pushbutton X=A, — Amplitude of X-defl. and Y-defl.
and ch. B Y=B is = 5,7 div.
Set the ch. Aand ch. B — Distance between lines in centre |
AMPL/DIV switches to ) of signal < 0,04 div.
0,2 V/div. I‘ H
PIRLL) .
‘ TT g !
y ! 130
[ / [ %
‘ LA
G. Plotter outputs Sine-wave voltage, | AMPL/DIV switch = 0,2 V/div.| - Check that the plot action starts
480 mVp-p, 2 kHz| Depress pushbutton PLOT by depressing pushbutton PLOT
toch. A Plottime = 100 sec
- During plot:
penlift =100 V
X-out =1V imax.
Y-out =1V max.
intensified dot is visible on )
the screen R :
H. _ Calibration Calibration voltage ~ 3 Vpp .
! Calibration frequency 2,5 kHe




9.

9.1.

9.1.1.

CORRECTIVE MAINTENANCE

REPLACEMENTS

31

WARNING: The opening of covers or removal of parts, except those to which access can be gained by hand,

is likely to expose live parts, and also accessible terminals may be live.

The instrument shall be disconnected from atf voltage sources before any adjustment, replace-
mentor maintenance and repair during which the instrument will be opened.

Ifafterwards any adjustment. maintenance or repair of the opened instrument under voltage is
inevitable, itshall be carried out only by a qualified person who is aware of the hazard involved.
Bear in mind that capacitors inside the instrument may still be charged even if the instrument

has been separated from all voltage sources.

Standard parts

Electrical and mechanical replacement parts can be obtained through your local Philips organisation or
representative. However, many of the standard electronic components can be obtained from other local

suppliers.

Before purchasingor ordering replacement parts, check the parts list for value tolerance, rating and description

Note: Physical size and shape of a component may affect instrument performance, particularly at figh
frequencies. Always use direct-replacement components,unless /¢ Is known that a substitute wiff not

degradeinstrumentperformance.

Special parts

In addition to the standard electronic components. some special components are used.
These components are manufactured or selected by Philips to meet specific performance requirements

Transistors and integrated circuits

Transistors and 1.C.’s (integrated circuits) should not be replaced unless they are actually defective. If removed
fram their sockets during routine maintenance return them to their original sockets. Unnecessary replacement
or switching of semiconductor devices may affect the calibration of the instrument, When a transistor is
replaced, check the operation of the part of the instrument that may be affected. (see interactiontable 8.4.}

WARNING: Handle silicone grease with care. Avoid getting silicone grease in the eyes. Wash hands

thoroughly after use.

Any replacement component should be of the original type or a direct replacement. Bend the leads to fit the
socket and cut the leads to the same length a on the.component being replaced.

Replacing single knobs

— Prise off cap A.

— Slacken screw (or nut) B.

= Pull the knob from the spindle.

When fitting a knob or cap, ensure that the spindle is ina
position which allows reterence lines to be coincident with
the markings on the text plate of the oscilloscope.

Replacing double knobs

— Prise off cap A and slacken screw B.

— Pull the inner knob from the spindle.

— Slacken nut C and pull the outer knob from the spindle.
When fitting a knob or cap, ensure that the spindle is in a
position which allows reference lines to be coincident with
the markings on the text plate of the oscilloscope.
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w 9.1.6.  Replacing the PZCCD unit A11

. This unit AT1 s located at the upper left side of the instrument apove the C.R.T
g.1.5. Replaeing the plug-in units .
The of it ) . . 1 — Remove the four miniature coaxial plugs from unit A10.
€ plug-in units are: . — Remove the multipole connector from unit A10.
A4 — microprocessor unit . — Remove the two miniature coaxial plugs from unitAll.
A6 - RAMunit . — The unit can be removed after unscrewing the two screws whicn secure the unit to the side frame
A7 —bufferunit
A8 ~ conversion.unit . , ATTENTION: The P2CCD is a highly sensitive MOS circuit. Upon delivery of aspare umit the miniature
A9 — ACL unit ) . ; coaxial plugs are interconnected so that no static charge can influence the circuit.
A10 — CCD logic unit

A12 — time-base unit

A13 — delaytrigger unit

A14 — EC bus interface (if available)
,420 — final amplifier unit

Moreover the multipole connector is short circuited by a conductive plastic foam materiai.
When mounting a new unit, first secure the unit mechanically to the side frame.

Alter having taken the precautions as described in chapter 9.3. remove the conductive plastic
foam of the multipole connector and plug it in the CCD logic unit.

After that, the miniature coaxial connectors may be disconnected and connected to the right

fter disconnecting the various cables. connectors one by one.

ircui a'rds can be easily removed a ' :
T o ing the screw at the upper rlghft side of

Unit A10 can only be removed after slacken
heatsinks to the metal spport.

the unit which secures the

9.1.7. Replacing the front umt A2
— Remove the screen bezel and the contrast plate.
— Remove all the knobs except the pushbutton knobs.

— Remove the textplate with the two screws underneath the channel A AMPL/DiV switch and the TIME/DIV
switch.

— Remove the lour screws as indicated inthe figure.

MaTB22

FRONT UNIT FIXING SCHEWS.

MAT 1280
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— Remove plug 0 unit A4.

two connectors on the motherboard unit A3 which are situated behind the

- Disconnect the multipole
front unit.

_ Press the front unit to the rear by pushing the connector which is mounted underneath the TIME/DIV
switch.

— Carefully remove the unit out of the instrument.
— When mounting again, carefully insert the front unit into the instrument.

_ Be sure that the bottom of the unitis completely outlined with the connector on the motherboard.
— Carefuily press the front unit into the connector.

_ Fix the unit, the textpiate and the knobs again in the reversed sequence.
— Plug in the microprocessor unit A4.

— Plug in the two multipole connectors.

MAT 826

Fig. 9.1.6.

9.1.8.

9.1.8.

8.1.10.

Replacingthe LEVEL control.

Remove the front unit A2.
— Unsolder the wires on the potentiometer.
— Unscrew the potentiometer.

Replacing the trigger mode selector switch
Remove the front unit A2,

— Unsotder the interconnection wire between the LEVEL potentiometer and the switch.
— Remove the two sigt headed screws on the front that fixes the switch.

DISCONNECTED
CONNECTORS.

FIXING
SCREWS
TRIGGER
MODE SWITCR

PROBE INDICATION
CAN BE REMOVED AFTER REMOVING
NPUT BNC CONNECTORS

MAT 327

Fig. 8.1.7.

Repiacing the CR.T.

WARNING: Handle the C.R.T. carefully. Rough handling or scratching can cause the C.R.T. to Implode.

Remove the upper and lower instrument cabinet plate.

— Remove the bezel and the contrast plate.

Remove the two screws that secure the upper scale illumination famps support to the front panel and
remove this support.

— Disconnect the two connectors on the C.R.T. socket from the vower supply unit (Al51and the finai

amplifier unit {A20). ,

— Unsolder the red and yellow TRACE ROTATION wire from the support in the front underneath the C.R.T.
— Loosen the screw of the clamping bracket around the C.R.T. neck (accessiblevia the hole in the C.R.T.

screen).

— Carefully withdraw the C.R.T. partly through the front panel of the instrument.
— Disconnect the EHT cable from the C.R.T. and discharyethe cable and the C.R.T.
— Remove the C.R.T. and take care of the C.R.T. socket wiring.

— Remountthe new C.R.T. in the reversed sequence.

— 1f the rubber sleeve around the neck of the C.R.T. must be slid over the neck of a replacementtube, the use

of industrial talcum powder is strongly recommended. to prevent the rubber sieeve from sticking on the
C.R.T. neck.
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9.1.11.

9112

9.1.13.

9.1.14.

9.1.15.

9.1.16.

9.1.17.

Replacingthe DELAY LINE UNIT A18
The delay line can be removed after removing the C.R.T. (seesection 9.1.10.}.

— Remove the C.R.T.

— Disconnect the delay line connections from the vertical amplifier unit (A21} by removing two screws and
puiling four miniature plugs.

The delay line unit itself can be removed by removing the screw of its support bracketwhich is visible after
the C.R.T. is removed.

Removing the rear plate together with the AC POWER UNIT Al6

— Remove the six slot headed screws which secure the rear panel.

. — Pull out the rear panel.

— Disconnect the three cables and the miniature coaxial plug.
— Unscrew the six screws that secure the unitto the rear panel.

Removing the DC POWER UNIT A15

— Remove the rear panel.

— Remove the internal upper and lower black metal screening plates {2 screws each).
— Disconnect all the seven multipole connectors.

— Unsolder the EHT unit cable and di:scharge the cable.
— Remove the unit after unscrewing the seven screws that secure the unit to the chassis

Removing the mains filter

— Remove the rear panel.

— Remove the internal lower black metal screening plate {2 screws).
Remove the screw that secures the mains filter to the chassis.

Removing the EHT unit A23
— Remove the rear panel.
Unsolder the EHT unit cable.
—~ Remove the C.R.T. partly and disconnect and discharge the EHT cable.
— Remove the EHT unit after unscrewing the two ALLEN-screws that fix the unit to the chassis.

Removing the vertical amplifier unit A21

— Remove the three multipole connectors.

— Remove the screening plate from the unit.

— Remove the eight miniature coaxial sockets.

— Remove the delay line connections (see 9.1.11).

— Unsolder the two groups of connections to the trigger unit A22.

— Disconnect the wires which connect the unitto the input sockets A and B and unscrew the screws that
secure the unit to these sockets.

— Remove the front panel POWER ONIOFF knob and the plastic axis which is connected to the switch and
potentiometer at the rear ot the Instrument.

— Remove the textplate

— Remove the complete unit after unscrewing twelve screws.

Removing trigger unit A22

— Disconnectall the three multipole connectors from the unit.

— Disconnect the five mimiature coaxial plugs from the unit.

— Unsolder the wires that connect the front panel input socket EXT to the umit.

— Unsolder the two groups of connections between this trigger unit and amplifier unit A20
— Remove the textplate

— The unit can be removed now after unscrewing five screws.

99

SOLDERING TECHNIQUES

Working method:

— Carefully unsolder one after the other the soldering tags of the semi-conductor.
— Remove all superfluous soldering material. Use asucking iron or sucking copper litze wire.
— Check that the tags of the replacement part are clean and pre-tinned on the soldering places.

— Locate the replacement semiconductor exactly on its place, and solder each tag to the relevant printed
conductor on the circuit board.

Note: Bear in mind that the maximum permissiblesoldering time is 10seconds during which the _
temperature of the tags must not exceed 250 deg C. The use ofa solder with a low melting point
is therefore recommended.

.- Take care not damage the plastic encapsulation of the semi-conductor.
ATTENTION: When you are soldering inside the instrument it is essential to use a low-voltage soldering iron,
the tip of which must be earthed to the mass of the oscilloscope.
Suitable soldering irons are:

— ORYX micro-miniature soldering instrument. type 6A, voltage 6 V, in combination with PLATO pin-point
tip type 0-569.
— ERSA miniature soldering iron, type minor 040 B, voltage 6 V.

— Low Voltage Mini Soldering Iron. Type 800/12 W - 6 V, power 12W. voltage 6 V, order no. 4822 395 10004,
in combination with 1 mm-pin-point tip. order no. 4822 395 10012.

Ordinary 60140 solder and 35- to 40-watt pencil-type soldering iron can be used to accomplish the majority of
the soldering. If a higher wattage-rating soldering iron is used on the etched circuit boards. excessive
heat can cause the etched circuit wiring to separate from the board base material.
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HANDLING MOS DEVICES

Though all our MOS inteqrated circuits incorporate protection against electrostatic discharges. they can
nevertheless be damaged by accidental over-voltages. In storing and handling them, the following precautions
are recommended.

Caution

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS devices
should normally be connected to ground via a resistor.

Storage and transport

Store and transport the circuits in their original packing. Alternatively, use may be made of aconductive
material or special 1C carrier that either short-circuits all leads or insulates them from external contact.

Testing or handling

Work on a conductive surface {e.g. metal table top) when testing the circuits or transferring them from one
carrier to another. Electrically connectthe person doing thét—esting or handling to the conductive surface, for
example by a metal bracelet and a conductive cord or chain. Connect all testing and handling equipment to
the same surface.

Signals should not be applied to the inputs while the device power supply is off. All unused input leads should
be connected to either the supply voltage or ground.

Mounting

Mount MOS integrated circuits on printed circuit boards after all other components have been mounted.

Take care that the circuits themselves, metal parts of the board. mounting tools, and the person doing the
mounting are kept at the same electric (ground) potential. 1f i1t is impossible to ground the printed-circuit board
the person mounting the circuits should touch the board before bringing MOS circuits into contact with 1t.

Soldering

Soldering iron tips, inctuding those of low-voltage irons, or soldering baths should also he kept at the same
potential as the MOS circuits and the board.

Static charges

Dress personnel in clothing of non-electrostatic material (nowool, silk or synthetic fibres}. After the MOS
circuits have been mounred on the board proper handling precautions should still be observed.

Until the sub-assemblies are inserted into acomplete system inwhich the proper voltages are supplied. the
board is no more than an extension of the leads of the devices mounted on the board. To prevent static
charges from being transmitted through the board wiring to the device !t Is recommended that conductive clips
or conductive tape be put on the circuit board terminals.

Transient voltages

To prevent permanent damage due to transient voltages. do not insert or remove MOS devices, or printed circuit
boards with MOS devices. from test sockets or systems with power on.

Voltage surges

Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines.

9.4.

911

SPECIAL TOOLS

Special tool for the slotted nut of the ACCU POSITION and XMAGN potentiometers, ordering number
5322 395 54024.

For those whio want to make such a tool. we give a sketch with the dimensions in mm.
The material is silversteel NO34, tempered 40-45 RC.

ng. 9-4.1. MAT 139

Extension card for plug-in units

To measure plug-in units of this oscilloscope an extension card is necessary.

Most components can be reached by the use of one extension card.

Complete access to all parts is possible by the use of two extenston cards, but the wiring of some of the units
is not long enough than.

Ordering number 5322 263 74144,
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9.7.3. Trouble shooting aids

PROM.4 DISPLAY SELECT
Pript lay-out and circuit diagrams
@® ACCU ® — Check that th‘_” STO3 display and select The instrument contains a number of functionai units. For each of these units a complete detailed circuit
® STO1 ® lamps also switch ON. diagram and a complete detailed print lay-out drawing is given.
® sT02 ® Printed-circuit board lay-out drawings are Printed on foldout pages on the left and circuit diagrams are
$ ST03 [ ] If afault is found the test sequence stops and no

printed on foldout pages on the right, next to each other.

other test is made. These drawings are located behind the detailed circuit description of the relevant unit.

Following a valid test result. the RAM test will

— start. Electrical values or types of the used components or the component item numbers are shown on the circuit

diagram. For the used types of integrated circuits a table 1s provided.
¢) LED-display test

Each segment of all the LED-display sections will be switched ON, so that the character

will be
shown in every section. / I

Each component which is shown on the circuit diagram is marked on the print lay-out drawing by its item
number.

All the pilot lamps and scale lamps on the front panel will be switched ON. In this way. the LED-displays and
the indicator lamps can be visually checked.
After about 3 seconds the next test is executed.

Red symbols v on the circuit diagrams are indicating the testpoints which are available on the circuit
boards.

Red symbols Q on the circuit diagrams are indicating all the adjusting elements.
d) RAMtest

This test checks only the micro-processor RAM and not the RAM memories ACCU, STO1, STO2 and STO3.
The RAM part, of which the contents may be destroyed, is now checked by writing and reading a particular
pattern.

If a fault is found, the system will stop. 1f no fault is detected, this RAM part will be cleared.

The RAM part, in which the settings of the channel A and channel B AMPL/D1V switches, the TIME/DIV
switch and the trigger delay and their check-sumsare stored. may not be destroyed when using the battery
back-up factlity.

This RAM part will be check-sum tested (in the same way as the PROMS), and cleared when a fault is found
(NOP will then be displayed in the alpha-numeric dispiay}.

Red symbols D on the circuit diagrams are giving additional information.

For each integrated circuit and for all the connectors and transformers the pin configuration is given on the
circuit diagram.

On the left side of the circuit diagram a part of the print connector is drawn which s giving the connector pin
numbers of the incoming signals.

The part of the connector with the outgoing signals and their connector numbers is drawn on the right side
of the circuit diagram.

Summary: If the tested circuits are working correctly, all tests will run through 1 an uninterrupted sequence
and after the lasttest the instrument is ready for use.
In the event of a fault, the test sequence will stop at the point of fault detection.
The test sequence will still continue !fa failure occur in one of the pilot lamps or in the alpha-
numeric displays.

Circuit description

Circuit descriptions (section 6} can be found in the manual in unit number sequence.
Each circuit description gives not oniy the explanation of the working principle of the unit but also a list of
signal denominattons and origines and destinations. Furthermore a number of timing diagrams are available.

Locations of adjusting elements
Drawings in section 8 "CHECKING AND ADJUSTING"" show the locations of the different adjusting elements
to locate these elements rapidly.

1/0 addresses

The address codes for the input ports and the output ports are written in the circuit diagrams in hexa
decimal notation. They can be found near to the {/Q port circuitries.
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9.7.4.

9.7.4.1.

9.7.4.2.
9.7.4.3.

A202 -
—_—

Service faultfinding software routines

To facilitate fault finding the PM 3311 is provided with two internal service jumpers. These JUMpers can select
3 service routines:

Interface test
Data-and address-hus test

Amplifier and time base setting test —
The position of the jumpers. located a tthe component side of the switch board, is as follows:

Service routine 3

0\

Service routine 1 Service routine 2

LN
R3 ﬁj g]\

513
Rear view
Note 7: A service routine can be called only after swrtching off-and-on the instrument.
Note 2: Both jumpers in upper POSItiON means normal operation
Note 3 Always set the INTENS control fully counter clockwise

9.74.1.

9.74.2

Intertace test

This test 1s provided to check the Interface functions of microprocessorunit A4. To make this test uysefutt,
the user should know the principles of a microprocessor controlled system and the principles of the PM 3311
To Start this test, the jumpers at the rear side of the switch board must be set as indicated in the figure at
chapter 9-7-4, and afterwards switch-on the instrument again.

?he following listing indicatesthe test sequence, which is executed approximately every 325 ps.

— All alpha-numeric displays are filled with oy
— To trigger the measuring oscilloscope the SOD pulse at X418 of unit A4 gets active once per cycle
— The pattern AAH (1010 10102) is written into the output ports: D2424

D2426 (unitA211
D2427

D1326 {unit A13)
D414 (unit A4)

and into the counters D1308 and D1309
D1311 and D 1312
and into the DAC D1327

— The pattern 3FH (0011 1111 2) is written into the first address of the ACCU-RAM D601 and D602 (unit A6}

— The TBS pulse is set to 25 kHz by setting A1l i (10100001,) into output port D1221

— The pattern 3FH {0011 1111 2) is read out of the ACCU D&01 and D602 (unit 6} and written into output
port D201.
This results in lighting of the following scale-and pilot lamps: UNCAL A and B; NOT TRIGD'D RUN and
the six scale lampsof the A and B AMPL/DIV switches and he TIME/D1V switch.

— The position of the pushbutton switches DISPLAY are copied to the corresponding SELECT pilot famps.

— The position of the push-pull-switches INVERT are copied to the corresponding DISPLAY pilot lamps.

(unitA131

NOTE: The ACCU DISPLA Y pilot lamp can he rested by the AUTO or DC/AC triggering switches.
DC or AC: ACCU DISPLAY pilot lamp ON.

AUTO  :ACCU DISPLAY pilot lamp OFF.

Address and data bus test

This test 1s provided to check the data-and address bus. To start this test the jumpers at the rear side of the
switch board must be set as indicated in the figure at chapter 9.7.4., and afterwards switch-on the instument
again.

The following listing indicates the test sequence. which is repeated every 3.8 ms.

— All alpha numeric displays shows 2"
— The patterns
01, {0000 0001,)
02y {0000 0010,)
04y, {0000 01005}
OBH (000010002)
10°" (0001 00002)
20, (00100000,
40y, (01000000,)
80y, (10000 000,)
are written sequential into the data-ram D601 and D602.
— The above patterns are read out of the data-ram. If the data bus s Incorrectthe NOT TRIG'D pilotlamp
will light. If the data bus is correct the next step is carried out.
— The data O @ Hupto and included FFH are written in the data ram on the addresses C 0 00 H upto and

included C0O FFH.
— The above data are read out of the data ram.

If the address bus is incorrect the REMOTE pilot lamp wili light. if the address bus is correct the test will
start again.
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9.7.4.3. Frontpanel switch setting test

This test is provided to copy the settings of the front panel switches (except for the trigger mode and trigger
source switches) to the output ports contineously.

Now easy checking of switches. interconnections and output ports is possible.

To start this test, the jumpers at the rear side oi the switch hoard must he set as Indicated in the figure of
chapter 9.7.4. and afterwards switch-on the instrument again.

The following listing indicates the test sequence:

— All alpha numeric'displays are filled with 3"
— The front panel settings are compared and copied into the output ports:

02424
N 02426
D2427
D1221 ™
— The test repetition time is about 1ms

919

Trouble-shooting hints
If a fault appears. the following test sequence can be used to find the defective circuit part:

— Check if the settings of the controls of the oscilloscope are correct. Consultthe operating instructions in
this manual.

— Check the equipmentto which the oscilloscope is connected and the interconnection cables.

— Check if the oscilloscope is well-calibrated. If notrefer to section 8 (checking and adjusting).

— Visually check the part of the oscilloscope in which the fault is suspected. In this way, it is possible to find
faults such as had soldering connections. bad interconnection plugs and wires, damaged components or
transistors and IC’s that are not correctly plugged into their. sockets.

— Location of the circuit part in which the fault is suspected: the symptom often indicates this part of the
circuit. Ifthe power supply is defective the symptom will appear in several circuit parts.

After having carried out the previous steps, individual components in the suspected circuit parts must he
examined :

— Transistors and diodes. Check the voltage between base and emitter (0.7 Volt approx. in conductive state)
and the voltage between collector and emitter (0.2 Volt approx. in saturation) with avoltmeter or
oscilloscope. When removed from the p.c.b. itis possible to test the transistor with an ohmmeter

since the base/emitter and baselcollector junctions can be regarded as diodes. Like a normal diode, the

resistance is very high in one direction and low in the other direction. When measuring take care that the

current from the ohmmeter does not damage the component under test.

Replace the suspected component by anew one if you are sure that the circuit isnotin such acondition

that the new one will be damaged.

Integrated circuits. Incircuittesting can he done with an oscilloscope or voltmeter. A good knowledge of

the circuit part under test is essential. Therefore first read the circuit description in section 6.

Capacitors. Leakage can be traced with an ohmmeter adjusted to the highest resistance range. When testing

take care of polarity and maximum allowed voltage. An open capacitor can be checked if the response for

AC signals 1s observed. Also a capacitance meter can be used: compare the measured value with value and

tolerance indicated in the parts fist.

— Resistors. Can be checked with an ochmmeter after having unsoldered one side of the resistor from the p.c.b.
Compare the measured value with value and tolerance indicated inthe parts list.

— Coils and transformers. An ohmmeter can be used for tracing an open circuit. Shorted or partially shorted
windings can he found by checking the wave-form response when HF signals are passed through the circuit.
Also an inductance meter can be used.

Data latches. To measure on inputs and outputs of data latches a measuring oscilloscope can he triggered by
the clock signal which is connected to the clock inputof the data latch.

Check the input data lines one by one during the active edge of the clock signal.

This measurement can only be done in this way when there 1s an acceptable repetition time of the clock
signal. A too low clockpulse repetition time results in a low intensity of the trace on the C.R.T. screen of
the measuring oscilloscope.

The outputs can easily be checked for correct data by an oscilloscope or voltmeter

Oscilloscope checking of micro-processor bus signals

The 8085 micro-processor (D408} is provided with the following busses:
— Address bus

— Data bus

— Control bus

In general, if signals on these bus lines are checked with an oscilloscope, avery unstable display will be the
result.

This is due to the fact that these signals vary with time in a rather unpredictable way.

If anyhow a stabledisplay of signals from one of these bussesis obtained, this may be an indicationthat the
micro-processor runs in a small program loop.
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Note:

9.7.8.

Note:

if acomponent must'be replaced always use a direct-replacement. /f not available use an equivalent after
carefully checking that it does not degrade the instrument’s performance. See also section 9.1.
(replacement).

After replacementofa component the calibration of the instrument may be affected due to component
tolerances. /f necessary do the required adjustments.

Most of the test measurements can be carried out with a 2-channel oscilloscope and a voltmeter.
Use of a 4-channel oscilloscope with delayed time-base (e.g. PM 3244 or PM 32641 is recommended.
A number of-measurements can also be done with a correct triggered logic analyzer.

Probes must be earthed near to the measuring points.

Overall view of provisions and service methods especially for fault location in various digital circuitries of the
instrument.

FRONT BOARD A201

The data to be displayed in the alphanumeric displays and the pilot lamps can be measured in the following
way:

Pilot lamps

Trigger an oscilloscope with the clock signal on point 11 of the relevant latch D201 or D202 and check the
data lines DO .. D7 one by one during the positive going edge of the clock signal.
The data outputs can easily be checked for correct data by an oscilloscope or voltmeter.

Alphanumeric displays

Trigger the main time-base of an oscilloscope externally with the **DELAY LOOP TRIGGER** which is
available on test point X412 of uni't‘A4.

Connect the signal 10A on point C21 of connector X424 on unit A4. with channel A of the oscilloscope and
set the TIME/DIV switch to 0.2 ms/div.

A group of 16 negativegoing IOA pulses is displayed now.

Select this group of 16 pulses with the aid of the delayed time-base in such a way that a triggered display of
16 pulses divided over the whole ten divisions of the screen is obtained.

The first {OA pulse belongs to address 80AGH and the last mpulse belongs to address 80AFH.

By connecting the data lines DO ... D7 one by one to the Bchannel of the oscilloscope the data can be
checked.

Set the oscilloscope for this check in ALT-mode and use the TBMAGN and XPOSITION controls.

SWITCH BOARD A202

For measuringon the switch board the instrument has to be set inthe SERVICE ROUTINE NUMBER 3
{page 9-16) with the jumpers on unit A202.

Switches

The output signals of the front panel switches can be measuredwith a normal voltmeter on the CIS connectors
or the input of the multiplexer's D241-0242-03243-D247-D248 and D249.
Signals can be checked while operating the relevant switches.

Multiplexers

Trigger the MAIN TIME-BASE of adual channel oscilloscope with one of the signals RDFO - RDF2 or RDF4
connected to the channel A input.

RDFO s available on testpoint X246 on unit A202

RDF2 is available on testpoint X244 on unit A202

RDF4 is available on testpoint X243 on unit A202

Set the measuring oscilloscope in 5 us/div. - DC - TRIG - SLOPE “—*" and correct LEVEL.

Connect the data lines DO ... D7 one by one to the channel 8 input and check the data during the positive
yoing edges of the trigger signal on channel A when operating the relevant front panel switches.

MICROPROCESSOR UNIT A4

Every = 20 ms a number of trigger pulses are generated by the software for test purposes.
— Trigger pulse ""START MAINLOOP" is available at X407.

— Trigger pulse "START DISPLAY LOOP" is availableat X409.

— Trigger pulse ""START DELAY LOOP" is available at X412.

Latches and bidirectional buffer D413 - D414 - D416 and D417 are placed in sockets and can be easily
removed from the unit for test purposes.

— Removing D413 results in disconnecting the internal address bus from the internai address/data bus.
— Removing D414 results in disconnecting the output port from the system.
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— Removing D418 results in disconnecting the system address bus from the internal address/data bus.
— Removing D417 results in disconnecting the system data bus from the internal addressldatabus.
This can for example be usedto separate and locate the fault in case of a short-circuit in one of the busses

The unit contains a number of soldering spots with the following functions:

— Signal RST 7.5 can be connected to the +5 V for test purposes.

This is not of interest for servicing in standard instruments.

PROM address line A11* can be disconnected from the +5 V and connected to address line A11 from the

microprocessor.

This is necessary in case the IEC option PM 3325 is used because of the use of a PROM circuit D407 of

4096 x 8 bits.

— For test purposes the RESIN input circuit (watchdogcircuit) can he replaced by a simple reset circuit with
Ca11.

— The TRAP input circuitry can he made inactive for service purposes.

To measure the signals ZEN - INV and CLDT, the measuring oscilloscope must be triggered with the signal on
X407 (STARTMAINLOOCP). -

— ZEN can be checked by operating the front panel display select switches.
INV can be checked by operating the front panel invert switches for STO1-2 and 3.

The input data lines for the latch D414 can be measuredwith the method describedin section 9.7.5

Fautt finding method

— Check supply voltages.

— Check whether the “START MAIN LOOP" trigger is presentonce every 20 msec at testpoint X407 on
unit A4 or not. _ _

Check if the 4P is switched in the HQULD-state. RD and WR are then switched to about 1.5 V (can be done
via tnput TRAP for example).

RD

WR
— Disconnect TRAP input (solder spot).
— Disconnectthe WATCHDOG circuit and connect C411 to RESIN (solder spot).
— Replace eventually the uP itself.
— Replace eventually the PROM circuits.
— Check the busses for short circuits or interrupts. For this, latchesand bidirectional buffers can be removed
from their sockets.

After the repair everything must be brought inthe normal position ayain

RAMUNIT A6

Tri-state buffer D617 can be removed from its socket SO that no data can be placedon the system data bus by
the RAM unit.

BUFFER UNIT A7

A solder spot is available in the CLKSH circuitry for test purposes. So a CLKSH can be derived from signal C4
which is generated during the time that the ADC output is placed on the ADC bus. The ADC output contents
can then directly be placed in the shift registerwithout correction.

Using this facility in combination with the interruption of signal line DAC M-1, results n the switching off of
the total correction circuitry.

After the repair everything must he brought in the normal position again

e
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TIME-BASE UNIT A12

For test purposes in ROLL-mode, the ROLL-mode action can be done 5000 times faster by piacing
jumper $1201 in the left position.

Check for correct time-base setting

Select service test routine number 3.

The TIME/D{V switch position is now read by the microprocessor and this processor inturn will set the
belonging code iaccording to the table on page 6-136) on the data lines DO ... D7 S0 that it can he latched by
latch D1221 on unit A12.

These codes can be measuredon the inputs of latch 31221 by triggering a monitor oscilloscope with the
clock signal on D1221-pt. 11. Now the data lines can be observed one by one during the active edge of the
clock signal. Codes on the outputs of the latch can he measuredwith a voltmeter or an oscilloscope.

In this way the correct functioning of the TIME/DIV switch, the microprocessor and the latch B1221 can he
checked for RECURR-mode as well as for ROLL-mode. (In ROLL-mode D5 will steady be 0"} and different
TIME/DIV switch positions.

Now all the dividers and multiplexers can he checked for all the TIME/DIV switch positions in a simple way.

ROLL-mode check 3.5 s/div ... 60 minldiv
— Depress pushbutton ROLL.
— Set jumper §1201 inthe left position.

— Measurethe TBS signal on D1218 - point 7 with an oscilloscope and check the signal repetition time in
accordancewith the table below.

TIME/DIV switch setting Signal repetition time
60 min/div 28,80 ms
30 minldiv 14.40 ms
15 minldiv 720 ms

6 minldiv 2.88 ms
2 min/div 0.96 ms
1 minldiv 048 ms
3.5 minldiv 0.24 ms
20 sldiv 160 us
10s/div 80 us
5 sldiv 40 us
2 sldiv 16 us
1 sldiv 3 us
0.5 sldiv 4 us

— Set the jumper $1201 again in the right position

RECURR-mode check 0.2 sldiv ... 0.5 msldiv

— Depress pushbutton RECURR.

— Measurethe TBSsignal on 81219 - point 7 with an oscilloscope and check the signal repetitiontime in
accordancewith the table below.

TIME/DIV switch setting Signal repetition time

0.2 s/div 3ms
0.1 sldiv 4ms
50 msldiv 2ms
20 msldiv 800 wus
10 msldiv 400 us
5 msldiv 200 us
2 msldiv 80 us
1 msldiv 40 us
0.5 msldiv 20 ps
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¥ i di
RECURR-mode check 0.2 ms/div __ 0,2us/div DC POWER SUPPLY A15

— Depress pushbutton RECURR.

— Measure the TBF signal on X 1206 in accordance with the table below Dummy load for PM 3310 power supply

TIME/DIV switch position Signal repetition time

Voltage Load resistance

0.2 ms/div 8 us - 12V 156 £ (Bx47Q /N
0.1ms/div 4us +12V 156 {2 Bx47Q/N
50 psldiv 2 us — 6V 40 Q (4782 // 220 2}
20 ps/div 08 us + 6V 40 Q (47 21/ 220 2}
10 ps/div : 04 ps -52V 5 O 2x108Q /1

5 us/div 0.2 s + 5y 25 Q {4 x 109 //)

2 us/div 0.08 s o + 40V 300

1 us/div 0.04 us -125V 10k$2
0.5 ps/div 0.02 us +125 Vv 10k§2
0.2 us/div 80ns

INPUT AMPLIFIER UNIT"A21
DELAY TRIGGER UNIT A13

Check for correct latch setting
There are two solder spots available on the unit. One to invert the PENLIFT output signal and a solder spot to
connect the input trigger TRIST directly with the output signal line DELTRG.

In this way the whole delayed trigger circuit is switched off, and the trigger point is at the right-hand side of
the CRT screen.

The inputdata lines for the latches D2424 - D2426 and D2427 can be measured with the method described
in section 9.7.5.

Multiplexer check

Check for correct latch. delay counter and DAC delay setting Trigger the MAIN-TIME-BASE of adual channel oscilloscope with the external trigger signal **“MAIN LOOP
TRIGGER™ which is available on testpoint X407 on unit A4.
Connect the signal on point 6 of D2423 on unit 21 with the channel A of the oscilloscope and set the

TIME/DILV switch to 20 us/div.

The input data lines for the latch D1326, the counters D1308 - 01309 - 01311 and D1312 and the DAC
DELAY D1327 can be measured with the method described in section 9.7.5.

Trigger signals Two negative going pulses are displayed now.
Select these two pulses with the aid of the delayed time-base in such away that atriggered display of these
D1324 -pt. 8 for data latch 01326 two pulses is obtained.
01324 - pt. 6 for MSB of delay counter During the first pulse multiplexers D2418 and 02419 are set to the “T* position and during the second pulse
D1324 - pt. 12 for LSB of delay counter and for DAC DELAY they are set to the **1*' position.
By connecting tne data lines DO ._ D7 one by one to the B channel of the oscilloscope the data can be
The delay counter (usedin D- and P-mode) is set according to the formula: checked.
ing= ! * 548} i . .
Counter setting (10+N} « 548t ’ Checking the protective leads
In ts formula N is the number of divisions set by the user (-3 4 N < 9999). B The correct connection and condition is checked by visual control and by measuringthe resistance between
Mote that the four least significant bits the inverted information is placed on the data bus. the protective-lead connection at the plug and ?hecabinet.
The resistance should he < 05 £2. During measurementthe mains cable should he moved. Resistance
The DAC DELAY (used in S-mode) is set in the foilowing way: variations indicate a defect.
DAC DELAY setting - 2 « N Checking the insulating resistance.

Measure the insulating resistance at U = 500 V between the mains connections and the protective lead
connections.
For this purpose set the mains switch to ON. The insulating resistance should be =2 M £2.

N is the number of divisions set by the user (G << N < 1001

9.7.7. Mains voltage setting

If the instrument is to he used at a mains voltage between 110V and 120V + 10%({115V visible in the mains
adaptor switch window) or between 220V and 240V * 10% {230V visible in the window), the appropriate
‘voltage should be selected by switching the mains adaptor switch at the rear of the instrument.

If the mains plug has to be adapted, the mains cord must be connected as stated below:

green or green/yellow : protective earth
black or brown : phase
white or blue : neutral
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10. INTRODUCTION TO MICROPROCESSORS

10.1. A BRIEF ENCOUNTER

Microcomputers, like peopie, do not revealail their secrets at a brief encounter. }f this is your first Introduction
to amicrocomputer, you will need a little time to familiarise yourself with its characteristics — what it can do.
how it does-t and how its facilities are bestused to advantage.

As its name implies, amidgrocomputer ts an extremely small device.
Extremely small because it is based on a silicon-chip microprocessor.

The great future predicted for the microprocessor lies in its enormous work capacity for processingsignals.
available within negligible physical capacity.

The human brain has the ability to determine by calculation in a more sophisticated way, but our micro-
computer, with its built-in 'one-track’ mind. is capable of much faster calculation speeds. Also the computer
facilities extend beyond the confines of the brain and memory to perform some of the functions we ailocate
to other parts — the eyes, ears, arms and legs.

Besides the ability to store and manipulate information. the microprocessor circuits are capable of recognising
visual, aural and physical conditions, evaluating them and presenting them 1n a form required by an instrument
or operator. A practical application of this could be the monitoring of strain-gauges or thermometers in an
industrial process at regular intervals and the recording of the values, together with any alarm conditions. on a
print-out. Incontrast to this data logging function, the microcomputer could be an Integral part of alaboratory
measuring Instrument. e.g. a digital oscilloscope. for control. storage end read-out purposes.

Microcomputers are designed with built-in flexibility to enable them to be used for a wide variety of
applications. This versatility is obtained in the signal conditioning circuits that present the data to the computer
central processingunit in a form that 1t can readily understand. In electronics. the simplest and most reliably
defined condition is when a circuit is either switched on or switched off. This two-state notation of defining the
numerical terms of a problem is universally used in computers and is known as the binary system.

10.2.  COMING TO TERMS

After a general picture of the microcomputer field, 1t is useful to look a little closer at the practical aspects and
to discuss some of the terms that are in everyday use.

Microcomputer A miniature electronic system that performs arithmetic and logic operations
on data according to a programmed sequence of instructions stored in a
memory.

As a calculating system, the microcomputer consistsnot only of the
physical components (the hardware) but also of program instructions
(the software).

Hardware The mechanical, electronic and electromechanical components of the
computer system.

Software The programmer's language for communicating with the computer. This
includes sets of programs translated into binary form to enable the
computer to perform specific functions as required by the system user.




Microprocessor
CPU

Memory

Input/Qutput-

Instruction set

Dataword

Binary notation

The heart of the microcomputer, the central processtngunit{CPU) that
performs all the functions as arithmetic and logic operations that are
written in the system software program. In addition to the Arithmetic and
Logic Unit {Al.U} it also cantains a Control Block and Register Array.

A high-speedelectronic device in which data and instructions are stored
for subsequent processing.

Devicesthat provide communication between the microcomputer System
and the outside world. For example. interfacing input data and instructions
via a keyboard and outputting results via a display unit or printer.

A set of charactersthat define an operation with generally one or more
addresses, which are given via the input device and can he stored in the
memory. When a program 1s running, data-words are processedin a
sequence and manner as specified by the instructions. the results being
stored and/or outputted via an output device.

A word, or group of binary digits (bits) used to encode data, @ distinct
from an instruction word. A byte is aword of 8 bits.

A system of numbering used in computers that uses 2 as a base in contrast
with the normally used decimal system that has 10 as a base. Only two
symbols are required in the binary system, O and 1, which can be conve-
niently representedin efectronic circuits as two voltage levels 2 a signal.
The binary equivalents of the decimal numbers Oto 10 are as follows:

DECIMAL BINARY
0 = 0000

= 0001

= 0010
= 0011
= 0100
= 0101
= 0110
0111
= 1000
= 1001
= 110

SBwo~w~ouswN
I

Addition:

DECIMAL BINARY

5 0101
+9 +1001

14 1110

To add binary numbers, proceed as in decimal but remember that the
radix is 2. i.e. carry 1when 2 is reached.

Hexadecimal notation

Analog-to-Digital Converter

Register

Data-bus

Address-bus

Control-bus

Using 16 as a base this system provides ashort-band method of writing
4-bit binary numbpers with alphanumeric symbols. This is useful for a
data-word grouped as a 4-hit field, where there are 16 combinations.

COMBINATION BINARY CODE HEXADECIMAL CODE

0 0000 0
1 0001 1
- 2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 o111 7 .
8 1000 8
g 1001 9
10 1010 A
u 1011 B
12 1100 c
13 1101 D
14 1110 E
15 1111 F

Enables physical or electrical input signals that are in analog form to be
converted to digital form for processingin the computer.

Consistsof a group of two-state flip-flops. which by means of aclock-pulse
command can store the data-word presenton its input lines.

The output lines remain stable until a new data-word is clocked into the
register. A group of registers forms a memory.

Enables several circuits to communicate with each other without the need
for separate data paths. This databusis common to all cireuits and a timing
and control circuit organises which circuits use the databus at any
particular time. in conjunction with an ADDRESS-BUS and a CONTROL-
8US.

Enables memory locations to be addressed by their unique device numbers

Controls the exact timing of the communication on the data-bus and also
the direction of data flow.
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Microprocessor features

GATABuS A
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Fig. 10.3.5.

The elementary circuits of a microcomputer comprise

— registers -

— amemory (ROM+ RAM)

— a data-bus. control-bus and address bus

— adata bus. timer and controller circuit

— an arithmetic and logic unit (ALY}

If the integrated circuit contains no memory. or only a limited memory. we reter to this as a microprocessor
The microcomputer, together with its memory and the peripheralequipment constitute the hardware of the
system

Programmingfeatures

In order to perform meaningful operations with the hardware of a computer system we need to specity
precisely

what OPERATIONS are required upon a defined DATA WORD ‘*/
— inwhat SEQUENCE these will occur
— to which LOCATION the results of the operation have to be deposited
This process of prescribing the necessary actionswithin a computer system is called PROGRAMMING the
computer software
Programmingconsists of the sequential execution of the instructions stored in the memory. under the control
of the TIMING and CONTROL part lts cireurts decode the instruction and initiate the necessary data word
transports and operations.
A basic flow-chart cycle for each instruction ss as follows

| e ———— |
I PUTADORESS TF NEXT WATRUCTON |
] | N ADORESS M5

HEAD iNIRUCTION FROM MEMORY |

JECCOE MSTRUCTION

ﬂ

L EXECUTE ASTRIKTION

Fig. 10.3.6. —

Mat 753 ‘
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A PROGRAM COUNTER is a special register equipped to increment the address of sequential instructions to
enable new instructionsto be FETCHED from the memory. As the program counter is connected to the
data-bus. the contents can be replaced by other values to permita JUMP to an instruction elsewhere in the
memory.

As the execution of an instruction consists of a number of sub-steps, it is useful to be able to store an
instruction temporarily in a register ifthe next operation needs to use this result. The two operations are
combined in a single register, called the ACCUMULATOR for ease of presentationto the ALU in the next
instruction.

Apart from the memory, microcomputersusually have some general-purpose registers to store intermediate
results'on a temporary basis.

Note:  For more friformation referto:

" INTRODUCTION TO MICROPROCESSORS AND THEIR USE IN 7&M INSTRUMENTS".
Ordering number: 9499 990 J0711.
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IEC system for logic symbols

DEPENDENCY NOTATION

1

Introduction -

Dependency notation 15 a means of denoting the relationship between inputs outputs and between
inputs and outputs, without actually showing all the element and interconnections involved

Apart from its use in complex element, dependency notation should not be used to replace the symbols
for combinative elements.

The information provided bv dependency natation supplements that provided by the qualifying symbol

for an element's runction

In the convention for the dependency notation. use s made of the terms *"affecting™ and "*affected”

In the case where itss not evident which inputs must he considered as being the affecting or the effected

ones {e g if they stand in an AND relation}, the choice may be made in any convenient way

Ten different kinds of dependency have been derined

They are

4 ADDRESS — dependency
C CONTROL = dependency
EN ENABLE — dependency
G AND — dependency
M MODE — dependency
N NEGATE — dependency
R RESET — dependency
S SET — dependency
V¥ OR - dependency
Z INTERCONNECTION - dependency

Each dependency s represented by a capital letter or letter combination as shown above

AND— OR-and NEGATE—dependenciesare used to denote Boolean relationships between inputs
and/or outputs INTERCONNECTION dependency s used to indicate that an input or output 1s
connected to one or more inputs and/or outputs

CONTROL-dependency is used to identify a ttming inputor a clock input of asequential element and to

indicate which inputs are controlled by it

SET- and RESET —dependencies are used to specify the internal logic states of an RS bistable elementin

the case that the R— and S—inputs both stand at their internal |—states

ENABLE—dependency is used to identify an ENABLE—input and to indicate whicn inputs and/or
outputs are controlled by it (e g. which outputs take on their high impedance state}

MODE—dependency is used to identify an inputwhich selects the mode of operation of an element and to

indicate the inputs and or outputs depending on that mode
ADDRESS—dependency is used to identify the ADDRESS inputs of amemory

The table below lists the various dependencies and summarizes their effects in this table the word
"*action” impiies

— that affectea inputs will have their normally defined efrect on the function of the element

— that atfected outputs will take on the internal logic states as determined by the function of the element.

2. Convention

a  Dependency notation usually defines relationships between internal logic states. However in the case
of 3—state outputs and open circuit outputs, ENABLE-—dependency defines relationship berween
the internallogic states of affecting inputs and the external states of affected outputs.

b. Application of dependency notation is accomplished by:

— labelling the affecting input or-output with the relevant letter followed by an identifying number;

— labelling each input or output affected by that affecting input or output with that same number:

— labelling each input or output affected by the negated internal logic state of the affecting input or
outputwith that same number with a bar over it.

¢. Ifthe affected input or output already has a label, denoting its function, this label must be prefixed
by the identifying number of the affecting input.

d. [Ifaninputis affected by more than one affecting input or output, the identifying number of each
of the affecting inputs or outputs shall appear inthe label of the affected one, separated by
commas. The normal reading order of these identifying numbers is the same as the sequence of the
affecting raiationship.

e. Two affectinginputs labelled with different letters, must not have the same identifying number,
unless when one of the letters is A.

f.  Iftwo affecting inputs or outputs have the same letter and the same identifying number, they stand
inan OR—relation to each other.

g. [fanaffected inputoroutput already has a label which would form an ambiguous combination with
the identifying number, the latter must then be replaced by a different character {e.g. Greek letter)
to avoid ambiguity.

h. An affecting inputor output affects only the corresponding affected inputor outputs of the
element.

Type of dependency | etter(s) Effect on affected input Or output if the affecting input stands at 1ts internal
l1—state 0-—state
ADDRESS A permits action {address selected) | prevents action (address not selected)
CONTROL C permits action prevents action
INABLE EN permits action — prevents action of affected mputs
— imposes external high-impedance state on
open<ircuit and 3-state outputs {internal state
of 3-state outputs unaffected]
— imposes O-state on other sutputs
4AND ‘ G permits action imposes 0-state
VIODE w permits action {mode selected) prevents action imode not seiected)
i VEGATE i U compiements state no effect
RESET R affected output reacts as 1t na effect
would to 3=0, R=I
SET S atfected output reacts as it ng effect
would 10 §=1, R=0
OR \% imposes 1-state permits action
INTERCONNECTION Zz imposes 1-state imposes O-state
L
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12, PARTS LISTS

(subject to alteration without notice)

The opening of parts, or removal of covers, is likely to expose live conductors. The instrumentsshoulid therefore
be disconnected from all voltage sources before any opening of parts or removai of covers is started.

During and after dismantling, bear in-mind that capacitors in the instrument may still be cnarged even if the
instrument has been separated from all voltage sources. :
Item numbers{e.g. C R V) have been divided in groups which relate to the circuit, the unit and the
circuit diagram, according to the following table.
item numbers Location Unit number
100... 199 Frontside unit A7
200... 299 - Frontunit A2
300... 399 Mother board unit A3
400... 499 Microprocessor unit A4
500... 599 Spare unit A5
600 ... 699 Ram unit A6
700... 799 Buffer unit A7
80G... 899 Conversion unit A8
900... 999 ACL unit A9
3200 ..,3399 CCD logic unit A10
1100. .. 1199 P2CCD unit AT
1200...1299 Time-base unit A12
1300...1399 Delay trigger unit A13
1400 . . . 1499 IEC unit (OPTIONAL) Al4
1500. .. 1599 DC POWER UNIT Al5
1600 .. . 1699 AC POWER UNIT Al6
1700...1799 Rear side unit A17
1800 .. . 1899 Delay line Al8
1900 ... 1999 CRT socket A19
2000. . .2399 Final ampi. unit A20
2400. .. 2699 Amol. unit A21
3000. .. 3099 Ampi. unit A21
2700...2999 Trigger unit A22
3100...3199 EHT unit A23
3400 . .. 3499 Driver unit A34

SN -

ks
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MAT 835

Fig. 12.1.1.

Fig. 712.7.2.

MECHANICAL PARTS

item Qty Order number Description
1 1 532246064042 Side profile left
2 1 532244794625 Side profile right
3 2 5322 462 34199 Printsupport
4 2 532252834113 Arret for handle
5 2 5322447 94638 Cover top and bottom
6 1 532281522804 Cil bolt M4X6
7 1 482250510488 Square nut M4
8 1 532253214593 Washer 4. 3X12 3
9 1 482253080077 Spring washer 5.2 ¢
10 1 532281528054 Cil bolt M3X8
11 1 482253210332 Washer 3. 2X7
12 1 482253080173 Spring washer =
13 1 532246254154 CRT shielding
14 1 5322 492 64767 Clamping strip
15 1 4822 502 10051 Cil bolt M4X20
16 1 482250510488 Square nut M4
17 1 532246664213 Plasric profile 30cm
18 1 532225664014 Battery holder
19 1 5322 535 94978 Shaft assy 2
20 1 5322 532 24398 Coupling £
21 2 482750210668 Screw for coupling g
27 1 532245584091 Textplate
23 3 532241434134 Knob dia 10 3
24 3 537249264337 Clamping spring knob §
25 9 532241434091 Knobdia 10shaft 6
26 2 532241434249 Attenuator knob assy
27 1 5322 414 34261 Time/div knoo assy
28 3 5322 532 54478 Distance washer \
29 2 5322 462 44458 Housing E
30 2 532246244459 Cover | Range indu
31 2 5322 492 54338 Compression spring | instrument
32 2 532226814157 Contact pin ;
33 1 5322 466 85887 Cover for IEC conn. ' -
1 532248034046 Contrast filter GREY _ 3
1 532248034074 Contrast filter BLUE k
37 1 5322 466 74059 Sezel
38 1 5322 480 34046 Contrast filter
39 1 5322 447 94169 Front cover
40 1 5322 447 94626 Top cover
41 1 532246664214 Adhesive strip
42 1 532244794627 Bottom cover
43 1 532245584092 Text strip
44 1 532249854042 Aluminium profile
45 1 5322 498 54045 Plastic profile
46 2 5322 535 74401 Locking pin
47 2 5322 492 54155 Compression spring
48 1 532249854044 Bracket left
49 1 532249854043 Bracket right
50 5 532241474029 Knob cover blue +line
51 7 532241474015 Knob cover grey + line E
52 1 5322 414 74019 Knob cover grey I3
53 2 532238074089 Light reflector assy
54 1 532229064085 Soldering support
55 1 532225544088 Led holder
56 1 532250514184 Nutfor cal terminal




12-5
12-4
Qty Order number Description
12.1. MECHANICAL PARTS
2 532225524015 Lamp holder
item Oty Order number Description 4 5322 53584447 Extension part {01 version)
4 532246250215 Extension part {02 and up} S28
4 532241425613 Push button + green {01 version)
1 1 5322 460 64042 Side profile left 4 532241426415 Push button + green 102 and uP}
2 1 5322 447 94625 Sld.e profile right 1 5322 505 14178 Knurled nut
: > a2 528 4113 Aot o1 nandi L 532240605050 Locking pate
g 2 5322 447 922:1’,8 C:\?er loorp ::d Eottom L 582253224579 Bush
) 1 5322532 14697 Washer
6 1 5322 815 22804 Cif bolt M4X6 1 5322 29034022 Soldering tag
7 1 4822 505 10488 Square nut M4
8 1 5322 532 14593 Washer 4. 3X12 1 5322 506 14001 - Nut
9 1 4822 530 80077 Spring washer 52 2 5322 505 14186 Nut
10 1 532281528054 Cil bolt M3X8 2 532253234124 Spacer
11 1 482253210332 Washer 3. 2X7 2 532253224374 Coupling R7-R8
12 1 482253080173 Spring washer 8 532241414011 Push buttongrey (01 version)
13 1 532246254154 CRT shielding 8 T 5322414 25851 Push bunon grey {02 and up)
14 1 532249264767 Clamping strip 2 532241426019 Push button L. grey (01 version)
15 1 482250210051 Cii bolt M4X20 2 532241420002 Push button L. grey {02 and up}
16 1 4822 505 10488 Square nut M4 35 5322 535 84447 Extension part switch (01 version)
17 1 5322 466 64213 Plastic profile 30cm 35 532246250215 Extension part switch 102 and up)
18 1 5322 256 64014 Battery holder 6 5322 532 54492 Paper washer 2.2X5
19 l 532253594978 Shaft .assy P 532227874008 Arret for switch
20 I~ 5322 532 24398 Coupling . > 532253594966 Inner shaft
21 2 482250210668 Screw for coupling 1 532227874009 Arret for switch
22 1 532245584091 Texto(a.te 6 532225534122 Lamp holder
23 3 532241434134 Knob dia 10
24 3 532249264337 Clamping spring knob 10 532253260487 Ceramic spacer
2 9 532241434091 Knob dia 10shaft 6 6 532225544218 IC-FOOT 16 - PDR
26 2 532241434249 Attenuator knob assv 1 532225544217 IC-FOOT 40 - PDIL
27 1 5322 414 34261 Time/div knob assy 4 532225544259 {C-FOOT 20-P DIL
28 3 5322 532 54478 Distance washer 4 532225544109 IC-FOOT 24 - POIL
29 2 532246244458 Housing ] 2 532225544284 IC-FOOT 22- P OIL
30 2 532246244459 Cover } Range indication 2 482250210692 CIL BOLT M3X30X19
31 2 532249254338 Compression spring ; instrument parts. 2 4822532 10582 ‘Washer 3.2X9
32 2 532226814157 Contact pin 2 482253260711 Insulation bush
33 1 5322 466 85887 Cover for {EC conn. 2 532253250488 Washer 4.3X9
1 532248034046 Contrast filter GREY 2 4822532 10582 Washer 3.2X8
1 532248034074 Contrast filter BLUE 2 482250510325 Nut M3
37 1 532246674059 Bezel 2 482253210582 Wasner
38 1 532248034046 Contrast filter 2 4822 530 80173 Spring washer
39 1 5322 447 94169 Front cover 2 4822505 10325 Nut M3
40 1 5322447 94626 Top cover .
2 1 532246664214 Adhesive strip 1 532253224578 Bushing
a2 1 5322 447 94627 Bottom cover 1 4822 530 80173 Spring washer
43 1 532245584092 Text strip 1 4822502 11064 CIL b.oltMBXG
44 1 532249854042 Aluminium profile 2 532225540029 Transistor socket
45 1 5322 498 54045 Plastic profile 1 532225640017 Fuse holder
46 2 532253574401 Locking pin 1 532232564061 Cable grommet
47 2 532249254155 Compression spring 1 532240594046 Bracket
48 1 532249854044 Bracket left 1 482250210693 CIL bolt M4X8
49 1 532249854043 Bracket right 1 5322321 14066 Mains cord assy
50 5 5322414 74029 Knob cover blue +line 4 532246244457 Foot
51 7 532241474015 Knob cover grey + fine 4 532252914067 Rubber puffer
52 1 $32241474019 Knob cover grey 4 482250210056 CIL bolt M4X55
53 2 532238024089 Light reflector assy 4 532253214593 Washer 4.3X12
54 1 532229064085 Soldering support
55 1 5322 255 44088 Led holder
56 1 5322505 14184 Nutfor cal terminal
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ftem Qty Order number Description
101 4 4822 530 80163 Spring washer 4.1
102 4 5322 532 24591 Distance bushing 6X5
103 8 532253224592 Distance bushing 6X20
104 1 5322 447 94639 Inner rear plate {01 version)
104 532246680791 Inner rear oiate {02 and upi
105 8 532253224577 Threaded spacer
106 -4 5322 381 14286 Window red
107 2 532253264277 Holder |
108 4 5322 532 64278 Ring
109 p 5322532 14696 Contact ring RANGE INDICATION
PROBE PARTS FIG. 1.11.
110 2 532249264765 Contact spring
111 1 5322 447 94652 Cast. ai. front panel
112 1 5322 447 94653 Cast. al. rear panel
113 4 532246690998 Spacer for alphanumeric display
114 25 532241425613 Push button + green {01 version)
a4 (255 532241426415 Push button +green (02 and up)
- 532225544207 Isolation bus for clockdriver D1001 on unit A34
FLEXIBLE COUPLINGS
COUPLING DISC 5322 528 30333
COUPLING BUSH 5122 532 60758
COUPLING 0iSC 5322 528 20335
R7/R8
CAMPL /Div )
) WASHER ( PAPER) 5322 537 54492
L serinG NASHER 5322 530 80232
T COUPLING BUSH 5322 532 51241
| T SPRING 5322 492 6245}
f % ——— SHAFT 5322 535 91287
! | | i——BEARING BUSH 5327 520 30385
i
, | { a
R10/R11 19
R12/R13 e
(OFFSET ) 7 “g

———————— WASHER

COUPLING DISC

4822 530 70043
5322 528 20333

12.2.

ELECTRICALPARTS

Unit Order number Description
A101 5322 266 21002 Connector assy
A2 532221654264 Eront unit : Per order}
A201 532221654265 Front board
A203 532221654266 interconn bbard
A204 5322 216 54267 Display switch board
A205 5322 216 54268 Save or dl. sw board
A206 532221654269 Clear switch board
A207 532221654296 Scale switch board
A4 5322 Micro proc. unit
A6 B 5322 216 54273 Ram unit
A7 532221654274 Buffer unit
48 5322 216 54275 Conversion unit
A9 532221654276 ACL unit
A10 5322 CCD logic -
All 5322 P2CCD unit
Al12 5322 Time base unit
A13 532221654281 Delay trigg. unit
A15 5322 216 54282 DC-power unit
Al6 5322 216 54283 AC-power unit
A18 532232044053 Delay line
A20 532221654284 Final amplifier unit
A23 5322 218 64116 Muitipiier assy (D3101) { inclusive cabie}
5322263 74144 Extension card
A4011 5322 PROM assy.
(Set of 3 programmed PROM’s)
A34 5322 Driver unit

av Ak

UNIT AT01
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ELECTRICAL PARTS
. i —40,41
unit Order numher Description
A101 ) 5322 266 21002 Connector assy.
A2 5322 216 54264 Frontunit { Per order! 46.47
A201 532221654265 Front board ’
A203 5322 216 54266 Interconn board
A204 532221654267 Display switch hoaro
A205 532221654268 Save or dl. sw. board
A206 532221654269 Clear switch hoard . 3 . ! .
TION A207 532221654296 Scale switch board l F o el |9
1G. 1.1, A4 5322 Micro proc. umit T
A6 532221654273 Ram unit 107--110 80
A7 532221654274 Buffer unit
a8 532221654275 Conversion unit
A9 5322 216 54276 ACL unit
A10 5322 CCD fogic
. MAT 838
unit A34 All 5322 P2CCD unit Fig. 12.1.3.
412 5322 Time base unit
: A13 5322 216 54281 Delay trigg. unit
A15 5322 216 54282 OC power unit
416 532221654283 AC power unit
A18 532232044053 Delay iine
A20 5322 216 54284 Final amplifier unit
A23 532221864116 Multiplier assy {D3101) { inclusive cable)
5322 263 74144 Extension card
A4011 5322 PROM assy
(Set ot 3 programmed PROM's}
A34 5322 Driver unit

Fig. 12.7.4. 1 MaT837

PV
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UNIT A101

MAT B39

Fig. 12.1.5.
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posHR  DESCRIPTION ORDERING CODE FOSNR  DESCRIPTION

ORDERING cape

C 1223 CAPACITOR,CERAM 1ONE-20+
- CAPACITOR,CERAM  220PF 2 100 4822 122 31506 ‘ 0+50 100 4822 122 31414
ool et 1 W5 1 s Eind oo danaiin e g i g
I 2a0 ,CERAM 10NF-20+50 4 : 7 ' o 108
S WL WlatliORCERam  lone-20+s0  loo 4822 122 31¢ls € 1205 CaPACITOR,CERAM  LonF-20rs0 100 4827 izz 31414
C 924  GAPACITOR,CERAM 1ONF-20+50 100 4822 122 31414 L0ONE 10% 50V 5322 122 30108
C 1228 CAPACITDR,CERAM 1OUF-
AP ,CE $70PF 10 100 4822 122 30036 » CES 20+50 100 &322 122 31414
€98 ATACHORIGERAL  iohe-zesso  loo 4833 122 31414 € 1330 CAraciiomCERMI lmriaonan 100 4822 122 s141e
R,C 10NF-20+50 , b 1 0108
CGhp  GATACITONGERAM  lowr-20es 100 4822 122 31414 C 1231 caracrroRiCeram  loowe 1o 50V 3325 175 30108 ‘
& 929 (AP, ELECTROLYT.  330UF-10+50 10 4822 124 20684 : R, CERAM LOONF 10% sev 5322 122 30108
C 1233 €APACITOR,CERAM
ACITOR, CERAM 10NF-20+50 100 4822 122 31414 ¢ R, CERAN 10QKF 10% 50V 5322 122 30108
C O3 cAACITOn CERaM  LoM-gor3n 100 4822 122 31414 € 1234 cav ciecirolel.  e7UETLlodso 1o 4822 124 20678
C 933 GAPACITOR,GERAM  LONF-20+¢50 100 4822 122 31414 1558 ORROERAM I0ONF 10% 50V 5322 122 30108
C 934  CAPACITAR,CERAM 10NF-20+50 190 4822 122 31414 C 1237 cAPACITOR, CERAM F7UF-10+50 10 4822 124 20678
€ 1151 CaP,ELECTRALYT. IIYF-10+50 16 4822 124 20688 ACITOR, CERAM 100NF 10X 50V 5322 122 30108
C 1238 CAP#:I OR,CERAM LONF-
AP, CTROLYT. 33UF-10+50 16 4822 124 20688 : , ONE-20+50 100 4822 122 31414
Eihs O ERENRLT  Ssur-1ees 16 4822 124 20688 G 1239 cAri:1 OR,CERAM  10NF-20450 100 4827 122 31414
¢ 1104 CAPACITOR,CERAM 100NF 10% 30V 5322 122 30108 € 1305 CAPA:l OR, ERAM LONF-20+50 1o 4822 122 31414
€ 1106 OAP,ELEC, TANTAL 1osuF 20% 35V D322 124 14078 C 1303 GAPs il OR, Enp LonE-2orst 100 4822 122 31414
¢ 1107 cae,ELEGTROLYT. 15UF~10+50 40 4822 124 20709 AP# I OR, ERA 10NF-20+50 100 4822 122 31414
C 1304 CAPACITGR,CERAM -
I , CE? 3,20F 0,25PF 100 4822 122 31052 ’ 1ONF-20+50 100 4822 122 314
¢ {§83 gﬁ?i%%?%é,ggéﬁg 3. 20% 0,25PF 100 4822 122 31052 g i%%% CAFACITOR, CERAM 1O0NF-20+50 100 4822 122 314%2
C 1111 CAPAGITOR,CERAM LHE 10 100 6822 122 30027 & 1307 CAFACITOR, CERAM 10HF-20+50 100 4822 122 31414
¢ 1112 CaP,ELEC, TANTAL S8NHF 20% 35V 5322 124 14039 g 1388 CAFACITOR, CERAM LONF-20150 100 4822 122 31414
¢ 1113 CAPACITOR, CERAM LABNE 10% 50v 5322 122 30108 CAFACITOR, CERAM 10NF-20450 100 4822 122 31414
PACITOR, CERAM 1008F 10% 50V 5322 122 30108 C 1311 CAPAGITOR,CERAM LONF-20+50 100 4822 122
% %%%g gi?ic%TOR,CERAm LHE 10 100 4822 122-30027 C 1312 CcAPACITAR,CERAM 1ONF-20+50 100 4822 122 g%ﬁ%é
¢ 1117 CAP,ELECTROLYT, 15UF-10+50 40 4822 124 20709 C 1313 £APACITOR, CERAM TONF~20+50 100 4822 122 31414
© 1112 CAPACITOR,CERAM LGONF  10% s0v 5322 122 30108 C 1314 cCAP,ELECTROLYT. 47UF=10t50 10 4822 124 20678
¢ 1110 CAPAGITOR,GERAM 100NF 10% Sov 5322 122 30108 C 1316 <CAP,ELECTROLYT, 47UF-10+50 10 4822 124 20678
[+ 21 CAPACITOR,CERAM 100NF 10X 50V 5322 122 30108 C 1317 <CAPACITOR,FOIL INF 1% 530y 4822 121 50591
c }izz CAPACITOR,CERAM  228PF 2 100 4822 122 31506 8 %%%g CAPACTTOR, CERAN LONF~20+50 100 4822 122 31414
¢ 1123 CAPACITOR,CERAM  220PF 2 100 4822 122 31506 ¢ 13 CAP,ELECTROLYT, 33UF-10+50 16 4822 124 20688
¢ 1126 CAP,ELECTROLYT. ISUF-10+50 40 4822 124 20709 & 1321 CAPACITOR, CERAM LONF=20+50 100 4822 122 3141%
¢ 1126 CAPACITGR,CERAM INF 10 100 4822 122 30027 1322 CAPACITOR, CERAM 1ONF~20+50 100 4822 12z 31414
CAPAGITOR,CERAM 100HF 10% 50v 5322 122 30108 C 1323 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31
€ s Ton, CeRan 130nF 106 B0V 5322 122 30108 C 1324 CAPACITOR,CERAM  LONF-20+50 100 4822 122 31414
¢ 1131 c4aP,ELEC. TANTAL 43QUF 20% 35V 5322 124 14039 C 1326 CAPACITOR,CERAM INF 10 150 4822 129 30027
£ 1132 CAPAGLTOR,CERAM L00UF 10% s50v 5322 122 30108 C 1327 CAPACITOR,FOIL IHE 1% s30v 4822 121 50591
C 1133 CAP,ELEC.TAHTAL §,3UF 20% 25V 5322 124 14081 ’ C 1328 CAPACITOR,FOIL IOONF 10%  teev 5322 121 40323
34 AP, ELECTROLYT. 15UF-10+ 50 40 4822 124 20709 ; C 1329 c¢aP,ELECTROLYT, 33UF-10+50 16 4822 124 20688
¢ Luge AT ELERTROL M s,zee 0.25PF 100 4822 122 31052 €131 cirkcliomcexat  DONF-zossa 100 4822 122 31521
¢ 1137 CApAGLTOR,GERAM  8,2PF 0,25PF 100 4822122 31057 C 1332 CaPACITOR, CERAM 100 4822 122 31414
¢ 1138 CAPACITGR,CERAM INF 10 100 4822 122 30027 pd 1333 GaP, ELEGTRALYT. L0UF=10450 63 4822 124 20728
¢ 1139 caP,ELECTROLYT. 15UF-10+50 40 4822 124 20709 1334 CAPACITOR,CERAM  100PF 2 100 4822 122 31504
C 11481 GAP,ELEC.TANTAL L, 5UF 20% 15y 5322 124 14078 C 1501 CAPACITOR,PAPER 47NF 10% 250V 5322 121 44138
¢ iﬁlé CAP ELEC. TANTAL bhaue 20% iV 2355 124 14078 C 1502 CAPACITOR,FOIL 15NF 10%  s00¥ 4822 121 40123
¢ 12861 CAPACITOR,CERAM LOHE-20+50 100 4822 122 31414 € 1503 CAPACITOR, FOIL 15NE 10%  s0o0v 4822 121 40123
C 1202 £GAPACITOR,CERAN 10NF-20+50 100 4822 122 31414 g 1504 CAPACITOR,HT s70pF 13% 2KV 5322 122 54019
¢ 1203 c¢aPacITo®, CERAM TOHF=20+50 100 4822 122 31414 1506 GCAPACITOR,HT 470pPF 20% 4¥ky 5322 122 54004
C 1507 CAP,ELECTROLYT 10UF-
o , CERAM 10NF-20+50 100 4822 122 31414 3 . 10+50 63 4822 124 20728
G 120n CATACIIOR Ctham  lonr-zotsn  loo 4822 122 31414 € isos CarlfLcCrRoLyTl  47Unidil) 63 4852 124 J073s
© 1507 capacITOR,CERAM  1ONF-20450 100 4822 122 31414 ¢ 1211 & »ELECTROLYT.  I30UF-10+50 10 4822 124 20684
G 120% CAPAGITOR,CERAM LoHF-20+50 100 6822 122 31414 ¢ 1212 %AP;ELECTROL/T. 330UF-10+50 18 4822 124 20684
& 1209 CAPACITOR,CERAM 100NF 10% 50V 5322 122 30103 AP, ELECTROLYT. 10C0UF-10+50 25 4822 124 20786
| GERAM LooNF 10%  50v 5322 122 30108 € 1513 ©AP,ELECTROLYT. 1H0IUF-19+58 25 4822 124 20786
Gzl el AN e Tla 100 4822 122 30027 € 1218 carhciion, cerant  Looer 2 100 4822 122 31504
¢ 1213 CAPACITOR,TRIMM 3,5PF 5322 125 50043 & 1216 CSALAtITOR,CERAM - 100PF 2 1008 4822 122 31504
21514 AP, ELECTROLYT. 47UF-10+50 10 4822 124 20678 €15 CAPAGITOR, FOIL $8HF 10% 630V 4822 121 40279
¢ 1216 6ap,ELECTROLYT, 4TUF~10+50 1o 4822 124 20678 18 CARACITOR,HT 470PF lox 2KV 5322 122 54019
- C 1519 CAPACITOR,FAIL
- CAPACTTOR, CERAN 10NF~20+50 100 4822 122 31414 , 458RF 10% 530y 4822 121 40279
C T A oA Cerav  1ONF-20+450 100 4822 122 31414 C 192) capaciToR,uy 2Ky 5322 122 54019
¢ 1219 <¢aPAGCITOR,CERAM 108F-20+508 100 4822 122 31414 g 1522 CAPACTITOR,HT 470PF 10% 2Ky 5322 122 54019
¢ 1521 CAPACITOR,CERAM  1DNF-20+50 100 4822 122 31414 & 1257 EbESOREalt 150NF 10%  490v 5322 121 40307
¢ tzzz CAPACITOR.CERANM 10NF-20+50 100 4822 122 31%l% ITOR., FOIL 1508F 10% 400V 5322 121 40307

T
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POSNR DESCRIPTION ORDERING CODE POSNR DESCRIPTION QRDERING CODE
1526 CAP,ELECTROLYT. 2200UF-10+50 10 4822 124 20771 C 2013 CAPACITOR,CERAM 1G6NF-20+50 100 4822 122 31414
1527 CAP,ELECTROLYT. 2200UF-10+50 10 4822 124 20771 C 2014 CAPACITOR,FOIL 5322 121 54229
1528 GCAP,ELECTROLYT. I3YF-10+50 16 4822 124 20688 C 2016 CAPACITOR,CERAM 10NF--20 100 4822 122 31414
1529 CAPACITOR,FUIL 150NF 10%  $00v 5322 121 40307 C 2017 CAPACITOR,CERAM 1ONF--20 100 4822 122 31414
1531 <CAPACITOR,FOIL 150NF 10% 400y 5322 121 40307 C 2018 CAPACITOR,CERAM 10NF--2¢ 100 4822 122 31414
1532 CAPACITOR,FOIL 100NF 10% 100V 5322 121 40323 C 2019 CAPACITOR,CERAM 18NF-20+50 168 4822 122 31414
1533 cCaAP,ELECTROLYT. 10UF-10+58 63 4822 124 20728 C 202 CAPACITOR, CERAM LONF~20+50 100 4322 122 31414
1534 CAP,ELECTROLYT. I3UF-10+50 16 4822 12420688 C 2021 CAPACITOR,CERAM LONF -20+50 160 4822 122 31414
1536. CAP,ELECTROLYT. 47UF-10%50 10 4822 124 20678 C 2022 CAPACITOR,CERAM LONF 20450 100 4822 122 31414
1537 CAPACITOR,FOIL 1UF 10% 100V 5322121 40197 C 2023 CAPACITOR,CERAM LONF 20+50 100 4822 122 31414
1 ACITOR, FOIL §8NF 10% 250V 5322 121 44137 C 2024 CAPACITOR,CERAM 1O0NF-20+50 -

1%%8 gﬁ;ACITgR,CERAM 10NF—20+53 100 4822 122 31414 C 2026 CAPACITOR,CERAM 10NF-20+50 106 4822 122 31414
1541 CAPACITOR,FOIL 10MF 10% 630V 5322 121 44201 C 2027 CAPACITOR,FOIL 5322 121 54229
1542 CAPACITOR,FOIL 1UF 10% 160v 5322 121 40197 C 2028 CAPACITOR,FOIL 5322 121 54229 .
1543 CAPACITOR,FOIL IINF 10% s00v 5322 121 44025 C 2029 CAPACITOR,CERAM 1BNF-20+50 100 4822 122 31414
1544 CAPACITOR,CERAM 12PF 2 100 4822 122 31056 C 203  CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
1546 CAPACITOR,FOIL 100NF 10% 1oy 5322 121 40323 C 2030 CAPACITOR,CERAM 32PF 2 100 5322 122 31577
1547 CAPACITOR,FOIL 160NF 10% 108v 4822 121 40231

C 2031 CAPACITOR,CERAM 18NF-20+50 100 4822 122 31414

1548 CAPACITOR, FOIL 68NF 10%  250v ~ 5322 121 44137 2032 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
1549 CAPACITOR,CERAM 560PF 10 190 4822 122 30126 2033 CAPACITOR,FOIL 68NF 10% 250V 5322 121 44137
1551 CAPACITOR,CERAM  560PF 10 100 4822 122 30126 2034 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
1552 CAP,ELECTROLYT. 330UF-10+50 10 4822 124 20684 2036 CAP,ELECTROLYT. 3IIUE-10+50 16 4822 124 20688
1553 CAP,ELECTROLYT. 10UF-10+50 63 4822 124 20728 2037 CAP,ELECTROLYT. 33UF-10+50

1554 <CAPACITOR,FOIL 100NF 10% 100V 4822 121 40231 2038 CAPACIYOR,FOIL 2200F 10% 1008 4822 124 206832
1555 CAPACITOR,CERAM 1INF 10 198 4822 122 30027 2039 CAPACITOR,FOIL 68NF 10% 250V 5322 121 44137
1556 CAPACITOR,CERAM 20+50 100 4822 122 31414 204  CAPACITOR,CERAM 18NF-20+50 100 4822 122 31414
1557 CAPACITOR,CERAM 20+50 100 4822 122 31414 2041 CAPACITOR,FOIL 5322 121 54229
1558 CAPACITOR,CERAM 20+50 100 4822 122 31414 2042 CAPACITOR,CERAM 10RF-20+30 100 4822 122 31414
1601 CAPACITOR,FOIL 68NF 10% §30v 4822 121 40279 2043 CAPACITOR.MIL 5322 121 54229
1602 CAPACITOR,FOIL 5322 121 44333 206 CAPACITOR, CERAM 10NF-20+50 100 4822 122 31414
1603 CAPACITOR,FOIL 5322 121 44333 207 ,ELECTROLYT. 47UF-10+50 10 4822 126 20678

1604 CAP,ELECTROLYT. 220UF-10+50 350 5322 124 44007
1606 CAP,ELECTROLYT. 220UF-10+50 350 5322 124 44007
1607 CAPACITOR,HT 270PF 10% 2kv 5322 122 54024
1608 CAPACITOR,PAPER 220NF 10% 250V 5322 121 44142

2400 LELECTROLYT. SEHF-20+50 -

2401 ACITOR,CERAM 140 4822 122 30818
2402 CAPACITOR,CERAM 10NF-20+50

2403 CAPACITOR,CERAM 10NF=20+50 160 8822 122 31414

1609 CAP,ELECTROLYT. 10UF-10+58 63 4822 124 20728
1610 CAPACITOR,CERAM 1,3NF 10 190 4822 122 30048
1611 <¢AP,ELECTROLYT. 10UF-10+58 63 4822 124 20728
1612 CAPACITOR,FOIL 220NF 10% 100y 4822 121 40232
1613 CAPACITOR,FOIL 22NF 10% 400y 5322 121 44232

2404 CAPACITOR,CERAM 10HF~20+50 100 4322 122 3141%
2405 CAPACITOR,CERAM 1,5PF §,25PF

2406 CAPACITQR,CERAM 10NF~20+50 100 4822 122 30408
2407 CAPACITOR,CERAM 2BRF~20+52 100 4822 122 31063
2408 CAPACITOR,CERAM 100 4822 122 31414

C
C
C
C
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C 2409 CAPACITOR,TRIMM 5,5PF
E 241 CAPACITOR, CERAM 10NF-20+450 169 8822 122 34422
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
c
¢
C

1614 CAPACITOR,FOIL 228F 10% 400Y 5322 121 44232
1616 CAPACITOR,FOIL 100NF 10% 100V 5322 121 40323
1617 CAPACITOR,CERAM 2,2NF

10 180 2410 CAP!CITOR, CERAM 3,3PF 0,25PF 500 4822 122 31217
1613 CAPACITOR,FOIL 68NF 10% 250V 5322 1 44137

2411 CAF}CITOR, JERAM 10NF-20+50

1619 CAPACITOR,FOIL 3,32NF 1% 63V 4822 121 50654 2412 CAPACITOR, CERAM 1ONF-20+50 100 4822 122 31414
1620 CAPACITOR,HT 470PF 10% 2Xv 5322 122 54019 2413 CAP,FEEDTROUGH I00PF 10 300 5322 123 10168
1621 CAP,ELECTROLYT. 18UF-10+50 63 4822 124 20728 2414 CAPACITOR,FOIL 22NF 10% 250V 4822 121 40407
1622 GCAP,ELECTROLYT. 22UF-10+50 25 4822 124 20698 2415 CAPACITOR,CERAM 1O0NF-20+50 100 4822 122 31414
1623 CAP,ELECTROLYT. 22UF-10+50 25 4822 124 20698 2416 CAPACITOR, TRIMM 3PF
1624 CAPACITOR,CERAM 1NF 10 100 4822 122 30027 2417 CAPACITOR,CERAM 1O0NF-20+50 100 8822 123 32428
1625 CAPACITOR,HT 470PF 10% 2KV 5322 122 54019 26418 CAPAC TOR,CERAM 10NF~20+50 100 4822 122 31414
1701 CAPACITOR, FOIL 100NF 10% 250V 4822 121 40036 2419 CAPAC 10R,CERAM 10NF=-20+50 100 4822 122 31414
1702 CAPACITOR,FOIL 100NF 10Z 250V 4822 121 40036 242  CAPAC 10R,CERAM 10NF-20+50 100 4822 122 31414
200 CAP,ELECTROLYT. 47UF-10+50 10 4822 124 20678 2420 CAPAC 1OR,CERAM 10NF-20+50 100 4822 122 31414
2001 CAPACITOR,CERAM 1O0NF-20+50 100 4822 122 31414 2421 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
¢ 2002 GAPACITOR,CERAM 10NF-20+58 100 4822 122 31414 2422 CAPACITOR,CER -20+
C 2003 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 2423 CAPACITOR,CER:: égg; 20 53 %88 ﬁg%% %%% %}3%3
C 2004 CAPACITOR,CERAM 16NF-20+50 100 4822 122 31414 2424 CAPACITOR,TRIMM 2,0-18P TRIM 5322 125 50051
C 2006 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 2425 CAPACITOR,CERAM 10NF~20+50 100 4822 122 31414
C 2007 CAPACITOR,FOIL INF 1% 630V 4822 121 50591 2426 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
C 2008 CAPACITOR,CERAM  220PF 2 100 4822 122 31506 +27 CAPACITOR TRIMM ,
¢ 2009 CAPACITOR,CERAM 1ONF-20+50 100 4822 122 31414 +28 CAPACITOR CERAM 6ZP§F 10 500 ig%% %%g gﬁ?%é
C 201  CAPACITOR,CERAM 1ONF-20+50 100 4822 122 31414 +29 CAPACITOR,CERAM 1ONF- 100 4822 122 31414
¢ 2011 CAPACITOR,CERAM 1ONF~20+50 100 4822 122 31414 3 CAPACITOR,CERAM 10NF- 100 4822 122 31414
C 20r2 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 2430 CAPACITOR,CERAM  &470PF 10 100 4822 122 30034




12-16

ORDERING CODE
POSNR  DESCRIPTION ORDERING CODE POSNR  DESCRIPTION
TOR, CERAM 1QNF=~20+50 100 4322 122 31414
C 2431 CAPACITOR,CERAM  68PF 2 500 4822 122 31207 € 2491 CAPACIIOR:CERAM  lonF-20+50 100 822 122 31414
C 2432 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 € 2402 K AGITOR,CERAM  IONF-20+50 100 4822 122 31414
C 2433 CAPACITOR,CERAM  10NF-20+50 100 4822 122 31414 € 240 APAGITOR,CERAM INF 10 100 4822 122 30027
C 2434 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 G oAy CAPACITOR,CERAM  LONF-20+50 100 4822 122 31414
C 2435 CAPACITOR,CERAM  10NF-20+50 100 4822 122 31414 :
- TRIM 5322 125 50051
C 2436 CAPACITOR,CERAM INF 10 100 4822 122 30027 C 2496 CAPACITOR,TRIMM 2,0-13F 4822 122 31414
C 2437 CAPACITOR,GERAM  1,5PF 0,25PF 100 4822 122 30105 C 2497 CAPACITOR,CERAM — 1ONF-20230 300 G890 122 31414
C 2438 CAPACITOR,CERAM 1INF-20+50 100 4822 122 31414 g gjgg CAPACITOR, CERAM 22PF 2 100 4822 122 31063
C 2439 CAPACITOR,CERAM  39PF 2 100 4822 122 31069 ¢ AR AR GTYT.  235uF-10+50 16 4822 124 20693 -
C 244  CAPAGITOR,CERAM 1ONF-20+50 100 4822 122 31414 2501 GAF- :
] . - 4822 124 20693
C 2440 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 ¢ 2502 523;§§§§£R?k§§a 220UF 10450 16 4822 124 20693
C 2441 CAPACITOR,CERAM 39PF 2 100 4822 122 31069 € 2303 CAPACITOR,CERAM  S560PF 10 500 4822 122 31166
C 2442 CAPACITOR,TRIMM 5,5PF 5322%-125 54027 C 5206 CAPACITOR,CERAM 10NF-20+58 100 4822 122 31414
C 2443 CAP,FEEDTROUGH I0PF 10 300 53227 123 34001 ITOR.CERAM  68PF 2 500 4822 122 31207
C 2444 CAPACITOR, TRIMM 3PF 5322 125 54026 C 2507 CAPACITOR,
- 4822 122 31414
C 2445 CAPACITOR,CERAM  3,9PF 0,25PF 500 4822 122 31217 C 2508 CAP:E%{%%;EE%Q: ig:i_gg:gg ig% 4827 122 31418
C 2445 CAPACITOR,CERAM _ &70PF _ 10 100 4822 122 30034 C 2509 CAPACITOR,CERAM  1ONE7Z0730 100 2822 155 31414
C 2447 CAPACITOR,TRIMM 2,0-18P TRIM 5322 125 50051 ¢ 251 AR IOR.CERAM  &7OPF 10 100 4822 122 30034
C 2448 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 C 2510 CAPACITOR,CERAN  4707F 10 100 4822 122 3141s
C 2449 CAPACITOR,CERAM  2,2PF 0,25PF 100 4822 122 31036 C 2511 CAPACITOR,
F 10 100 4822 122 30027
C 2450 CAPACITOR,CERAM  2,2PF 0,25PF 100 4822 122 31036 C 2512 CAPACITOR,CERAM 1N 4 122 300
C 2451 CAPACITOR,CERAM  IONF-20+50 100 4822 122 31414 C 2513 CAPACITOR, e M L/RE 05237 100 4825 122 31434
C 2452 CAPACITOR,CERAM 16NF-20+50 100 4822 122 31414 g 5213 gAPAcITGR'CEkAM 3.9PF 0,25PF 500 4822 122 31217
C 2453 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 CITORICERAM  39PF D 100 4822 122 31069
C 2454 CAPACITOR,CERAM 10PF 2 100 4822 122 31054 C 2516 CAPA :
2 122
C 2455 CAPACITOR,CERAM  10NF-20450 100 4822 122 31414 C 2517 CAPACITOR,CERAM  39PF 2 100 3827 5% 21989
C 2436 CAPACITOR,CERAM  IIPF 2 100 4822 122 31063 € 2518 CARAC IO ien 30PF 10 300 5322 123 34001
C 2457 CAPACITOR CERAM 1ONF-20+50 180 4822 122 31414 g 5229 gﬁP'ELECTROLYT 330UF-10+50 10 4822 124 20684
C 2458 CA /CI OR CERAM  1UNF-20+50 100 4822 122 31414 A R CCERAM  10NF-20+50 100 4822 122 31414 -
C 2459 C. !CI"NR CERAM 22PF 2 100 4822 122 31063 C 2520 ’
, i 3PF 5322 125 54026
C 246  CAP ITO CERAM  LONF-20+50 100 4822 122 31414 ¢ 2522 A A CITOR CERAM  470PF 10 100
C 2460 CAPACITOR CERAM 10NF-20+50 160 4822 122 31414 C 5823 CAPACITOR, TRIMM 2,0-13P TRIM 8822 128 30034
R PHE R e S I o oois 100 4822 122 31414 C 2524 CAPACITOR, ( ERAM 1ONF-20+50 100 4322 122 31414
ITOR, 1ONF-20+5 4822 122 31414 . NF-20+50 100 4822 122 3141¢
C 2463 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 C 2525 CAPACITOR. ERAM 18
6 CAPACITOR,CERAM  1ONF-20+50 100 4322 122 31414
C 2464 ACTTOR, CERAM 1DNF~-20+50 100 4822 122 31414 € 232 LAFACITOR,CERAM  1ONF-20+50 100 4822 122 31414
C 2465 CAFACI 3IR,CER/1  LONF-20+50 100 4822 122 31414 ¢ 5258 CAPACITOR,CERAM  10PF 2
C 2466 CATACI R ERS RS 100 4822 122 31414 & 5329 CGAPACITOR,CERAM  1ONF-20+50 100 4322 122 31454
0% 100V 5322 121 40323 -10+50 10 4822 124 20672
C 2468 CAPACI IR ER/ 19NF-25+50 100 4822 122 31414 € 253 CAP,ELECTROLYT. STUFZL0%S
PACITOR. CERAM 10NF-20+50 100 4822 122 3181%
G 2469 CAPACITOR CERAM 10NF-20+50 100 4822 122 31414 ¢ 2531 giPAci;OR,CERAn 10NF-20+50 100 4322 122 31088
€ 247 CAPACITOR CERAM  10NF-20+50 100 4822 122 31414 ¢ 2832 GAPACITOR,CERAM  22PF 2
C 5471 CAPACITOR CERAM ioNF-20330 100 4b2 122 31414 € 2533 CAPACITOR,CERMM  1ONET20030 100 4022 122 31414
-20+50 100 4822 122 31414 ~20+50 100 4822 122 31414
C 2472 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 C 2534 CAPACITOR,CERAM  10NF-20%3
¢ 2535 CAP,ELECTROLYT. 15UF 10% 16V 4822 124 20977
C 2473 CAPACITOR,CERAI 22PF 2 100 4822 122 31063 ¢ 5336 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414
€ 2474 CAPACITOR,CFRAI 10NF-20+50 100 4822 122 31414 C 2537 CAPACITOR,CERAM 10NF-20+450 100 4822 122 31414
C 2475 CAPACITOR,CERAM  3,9PF 0,25PF 500 4822 122 31217 ¢ 2538 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414
, ¢ 250V 4822 121 40407 ; Z
C 2477 CAPACITOR, TRIMM 5,5FF 5322 125 54027 C 2539 CAP,ELECTROLYF.  220UF-10+30 16 4822 124 20693
- ¢ 754 CAPACITOR,CERAM  1O0NF-20+50 inn 4822 122 31414
C 2478 CAPACITOR,CERAM 1ONF~20+50 100 4822 122 31414 C 5240 CAP.ELECTROLYT.  6BDUF-10+50 100 4822 122 20718
C 2479 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 G 5241 CAPACITOR,CERAM  1DNF-20+50
C 248 CAPACITOR, CERAM JONF~20+50 100 4822 122 31414 C 2542 GAPACITOR,CERAM 1ONF-20+50 100 4822 122 31414
C 2480 CAPACITOR,CERAM  1ONF~20+50 100 4822 122 31414 C 5245 AP ELECTROLYT. 220UF-10+50 16 4822 124 20693
C 2481 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 ’ )
C 2482 GAPACITOR,CERAM  1ONE-20+50 100 4822 122 31414 G 2544 CAPACITOR, CERAM  1ONE 20050 'In eass 122 Siets
€ 2483 AL FEEDIROUGH, S00PE. 0 300 5322123 10168 C 2546 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414
S 5988 CAPACITOR.CERAM  10NR-20450 100 5522 125 24028 ¢ 2547 CGAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 )
C 2486 CAPACITOR,CERAM  1ONF-20450 100 4822 122 31414 C 2548 CAPACITOR,CERAM  1OKF-20+50 100 4822 122 31414
C 2487 CAPACITOR,CERAM  10NF-20450 100 4822 122 31414 € 25a0 AR L i BuF-30va0 1 B2 12 Soeve
C 2488 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31614 C 2851 CAPACITOR,CERAM 100 4822 122 31414
i BRGHRGR e 810702
, - 00 4822 122 31414 ;
C 2490 CAPACITOR,CERAM  30PF 2 100 4822 122 31069 C 2553 CAPACITOR,CERAM  1ONF-20+50 180 4822 122 31414
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OESCRIPTION

CAPACITOR, CERAM
CAPAGITOR, CERAM
CAPAGCITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

CAP,EZLECTROLYT.
CAPACITOR, CERANM
CAPACITOR, CERAM
CAPAGITOR, CERAM
CAPACITOR,CERANM

CAPACITOR, CERAM
GCAPACITOR,CERAM
CAP, ELECTRALYT,
CAPACITOR, CERAM
CAP, ELECTROLYT,

CAPACITOR,CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

¢ PACITOR, CERAM
¢ \PACITOR, CERAM
CAPACITOR CERAM
CAPACITOR CERAM
CAPACITOR CERAM

CAP,ELECTROLYT.
CAPACITOR,CERAM
CAPACIVOR, CERAM
CAPAGITOR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAP, ELECTROLYT.

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPA&CITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITQR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAP, ELECTROLYT,

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAP, ELECTROLYT.
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITQOR, CERAM
GAP,ELECTROLYT.
CAP,ELECTROLYT.
CAPACITOR,FOIL

GCAP, ELECTRALYT,
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAN

18NF-20+50
1O0NF-20+50
10NF-20+58
10NF~20+50
10NF-20+50

33UF-10+50
LOHF-20+54
LONF-20+510
10NF-20+58
10NF-20+50

1O0NF-20+58
1O0NF=-20+50
3,3UF 40%
LONF-20+50
33YF-10+50

LONF~2G+50
10NF-20+50
10NF-20+50
18NF—-20+58
106NF-20+58

10NF-20+58
1ONF-20+50
2,20F 10
2,2NF 10
2, 2NF 10

33UF-18+50
2,2HF 1

1,3PF 0,25PF
4,38PF 0,25PF
§,8PF 0,25PF

10NF-20+512
10NF-20+50
1O0NF-20+50
1ONE-20+58
47UF-16+50

10NF-20+50
1ONF-20+50
18NF-20+50
1O0NF-20+50
10NF-20+50

LONF-20+50
10NF=-20+50
1ONF-20+590
10NF-20+50
JIUF-10+50

10NF-20+50
10NF~-20+50
10NF-20+50
1ONF-20+590
LONF=-20+50

LONF-20+50
47UF-10+50
32PF 2
LOMF-20+50

3,2PF 0,25PF

&,3PF 0,25PF
L0GPF 2
4,7UF-10+50
33UF=10+50
220HF 10%

I3UF-10+50
LONF-20+59
4, TNF 10
15PF 2
INF 19

ORDERING GODE

4822

122 31414
122 31414
122 31414
122 31414
122 31414

124 20688
122 31414
122 31414

2 122 31414

122 31414

122 31414
122 31414
124 20947
122 31414
124 20688

122 31414
122 31414
122 31414
122 31414
122 31414

122. 31414
122 31414
122 31414
122 31414
124 20678

122 31414
122 31414
122 31429
122 31414
122 31414

122 31414
122 31414
122 31414

2 31414

212
124 20688

122 31414
122 31414
122 31429
122 31414
122 31414

122 31414
124 20678
122 31243
122 31414
122 31194

122 31192
122 31626

2 124 24211

124 20688
121 40232

124 20688
122 31414
122 30128
122 31058
122 300%"

O0O000 OO0

DESCRIPTION

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, FOIL

CAPACITOR,CERAM
CAP,ELECTROLYT.

GAP, ELECTROLYT,
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAN
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPAGITOR, CERAM
CAPACITOR, CERAM
CAP,ELECTROLYT,

CAPACITOR, FOIL
CAP, ELECTRALYT,
GAPACITOR,FQIL
CAPACITOR, CERAM
GAPACITOR, CTRAM

CAP, ELECTROLYT.
CAPACITOR, CERAM
CAPACITOR,FOIL

CAPACITOR, CERAM
CAPAGCITOR, CERAM

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITAR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITOR, CERANM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITAOR, CERAM

CAPACITOR, CERAM
CAP, ELECTROLYT.
CAP,ELECTROLYT,
CAF, ELECTROLYT.
CAP, ELECTROLYT.

CAPACITOR, CERAM
CAP, ELECTRALYT.
CAP,ELECTROLYT,
CAP, ELECTROLYT.
CAP, ELECTROLYT.

CAPACITAOR, CERAM
CAPACITOR, CERAM
CAPACITQR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITQR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITGR, CERAM

BAREIBE EERL"

LAPAIITGR CERAM
CAPACITOR, CERANM
CAPACITOR, CERAM

CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERANM
CAPACITOR, CERAM
CAPACITOR, CERAM

1OHF-20+50
68PF 2
22NF 10%

130FF
$7UF~- 10*50

33UF-1a+s0
12PfF 2
LOHE-20+50

INF 10.
10NP<20+50
270PF 2
22PF 2
LONF-20+50

LONF-20+50
47UF-10+50

220NF 10%
33UF-10+58
§30NF 10%
100PF 2
LONF-20+50

33UF-10+50

10NF=28+¢50
680NF 10%
LONF-20+30

2,2PF 0,25PF

100PF 2
1O0NF-20+50
16HF-20+50
1ONF-20+50
10NF-20+50

10NF-20+50
LONF-20+50
1O0NF-20+50
TONF-20+50
LOMF~20+50

LONF-20+50
63UF-10+50
47UF=-10+50
47UF-10+310
10UF-10+50

LONF-20+50
47UF~10+50
4JUF-10+30
I3UF-10+50
33UE-10+50

LONF-20+50
1BNF-20+50

—
o
o
=
m

NNN

1INF 10

~
~N
o
2
-
N

10
LaHF-20+¢50
5,6PF 6,25PF

10NF-20+50

INF 10
4, 7HF 10
10NF-20+50

100PE 2
10NF-20+50
16NF-20+50

INF 0
10NF-20+50

ORDERING CODE

4822 122 31414
4822 122 31349
5322 121 44232
5322 122 34144
4822 124 20678

4822 124 20688
4822 122 31196

4822 122 31414

4822 122 31335
4822 122 31063
4822 122 31414
4322 122 31414
4822 124 20678

4822 121 40232
4822 124 20688
5322 121 40233
4822 122 31316
4822 122 31414

4822 124 20683

8833 15% 5814

4822 122 31414
4822 122 31036

4822 122 31316
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414

4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414

4822 122 31414

4822 124 20688

4822 122 31414
4822 122 31414
4822 122 31056
4822 122 31316
4822 122 31056

4822 122 30027
4822 122 31222
4822 122 30128
4822 122 31414
4822 122 31047

%%3% 152 31338

22 122 30027
4822 122 30128
4822 122 31414

4822 122 31316
4822 122 31414
4822 122 31414
4822 122 30027
4822 122 31414

)




12-20
POSNR  DESCRIPTION ORDERING CODE
posHR  OESCRIPTION ORDERING CODE
. C 3217 CAP,ELEC.TANTAL 6,8UF 20% 25V 5322 124 14081
C 2932 CAPACITOR,CERAM 1PF 0,25PF 100 4322 122 39104 C 3218 CAP,ELEC.TANIAL 5,8UF 20% 25V 5322 124 14081
C 2933 CAPACITOR,CERAM 1LPF 0,25PF 100 4822 122 30104 C 3219 CAPACITOR CEFAM 15PF 2 100 4822 122 31058
C 2934 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 C 3220 CAPACITOR CEFAM 10NF=-20+50 100 4822 122 31414
C 2935 cAP,ELECTROLYT. 3IUF 40% 10y 6822 124 20945 C 3221 CAPACITOR CEFAM 1ONF-20+50 100 4822 122 31414
C 2936 CAPACITOR,CERAM 10NF=~20+50 100 4822 122 31414
C 3222 CAPACITOR,FOIL 108FRE0+5y 630V 5322 121 54059
G 2937 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 C 3223 CAPAGITOR,CERAM 100 4822 122 31414
¢ 3% CAPACITOR,CERAM  4,7PF 04,25PF 100 4822 122 31045 C 3224 CAPACITOR,CERAM 100NF 10% 50V 5322 122 30108
¢ _.3t CAPACITOR,CERAM  &,7PF #0,25PF 100 4822 122 31045 € 3225 CAPACITOR,CERAM LONF=20+50 100 4822 122 31414
¢ 2040 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414 C 3226 CAPACITOR, CERAM 100KF 10% 50V 5322 122 30108
C.2941 "CAPACLTQR,CERANM L1oHF-20+50 100 4822 122 31414
C 3227 CAPACITOR,CERAM 100MF 10% 50V 5322 122 30108
C 2942 CAPACITOR,CERAM 4, 7PF 0,25pF 100 4822 122 31045 C 3228 CAPACITOR,CERAM 1908F 10% 50V 5322 122 30108
C 2943 <CAPACITAOR,CERAM LONF=20+50 100 4822 122 31414 C 3229 CAPAELEORROEREM IIUF 40% 1oy 43227124 20945
C 2944 <CAPACITOR,CERAM LONF-20+50 100 4822 122.31414 C 3230 16 HEHE020% 100 4822 122 31414
C 2945 CAPACITOR,CERAM  180PF 10 100 4822 122 30113 C 3231 cap,ELEC, TANTAL 25V 5322 124 1403%
C 2946 CAP,ELECTROLYT, IIUF-10+50 16 4822 124 20688
C 3232 AP, ELEC. TANTAL 6,3UF 20% 25V 5322 124 14081
C 2947 <¢APACITAOR,FOIL 100NF 10% 100y 5322 121 40323 C 3233 . . 18NF-20+50 100 4822 122 31414
C 2948 <CAPACITOR,CERAM 27PF 2 100 4822 122 30045 C 3234 CAPACITOR,CERAM 10NF-20+50 100 4822 122 31414
¢ 2950 CAPACITOR,CERAM 10HF-20+50 100 4822 122 31414 C 3235 CAPACITOR,CERAM 10KF-20+50 100 4822 12z 31414
C 3000 CAPACITOR,CERAM LONF-20+50 -~ 100 4822 122 31414 a C 3236 CAP,ELECTROLYT. 15UF-10+50 40 4822 124 20709
C 3001 CAPACITOR,CERAM 10NF=-20+50 100 4822 122 31414
C 3237 CAP,ELECTROLYT. 100UF-18+50 40 4822 124 20715
C 3002 CAPACITOR,CERAM 10NE-20+50 100 4822 122 31414 C 3239 . .. LONF=20+50 100 4822 122 31414
C 3003 CAPACITOR, CERAM LONF-20+50 100 4822 122 31414 C 3401 CAPACITOR,CERAM  5.6PF 0,25PF 100 4822 122 31047
C 3004 CAPACITOR,CERAM 10NF=20+50 100 4822 122 31414 C 3402 CAPACITOR,CERAM 100NF 10% 50V 5322 122 30108
C 30685 CAPACITOR,CERAM 1ONF-20+58 100 4822 122 31414 C 3403 CAPACITOR,CERAM 50V 5322 122 30108
C 3006 CAPACITOR,CERAM 22PF 2 100 4822 122 31063 :
; £ 3UF 409 10y 4822 124 20945
C 3007 GAPACITOR,GERAM  3,9PF 4,25PF 100 5322 122 34107 & g0 A R A s A 5oy 5322 122 30108
C 3008 CAPACITOR,CERAM  3,9PF 0,25PF 108 5322 122 34107 € 3407 CarACITOR.CERAM  5,6PF 0,25PF 100 4822 122 31047
C 3009 CAPACITOR,FDIL 570MF 10% 100v 5322 121 40175 C 3408 CapaCITOR,CERAM 100NF 10% 50V 5322 122 30108
C 3010 CAP,ELECTROLYT. 47UF-10+50 10 4822 124 20678 ¢-3409 ’ ! 50V 5322 122 30108
C 3011 <C¢APACITOR,CERAM 47PF 2 100 4822 122 31072
AC 2 50V 5322 122 30108
C 3012 CAPACITOR,CERAM LONF-20+50 100 4822 122 31414 8 gﬁ%% g§§§g§§8§;§§§;§ LOONF 10% 50V 5322 122 30108
C 3013 CAPACITOR,CERAM  1ONF-20+50 100 4822 122 31414 ¢ 3413 CAPACITOR,CERAM 16ONF 10% 50V 5322 122 30108
C 30U Qb eEcTRRIl UL fey 4355 153 50047 C 3414 CAP4GLEORTRARAD 50V 322 122 30488
CAP, . i 40% , 8l 9 2 22
C 3016 CAPACITOR,CERAM 15PF 2 100 4822 122 31058 C 3416 &,8UF 20% 5V
£ NF ) 50V 5322 122 30108
C 3017 ¢APACITOR,JRIMM 2,0-13P TRIM 5322 125 50051 ¢ 3018 LARACiIoR CERam vose2 T 1% 300 3822 122 31504
C 30138 CAPACITOR,CERAM 10NF-20+59 100 4822 122 31414 ¢ 3419 CAPACITOR,CERAM 1ONF-20+50 100 4822 122 31414
€ aocilmeo L2 18 589 1 cuz Genciul nuTE Y BB BN
JELE . : o 2 % oV
< 3021 Cap,ELEGTRALYT. 150F 10% 16V 4822 124 20977 o* C 3423 CAPACITOR,CERAM LOONE 10 ’
D 1101 b LCIRCUIT  LF356N 5¢C 5322 209 8642
© 3022 CAPLELEC.TANTAL 6,8UF 20% 12g gg%% %%i %éggg INTEOR . CIRCULT 2
C 3023 CAP,ELECTROLYT. IZUF-10+50 D 1103 IMTEGR.CIRCUIT LM78L15ACZ NS 4822 209 80889
C 3024 CAPACITOR.CERAM 4,7NF 17 100 4822 122 30128 D 1104 INTEGR.CIRCUIT LF356HN SC 5322 209 86422
C 3025 CAPACITOR,CERAM  1O00QPF 2 100 4822 122 31316 D 1201 [IMTEGR.CIRCUIT HEF4526BP PH 5322 209 14858
C 3026 CAPACITOR,CERAM 15PF 2 100 4822 122 31058 D 1202 INTEGR.CIRCUIT HEF45268P PH 5322 209 14858
C 3027 CAPACITOR,CERAM 10MF-20+50 100 4822 122 31414 D 1203 INTEGR.CIRCUIT HEFa513BP PH 5322 209 14064
C 3028 <CAPACITOR,CERAM L0PF 2 100 4822 122 31054 D 1204 INTEGR.CIRCUIT HEF4S18BP PH 5322 209 14064
C 3029 <CaPACITOR,CERAM LOPF 2 100 4822 122 31054 0 1206 INTEGR.CIRCUIT HEF4S518BP PH 5322 209 14064
C 3030 CAPACITQR,CERAM LONF-20+50 100 4822 122 31414 D 1207 INTEGR.CIRCUIT HEFG520BP PH 5322 209 14189
C 3201 ©aPACITOR,CERAM 15PF 2 100 4822 122 31058 D 1208 INTEGR.CIRCULT HN74LS90N SC 5322 209 85255
C 3202 CAPACITAOR,CERAM 100NF 10% 50V 5322 122 30108 3 D 1209 INTEGR.CIRCUIT DM74S196N NS 5322 209 81328
C 3203 CAPACITOR,CERAM 100NF 10% 50V 5322 122 30108 i 2 D 1211 IMTEGR,.CIRCUIT HEF4013BP PH 5322 209 10002
C 3204 CAPACITOR,CERAM LOONF 10% 50V 5322 122 30108 ] 0 1212 INTEGR,CIRCUIT UA741CN sC 4822 209 80617
C 3205 CAPACITOR,CERAM 10NF=20+50 100 4822 122 31414 ki D 1213 TINTEGK.CIRCUIT 11C58PC FA 5322 209 86446
C 3206 CAPACITOR,CERAM LBONF 107 50y 5322 122 30108 i D 1214 [IHTEGR,CIRCUIT HEF40518P PH 5322 209 14212
¢ 3207 CAPACTITOR,CERAM 100NF 10% 50V 5322 122 30108 E O 1216 INTEGR.CIRCUIT N74LS139H SC 5322 209 85839
C 3208 CAPACITOR,FOIL LONF 1% 63V 5322 121 54154 | O 1217 IMTEGR,CIRCUIT N74LS502N 5C 5322 209 85312
C 3209 CAPACITOR,FOIL 1oMF 1% 63V 5322 121 54154 * 0 1218 INTEGR.CIRCUIT N74LSOON SC 5322 209 84823
C 3210 <CAPACITOR,FOIL 220pF 1% 638V 5322 121 54059 0 1219 INTEGR.CIRCUIT MN74LS153NM 5¢ 5322 235 85488
¢ 3211 <CAPACITOR,CERAM 100NF 10% 50V 5322 122 30108 . D 1221 IHTEGR.CIRCUIT SH74LS3I73IN-00 T 5322 209 86062
C 3212 <CAPACITOR,CERAM 10ONF 10% 50V 5322 122 30108 0 1222 INTEGR,CIRCUIT N74LS74AN sSC 4822 209 80782
C 3213 ¢APACITOR, CERAM 100MF 10% s0v 5322 122 30108 R D 1223 INTEGR.CIRCUIT N74S5153N sSC 5322 209 85688
C 3214 CAPACITOR,CERAM 100HF 10% sgv 5322 122 30108 O 1224 INTEGR.CIRCUIT GXB10174P PH 5322 209 86442
C 3215 CAPACITOR,CERAM 1GNF-20+50 100 4822 122 31414 D 1226 INTEGR.CIRCUIT GXB10124P PH 5322 209 86341
C 3216 CrPACITOR,CERAM 15PF 2 100 4822 122 31058 D 1227 INTEGR.CIRCUIT GXB10231P PH 5322 209 86003




12-22 ;
i
POSNR  DESCRIPTION . ORDERING CODE POSNR  DESCRIPTION ORDERING CODE {
D 1228 INTEGR.CIRCUIT 74LS32 MN 5322 209 85311 D 2408 IHTEGR.CIRCUIT LM303AH NS 5322 209 86056
D 1229 INTEGR.CIRCUIT N7604N 5¢ 5322 209 86326 D 2409 IHTEGR.CIRGNIT 2e 0012 5322 209 3548+
D 12351 INTEGR.CIRCUIT GXB10125P PH 5322 209 86499 D 241  INTEGR.CIRCUIT 3SN74L3257H-00ST 5322 209 80859
D 1301 INTEGR.CIRCUIT N74(LS191IN 5C 5322 209 84989 D 2411 IHTEGR,CIRCUIT 3$DI0BGH 5322 209 85748
D 1302 INTEGR.CIRCUIT H74LS191N s8¢ 5322 209 84989 D 2412 IHTEGR.CIRCULT 09 0012 5322 209 85484
D 1303 INTEGR.CIRCUIT GXB10124P PH 5322 209 86341 D 2413 INTEGR.CIRCUIT  0Q 0043 5322 209 86488
D 1304 INTEGR.CIRCUIT GXB10231P PH 5322 209 86003 D 2414 INIEGR.CIRGUIT 1L}303 NS 5322 209 86056
D 1306 INTEGR.CIRCUIT GXBlGL3I7P PH 5322 209 81206 D 2416 IMTEGR.CIRCUIT )M}U&AH NS 5322 209 86056
D 1307 INTEGR.CIRCUIT GXB10125P PH 5322 209 86499 D 2417 IHTEGR.CIRCUIT LM3394H 4822 209 80631
D 1308 INTEGR.CIRCUIT SN74137H-00 T 5322 209 84516 D 2418 IHTEGR.CIRCYIT SH74L3257H-00 T 5322 209 80859
D 1309 INTEGR.GIRCUIT H74LS193M 5C 5322 209 85405 D 2419 [HTEGR.CIRCUIT SH74L3257H-00 T 5322 209 80859
D 1311 IMTEGR.CILRCUIT N74L5193M 5C 5322 209 85405 D 242  INTEZGR.CIRCUIT SN7405257H-00 T 5322 209 80859
D 1312 IMTEGR.CIRCULIT N74LS193M g& 5322 2 D 2421 IMTEGR.CIRCUIT LM324Y 56 4822 209 80587
D 1313 INTECR.CIRCULT N79U303H 5832 388 §69§§ D 2422 INTEGR.CIRCUIT Lp32si 4822 209 80587
D 1314 INTEGR.CIRCUIT N74LS74AN sc - D 2423 IWTEGR.GIRCUIT HN74L532M s¢ 5322 209 85311
D 1316 INTEGR.CIRCUIT N7l ‘ D 2424 IHTEGR,CIRCUIT SHT4LS3I73N-00 T 5322 209 86062
D 1317 INTEGR.GIRCUIT H74L§§2?N & 33%5 %88 84995 D 2426 TMTEGR.CIRCUIT SH74LSI73N-00 T 5322 209 86062
D 1318 INTEGR.CIRCUIT N74LSOGN SC 5322 209 éﬁégg D 2427 INTEGR.CIRCUIT SH74LS3I73H-00 T 5322 209 86062
D 1319 INTEGR.CIRCUIT ya741 SC 3322 209 39 3 D 2428 INTEGR.CIRCUIT N74LS0Q0N 5C 5322 209 84823
D 1321 INTEOR.GIRCUIT SH7aiSiasn-00 T £355 509 85%% “ D 2423 INTEGR.GIRCUIT MN74LSQ0H 3¢ 5322 209 84823
D 1322 INTEGR.CIRCUIT D 243 THTEGR.CIRCUIT SH74L52578-00 T 5322 209 80859
D 1353 [NTfoR Cicull mreceront & 2322 209 82016 D 2431 INTEGR.CIRCUTT H74LSL33H  s¢C 5322 209 85839
D 1324 IHTEZGR.CIRCUIT SH74L527H-9¢ T 2355 509 86076 D 2437 IHTEGR.CIRCUIT SH74LS278-00 T 5322 209 86076
D 1326 INTEGR.CIRCUIT SN74LS373M-08 T 8355 365 2 D 244  (MTEGR.CIRCUIT H74LS08N SC 5322 209 84995
D 1327 INTEGR.CIRCOIT NESqIaN ¢ 2355 558 22953 D 246  [NTEGR,CIRCUIT H74L31384  SC 5322 209 85647
D 1328 INTEGR.CIRCUIT D 247 INTEGR CIRCUIT SN74LS257N T 5322 209 80859
D 1329 INTEGR CIRGUIT Neaiigh ¢ 2322 200 goaad D 548 INTEGR CIRCUIT SN74LS257N T 5322 209 80859
D 1331 INTEGR.CIRCUIT UA74IcH SC 23822 509 80617 D 249 INTEGR.CIRCUIT SN74LS257N T 5322 209 80859
D 1501 INTEGR.CIRCUIT HA7905uC FA £355 130 44843 D 2701 INTEGR.CIRCUIT HEF4052BP H 5322 209 14233
D- 1502 INTEGR.CIRCUIT a741cN sC 2855 209 80617 D 2702 INTEGR.CIRCUIT SN74LSI23N T 5322 209 85266
D 1503 [INTEGR.CIRCUIT D 2703 [NTEGR.CIRCUIT CA3086 PH 8822 209 8@23a
D 1601 INTEGR.CIRCUIT Téi?éiﬁ 3& ég%% %88 gggég D 2704 INTEGR.CIRCUIT LM353N PH
D 1602 SENSOR H114550 GE 5325 130 94015 D 2706 INTEGR.CIRCUIT LM30BAN NS 5322 209 86056
D 2001 TINTEGR.CIRGUIT LF3544 NS 8355 209 66451 D 2707 INTEGR CIRCUIT N74LS74AN SC 4822 209 80782
D 2002 INTEGR.CIRCUIT {#35an PH 1895 509 81477 D 2708 INTEGR.CIRCUIT LF356N NS 5322 209 86451
D 2003 INTEGR.CIRCUIT ; - D 2709 INTEGR.CIRCUIT  [F405: PH 5322 209 14233
D 2004 INTEGR.CIRCUIT Ti3aone NS £353 203 464al D 2711 INTEGR GIRCUIT 0@ 0f 5322 209 85484
D 2006 IMTEGR.CIRCUIT HEF4523P PH 8355 509 14233 D 2901 INTEGR CIRCUIT TLO82CF 1 5322 209 86081
D 2007 INTEGR.CIREUIT | g3s4y NS 3155 559 D 2902 INTEGR.CIRCUIT NE52IN SC
D 2008 INTEGR.CIRCUIT HEF49S538p PH 2355 508 34534 D 2003 INTEGR.CIRCUIT N74ltl sc 5322 209 85201
D 2009 INTEGR.CIRCUIT 1 IS ” 3 2904 INTEGR.CIRCUIT GXB10231P H 5322 209 86003
D 201 INTEGR.CIRCUIT Si740973n-00 T 2522 209 88064 D 2906 INTEGR CIRCUIT GXBi0125P  H 5322 209 86499
D 2011 INTEGR.CIRCUIT HEF40528P 2355 509 14233 D 2907 INTEGR CIRCUIT GXB1O116P H 5322 209 86441
D 2012 INTEGR.CIRCUIT HEF40523p pH 2355 509 14533 D 2908 INTEGR CIRCUIT SN74ISI51N T 5322 209 86452
D 2013 INTEGR.CIRCUIT HEF4n523p PH 5325 500 14233 D 2909 INTEGR.CIRCUIT SNi 74N 0 T 5322 209 84183
D 2014 [IHTEGR.CIRCUIT o D 2911 IHIEGR.CIRCUIT N79L3Q4N sC 4822 209 80783
D 2016 INTESR.CIRCU}T ?ES?%E? ¥ gg%g %88 32064 D 2917 IHTEGR.GIRCUIT H74S3ON 3¢ 5322 209 84167
D 2017 [NTEGR.CIRCUIT HEF40528p  PH 2355 203 80964 D 5013 INTEGR.CIRCDIT LM308AN N 5322 209 86056
D 2018 INTEGR.CIRCUIT HEF40523p PH 2355 508 14533 D 3001 IHTEGR.CIRCUIT  EN H GATE 5322 209 86491
D 2019 INTEGR.CIRCUIT wEs55374 e 8355 500 86444 D 3002 IRTEGR.CIRCUIT UA764ICN 5c 4322 2093 80617
D 202  IHTEGR.CIRCUIT - D 3003 INTEGR.CIRCULT TL032CP 5322 209 86064
D 2021 THTEGR.CIRGUIT iesesn T 0"\& 8322 209 86062 D 3004 INTEOREIRCUIT ARRAY 09- o145 ' 8325 209 81324
D 2022 INTEGR.CIRCUIT H74L300N 1N 2325 209 gedsl D 3006 INTEGR.CIRGUIT. TLU82 T 5322 209 86064
D 2023 INTEGR.CIRCHIT 049017 2322 209 84823 D 3008 UHIT EiECTRIcL B62000-641/001 5322 218 61001
D 2024 INTEGR.CIRCUIT MNES537H sc 2355 %88 gggﬁz D 3201 IMTEGR,CIRCUIT LMI58MN PH 4822 209 81472
D 2026 INTEGR.CIRCUIT MNES5317H D 3202 1iNTEGR.CIRCUIT HEF4052BP PH 5322 209 14233
D 203 INTESR.GIRGUIT H7alsiisn 5% 2355 509 908t D 3203 INTEGRICIRCUIT Ln3ssi PH 1527 209 81472
D 204  INTEGR.CIRCUIT Tpa3oai PH 5322 209 85767 D 3204 IWTEGR.CIRCULIT LF3S6H sC 5322 239 86422 {
D 206 IMTEGR.CIRCUIT M74LSnoM 50 2355 509 84823 D 3206 INTEGR.CIRCUIT HEF40518P PH 5322 209 88933
D 2401 IMTEGR.CIRCUIT SD5000N SC 5322 209 85748 D 3208 TIMTEGR.CIRCUIT GXB101l02P PH
D 2402 INTEGR.CIRCUIT w7 5 D 3209 IHTEGR.CIRCULT GXBL0231P PH 5322 209 86003
D 2403 INTEGR CIRCUIT Spagany % 2322 208 Besal D 3211 INTEGR GIRCUIT GXBl0102P  PH 5322 209 85955
D 2404 INTEGR CIRCUIT 09 0012 8355 500 85484 D 3212 INTEGR.CIRCUIT LF356N s¢ 5322 209 86422
D 2406 INTEGR.CIRCUIT 9Q 0043 5322 209 86488 D 3213 INTEGR.CIRCUIT LF3I56N sC 5322 209 86422
D 2407 INTEGR.CIRCUIT LnM3934M NS 8355 509 86056 D 3214 IMTEGR.CIRCUIT nxalolzsp PH 5322 209 86499
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LCIRCUIT
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CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
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CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT
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CIRCUIT
CIRCUIT
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CIRCUITY
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CIRCUIT
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CIRCUIT
CIRCUIY
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CIRCUIT
CIRCUIT
CIRCUIT

-.CIRCUIT

CIRCUIT

CIRCUIT
CIRCULT
CIRCUIT
CIRCUIT
CIRCUIT

CIRCUIT
CIRCUIT
CIRCUIT

GXB1023I1P PH

GXBL0231P PH
GXBlol24P PH
LF3ISEN SC

HEF40528P PH

REF4Q052BP PH
LM3538N PH
LM78L05ACZ NS
MCM51L01P645 MO
MCcMs1LoiPss MO

P3085-AH 1T
H74L5744N SC
H74LSIOHN SC
N74LS530N SC

SN74L3373N~00
SH74LS373IN-00
SH74LS3I73N-00

——

SN74LS265N-00 i
N74LS138N sC
N74L351398 3C
H74L332H sSC
NT4L304N SC

N74L374AN SC
HEF4528BP PH

HEF4093BP PH
H74L304N 3C
H74L574AN SC
MCMS1L01P45 MO
MCMS1L01P45 MO
McMs1LelPss MO
MCME1LO1P45S MO
MCM51L01P45 MO

MCM51L01P45 MO
MCM51L01P45 MO
MCM51L01P645 MO
SH74LS257H-00
SH74LS257N-00

—m

SH74L5373N-00
SN74L35244N-00
SH74L5244N-00
SH764LS244N-00
N74L5266N

(72}

N74LS266N
NE5Q18N
NE5018N
H74L386N
N74L386N

VY PeNEY
00 OOO060 O -~

N74LS04N
N74LSOON
N74LS1S3NH
NT4L302N
HEF4731VP PH

HEF4731VP PH
HEF4731VP  PH
HEE4731VP PH
HEFG731VP PH
HEF&731VP PH

HEF4731VP PH
HEF4731YP PH
HEF&731vP PH
HEF45038P PH
HEF4508BP PH

w

wnv
o0

ORDERING CODE

5322 209 86003
5322 209 86003
5322 209 86341
5322 209 86422
5322 209 14233

5322 209 14233
4822 259 81472
5322 209 80903
5322 209 10155
5322 209 10155

5322 209 10369
5322 209 10371
5322 209 10372
5322 209 50032
4822 209 80782

5322 209 84985
5322 209 84985
5322 209 86062
5322 209 86062
5322 209 86062

5322 209 362“5
5322 209

5322 209 85839
5322 209 85311
4822 209 80783

4822 209 80782
4822 209 10277
5322 209 14186
4822 209 30783~
4822 209 80782

5322 209 10155
5322 209 10155
5322 209 10155
5322 209 10155
5322 209 10155

5322 209 10155
5322 20% 10155

5322 209 10155
5322 209

303
5322 209 80859

5322 209 86062
5322 209 36017
5322 209 86017
5322 209 86017
5322 209 86163

5322 209 86163
5322 209 86421
5322 209 86421
5322 209 84997
5322 209 84997

4822 209 80783
5322 209 84823
5322 209 85488
5322 209 85312
5322 209 14859

5322 209 14359

5322 209 14859

5322 209 14859
5322 209 14859
5322 209 14859
5322 209 14559
5322 209 14559

DESCRIPTION

INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
IHTEGR.CIRCUILT
INTEGR.CIRCULT

INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT

INTEGR.CIRCYUIT
[MTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
THTEGR . CIRCUIT

INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT

IHTEGR,.CIRCUTT
THTEGR.CIRCUILT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT

INTEGR.CIRCUTT
INTEGR.CIRCUIT
THTEGR.CIRCUIT
THTEGR.CIRCUIT
IHTEGR.CIRCUIT

INTEGR.CIRCUIT
INTEGR.CIRCUIT
INTEGR.CIRCUIT
[HTEGR.CIRCUIT
IHTEGR . CIRCULT

IMTEGR . CIRCUIT
THTEGR.CIRCUIT
INTEGR,CIRCUILT
INTEGR.CIRCUIT
INTEGR.CIRCUIT

INTEGR.CIRCUIT
ITHTEGR.CIRCUIT
INTEGR.CIRCUILY
IMTEGR.CIRCUIT
INTEGR.CIRCUIT

INTEGR.CIRCUIT
LAMP, FTLAMENT
LAMP , FILAMENT
FUSE

BATTERY

BATTERY
RELAY
RELAY
RELAY
RELAY

NE501
HEF400978P
HEFGQ097BP
HEF40018P
HEF4B498P

8N
09
0%

HEF4081BP
HEF40708P
HEF4008BP
HEF4008BP
HEF4539%8P

REF45398P
HEF4Q73BP
HEF4070BP
HEF400978P
HEF&009787

HEF +081BP
HEF4070BP
HEF4008BP
HEF45398P
HEF&539BP

HEF4508BP
ADC30-AG2-1
NESS3I7H
N74LS153N
H74L374ANH

N74LS00N
NES012N
H74L503N
H74L574AN
H76LST4AN

N74L5764AN
H74LS153H
N76LS11IN
H74L3744N
H74500N8

N76LSISIN
N76LS163AN
N76L5163AN
N74L504N
N74L31353N
H74LS00N
N741542N
N74LS74AN
H76LS5153H0
N74LS744AN

N76LS163AN

T2A
BATTERY 1.5V
BATTERY 1.5Y¥

nNnNY &
OOO0OC

»
<y

R6P
R6P

ORDERING CODE
5322 209 86421

5322 209 14049

5322 209 14054
4822 209 10265
5322 209 14214
5322 209 14214
5322 209 14442

5322 209 14442
8822 209 10066

5322 209 14433
5322 209 14433

5322 209 14054
4822 209 10265
5322 209 14214
5322 209 14442
5322 209 14442

5322 209 14559
5322 209 86447
5322 209 85488
4822 209 80782

5322 209 84823

4822 209 30782

4822 209 80782
5322 209 85488

5322 209 85604
4822 209 80782
5322 209 84167

5322 209 85488
5322 209 85863
3322 209 85863

8822 209 86488

5322 209 84823
4822 209 20934
4822 209 80782
5322 209 85488
4822 209 80782

5322 209 85863
5322 134 44177
5322 134 44177
4822 253 30025
5322 138 10071

5322 138 10071
5322 280 24126

5322 280 24126
5322 280 24126

5322 280 24126
5322 280 24126
5322 280 24126
5322 280 24126
5322 280 24126

t2-25
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DESCRIPTION ORDERING CODE pasg  DESCRIPTION ORDERING cOQE
RELAY 5322 280 24126 2 11338 RESISTOR, M. FILM 12,2% 1  mMrz5 5322 116 50474
RELAY 5322 280 24126 R 1139 RESISTOR,M.FILM 2,15K 1 MR25 5322 116 50767
RELAY 5322 280 24126 R 11241 RESISTOR,M.FILM 10K 1 4822 116 51253
RELAY 5322 280 24126 R 1142 RESISTOR,M.FILM 562 1 MR25 4822 112 51231
RELAY 5322 280 24126 R 1143 RESISTOR,M.FILR 2,15K 1 5322 116 50767
RELAY, REED SAM, REED-RELALS 5322 280 24131 R 1144 RESISTOR,M.FILM 365 1 mMR25 5322 116 53518
COIL SPOEL 5322 156 14101 2 1146 ResIstor,d.FIlm 17,8 1 i
COIL SPOEL 5322 156 14101 2 1147 RESISTOR,M.FILM 42,2 1 MR25 35322 1l 51052
COIL . SPOEL 5322 156 14171 R 1148 RESISTOR,M.FILM 100 1 MR25 5322 116 55549
corIt SPOEL 5322 156 14101 R 1149 RESISTOR,M.FILM 511 1 MR25 4822 116 51282
CRIL, CHOKE 4822 152 20486 2 1151 RESISTOR,M.FILM  2,13% 1 ®R2s 5322 116 50767
CoIL, CHOKE 4822 152 20486 N ity RESISTORLM.FILM 23,7 i Mrzs 5322 %%g gé646
COIL,CHOKE 4822 152 20486 % 1153 RESISTOR, M. FILM 215 1 MR25 3322 116 515%3
COIL,CHOKE 4822 152 20486 2 1154 RESISTOR,M.FILM 1,1K 1 MR2% 822 116 512
COIL,CHOKE 5322 152 24095 R 1156 RESISTOR,M. FILM 825 1 mMR23 5322 41
COIL .CHOKE 5322 152 24094 ST3 Frim 1.1K 1 Mr25 4822 116 51236
COIL, CHOKE 5322 152 24094 AR E LSS P ok jok 20 o0.1W 5322 102 40058
COIL ColL 5322 281 64154 2 1201 RESISTOR,M.FILA 10X 1 mrz5 4822 116 51253
GRIL, CHOKE SHMOORSPOEL 5328 152 24062 R 1503 REllldwmoErid 190K 1 2> 4822 116 51263
¢oiL SPOEL 5322 156 14076 S 1505 Reiiirom.eriim 100K 1 mRz5 4822 116 51268
COIL SPOEL 5322 156 14076 £ L EILR 332K 1 MR25 4322 116 51184
coIL SPOEL 5322 156 14076 RA20% REINenEin sz.s I me23 5322 116 58482
ConL SPOEL 2322 156 14076 g 1206 REsi5TOR.M.FILM  22,6K 1 s
cotL SPOEL 2322 156 14076 2 1208 RES[STOR,M.FILM 316 1 MR25 5322 116 50675
coIL SPOEL 5322 156 14076 R 1209 RESIZTOR,M.FILM  2,25K 1
CoIL 5322 158 14283 STOR, M. FILM 82,5 1 MR25 5322 116 54462
oL 2322 158 14283 110 RENSIORMEILN  2vdex i mrzs 5322 ils 50675
CotL 2322 158 14283 R 1212 RESISTOR.M.FILM  2,28K 1 mrz5 5322 116 50675
conL 5322 158 14283 2 1213 estsroR,n.Fiid 133 1 mrR25 5322 116 54482

ColL 5322 158 14283 R 1214 RESISTOR,M.FILM  2,26K 1 me2s 5322 116 50675

colL 5322 158 14283 5 FTLM 316 1 mr2s 5322 116 54511
coIl MICRO_CHOKE  1.5Mn 5322 158 14229 Roa21s Re IRl Fiin 316 i mres 5322 116 54511

POTM, CARBOYM 47K 20 0.1W 5322 101 24185 R 1217 RESISTOR,M.FILM 316 1 mMrzs 5322 116 54511

POTM, TANDEMHSH. 10K 20 n.1W 5322 102 40059 R 1218 RESISTOR,M.FILM 2,26K 1

RESISTOR, M. FILM 499 1 mMR25 5322 116 54524 R 1219 RESISTOR,M.FILM  2,26K 1 mk25 5322 116 30675

RESISTOR, M. FILM  23,7K 1 mrzs 5322 116 54646 c K 316 1 MR25 5322 116 54511

RESISTOR, M. FILM  28,7K 1 MR25 5322 116 54653 R 1220 RESISIOLNELIN  202ex i hR23 5322 116 50675

RESLSTOR, M. EILM 5, 62K 1 rRes 4822 116 51281 R 1952 RESISTOR,M.FILM  2,26K 1 mr2s 3322 116 50675

RESISTOR,MLFILM  3,16K 1 Mr2s 5322 116 50579 R 1223 RESISTOR.M.FILM  2,26K 1 mR2s 3322 116 50575

POTM, TRIMMING 22K 20 0.5W 5322 100 10118 2 1224 RESISTOR,M.FILM  2,26K 1 #R25 5322 116 50675

POTH, TRIMAING 22K 20  0.5W 5322 100 10118 RESTSTOR,H.FILM  §,37K 1 mMR2s 5322 116 55445

POTH, TRINMING 22K 20 0.5W 5322 100 10113 ] g §§§2 §§§§§§3§)Q‘F(Lﬁ 2726% 1 MR25 5322 116 50675

RESISTOR, M. FILM 1X 1 mMR25 4822 116 51235 R 1957 RESISTOR,M.FILH  2,28K 1 mr25 5322 116 50675

RESISTIOR, M. FILM 23,7X 1 MR25 5322 115 54646 2 1228 RESISTOR,M.FILM 2.,26% 1 m=z5 5322 116 50675

RESISTOR,MLFILM  164,7K 1 mMr25 5322 116 54632 2 1229 RESISTOR,M.FILY 681 1 #r2s 4822 116 51233

RESISTOR, M. FILM 1,1K 1 MR25 4822 116 51236 5T5TOR, M. F1 3,01X 1 mrz5 4822 116 51246 P

RESISTOR, M FILM IX 1 MR25 4822 116 51235 7 1230 ReelRleR M Eim 133 i mR25 5322 116 54482 i

RESISTOR, M. FILM 825 1 mMrR25 5322 116 54541 X 1302 RESISTOR,M.Filf 82,5 1 MrRz5 5322 116 54462 H

RESISTOR,M.FILN  1§,7K 1 mr25 5322 116 54632 2 i3n% REdleroroMFitm 205 1 MR25 5322 116 55365 :

RESISTOR, M. FILM 316 1 mrz5 5322 116 54511 Y 1304 RESISTOR.M.FILA 205 i MrR25 5322 116 55365

RESISTOR,M.FILM 1, 1K 1 mR25 4822 116 51236 205 1 MR25 5822 116 55385

RESISTOR,M.FILM 4,64%K 1 MR25 5322 116 50484 i R 1308 RESISTOR,M.FILM 1K 1

RESIZTOR, M. FILM 10K 1 MR25 4822 116 51253 Q 1308 RESISTOR,M.FILH 1¥ 1 mRes 4822 116 51235

RESISTOR, M. FILHM 562 1 MR25 4822 116 51231 2 1300 RE3ISTOR.M. FILA X 1 MR25 4822 1l§ 51235

RESISTOR,M.FILM  2,15K 1 MR25 5322 116 50767 R OISIT ResIsToR.M.FILN 3.11K 1 mRz> 5322 116 54595

RESISTOR, M, FILM 100 1  MR25 5322 116 55549 RESISTOR, M. FILM 26K 1 MrR2s 5322 116 50675

RESISTOR, M. FILM 1K 1 MR35 4822 116 31235 RIS12 R o Tng M FIi  2.26K LoOTRST 3397 116 50675

RESISTOR,M.FILM 42.2 1 MR25 5322 116 51052 2 1314 RESISTOR,M.FILM 556K 1 Mr25 5322 116 50675

RESISTOR, M. FILM 1K 1 MR25 4822 116 51235 R 1316 RESISTOR,M.FILM  2,26% 1 mR25 5322 116 50675

RESISTOR,M.FILM 365 1 Mrzs 5322 116 54516 R 1317 RESTSTOR,M.FILM 2,264 1 MRz5 5322 116 50675

RESISTOR, M. FILM 2,15K 1 MR25 5322 116 50767 A 1 Me25 5322 116 50675

RESIATOR,M.FILM 422K 1 MR25 5322 116 50474 R 1318 Resiotom.m-fiim 3080k 1 Me23 5322 116 50675

RESISTOR,M.FILM 17.8 1 mrz2s 5322 116 50418 T 212Q§ 1 MR25 5322 116 50675

RESISTAR,NTC 6,3K 10 0.5 5322 116 34058 R 1322 RESISTOR,M.FILM

RESISTOR,HTE §,8¢ 10 8.5u 5322 116 34058 P 1358 REsIsTOR.MFILM 1K 1 MR25 4822 116 51235




12-29
12-28

ORDERING CODE
POSHR DESCRIPTIAON
PCSNR DESCRIPTION

ORDERING CODE

2 22 116 51252
6,31K 1 ™RrR2s 48
R 1564 R&E3ISTOR,M.FILM 2; K 1 22 116 S048L
R 1566 RESISTOR,M.FIlM z;ic’K 1 MR25 53 !
R 1%%3 353%2;32":;%2 §>§§§ i ME%E gg%% ﬂg ggg;g E %ggg Egg;gg:ﬂm 30%; %_ :2%2 gg%% ﬂg 2411%?35
B30 Rl 25 5322 116 50452 stoR M EIL 3
R 1327 RESISTOR,M.FILM 10 1 MR25 322 116 50452 R 1308 Resl , R
R 1328 RESISTOR,M.FILM 10 1 MR 5 ] o L s 532 )
R 1329 RESISTOR,M.FILM 16X 1 MR25 4822 116 51253 . %g;% §§?§§¥8§'§‘;§tg 25, 11 %- ME%E gg%% %%g g%é33
R 2 SRR 11K
315 ML F D g ‘N X
i e LB Sl VB EWRIAD 1S e il
1 ESISTOR, M. ) 2 e
R 1336 RESISTOR,M.FILM 681 1 MR25 4822 116 51233 o 1235 §E§i§¥g§J§A;é%¢ ?,37& % ;gg; g%%% %}S ggégg
R 1 = ! M 5 253
CE fEmETn i b MR sm e s i memenh b 1o SR
; N ) - Rt
R 1 PoTh. caraent Uk 8 1w 5355 101 24904 R 1582 EE315TOR, M. FILM 3,0 e 4522 116 1040
R 15 PATH, € 0. 01K 2
R 1501 RESISTOR,M.FILM  31,6K 1 "MR25 5322 116 54657 R 1533 §§§§§¥g§,:.§§t: ?,01x ﬁ_ ME%E é%%% %%g g%%ég
15 e 7%
R IR RESIgggg’qTFILM 205 ;e 2555 118 22298 R 1586 RESEITARMIRGL 12,7 20 b 8322 101 14293
R 1204 REsfaios.m. R37 5322 116 64103 R 1B v LK :
R 1504 RESISTOR,HT 31,6M 1 W 322 116 e4l03 R8T i, TRINMING v
R 1506 POTM, TRIMMING M 20 0.54 5 . o b s .
eor e o e poea e i L i
R 15 ) - 7K 2 o2
IR ML a0 ) um o sim B oo ee wn 02 AR
R IB01 Aes : ! 322 116 50484 X 1 M, e ek
R 1511 RESISTOR,M.FILM  &,64K 1 MR25 5 25 116 50484 X 16 Pori,caRsON, e
R 1512 RESI3TOR,H.FILAH 7.5 1 MR25 53 - . L wmes 53
R 1513 RESISTOR,M.ELLM 7.5 1 HR25 5322 116 54417 R 128% §§§§g;g§':‘;}t2 ; 1 g Egg% g%%% %%g gi%gf
5 R1 . 20 491
FF§ %g%g §§§§§¥8§;‘§ﬁﬁ 46% } R]EE% ég%% ﬂg géggg E %88451 %;gg%gg;;i%tg 22)6;( , 11 MR25 g%%% ﬁg 23696 B
N 116 55535 £3 SMELLH 220 ,
R 1517 RESISTOR,M.FILM 1 1 MR25 53%% 11g 55538 R 1605 RESLSTORM.E e Te e
R 1518 RESISTOR,M.FILM 402K 1 MR25 53 . - L owees s 3
R 1519 RESISTOR,M.FILM i 1  MR25 5322 116 55535 . %ggg §E§§§§8§':';§t§ 2100( % ﬁggg gg%% %%g gi%g5
z R RGN ) 2%
FF§ %g%% ;gg%ﬂgg,:rFILH Si%M 11 M/E%? ﬁg%% H-E 2%%?4 R 1282 gégig;gi,:?ﬁj ‘2’2)”\ % :E%? 2382222 1111?5 %‘i‘ééb
ESTSTOR. 322 116 54497 | R 1 STORMUEILN 224
R 1523 RESISTOR,M.FILM 226 1 MR%g 5322 116 54087 i R 1611 RESISTOR,M. e
R 1524 RESISTOR,M.FILM 226 1 MR 5 5 ' . ey 322 110
R 1526 RESISTOR,M.FILM  5,11K 1 MR25 5322 116 5459 " 1015 R§§§§;8§’:T:1LM ZIéQ g’% 4W gg%% %%g g%ggi
14 = s } 4822
I EEmED SR 1 gn mmasww | Ll e
R 12 2oamEh . 35 5355 118 54192 R 1616 RES i i
R 1529 RESISTOR,M.FILM 5,11 1 MR2s 53 2 118 54192 R 1el7 RESISTORET o
31 RESISTOR, M. FILM ™ 1 #rR25 532 oRE2 5322 116
2 3?32 RESISTOR, M. FILM 1,33K 1 MR25 5322 11s 55422 ; © Lot RESISTQR::-;%t: 1 §Z§ ? M§%% g%%% %%g ggggg
*l ; RESISTOR, M. ’ 5 P
R 1%%3 é?ﬂgﬁ’gi%m 1'3%; % ME%E i%%% Hg g?g%g ; %g%g zggsg%gq;‘&g 1%3& 9,1 RS gggg ﬂg g%g?‘g
Rl HRE ‘ 322 116 55258 ; R 1622 RESISTOR,M. oK 3
R 1536 RESISTOR.M.FILM 511K 1 MR25 5 2 116 50258 R 1622 xEsioTOR.m.filn ]
2 1537 RESISTOR,M.FILM 68, 1K 1 MR25 532 4622 116 51252
R 1538 RESISTOR,M.FILM  48,1K 1 MR25 5322 116 54683 © Lo eereron Frim AQZEK } M§§§ 4522 %%g gfﬁgg
81 RESISTOR, M. FILM 853 2825
R 1539 RESISTOR,M.FILM 22,6k 1l ME%E gg%% ﬁg ggle84 5 %g%? zggrsrox,m,ﬂm 249 11 ‘,TAR25 4§22 116 51179
R 1343 ResraroniFith et L MRaS 5322 116 55549 R 188 SEstitoim im0 1 Mags 5322 116 3549
: c L E i 233322 115 53549 RE3ISTOR, M. FILI
R 1543 ROSISTOR,M.FILM 1t3 1 MR2S 3‘«%? 1is 553549 2 1629 5327 116 34051
R 1544 RESISTOR,M.FILM 5,11K 1  MR25 5322 116 54595 R 1631 RESISTOR,HTEILM 1155” 25%l MR25 5%%% HS ggng
MrR25 5322 116 54424 1632 i 1K 1 MR2s 2357
T 823 D WRZS S350 118 Siict R 1633 RESISTOR, M. FILM 825 I NRZ5 5322 116 5ones
R 1%4p REsrolpg/M-Ellm 825 1 MR25 5322 116 54541 Rl AmEmEREN L I MRZS 3327 118 5996
RESISTOR 1 | 18 5123% ‘ R 1636 RESISTOR.M.F
4 1549 RESISTOR,M.FILM 1K 1 MR25 4822 1 A ' ca22 116 54005
R 1551 RESISTOR,M.FILM 249K 1 MR25 5322 116 54734 : o RESISTOR,M,FIL: ;»;iQ ﬁ ME%% 532 %%g gggzg
R 1552 RESISTOR,M.FILM 3,43k 1 MR25 5322 %%g giggg : R 16%% RESretoR ML FIL 225K 1 ME%E g%%% 16 53440
0B S E S o R & QIS I B HiE
R I il , 1 116 54504 ' 1642 RESISTOR, M, FILN ;
R 1556 RESISTOR.M.FILM 274 1 MR25 5322 ; R voos 116 vio6
R 1557 RESISTOR,M.FILM  21,5K 1 MR25 5322 116 50451 S RESISTOR;M‘FILQ SlggK % Qégg 4522 11? 52&23
S MLOFIL ’ 22 16
R 1558 RESISTOR.M.FILM 15, 4% 1 ™MR25 5322 112 ggﬁgg R 1644 R§?§5¥2§MQ:EG ey 2 Ogﬁ 5533222 1ol Tenes
RESISTOR, M. L , , »
161 U g 1 mee 5385 R saat R 1049 FOTw,TRINMING 10 2 Jros 2355 116 50556
R 1561 RESISTOR,M.FILM 825 1 MR25 5322 11 pdsal R ledo POSI%TOQ MiNg 47K 0
R 1562 RESISTOR,M.FILM 274 1 MR25 5322 116 4504 R 1848 Ge 2,
R 1563 RESISTOR,M.FILM 36, 5K 1 MR25 5322 116 5




12-30 12-31

POSNR  DESCRIPTION ORDERING CODE - h POSNR  DESCRIPTION ORDERING CODE

R 2 POTM, CARB+SW 10K 20 0.1W 5322 101 44049 4 RESISTOR,M.FILM 10K 1 mMR25 4822 116 51253
R 2001 RESISTOR,M.FILM 631K 1 mr25 5322 116 55284 : 5 %8;3 RESISTOR,H.FILM 7,15K 1 MR25 5322 116 54606
R 2002 RESISTOR,M.FILM 681K 1 mrRzs 5322 116 55284 4 R 2076 RESISTOR,M.FILM  3,83K 1 MNMR25 5322 116 54589
R 2003 RESISTOR,M.FILM 681K 1 MR25 5322 116 55284 ] R 2077 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253
R 2004 RESISTOR.M.FILM 681K 1 mR25 5322 116 55284 2 R 2078 RESISTOR,M.FILM  7,15K 1 MR25 5322 116 54606
R 2006 RESISTOR.M.FILM 631K 1 MR25 5322 116 55284 4 JMUFILM 1,96K 1 MR25 5322 116 54571
R 2007 RESISTOR,M.FILM 681K 1 MR25 5322 116 55284 E E %8;9 :§§§g§g§,:.FILM 237 1 MR25 5322 116 50679
R 2008 POTM,TRIMMING 2,2K 20 0.3W 5322 100 10117 1 R 2080 RESISTOR,M.FILM  3,83K 1 MR25 5322 116 54589
R 2009 POTM,TRIMMING 4,7K 20 6.5W 5322 101 14292 4 R 2081 RESISTOR,M.FILM  1,96K 1 MR25 5322 116 54571
R 201  RESISTOR,M.FILM 237 1 MR25 5322 116 50679 : R 2082 RESISTOR,M.FILM  &,19K 1 MR25 5322 116 55426
R 2011 POTM, TRIMMING 47K 20 0,54 5322 101 14293 : STOR,M.FILM 301K 1 MR25 5322 116 54743
R 2012 RESISTOR,M.FILM  3,16K 1 MR25 5322 116 50579 i E gggi §EZ§510R,M.FILM 24, 9K 1 MR25 5322 116 54648
R 2013 RESISTOR,M.FILM  1s,9K 1 MR25 5322 116 54635 9 R 2485 RESISTOR,M.FILM  3,83K 1 MRz5 5322 116 54589
R 2014 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 3 R 2686 RESISTOR,M.FILM 100K 1 MR25 4822 116 51268
R 2016 RESISTOR,M.FILM 511 1 WNR25 4822 116 51282 | R 2087 RESISTOR.M.FILM 5,36K 1 MR25 5322 116 54597
R 2017 PGTM, TRIMMING 1K 20 0.5W 5322 101 10294 . JMLFILM 154K 1 MR25 5322 116 54714
R 2018 POTM, TRIMMING §,7K 20 .54 5322 101 14292 ; R g0a8 RES I R M Eiln ToK 1 MR25 4822 116 51253

. R 2019 POTM,TRIMMING 22K 20 8.5W 5322 100 10118 R 209 RESISTOR,M.FILM 237 1 MR25 5322 116 59673
R 202 RESISTOR,M.FILM 237 1 MR25 5322 116 50679 R 2091 RESISTOR,M.FILM  5,36K 1 MR25 5322 116 54597_
R 2021 RESISTOR,M.FILM  20,5K 1 MR25 5322 116 54643 R 2092 RESISTOR,M.FILM 154K 1 MR25 5322 116 54714
R 2022 RESISTOR,M.FILM - 10K 1 MR25 4822 116 51253 ] R 2093 RESISTOR,M.FILM  1,73K 1 MrR25 5322 116 50515
R 2023 RESISTOR,M.FILM 19,5K 1 MR25 5322 116 54641 1 R 2094 RESISTOR.M.FILM  3,01K 1 MR25 4822 116 51246
R 2024 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 4 R 2096 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253
R 2026 RESISTOR,M.FILM 3,32K 1 MR25 5322 116 54005 | R 2097 RESISTOR,M.FILM 154K 1 MR25 5322 116 54714
R 2027 RESISTOR,M.FILM 178 1 MR25 5322 116 54492 i R 2098 RESISTOR,M.FILM 2,37X 1 MR25 5322 116 54576
R 2028 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 E R 2099 SISTOR,M.FILM  15,%K 1 MR25 5322 116 55459
R 2029 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 E R 2101 EESISTOR,H.FILH 30, 1K 1 Mr25 5322 116 54655
R 203  RESISTOR,M.FILM 237 1 MR25 5322 116 50679 R 2102 RESISTOR,M.FILM 953 1 MR25 5322 116 54547
R 2031 RESISTOR,M.FILM  23,7K 1 MR25 5322 116 54646 - R 2103 RESISTOR,M.FILM  2,37K 1 MR25 5322 116 54576
R 2032 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 - R 2104 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2033 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 : R 2106 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2034 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 $ R 2107 RESISTOR,M.FILM  15,2K 1 mMr25 5322 116 55361
R 2036 RESISTOR,M PILM 150K 1 MR25 4822 116 51268 ] R 2108 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2037 RESISTOR,M fILM  5,36K 1 MR25 5322 116 54597 R 2109 RESISTOR,M.FILM 487 1 MR25 5322 116 55451
R 2038 RESISTOR,M FILM 1K 1 MR25 4822 116 51235 R 211  RESISTOR,M.FILM 237 1 mMr25 5322 116 50679
R 2039 POTM, TRIMMING 4,7K 20 0.5W 5322 101 14292 RESISTOR,M.FILM  2,74K 1 MR25 5322 116 50636
R 204  RESISTOR,M.FILM 237 1 MR25 5322 116 50679 5 %%%g RESISTOR,M.FILM  10,3K 1  MR25 5322 116 50731
R 2041 RESISTOR.M.FILM  5,38K 1 MR25 5322 116 54597 R 2113 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2042 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 2114 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2043 RESISTOR,M.FILM  1,37K 1 mMR25 5322 116 50728 R 2116 RESISTOR.M.FILM  5,11K 1 MrR25 5322 116 54595
R 2044 RESISTOR,M.FILM  22,5K 1 MR25 5322 116 50481 ESISTOR,M.FItM 511 1 MR25 5322 116 54192
R 2046 RESISTOR,M.FILM  2,05K 1 MR25 5322 116 50664 2 5%%5 ;EsxswnR,H.FILn 75K 1 MR25 4822 116 51267
R 2047 RESISTOR,M.FILM 100 1 mMrR25 5322 116 55549 R 2119 RESISTOR,M.FILM 5,11 1 Mrz25 5322 116 54192
R 2048 RESISTOR,M.FILM  26,9K 1 MR25 5322 116 54648 1 R 212  RESISTOR,M.FILM 237 1 MR25 5322 116 59679
R 2049 RESISTOR,M.FILM 154K 1 MR25 5322 116 54714 R 2121 RESISTOR,M.FILM 10K 1 MrR25 4822 116 51253
R 2051 RESISTOR,M.FILM 156K 1 MR25 5322 116 54714 2122 RESISTOR,M.FILM  3,01K 1 MR25 4822 116 51246
R 2052 RESISTOR,M.FILM 1K 1 MR25 4822 116 51235 5 2123 RESISTOR,M.FILM 20,5K 1
R 2053 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 2124 RESISTOR,M.FILM 10K 1 MR25 8822 116 54853
R 2056 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 2126 RESISTOR,M.FILM 5,11 1 MrR25 5322 116 54192
R 2056 RESISTOR,M.FILM 18K 1 MR25 4822 116 51253 R 213 RESISTOR,M.FILM 237 1 MR25 5322 116 50679

R 2057 RESISTOR,M.FILM 51,1k 1 MR25 5322 116 50672 R 214 RESISTOR,M.FILM  1,15K 1 MR25 5322 116 50415
R 2058 RESISTOR,M.FILM  51,1K 1 MR25 5322 116 50672 R 216  RESISTOR,M.FILM  1,15K 1 MR25 5322 116 50415
R 2059 RESISTOR,M.FILM 10K 1 mMR25 4822 116 51253 R 217 RESISTOR,M.FILM  1,15K 1

R 206  RESISTOR,.M.FILM 237 1 mMrR25 5322 116 50679 R 218  RESISTOR,M.FILM 1,15K 1 MR25 5322 116 50415
R 2061 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 219  RESISTOR,M.FILM  1,15K 1 MR25 5322 116 50415
R 2062 TOR,M.I M 10K 1 MR25 4822 116 51253 LM.FILM  1,15K 1 mMR25 5322 116 50415
R 2063 TOR,M F M 154K 1 MR25 5322 116 5471% 5 53% gggiglgg,M.FILM 237 1 MR25 5322 116 50679
R 2064 TR, M | M 511K 1 MR25 5322 116 55258 R 223 RESISTOR,M.FILM 237 1

R 2066 TOR,M I M 7,15K 1 MR25 5322 116 54606 R 231 RESISTOR,M.FILM  20,5K 1 MR25 5322 116 58648
R 2067 TOR,M £ M 7,15K 1 MR25 5322 116 54606 R 232 RESISTOR,M.FILM  20,5K 1 MR25 5322 116 54643
R 2068 RESISTOR,M.FILM 100K 1 MR25 4822 116 51268 RESISTOR,HT 5,6M 5 VR25 4822 110 72207
R 2069 RESISTOR,M.FILM  3,83K 1 MR25 5322 116 54589 E 518? RESISTOR,M.FILM 100K 1 MR25 4822 116 51268
R 207  RESISTOR,M.FILM 237 1 MR25 5322 116 50679 R 2402 RESISTOR,M.FILM 100K 1 mMR25 4822 116 51268
R 2071 RESISTOR,M.FILM 169K 1 MR25 5322 116 54718 R 2403 RESISTOR,M.FILM 100K i MR25 4822 116 51268
R 2072 POTM, TRIMMING 190K 20 8.5W 5322 100 10116 R 2404 RESISTOR,M.FILM 100K 1 MR25 4822 116 51268




POSHR

R 2405
R 2406
R 2407
R 2408
R 2409

R 241
R 2410
R 2411
R 2412
R 2413

R 2414
R 2415
R 2416
R 2417
R 2418

R 2419

DESCRIPTION

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR, M, FILM
RESISTOR,H:FILH

RESISTOR,M.FILM
RESISTAR,HT
POTH, TRIMMING
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR, M. FILM
RESISTOR,HT
POTM, TRIMMING
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR, CARBAON

RESISTAOR, CARBON
RESISTOR,M.FILN
RESISTOR,M.FILM
RESISTOR, CARBON
RESISTOR,M.FILM

RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILA

RESISTOR,M.FILM
RESISTOR, CARBON
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR, M. FILM

RESISTOR,M.FILM
RESISTAOR, M, FILM
RESISTOR,M.FILM
RESISTOR.M.FILM
RESISTOR, M. FILM

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR,M.FILM
RESISTOR M FILM
RESISTOR M FILM
RESISTOR M FILM
RESISTOR,C. RBON

RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTQR, CARBON
RESISTAR, CARBON

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR,M.FILA
RESISTAR,M.FILA
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ORDERING ¢QDE

5322 116 54099
4822 116 51259
5322 116 50731
5322 116 54608
5322 116 50767

4822 116 51252
4822 110 72192
5322 101 14008
5322 116 50664
5322 116 55153

5322 116 54442
4322 118 72201

5322 101 14069
5322 116 50414
5322 116 55549

4822 116 51235

4822 111 30309

4322 111 30347
4822 116 51235
5322 116 50586
5322 111 30376
5322 116 54506

5322 116 54505
4822 116 51252
5322 116 54597
5322 116 54635
5322 116 54643

5322 116 50514
4822 111 30067
5322 116 54453
5322 116 54476
3322 116 54478

4822 116 51252
5322 116 54502
4822 116 51253
5322 116 54606
5322 116 54192

5322 li6 54743
5322 116 50451
5322 116 55549
5322 116 55428
5322 116 50675

5322 116 54013
5322 116 50442
5322 116 54472
5322 116 50569
5322 116 50622

5322 116 50672
5322 116 50569
5322 116 50583
5322 116 54005
5322 111 30396

4822 116 51252
5322 116 54734
5322 116 50491
4822 111 30348
4822 111 30067

5322 116 55535
5322 116 51369
5322 116 54729
5322 116 54462
5322 116 50895

2 1
R 2472

2 2535

» 2536
R 2539
R 254
R 2540
R 2541

DESCRIPTION

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,CARBON
RESISTOR, CARBON
RESISTOR, M. FILM

RESISTOR, M, FILM
RESISTOR, M. FILM
RESISTOR, M. FLILM.
RESISTAR, M. FILM
RESISTOR, M. FILM

RESISTOR,M.FILM
RESISTOR, M. FILM
POTM, TRIMMING

RESISTOR,M.FILM
RESISTOR, M. FILM

RESISTOR,M.FILM
RESISTOR, M. FILA
RESISTOR, M. FILM
RESISTOR, M. FILM
RESLSTOR, M, FILA

RESISTOR, M. FILM
RESISTOR, M. EILM
RESISTAR, M, FILM
RESISTAR, M. FILM
RESISTOR,M.FILM

RESISTOR,M.TILNM
RESISTOR, M. FILM
RESISTOR,M.EFILM
RESISTAR, M EILM
RESISTOR, M, FILM

RESISTAR, M, FILM
RESISTOR. M. F
RESISTOR, M. F
RESISTOR, M. F
RESISTOR, M. F

RESISTOR,M.FI
RESISTOR, M. FI
RESISTOR, M. FILM
RESISTOR, M. FI
RESISTOR, M. FI

RESISTOR, M. FILA
RESTSTOR, M. FILN
RESISTAR, M. FILA
RESTSTOR, M. FILM
RESISTOR, M. FILA

RESISTAR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M, FILA
PFOTM, TRIMMING

POTM, TRIMMING

RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M, FILM
RESTSTOR, M. FILH

RESISTNAR, M. EILM
RESISTOR, M. FILM
RESISTOR. M. FILN
POTH, TRIMMING

RESISTOR, M, FILM

24TH, TRIMMING
RESISTOR, M. FI
RESISTOR, M. F1
RESISTOR, M. §§

L
LM
LM
RESISTOR, M. FILM
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ORDERING CODE

4822 116 51252
4822 116 51235
4822 111 30309
5322 111 44153
5322 116 51371

5322 116 54442
4822 116 51235
5322 116 51052
4822 116 51268
5322 116 51052

5322 116 55218
42822 115-512
5322 106 54969

5322 116 54192

5322 116 50895
5322 116 55283
5322 116 54464
5322 116 54192
5322 116 55366

4822 116 51252
5322 116 55366
5322 116 51369
5322 116 54674
5322 116 55365

5322 116 54597

5322 116 34432
5322 116 54519
5322 116 55549

5322 116 55549
5322 116 54597
5322 116 50571
4822 116 51252
4322 11% 51268

5322 115 50561
5322 116 54558
5322 116 54632

5322 116 54442

5322 118 55549
4822 116 51235
4822 116 51233
4822 116 51252
5322 116 55549

5322 116 55452

8822 116 54268
5322 116 50452
5322 100 10112

5322 100 10112
5322 116 54552
5322 116 54442
4822 116 51252
5322 116 55549

5322 116 55459
5322 116 54567
5322 116 54552
5322 100 10113
5322 116 55549

5322 100 10112
5322 116 55366
4822 116 51252
5322 116 55549
5322 116 50583
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12:35 i

POSNR  DESCRIPTION ORDERING CUDE POSHR  DESCRIPTION ORDERING CODE
R 2542 RESISTOR,H.FILM 1,4K 1 MR25 5322 116 54562 R 261 RESISTAR, M, FILA L31K
R 2543 RE31sT0R.M.FILH 301 1 MR35 5322 116 55366 R 2673 B0y ;5§n'1ug S.41% L) WRep 4822 116 33dee
R 2545 RESISTOR,M.FILM 150 1 MR25 5322 116 54486 weS s el 86.6 1 MR25 5322 116 54464
R 2546 RESISTOR,M.FILA 992k 0,5 SPEC 5322 116 55153 R 2613 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2547 Re3ISTOR, M. FILM 10 1 MR25 5322 116 50452 R 2614 RESISTOR,M.FILM 18,7 1 MR25 5322 116 50895
R 2543 RESISTOR,M.FILM 51,1 1 MR23 5322 116 54442 315 M.
R 5249 REs1STOR.M FILM  2,47¢ 1 MR25 5322 116 30414 R 2619 RESERTBRSH.ERLH  ,402k 1 VR3S 8333 116 83783
R %gg% RESTSTOR, M, FILM %5; % mE%g gg%% iig 52%82 R 2618 RESISTOR,M.FILM 3,11 1 MR25 5322 116 54192
I\ REST13TAR.M FILM ‘ R 2619 RESISTAR,M.FILA 306X 0,5 MR25 5322 116
R 2553 RESISTOR,M.FILM  5,38K 1 MR25 5322 116 54397 R 262 RESISTQR,M,FILM  §,81K . i MR25 4822 116 21%%%
R 2554 RESISTOR,M.FILM  71,5K 1 MR25 5322 116 54685 R 2621 3 e ,
R 5856 RE31TOR.M.EILM  20,5% 1 MR25 3322 115 54643 R 2620 RESIRAR:MEHER  S3p2¢ 1 MR35 8333 116 84544
R 2557 RESISTOR,M.FILM  5l.1 1 MR25 5322 116 54442 R 2623 RESISTOR,M.EILM - 5,34K 1 MR25 5322 116 54597
R 2558 REIISTOR,M, FILM 1K 1 MR25 4822 116 51235 R 2624 RESISTOR,M.FilM 11¥ 1 MR25 E%%% i 54623
R 2559 RESISTOR,CARBON 10 5 CR16 4822 111 30347 2 2626 RESISTOR,M.FILM 133 1 MRZ25 ?[8 54482
R 256  RESISTAR,™,FILM 6,81K 1 MR25 4822 116 51252 R 2627 RESISTAR,M.FILM 402 1 MR25 5322 116 54519
R 2560 REZISTOR,.H.FILM 1,354% 1 “R2s 5322 116 50585 R 2628 RESISTOR,M.FILM 5,38% 1 MR25 5322 116 54597
R 2561 RESISTOR, M, FILM 1K 1 mrz2s 4822 116 51235 R 2529 REBLSTOR,m.FILM 15,4% 1 ®R25 5322 116 53459
R 2562 RESISTOR,CARBOM 100M 5 09,1254 5322 111 30376 R 263 RESISTOR,M.FILM  4,31K } MR25 ﬁggg 51252
R 2564 RESISTOR,M.FILM 511 1 5322 116 54192 R 2631 RESISTOR,M.FILM 681 M825 i%g 51233
R 2565 RESISTOR,M.FILM 51,1 1 mMRzs 5322 116 54442 R 2632 57T0R, M, FILM
R 2566 RESISTOR.M.FILM  2,37X 1 MR2S 5322 116 54576 R 2082 RESISTORD-ELN  £3%F 1 WR38 4822.116 842E%
R 2308 RESLITORCMIN % 1 fhze 5300 116 oades R2ese RESISTORMLEILY 3,25 1 mR25 9322 116 54558
2l - ) 2513 A
R 525 RELAT0R.MFItr 6,31k 1 MR35 4822 116 51252 R 2836 REILITER:MLELLR 19oBf 1 PR23 8333 118 54838
2 2571 RESISTOR, M. FIidt 115 1 MR25 5322 116 54476 R 2638 RESISTOR,M.FILM 33,7k 9,3 MNMR25 5322 116 55452
R 2572 RESISTOR,HM.FILM 124 1 MR25 5322 116 54478 R 2639 RESISTOR,M.FILM ?,15% 1 MrR25 5322 116 54606
R %g;i RESISTOR, M. EILA g261 % Mszg gg%% %%g Eiggﬁ R 264  RESISTOR,M.FILM  5,81K 1 MR23 4822 116 51252
R RESTSTOR, M, FILM L, 09K MR 2 564 MUEILM
R 9375 RESISTORM.FILM 100 1 MR25 5322 116 55549 R 3855 BERASTARANEL 1098 L1 MR23 8322 bbb 303
R 2576 P0TM, TRIMMING 22K 20 2.34 5322 101 14069 R 2643 #OTH, TRIMMING 1% 20 0,54 5322 100 19112
R 2577 RESISTOR,M.FILA 100 1 MR25 5322 116 55549 R 2644 RE3ISTOR,M.FILA 1,058 1 MR25 5322 116 54552
R 2578 RESISTOR,M.FItH  8,06X 0,5 mMrR25 5322 116 55428 R 2646 RESISTOR,M.FILM 51,1 1 MR25 5322 116 54442
R 2579 RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675 R 2647 RESISTOR,M.FILM 15, 4K 1 MR25 5322 114§ 55453
R 258  RESISTOR,M.FILAM £,81K 1 MR25 4822 116 51252 41 R 2548 RESISTOR,M,FILM 1,69K 1 MR25 5322 116 54567 "
R 2580 RESISTAR,M.FILM 4,81 1 mMRrzs 5322 116 54013 : R 2649 RESISTOR,M.FILM  7,15%K 1 MR25 5322 11& 54606 :
2 2581 RESISTOR,M.FILM  4&,7K 1 MR25 5322 116 50442 ] R 2651 RESISTOR,M.FILM 100X 1 HMR25 4822 116 51268
# 2582 RESISTOR,M.FILM 105 1 MR25 5322 116 54472 ; R 2652 RESISTOR, M. FILM 1,87K 1 MR25 5322 116 50728
R 2583 RESISTOR,M.FILM 90,9 1 MR25 5322 116 54466 R R 2653 RESISTOR,M.FILAM 33,2K 1 MR25 4822 116 51259
R 2584 RESISTOR, M. FILM 5,9¢ 1 #rR25 5322 116 50583 E R 2654 RESISTOR,A.FILM  1,05K 1 MR25 5322 116 54552
R 2585 RESISTOR,M.FILM  51,1K 1 MR25 5322 116 50672 ” S1SI9%.0M,FIL 30,1 1 MR25 5322 116 50904 !
R 5886 RE315708,CARBON 52 5 cris 5322 111 30396 i 8 2889 BHRATATAMLAS {5« 20 0,3% 5322 100 10113
R RESIS L F . 3 5,31% :
R 2889 RESISTOR,M.FILM 22,6 I me23 5322 116 50491 R 2881 BEAIRTANIAS g 20 WRen 4823 146 21388 :
R 259  RESISTOR,M.FILM  6,81K 1 MR25 4822 116 51252 8 2662 RESISTOR,M.FILM  30.1 1 MR25 5322 116 50904 ;
R 205 seplslomcameon 57 2 GNe 4855 111 30087 Roghes RESIsTOm-uih  Shya¢ L PRED 4822100 51259
R SIS , CARBOY 5  CR1 3INR. - 22
R 5293 ESISTOR.M.FILM 808K 0.5 WR25 5322 116 51369 : R 2868 RESISHRR:MFILH o 1 WRes 3822 116 31522
g 2594 RESISTOR,M.FILM 226K 1 MR25 5322 116 54729 : R 2666 RESISTOR,M.FILM 226K 1 ®e25 5322 116 54729
R 2595 RESISTOR,M.FILM M 1 MR25 5322 116 55535 - R 2667 RESISTOR,M.FILA 226K 1 MR25 5322 116 54729
z 2596 RESTSTOR.M.FILM 82,5 1 MR25 5322 116 54462 . R 2668 RESISTOR,M.FILM 226K 1 MR25 5322 116 54729
R 2597 RESISTOR, 0. FILM 18.7 1 MR25 5322 116 50895 : R 2669 RESISTOR,M.FILM 226K 1 MR25 5322 116 54729
R 2598 RESISTOR,CARBOM 560 5 cR16 4822 111 30309 ‘: R 267  RESISTOR,M.FILM  §,81K 1 MR25 4822 116 51252
R 2599 RESISTOR,CARBON 15 5 ¢R1s 5322 111 44153 3 R 2470 RESISTOR, M, FILM 511 1 MR25 4822 116 51282
R 2600 RESISTOR,M.EILM 1% 1 MR25 4822 116 51235 R 2671 RESISTOR, M. ELLM  6,31K 1 mR23 4822 116 51252
R 2601 + RESISTOR,M.FILM 200K 9,5 MR30 5322 116 51371 : R 2672 RESISTOR,M.FILM  4,31K 1 MR25 4822 116 51252
R 2602 RESISTOR,M.FILM 51,1 ® MR25 5322 116 54442 i R 2673 RESISTOR,M.FILM 6,31K 1 MR25 4822 116 51252
2 2603 RESISTOR,M.FILM 301 1 mMR2s 5322 116 55366 4 R 2674 RESISTOR,M.FILM 6,81K 1 MR25 4822 116 51252
Q 2604 RESISTOR,M.FILA 42,2 1 MR25 5322 116 51052 R 2675 RESISTOR,M.FILM 1,62K 1 MR25 5322 116 55359
R 2605 RESISTOR, M. FILM 1€ 1 MR25 4822 116 51235 R 2676 RESISTOR,M.FILM 7,5% 1 mr2s 5322 116 54608
2 2606 RESISTOR,M.FILM 100K 1 MR25 4822 116 51268 R 2677 RESISTAR, M. FILM 7,54 1 Mr25 5322 116 54608
R 2607 RESISTOR,M.FILM 301 1  MR25 5322 116 55366 R 2678 RESISTOR,M.FILM  3,33K .1 mr2s 5322 116 34589
r 2608 RESIITOR,M.FILM  42.2 1 mMe2s 5322 116 51052 R 2679 RESISTOR,M.FILM 121 1 MR25 5322 116 54426
R 2609 RESISTOR,M.FILM 920K 0.5 mMR3I0 5322 116 55218 R 268  RESISTOR, M. FILM 6,31K 1 MR25 4822 116 51252




POSNR = DESCRIPTION ORDERING ¢0DE POSHR  DESCRIPTION ORDERING CODE
_ R 2764 RESISTHOR,M.FILM 681K 1 MR25 5322 i
R 2680 STOR,M.FILM  1,62K 1 MR25 5322 212 ! : 116 55284
R 5080 Ro2icrnmM.FTim L.15K boMRe 2322 1R 2adie R 2766 REslslof.m.filft  ¢,31K 1 MR25 4822 116 51252 :
R 2682 RESISTOR,M.FILM 10K 1 MR25 4322 116 51253 5788 RESISTOR,M.FILM 100K 1 MR25 4822 116 51268
z 2683 RESISTOR,M.FILM 10K 1  MR25 4822 116 51253 PR T U T 1K 1 MR25 4822 116 51235
R 2684 RESISTOR,M.FILM 226K 1 Mr25 5322 116 54729 RESISTOR, M. FILA 590 1  nR25 - 5322 116 50561
R 2686 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 277  RESISTOR,M.FILM  4,81X 1 WRzs 4822 116 51252
R 2687 RESISTOR.M.FILM 10K 1 fR3E 5% i 51253 R 2771 RESISTOR,M.FLILM 10K 1 MR25 4822 116 51253
R 2688 RESISTOR,M.EILM 1K MR25 4822 116 51235 R 2772 RESISTOR,M.FILA  §,31K 1 rr25 4822 116 51252
g 269  RESISTOR, M. FILM  6,81K 1 Mrz5 4822 116 51252 R 2773 RESISTOR,M.FILM 22,5 1 MR25 5322 116 50491
2 2600 RESISTOR,M.FILM 1K 1 MR25 4822 116 51235 R 2774 RESISTOR,M.FILM 100 1 mMR25 5322 116 55549
R 2701 RESISTOR, M. FILM 309K 1 MR25 5322 116 55533 R 2775 RESISTOR,M.FILM 2,74K 1 MR25 5322 116 50636
R 2702 @ResSIisSTOR, M. FILM 110K 1 MR25 5322 116 54701 R 2777 RgSISTOR,H‘FILH 3,83K 1 MR25 5322 116 54389
o 2703 RESISTOR,M.FILM 681K 1 MR25 %322 116 55284 R 2778 RtSI%TOR,N.FILH 140 1 MR25 5322 116 55568
R 2704 RESISTOR,CARBON 100M 5 4,125 5322 111 30376 R 2779 RESISTOR,M.FILM 5,11 1 MR25 5322 116 54192
R 2706 RESISTOR,M.FILM 866 1 MR25 5322 116 54543 R 278  RESISTOR,M.FILM 2,26K 1 MR25 5322 116 50675
R 2707 RESISTAR,SAFETY 7,37 1 MR25 5322 116 048% R 2781 RESISTOR,M.FILA 10, 5K 1 Mr25 5322 116 50731
R 2708 RresisTOR,M FILM  5,11K 1 MR25 5322 116 545 R 2782 RESISTOR,M.FItM 511 1 MR25 5322 116 54192
= R 2709 RrESISTAR,M.FILM 511 1 MR25 5322 116 54192 R 2783 RESISTOR, M. FILM 100K 1 MR25 4822 116 51268
R 271  RESISTARLM,FILM  2,26K 1 MR25 5322 116 50675 R 2784 RESISTOR.M.FILM 100 1 MR25 5322 116 55549 -
g 2711 RESISTOR,M.FILA 10 1 MR25 5322 116 50452 R 2786 RESISTOR.H.FILR 10K 1 MR25 4822 116 51253
R 2712 RESISTOR,M.FILM 154X I MR25 5322 116 54714 R 2787 RESISTOR,M.FILM 1K 1 MR25 4822 116 51235
R 2713 RE313TOR.M.FILA 215K 1 MR25 5322 116 54728 R 2728 RESISTOR,M.FILM  30,1K 1 MR25 5322 116 54655
R 2714 RESISTOR,M.FILM 100 1 MR25 5322 116 55549 R 2789 Rg'SIJTOR:ﬁ,FILH 10X 1 MR2S 4822 116 51253
R 2716 RE3I3TOR,M.FILH 10K 1 MR25 4322 116 51253 R 279  RESISTOR,M.FILM  6,31K 1 MR25 4822 11§ 51252
R 2717 RESISTOR, M, FILM 10K 1 MR25 4822 116 51253 R 2791 RESISTAR,M.FILM  30,1K 1 MrR25 5322 116 54655
R 27111 RESTSTAR,M.EILA 511 1 MR25 5322 116 54192 R 2792 RESISTOR,#.FILM 10X 1
R 2719 RESISTOR,M.FLLM 10 1 ™MrR25 5322 116 50452 R 2793 RESISTOR,M.FILM  3,32K 1 MR25 8822 116 54083
9 272 RESISTOR, M, FILM 65,31K 1 MR25 4822 116 51252 R 2794 RESISTOR,M,FILM 28,7 1 MR25 5322 116 50573
R 2721 RESISTOR,M.FILM  6,81K 1 MNMR25 4822 116 51252 R 2795 RESISTOR,M.FILM 154 1 nr25 5322 116 50506
R 2722 QRE515TOR,M.FILM +,22K 1 MR25 5322 116 50729 R 2796 RESISTOR,M.FILM 1€ 1 MR2s 4822 116 51235
2 2723 RESISTOR,M.FILM 1,6K 1 MR25 5322 116 51562 R 2797 RESISTORM.FILM  3,32K 1  HrRz5 5322 116 54005
R 2724 RESISTOR,M.FILM 10% 1 MR25 4322 116 51253 R 2798 RESISTOR,M.FILM 3, 01K 1 mrR25 4822 116 51246
2 2726 RESISTOR,M.EILM 10K 1 MR25 4822 116 glggg R 2799 RéfIBEOR,I"?,FILM 1,54X 1 Mr2s 5322 116 50586
R 2727 RESTSTOR,M.FILM 1X 1 MR25 4822 116 51 R 2801 RESISTOR,M.EILM 10K 1 NR25 4822 116 51253
R 2728 RESISTOR,M.FILM 10¥ 1 MR25 4822 116 51253 R 2802 RESISTOR,M.FILM 10K 1 mR25 4822 116 51253
R 2729 RESISTOR,M.FILM 110K 1 MR25 5322 116 54701 R 2803 RESISTOR,M. FILM 10K 1 mMRzs 4822 116 51253
R 273 RESISTOR, M. FILM 2,26K 1 MR25 35322 116 50675 R 2804 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253
R 2731 RESISTOR,M,.FILM 40, 2% 1 Mr25 5322 116 54665 R 2806 RESISTOR,M.FILM 10K 1 mMe2s5 4822 116 51253
2 2732 RESISTOR,M.FILM 10K 1 mg25 4822 116 51253 R 2887 RESISTOR,M.FILM 19X 1 MR25 4822 116 51253
2 2733 RESISTOR,M.FILM 237K 1 MR25 5322 116 54732 * R 2308 RESISTOR,M.FILM 10K 1 MR25 4822 116 351253
R 2734 QR€SISTOAR,M.FILN 187K 1 Mr25 5322 116 54723 R 2809 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253
R 2736 REIISTOR,M.FILM 2,49K 1 MrR25 5322 116 50581 7 281 RE%ISTOR,M.FILM 2,26K 1 “r25 5322 116 50635
R 2737 RESISTAR,M.FILM  1,69K 1 wmrz5 5322 116 54567 R 2811 RESISTOR.M.FILM 115 1 MR25 5322 116 54476
R 2738 RESISTOR,M.FILM 22,6 1 MR25 3322 116 50491 R 2812 RESISTOR,M.FILM 1K 1 mMRz5 827 11s 51235
R 2739 RESISTOR,M.FILM 205 1 MR25 5322 116 55365 R 2813 RESISTOR,M.FILM 1« 1 MR25 4822 116 51235
R 274  RESISTOR,M.F(LM  6,81K 1  mR25 4822 116 51252 R 2811 RESISTOR,H.FILM 590 1 MR25 5322 116 50561
R 2741 RESISTOR,M.FILM 581K 1 MR25 5322 116 55284 R 2816 RESISTOR,M, FILM 10K 1 MR25 4822 116 51253
R 2742 Re51STOR.M.FILM  6,81K 1 MR25 4822 116 51252 4 2817 RESISTOR,M.FILM 115 I MRZ5 5322 116 34476
R 2743 RESISTOR,M.FILN 10K 1 MR25 4822 116 51253 4 2818 RESISTOR M.EILM 511K 1 MR25 5322 116 54595
R 2744 RESISTOR,M.FILM 10K 1  MR25 4822 116 51253 R 2819 POTH, TRIMMING 220 20 u,54 5322 101 14009
R 2746 RESTISTOR,M.FILM 10K 1 MR25 4822 116 51253 R 282  RESISTOR,M.FILM  4,31K 1 MR25 4822 116 512
R 2747 RESISTOR,M.FILM 51,1 1 MR25 5322 116 54442 R 2820 RESISTOR,M.FILM 787 1 mR25 5322 116 545?5
R 2748 RESISTOR,M.FILM 590 1 ng25 5322 116 50561 ; R 2821 RESISTOR,M.FILM 22,5 1 rrzs 5322 116 50491
R 2749 RE3ISTOR,M.EILM 10% 1 rR25 4822 116 51253 : R 2822 RESISTOR, M. FILM 383 1 MR25 5322 116 55368
R 2751 RE3I5TOR,M.FILM 715 1 MR25 5322 116 50571 R 2823 RESISTOR,M.FILM 511 1 MRz3 4322 116 51282
R 2752 RESISTOR, M, FILM  82,5¢ 1 MR25 5322 11é 55374 R 2824 RESISTOR,M.FILM  1,54K 1 MR23 3322 116 50586
R 2753 POTH, TRIMMING 220 20 ,56 5322 101 2568 R 2325 RESISTOR,M.fILt  51.1 1 Mr25 5322 116 54442
R 2754 RESISTOR,M.FILM  2,37K 1 mrR25 5322 116 54576 R 2826 RESISTOR,M.FILH 22,6 i MR35 5322 116 50491
R 2756 RESISTOR,HM.EFILM 3,43K 1 Mr25 5322 116 55367 R 2327 RE:IZTDR;MJ-ILM 2,49K 1 MR25 5322 116 50581
% 2757 RESIATAR,M.FILM  82,5K i MR25 5322 116 55374 R 2828 RESISTOR,M.FILM  1,27K 1 MR25 5322 114 50555
R 2758 RESISTOR,M.FILM 215K 1 mMR2S 5322 116 54728 E %g§9 RESISTOR,M.FILN 590 1 MR25 5322 116 50561
] 2759 RESISTOR,M.FILM 442 1 MR25 5322 116 50592 R 282, RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675
R 276  RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675 R RESISTOR,M.FILM 51,1 1 HMR25 5322 116 54442
R 2761 RESISTOR,M.FILM 75K 1 MR25 4822 116 51267 R 2831 RESISTOR.M.EILM 1,15€ 1 MR25 5322 116 50415
R 2763 RESISTOR,m.FILM 205 1 MR2Z5 5322 116 55365 2832 RESISTOR,M.FILM 22,8 1 MR25 5322 116 50491
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DESCRIPTION ORDERING CODE
ORDERING CODE
POSNR  DESCRIPTION RESISTOR,M.FILM 205 L WR25 5322 116 58365
RESISTOR, M. FLLM  1,21K MR25
R 2833 ResIsTOR,M.FILM 511 1 mezs 4822 110 51282 RESISTOR,M.FILH  27,4K 1 MR25 5322 116 50559
R 2834 RE5ISTOR,M.FILM 2256 1 M2 2355 24515 RESISTOR,M.FILM  2,05K 1 MR25 5322 116 50664
R 2835 RESISTOR,M.FILW 348 i nR2s 5322 116 RESISTOR,M.FILM 511 1 MR25> 4822 116 51282
2 2836 RESISTOR,M.FILM 1,62K 1 MR25 E%%% 116 55359
R 2837 RESISTOR, M. FILM  4,22K 1 MR25 116 50729 RESISTOR,MLELLY 218 1 MR25 5322 116 55274
RESISTOR, M. FILM 205 1 nmRzs 5322 116 55365
2 2838 mesisToR.m.FItm  L.e2x 1 MRZD 5322 116 30707 RESISTOR WEILM "10 1 MR25 5322 116 50452
R 2839 RE3ISTOR,M.FILM  22.6 1 5 5322 116 50491 RESISTOR, M. FIL 2,05k ~ 1 MR25 5322 116 50664
R 284  RESISTOR,M.FILM  §,31K 1 mr25 4322 118 51252 PR R Sl i MRz5 5322 116 50904
R 2840 RESISTOR,M.FILNM 51,1 1 MR25 5322 116 54442 =
R 2841 RESISTOR,M.FILM 22,4 1 MR25 5322 116 50491 RESISTOR,M.1 32,54 1 rne2s 5322 116 55374
RESISTOR,M.F 10 1 MR25 116 55
~R 2842 esIsTOR.M.FILM  L,62¢ 1 NRZ5 5372 119 58359 RESISTORLM. 825 1 NEZ2 355118 2a%i
7 2843 RESISTOR,M.EILM & 220 LWR%e 2322 118 2918 RESISTOR,M.| 2,15€ I MR25 5322 116 50767
R 2844 RESISTORM.FILH  1,62K 1 MR25 5322 RESISTOR, M. 1 511 1 MR23 4822 116 51282 .
R 2845 RESISTOR.M.FILA 34 1 MR25 5322 116 54515
R 2846 RESISTOR,M.FILM 22,6 1 wRz5 5322 116 50491 RESISTOR M FILM  5,11K 1 MR25 5322 116 54595
RESISTOR M FILM 16 1 Mr25 5322 116 50452
R 2847 RESISTOR,M.FILM 10K 1 MR25 4822 116 51253 RESISTOR M FILM 5,11 1 WMR25 5322 116 54505
R 288 rEsalMOILEHE Ak 1Rz 4822 11o%45R3 RESISTOR,M.FILM 4, 64K 1 MR25 3322 116 5043%
< 2 o N
R 5850 RESIATOR.M.FILA 348 1 MR25 5322 116 54515 RESISTOR,M.FILM 205 1 #MR25 5322 116 55365
R 2851 RE3ISTOR,M.FILM 511 1 MR25 4322 116 51282 RESISTOR,M.FILM  1,21K 1 MR25 5322 116 54557
RESISTOR,M.FILM 16,2 1 MR25 5322 116 54431
R 2852 RESISTOR,M.FILM 590 1 MR25 5322 119 50561 RESISTOR,M.FILM 205 1 ™MR25 5322 116 55365
R 2853 RESISTOR,.M. FILM 4,42X 1 MR25 5322 116 50558 RESISTOR, M. FILM 100 1 MR25 5322 116 55549
R 2854 RESISTOR,M.FILM  1,87K 1 MR25 5322 116 50728 RESISTOR,M.FILM  3,81K 1 MR25 4822 116 51246
R 2855 RESISTAR,M.FILM  51.1 1 mR25 3322 115 54442
R 2156 RESISTAR,M,.FILM 10K 1 MR25 4822 116 51253 REAISTAR, M. FILM 10K 1 MR25 4822 116 51253
o RESTSTOR,M.FILM 249 1 MR25 5322 116 54499
2 2857 P0TM, TRIMMING 470 20 8,5W 5322 101 1404 RESISTOR, M. FILM 30,1 1 MR25 5322 116 54655
R 2858 Res15TgR,M.FILM 4,64K 1 MR25 5322 116 50484 RESISTOR,M.FICH 10q 1 MRz 5322 116 55549
2 2859 poTHM,TRIMMING 1K 20 8,5W 5322 100 10112 POTH, TRIMMING 10¥ 20 8,54 5322 100 10113
R 286  RE3ISTOR,M. FILM  2,25K 1 mRz5 5322 116 50675
R 2860 RESTSTOR,M.FILM 348 1 MR25 5322 Li6 54515 RESISTOR, M. FILM 1K 1 MR25 4822 116 51235
RESISTAR, M. FILM  32,5K 1 mMpzs 8822 116 55333
2 2861 pOTH, TRIMMING 1¥ 20 a,54 5322 100 10112 RESIZTOR, M. FILM 681 1 ™r25
R 2862 RESISTOR,M.FILM 8,25% 1 MR25 5322 116 54558 RESISTAR, M. FILM 1% 1 MR25 4822 116 51235
R 2863 RESISIOR, M. FILM 40.2 1 MR25 5322 116 50926 RESISTAR, M. FILM 205 1 MR25 5322 116 55365
R 2864 RESISTOR,M.EILM JE3 1 MR25 4822 116 51235
R 2866 RESISTOR,M.FILH 40.2 1 MR25 5322 116 50925 RESISTOR,M.FILM 205 1 HMg2s 5322 116 55365
RESISTOR,M.FILM 1K 1 mR25 4822 116 51235
R 2867 PQTM, TRIMMING 10% 20 0,54 5322 100 10113 RESISTOR,M.FILM 287 1 MR25 5322 116 54506
2 287  RESISTOR,M.FILM  2.26K 1 MR2s 5322 116 50675 RESISTOR,M.FILM 1¥ 1 mRz5 4822 116 51235
R 2901 &EGI5TOR,M.FILR 1 1 mMrz5 4322 116 51179 RESISTOR,M.FILM  2,15K 1 mRz2> 5322 116 50747
2 2902 RESISTAR,M.FILM 1 1 MR25 4822 116 51179
R 2903 RESISTOR,M.FILM 22,8 1 MR25 5322 116 50491 RESISTOR, M. FILM 511 1 MR25 4822 116 51282
5322 116 55516 ;gs%g%DR,ﬁ,F§tg 1€ 2% MR25 gg%% %%? 51235
R 2904 RESISTOR,M.FILM 2,15 1 MR23 5 SESTARSANF 10K 0. 14 24184
R 2907 RESISTOR,M.EILHM 5,11 1 MR25 5322 116 54192 249 1 MR25 5322 116 54499
R 2908 RESISTOR,M.FILM  5.11 1 MR25 5322 116 54192 RESISTOR, M. FILM 590 1 MR25 5322 116 50561
R 2909 RES{3TAR,M.FILM n 1 Mrz5 5322 1156 55535
R 291  RESISTOR,M.FILM 6,81K 1 mR25 4822 116 51252 RESISTOR, M, FILM 33,2 1 MR25 5322 116 50527
RESISTOR, M, FILM 100 1 MR25 5322 116 55549
R 2910 fOTM, TRIMMING 2,2% 20 8.5W 5322 101 14008 RESISTOR, M, FILM 274 1 MrR25 5322 1i6 54504
R 2011 POTH, TRIMMING 100% 29 n.5W 5322 101 14071 RESISTOR, M. FILM 160 1  MR25 5322 116 55549
R 2912 RESISTOR,M.FILM  22,6K L #R25 5322 116 50481 RESISTOR,M.FILM 26,9 1 MR25 5322 116 50903
R 2013 RESISTOR,M.TILM &, 649K I mrR25 5322 116 54603
R 2914 RESISTOR,H.FILM 105K 1 MrR25 5322 116 54698 RESISTOR, M. FILMA 750 1 MrR25 4822 116 51234
POTH, TRIMNING 2,2% 20 0.5W 5322 101 14008
R 2916 RESISTOR,M.FILM 10K 1 mR23 4822 116 51253 RESISTOR, M, FILA 261 I MR25 5322 116 54502
R 2917 RESISTOR,M.FILM 121X 1 MR25 5322 116 54704 RESTSTOR, . FILM 274 1 mMR25 5322 116 54504
R 23518 RESISTOR,M.EItM 481 1 mpes 4822 116 51233 RESISTOR, M. FILM 2,37X 1 MR25 5322 116 50414
2 5910 REIISTOR M.FILM  2,49K 1 MR25 5322 116 50581
R 202 RESISTOR,M.FILM  2,256K 1 mrR25 5322 116 50675 RESISTOR,M.FILM  2,87% 1  MR25 5322 116 50414
RESISTOR,M.FILM  2,26X 1 MR25 5322 116 50675
R 2921 RESISTOR,M.FILM  5,11K 1 MR25 5322 116 54595 RESISTOR,M.FILM 249 1 wez5 5322 116 54499
R 2922 RESISTOR,M.FILA 5,11K 1 MR25 5322 116 54595 RESISTOR,M.FILM 3,33¢ 1 MR25 5322 116 59589
R 2923 RESISTAR,HM.FILM 10K 1 MR25 4822 1lé 51253 RESISTOR.M.FILM 75 1 MR25 5322 116 54459
R 2924 RESISTOR,M.FLLM 6,81K 1 MR25 4822 116 51252
R 2925 RESI3TOR,M.FILN 205 1 MR25 5322 116 55365 RESISTOR,M.FILM  90.9 1 MR25 5322 116 54466
RESISTOR, M, FILA 178 1 MR25 5322 116 54492
R 2926 RESISTOR,M.FILM 1K 1  mR25 4822 116 51235 RESISTOR, M, FILN 178 1 mMR25 5322 11s 54492
R 2927 RESISTOR,M.FILM 1K 1 MR25 4822 116 51235 RESISTOR, M. FILH 100K 1 Me25 4822 116 51268
R 2028 RESISTOR,M.FILM 1K 1 MR25 4822 116 51235 RESISTOR, M. FILH A,31K 1 MR25 4822 116 51252
R 2929 RESISTAR,M.FILN 1X 1 MR25 4822 116 51235
R 203  RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675
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DESCRIPTION

RESISTOR, M. FILM
RESISTOR, M. FLILM
RESISTOR, M, FILM
POTH, TRIMMING

RESISTOR, M. FILM

RESISTOR, M. FILN
RESISTOR, M. FILN
REZTSTOR, M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR, M. FILM
RESISTAR,M.FILM
POTH, TRIMMING

RESISTOR,M.FILM
RESISTOR, M. FILM

RESTSTOR,M.FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR,M.FILM
RESISTOR,M.FILM

RESISTOR,M. FILM
RESISTOR,M.FILM
RESISTOR, M. FILA
RESISTOR, M, FILM
RESISTOR, M. FILA

RESISTOR, M.
RESISTOR, M,
RESISTOR,M.
POTM, TRIMML
P0TH, TRIMMT

=
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!
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RESISTAR, M. F
RESISTOR,M.F
RESTSTOR, M, £
RESISTOR, M. F
RESISTOR, M. F
RESISTOR, M, FILN
RESISTOR, M. FILA
RESTISTOR, M, FILM
RESISTOR,M.FILM
RESISTOR, M. FILM

RESISTOR, M. FILA
POTH, TRIMMING
POTM, TRIMMING
POTM, TRIMMING
207M, TRIMMING

POTM, TRIMMING
POTM, TRIMMING
POTH, TRIMMING
2QTM, TRIMMING
POTH, TRIMMING

RESISTOR, M, FILM
RESISTAR,M.FILM
RESISTOR, M. FILM
RESISTOR,M.FILA
RESISTOR,M.FILM

RESISTOR,M.FILM
POTH, TRIMMING
POTH, TRIMMING
POTM, TRIMMING
RESISTOR, M. FILM

RESISTAR, M, FILM
POTH, TRIMMING

RESISTOR,M.FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
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32,5K

10K
14,7K
6,81K
5,31K
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116
116
116
101
116

116

;ODE

54623
56459
50675

14008
54095

56465

54608
14066
140646
14066

14066

10118
10118
10113
10118
14066
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DESCRIPTION

RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR,M.FILN
RESISTOR,M.FILM

a3

TOR,M.FI
TOR,M.FI
TOR, M. FILM
TOR,M.FL
T0R,M.FI

I[STOR, M. FILM
SISTOR, M. FILM
RESISTOR, M, FILM
RESISTOR, M. FILA
RESISTOR, M. FILM

o (N M
WD VWY
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Mo 0NN 0

mra

RESISTOR,M.F
RESISTAR,M.E
RESISTAR, M. FILM
RESISTOR, M. FILM
RESISTAOR, M, FILM

RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM

RESISTOR,H.FILA
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILA

RESISTOR, M ETLM
RESISTOR, M. FILA
RESISTOR, M. FILM
RESISTOR, M. FILA
RESISTOR, M. FILA

RESISTOR, M. FILM
POTH, TRIMMING

RESISTOR, M, FILM
RESISTOR, M, FILM
RESISTOR, M. FILM

RESISTOR,M.FI
RESTSTAR,M.FIL
RESISTOR, M. FILM
RESISTOR,M.FI

I

RESISTOR,M.FILM
RESISTAR, M. FILM
RESISTOR, M. FLILM
RESISTOR, M. FILM
RESISTOR, M. FILM
RESISTOR, M. FILM
€

RESISTAR, M. £ ILM
RESISTOR, M. FILM
RESTSTOR M, FILM

RESISTOR, M. FILA
RESISTOR.M.FILA
RESISTOR,M.FILM
RESISTOR, M, FILM
RESISTOR, M, FILMA

RESISTOR, M, FILM
RESTISTAR, M. FILM
RESTSTOR, M. FILNM
RESISTOR, M. FILM
RESISTOR, M. FLLH

[ i el =

s bl bt s b e b e
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ORDERING

5322
5322

116
116

1241
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“‘ POSNR  DESCRIPTION ORDERING ©ODE
Too RIS oK % bt BE N
R 3306 RESISTOR,M.EILN 1K 1 MR25 4822 116 51235 1 =) - '
R TR el 1o aB kel e w1 I g A
I5TOR, M. FILM EARIE
R 3300 RESISTOAIM FILA 316 [ MR25 5322 116 54511 R 604 RESISTOR.M.FILM 121 T NRES 8395 118 5426
R 1310 RESISTOR,M.FILN 1K 1 MR25 4822 116 51235 R 606 RESISTOR,M.FILM  5.11 1 Mggg g%%% 116 54192
T A OO N e ey pounenwoi i
RESISTOR, M. FIL , 3Ms 1 MR25 5322 116 55448
X 2 : R 609 RaSESTARBMSEILM  ¢,02K
CBD GOl S0 1 G oS g Sl W e s ol o
R 3315 RESISTOR,M.Filtm 619 1 wr25 5322 116 54451 R 701  RESISTOR, M. FILM 105 1 Q;gg gg%% %%g géﬁzg
R 3316 RESISTAR,M.FILW  9,89K 1 MR25 4822 116 531284 - R 702 RESISTOR,M.FILH 4ZD§§ 26 R2> 2325 101 40098
e S e 1 WRos oals 1o 2pALY R 301 RELIATOR M 33K 2 oxi 20 5397 111 94255
3318 RESISTOR,M. Y MR25 z A 5 101 64032
R 3401 =RESISTOR,M.FILM 31,1 1  MR25 5322 116 54442 R9 POTM, CARB+SW. 47K 20 0.lW 5322
R 3402 RESISTOR,M.FILM 316 1 MR25 5322 116 54511 R 901 RESISTOR, M. FILM 2,26 1 MR25 5322 116 50675
R 3403 RESISTOR M.FILM 316 1 MR25 5322 116 54511 R 02 R lin ,198, 1 WRzs 9322 118 28er2
R 3404 RESISTOR M.FILM 133 1 MR25 5322 116 54482 j 2ia T ’ 1 ®rR25 5322 116 50675
R 3406 RESISTOR M.FILM 825 1 MR25 5322 116 54462 R 904 RESISTORM.FILH - 2,28K
. ¢ R 905 RESISTAR,M.FILM  §,02K 1 MR25 5322 116 55448
EE EEmIED OB 1M SBIRRE o
RESISTOR,M.FILM MR25
’ R 906 RESISTAR,M.FILM  2,26K 1 MR25 5322 116 50675
5 R 907 RESISTOR,M.FILM  2,26X 1 MRez5 5322 116 50675
el R B R S e Roge rEsamcrcln Dk i MBS o8 g ok
Rgile meslamortcht s2 1 MRS 292 mag 3693 R O11 RESISTOR.M.FILM 2,261 1 "Res 5322 116 50675
R 3417 RE3ISTOR,M.FILM 215 1 MR25 5322 116 55274 ! R 912 RESISTOR,M.FILM 2,26% 1 MR25 5322 116 50675
R 3418 RESISTOR,M.FILM 10 1  mMr25 5322 116 50452 :
R 3410 RE3ISTOR.M.FILM 215 1 MR23 5322 116 55274 ; v 1 BOARD,PRINTED  D14-292GH/39 PH 5322 131 24086
R 3421 RESISTOR,M.FILM 51,1 1 MR25 5322 116 54442 V 1101 DIODE,REFERENCE BZX79-C3V2 PH 54)322 1%8 34382
R 3422 RE5ISTOR,M.FILA 619 1 MR25 4822 116 51232 : V 1102 DIADE,REFERENCE BZVL3 PH 32 130 34301
R 3423 RESISTOR,M.FILH 1K 1 MR25 4822 116 51235 ] V 1103 TRANSISTOR 3F324 PH 4822 130 41448
¢ 1104 DIODE,REFERENCE BZX79-C3V3  PH 5322 130 31504
R 3426 RESISTOR,M.FILM 422 1 MR25 5322 116 50459 :
R 3427 RESISTARIM.EILM 10X 1 MR25 4822 ll6 51253 : v 1106 TRANSISTOR BC5588 PH jg%% 1%0 44197
R 3428 RESISTOR,M.FILM  2,61K 1 MR25 5322 116 50671 V 11707 DIODE BARS2 PH 2822 130 30613
R 3429 RESISTOR,M.FILM 196 1 MR25 5322 116 55273 v 1108 TRANSISTOR BF199 PH 130 44154
R 3431 RESISTOR,M.FILM 215 1 MR25 5322 116 55274 v H(l)% $E/RN§||§TT%F§ BCsaRe P 325 430 jﬂgg
] i f
R 3432 RESISTOR,M,FILM  6,19K 1 MR25 5322 116 55426
2 3433 RESISTOR,M.FILM  6,19K L WR2S 5325 116 53420 V 1112 DIODE Bﬁuﬁ? o 4322 130 30013
R 3434 RESISTAR,M.FILM  2,15K 1 meee B3935 118 V 1i13  TRANSISTOR 5r139 : 4822 130 30862
R 34356 RESISTOR,M.FILM  2,15K 1 mr2s 5322 116 50767 ; v 1114 GLRQ& RLES FERENCE BZXT9-C9V1 Eﬁ 4892 130 44197
R 3437 RESISTAR,M.FILM 5Ll *  MR25 5322 116 54442 y 1ie TRANSISTOR (L 1855 130 44154
R 3438 RESISTOR,M.FILM  5L.1 1 MR25 5322 116 54442 q 4822 130 34382
2 3435 RESISTOR,M.FILM  4,64K 1 #rzs 5322 116 50484 V %%%? BiORE REFERENCE 32x79-CaVZ B 4825 130 30613
R 3441 RESTSTOR,M.FILM 196 1 mMrR25 5322 116 55273 v 1301 DIODE 3AWS2 4822 130 30613
R 3442 RESISTOR,M.FILM 196 1 nr25 5322 116 55273 v 1302 - eEnCE 10 . 4322 130 34328
R 4 POTM, CARBHSW. 47K 20 0.1W4 5322 101 64031 v 1303 HRARE  &58R Bé%T8- BH 4822 130 40941
R 401 RESISTOR,M.FILM  6,19¥ 1 Mrz5 5322 116 55426
R 402 RESISTOR.M.FILM  §,19€ 1 MR25 5322 116 55426
R 403 RESISTOR,M.FILM  13,4X 1 MR25 5322 116 55459
R 404 RESISTOR,M.FItM 30,1 1 MR25 5322 116 54655
R 406 RESISTOR,M.FILM  6,19K 1 mres 5322 116 55426
R 407  RESISTAR,.M.FILM  6,19K 1  MR25 5322 116 55426
R 408  RESISTOR,M.EILM 301K 1 MR25 5322 116 54743
2 409 RESISTAR,M.FILM  6,19K 1 MR25 5322 116 55426
R 411 RESISTOR,M.FILM  6,19K 1 MR25 5322 116 55426
R 412 RESISTOR,M.FILM  6,19K 1 mr25 5322 116 55426
R 413  RESISTOR,M.FILM 301K 1 mMR25 5322 116 54743
R 414  RESISTOR,M.FILM  15,4K 1 MR25 5322 116 55459
R 416 RESISTAR,M.FILM  6,19K 1 MR25 5322 116 55426
R 417 RESISTOR,M.FILM  6,19K 1 MR25 5322 116 55426
R 418 RESISTOR,M.FILM 105K 1 MR25 5322 114 54698
R 419 RESISTOR.M.FILM  6,19K 1 MR25 5322 116 55426
R 421 RESISTOR,M.FILM 301K 1 mMR25 5322 116 54743
R 422  RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675
R 423 RESISTOR,M.FILM  2,26K 1 MR25 5322 116 50675
R 3 POTM, CARB+SW. 47K 20 0,1k 5322 101 64031
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2 POSNR  DESCRIP ORDERING caBE
POSNR  DESCRIPTION ORDERING CODE TION
: V 1616 TRANSISTOR 305473 PH 4822 130 40959
V 1304 TRANSISTOR 80435 PH 4822 130 40982 v 1617 DIODE BAX1ZA PH
V 1501 TRANSISTOR 8p237 PH 4822 130 44235 V 1618 TRANSISTOR BUYB9 PH 5322 130 34865
v 1502 DIODE BY509 PH 4822 130 41485 v 1619 DIODE BAMG2 PH 4822 130 30613
v 1503 DIODE BYX55-600  PH 4822 130 41602 V 1621 TRANSISTOR 836 PH 5322 130 44718
V 1804 DIODE BYXB5-600  PH 4822 130 41602
V 1622 TRAN BC543C PH 4822 130 44246
v 1506 DIODE BYX55-600  PH 4822 130 41602 V3822 TRANZISTOR Beaaae bl 1922 135 40959
Y1307 DI1ODE BYX55-600 P 4822 130 41502 V 2002 DIODE HSCH-1001  HP 4822 130 31689
BN BN EORE L ! B b s e
V 1811 DIODE 3YW20-150  PH 5322 130 34711 v 2004 DIODE BAME2 PH 4822 130 30613
V BC55% PH 4822 130 40989
v 1512 DIODE BYW29-150  PH 5322 130 34711 Y 2008 TRANSISTOR i ) 1855 130 41646
. vy 1513 DIODE saxiza P 2322 130 34008 v 2008 QIQOE HSCH-1001  HP 4822 130 31689
V 1216 DIO%E NSEN PH 5322 130 3160? Vv 2009 DIODE HSCH-1001  HP 32%% %38 %%2?%
v 1517 DIODE 34%124 PH 5322 130 34605 V 2011 DIODE BAWS2 PH
2012 DIODE 3462 PH 4822 130 30613
v 1518 DIODE BYW29-150  PH 5322 130 34711 v
vV 1519 DIODE BYW29-150  PH 5322 130 34711 V3913 TRANSISTOR 30558 o 4822 130 49855
V 1253 BIoBE VudeE H 2357 130 34970 v 2016 TRANSISTOR  BFSZZ PH 4822 130 41782
v 1523 TRANSISTOR BC549C PH 4822 130 44246 vV 2017 DIQDE,REFERENCE BZX79~B6V2 PH 4822 130 34167
y 1524 TRANSISTOR 85538 PH 4822 130 40968 y 2018 DBLODE, ReFERENCE BZX79-CLE A 4822 130 34297
T E O A N TR TN N
V 1258 DIODE A Pl 2322 130 20582 V 2097 pl00f RerERence Bzx73-pev2 M 4822 130 34167
V 1529 DIODE BYVIGE PH 5322 130 34979 Vv 2023 TRANSISTOR 8F422 2
v DIODE PH 4822 130 30613
v 1331 TRANSISTOR Beoasc PH 4822 130 44745 V 3038 Dlooc,rererence so473-c1o PH 4822 130 34207
V 1832 THYRISTOR 55563 PH 5322 130 44247 v 2026 DiORE aanes PH 4822 130 30613
v 1233 TR STOR rence aoxya-cavy 3 3935 130 34174 v 2028 TRANSISTOR BC349C PH 4g§2 130 44246
V 1536 TRANSISTOR 35338 PH 4822 130 40968 V 2029 DIODE,REFERENCE BZXT79-B6VS PH 4822 130 34278
4822 130 30842
v 1537 TRANSISTOR 83538 PH 4822 130 40968 Y 20 R REls oR HEH o 4822 130 42846
v 1538 TRANSISTOR BCS59B PH 4822 130 44358 V 2033 TRANS1STOD BC545C PH
£ E 3 R E MRS BE R i
V 1247 O10DE,REFERENCE B2x75-c1v4  PH 4855 130 34047 ' v 2036 DIODE,REFE BZX79~ PH 4822 130 34278
> RE EHCE BZX79-C6V8 PH 4822 130 34278
V 1543 DIODE BAWG2 PH 4822 130 30613 v 203% SRANGISToR o Ct RENIZc PH 4822 130 3427%
¥y 1544 DIODE,REFERENCE LN&23 PH 5322 130 34405 V 2039 DIODE,REFERENCE BZX79-C6VS PH
v I8 NS isToR N B 4822 130 30513 V 2041 DIODE.REFERENGE BZX79-C6VE  PH 4822 130 34278
v 1548 DIODE BYW29-150 PH 5322 130 34711 E Vv 2042 O0IODE,REFERENCE BZX79-C6VE PH 130 3427
DIODE, RE X79-¢ PH 4822 130 34278
V 1549  TRANSISTOR 30237 PH 4822 130 44235 # V 2043 DIODE,REFERENCE BZX73-CHY3
y 1551 THYRISTOR 87151-500%  PH 5322 130 24081 ¥ 2400 DRABBISTOR,FET BaMAA o 2852 130 39043
V 1322 PARNGisToR  sesthe 3 4825 130 44348 V 2402 DIODE Bs 2 PH 4822 130 30613
v 1554 DIGDE,REFERENCE 32X79-C47  PH 4822 130 34383 : v 2403 DIODE Baksz PH 4822 130 30613
V 1556 DI0DE,REFERENGE BzX75-c47  PH 4822 130 34383 v 2404 DIODE ke ot 4935 130 30613
V 1557 DIODE BYW29-150 PH 5322 130 34711 v 2406 TRANSISTOR BFL3O PH 5322 130 40379
v 128 TRANSISTOR beszel P 4822 130 41338 V 2407 IRANSISTOR,FET BC2644 PH 5322 130 44476
y 1259 IRANGISTOR Beses o 4822 150 49240 v 2408 TRANSISTOR 305490 PH 2822 130 44246
' DIODE BAWE2 PH 4822 130 30613
v 1562 DIODE BYW29-150  PH 5322 130 34711 V2399 IGO0, rereRmNcE BaXTo-cSV1  pH 4822 130 34233
V 1563 DIDDE BYW29-150 P 5322 130 34711 V 2410 DIODE 3 AWG 2 PH 4822 130 30613
y 1264 TRANSISTOR BCoaac P 2822 130 49248 V 2411 DIODE BAUE2 PH 4822 130 30613
YV96E z
v 1602 DIODE v224-500  PH 5355 130 34761 v 2412 DIODE BAYGS PH 5322 130 34037
i v 2413 TRANSISTOR 80549¢ PH 4822 130 44246
V 1633 B=88E BAX12A EH g%%% 130 34605 v 2414 TRANSISTOR BC559B PH 4822 130 44358
y reod 3108E gaxiza e [ELREVpNE y 2415 TRANSISTOR 86349¢ PH 4827 130 44246
J 1607 DIODE Shiin PH 8335 130 34005 y 2416 TRANSISTOR EEE: 4 4822 130 443
y 1807 DIOBE BaXlza o 2322 130 34603 V 2417 TRANSISTOR 503598 PH 4825 130 44358
Vv 2418 TRANSISTDR BF326 PH 4822 130 41448
V1609 DIODE o EFERENCE Syyaor it 5322 130 34979 v 2419 TRANSISTOR 2324 PH 4822 130 41448
¥ 161l ’ B2x79-¢12 130 34197 V 542 DIODE,REFERENCE BZX79-C5V1  PH 4822 130 34233
i emelERCG R B dn ol B DSSUEETT B i U
V 515 DIODE BAU62 PH 4822 130 30613 V 2421 DIODE BAMs2 PH 4822 130 30613
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DESCRIPTION
TRANSISTOR
DIODE
TRANSISTOR
TRANSISTOR
DIODE

TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
DIODE,REFERENCE

TRANSISTOR
DIDDE
TRANSISTOR

TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANSISTOR
TRANSISTOR

DI10ODE
TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANSISTOR, FET

DI1ODE
TRANSISTOR
TRANSISTOR
DIODE
TRANSISTOR
DIODE
TRANSISTOR
DIODE
TRANSISTOR
TRANSISTOR
DIODE
TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANEISTOR
DIOD
DI0DE,REFERENCE
DIODDE,REFERENCE

ODE,REFERENCE
ODE

E
TRANSISTOR
TRANSISTOR
DIODE
TRANSICTOR
TRINSISTOR
DIODE
DIQVE
DIODE

BC549C
BAWSE2
BF324
BF324
BAWE2

BC559B
BC549C
8C549C
BC5598
BZX75-C1lV4

BC549C
BAW62

BCS49C
BC549C
BC549¢C

8C549C
BC349C
BC3598
BAWS2
BFW30

BC559B
BC545C
BC26GA
3alé2
BAWE2

BAVAS
8¢5598
3C5598
BAWG2
8€5598

BAWE2
BF324

8C543C

BC5598
BC5438¢C
BAWEZ
BZX75-C2V1
BZX75-C2V8

BZX79-C9V1
BAWSEZ
BAWE2
BAWE2
BZX75-Clva

BAW62
BAWE2
BC2644
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DESCRIPTION

TRANSISTOR
TRANSISTOR
DIODE

DIODE

TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR

TRANSISTOR-.
TRANSISTOR
TRANSISTOR
TRANSISTOR
DIODE

TRANSISTOR
TRANSISTOR
DIODE

DIODE
TRANSISTOR
TRANSISTOR
DIODE
DIODE

TRANSISTOR
TRANSISTOR

DIODE
TRANSISTOR
TRANSISTOR
DIODE, REFERENCE
TRANSISTOR

TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANSISTOR
TRANSISTOR
TRANSISTOR
DIODE

DIODE
DI%DE,REFEREHCE
1

D
DINDE,REFERENCE
DIODE

DIODE
TRANSISTOR
DIODE
DIODE
DIODE

TRANSISTOR
DIODE
DINDE,REFERENCE

TRANSISTOR
TRANSISTOR

TRANSISTOR
DIODE
DIODE

DIODE,REFERENCE
TRANSISTOR

TRANSISTOR
TRANSISTOR

TRANSISTOR
TRANSISTOR
TRANSISTOR

BC549C
8C349C
BAWSZ
BAWEZ
BAWS2

BC5598
BC545C
BFLSS

3C5349C
B8C5598

8C543¢C
BF199
BC545C
8F450
BALSZ

8C549C
3C549C
BAW6EZ
BAWS2
8C349¢C

BC549C
BAWG2
BAWE2
8C549¢C
BC549C

BAWE2
BF450
3C¢543C
BZX75-C2V1
BC5598

8C559B
BF324
BF324
BF324
BF3I24

BF450
BC54SC
BC345C
BC5598
BAWE2

BAWSE2
BzVI0

BAWE2
BZX75-C1lV4
BAW6&2

BAWGZ
BC3598
BAWE2
BAUG2
SAW62

BSX20

BAW62
BZX75-Clv¥4
BSX28s
BC5598

BC5598
BAWG2
BAWGE2
BzV10
BC5598B

BFQ24
8FQ24
BC549C
BC549C
BC5598

ORDERING
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POSNR DESCRIPTION ORDERING CODE 1.2.2.7. Miscellaneous
V 3007 T
¥ 3888 TEQN§=§$85 gggg;g EH 22%% %.38 ﬁﬁggg ltem Ordering number Type/Description
V 3010 DIODE.REPERENCE Byxaoocsve  bi 4822 130 44245 — —
¥ 3011 DIGDE,REFERENCE BZV13 6 BH 4822 130 34173 B1 532213034875 Led red cay 54 — 111
5322 130 34301 32 5322 130 34875 Ledredcagy 54 — 111
¥ %%% %%r[\)lg'lg'lgggRENCE ggés PH 5322 130 34301 a3 532213034875 Led red cay 54 — 111
U 3207 DIODE. REFERENCE BrxTg-cava  bi 4822 130 20853 84 532213034875 Led redcay 54 - 111
v %%83 DIODE,REFERENCE BZX79-C6V7  PH 4825 138 33‘?% 85 532213034875 Ledredcqy 54 — 111
DIODE,REFERENCE BZX79-C4v7  py 4895 130 34174 86 5322 13034875 Ledred cqy 54 — 111 1
= B7 532213034875 Ledrea cqy 54 — 111
" :
v 3208 DIODE, REFERENCE B2X79-C4v7  pi 4822 130 sa174 89 5322 13034875 Led redcay 54 — 111
V 3511 DRORE;REFERENCE BZx73-CaV7  PH 4822 130 34174 810 .- 532213034971 DL1414D Display
' o1 PH 4822 130 40982 811 5322 13034971 DL1414D Display
2 TRANSISTOR BD436 PH 812 532213034971 DL1414D Display
VB pMSIon e B G i e
"V 3216 TRANSISTOR BC327 EH 23%2 130 34301 814 4822 13440167 Lachpesl YogtbA 111
V 3217 TRANSISTOR BC337 PH 4553 139 49824 815 5322 13034875
816 5322 13034875 Ledredcay 54 — 111
Vit DIODE. REFERENGE Bouyo caV: o 4822 130 34382 817 482213440167 Lamp 5 V 60 mA
V 3221 TRANSISTOR B35X20 b 4825 130 24382 818 482213440167 Lamp5V 60 mA
¥ gigf %gﬁgig%gasuce Bzx79-c27 PH 4822 130 34379 819 4822 13440167 Lamp 5V 50 mA
588 PH 4822 130 44197 820 482213440167 Lamp 5V 60 mA
¥ %28?2) $EANSISTOR BC543C PH 4822 130 44196 821 532213034971 DL1414D Display
V3403 TRANSISTOR BC548C PH 4322 138 44196 822 532213034875 Ledredcay 54 — 111
v 201 'ID'%H?ISTOR gﬁag&c PH 4822 130 44196 823 532213034875 Ledredcqgy 54 — 111
V 402 DIODE iz A 4822 130 30613 824 4822 130 31144 Led redcqy 248
V 601 DIODE Baue2 8401 532224274397 CRYSTAL 5MC
V 602 DIODE ez Bi 4822 130 30613 El 5322 134 44177 Lamp 28V 80 mA
vV 701  DIODE BAWE 2 PH 23%% %gg %0613 £2 5322 13444177 tamp 28 V 80 mA
V 901 DIODE BAKG2 PH 4822 130 30013 1701 482225330025 Fuse
K2401 K2418 532228024126 Reed contact
K2401 K2418 5322156 14076 Reed coil
K2701 5322 280 24131 Reed relay assy
L1101 532215810283 Microchoke 150 uH
11102 5322 156 14101 Coil
11103 5322 156 14101 Coil
L1104 5322 156 14101 coll
L1106 532215614101 coll
L1501
L1502
L1503 482215220486 Choke AT 4043-15
L1504
L1506 532215224095 Choke TFU 15
L1508 )
L1508 532215224094 Choke TFU-15
11601 532228164154 coll
11602 5322 15224062 Choke
L1603 5322 156 14076 Coil
L1604 532215614076 coll
124011
12402
12403 532215614076 coll
12404




12-50

itern

Ordering number

L2406 ,
12407 |
12408 |
L2409
L2411
12412
s1
S8
s11
S14
520

. 822
523
529
530
537
539
545
5201
$1201
51801
T1501
T1601
T1602
T1603

X1

X2

x3
x4

x5
X6
x7
X8
X259
X1606
21701

1.2.2.8. Connectors

5322 158 14283

532227644099
5322 276 34063
532227634064
532227674026
532227864015
5322 278 64015
532227864015
532227644084
532227674037
5322 276 44085
532227644086
532227724071
532226364007
532226364007
4822277 10348
532214264104
5322 148 80048
532214634126
532214244026
5322 131 24086
5322 267 14014
532240594073
5322 26110004
5322267 14037
532253584446
5322267 10004
532226814157
532226814157
532226774117
482226830071
5322 121 44261

Ordering number

Type/Description

532226564082
532226774092
5322267 64001
532226764031
532226554006

532229034123
4822 267 50268
532226823116

482226530121
532226824133

Coil assy

Pushbutton switch
Pushhutton swatch
Pushhurton switéh
Pushbutton switch
Rotary switch
Rotary switch
Rotary switch
Pushbutton switch
Pushbutton switch
Pushhutton switch
Pushbutton switch
Mains voltage adaptor
Plug {jumper)

Plug {jumper)

Switch assy.
Transiormer
Transiormer
Transiormer
Tranriormer

C.R.T. D14-292GH/39
CAL socket

CAL current loop

HF CON BNC Female

Connector

Threaded end

HF CON BNC Female

Contact

Contact

Plug female

Plug

Mains filter

Oescription

64-pole connector male { PLUG-IN
64-pole connector female ] UNITS
CIS connectors male

CIS connectors bottom entry

CIS connectors top entry

Soldering pin for measuring points

CIS connector male

Coaxial socket. vertically mounted on
pc boards

3-pole socket {stocko MKS 823-1-0-303)
Deiay line connectors

¥

1.2.2.9. [EC 625-1 bus interface unit A 14 {PM3325)

= o I < T

{tem

1401
1402
1403
1404
1406
1407
1408
1409
1411
1412
1413
1414
1416
1417
1418
1419
1421
1422
1423
1424
1426
1427
1428

1429

1431
1432
1433
1434
1436
1437

1401
1402
1403
1404

Ordering number

4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31173
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31416
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31054
4822 122 31054
4822 122 31054
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
0822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31414
4822 122 31173

4822 124 20699

5322 116. 50608
5322 116 50608
5322 116 50608
5322 116 50608

Description

CAPACITORS

CAPACITOR, CERANM
CAPACITOR,CERAM
CAPACITUR,CERAM
CAPACITOR,CERAM
CAPACITOR, CERAM
CAPACITQOR,CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR,CERAM
CAPACIYOR,CERAM
CAPACITOR,CERAM
CAPACITOR,CERAM
CAPACITOR,CERAM
CAPACITOR, CERAM
CAPACITOR,CERAM
CAPACITOR,CERAM
CAPACITOR,CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITGR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR,CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CAPACITOR, CERAM
CTAPACITOR, CERAM

CAP,ELECTROLYT

RESISTORS

RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR,M.FILM
RESISTOR.M.FILM

IONF
IONF
10NF
1ONF
IONF
220PF
10NF
IONF
IONF
IONF
LONF
1ONF
10NF
IONF
10PF
10PF
10PF
IONF
1ONF
IONF
1ONF
IONF
1ONF
IONF
IONF
1ONF
10NF
1ONF
220PF
4TUF

5K19
5K19
6K19
6K19

10%

2%
2%

i~
=~

10%
50%

1%
1%
1%
1%

100V
190V
100V
100V
i04v
5010V
100V
100V
103V
109V
163V
180v
109V
iagv
100V
1040V
100V
100Y
100V
100V
1o0v
100V
100V
icov
100V
150V
1e0v
1g0v
560V
25V
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Itern Ordering number - Description

INTEGRATED CIRCUITS

D 1401 5322 209 84823 INTEGR.CIRCUIT H74L500H /° - s & L%‘" l 1
D 1402 5322 209 8499 THTEGR.CIRCULT  SHT&LS10N ‘_"7? R L
D 1403 5322 209 85311 INTEGR.CIRCUIT N74L3324 ‘ 1““ 1! ii
D 1404 - 5322 209 84995 INTEGR.CIRCUIT SN74LSO08N !
D 1406 5322 209 85464 INTEGR.CIRCUIT MCI441p = [
D 1407 5322 209 85464 INTEGR.CIRCUIT MC3441P . e
D 1408 5322 209 14509 INTEGR.CIRCUIT HEF4733VP e s Albss
D 1409 5322 209 85266 INTEGR.CIRCUIT SN74L5123H e outars 816
D 1411 5322 209 35312 INTEGR.CIRCUIT N76L5024
D 1412 5322 209 85266 INTEGR.CIRCUIT SH76GLS123M . oo 4
D 1413 5322 209 35562 INTEGR.CIRCUIT
D 1414 5322 209 85752 INTEGR.CIRCUIT N74LS155M
D 1416 5322 209 85464 INTEGR. CIRCUIT MC3I441P e
D 1417 5322 209 85464 INTEGR.CIRCUIT MC3441P
B 1618 5322 209 84997 INTEGR.CIRCUIT SN74L3SB6N o
D 1419 5322 209 85346 INTEGR.CIRCUIT SN764LS2798 tr
D 1421 5322 209 34823 [NTEGR.CIRCUTT H74LS00N S
D 1422 5322 209 84823 INTEGR.CIRCUIT N74LS0ON B
D 1423 5322 209 86017 INTEGR.CIRCUIT SN74L5244M | 522 e o E—
D 1424 5322 209 86062 INTEGR.CIRCUIT o i S
D 1426 5322 209 36062 INTEGR.CIRCUIT !2
d D 1427 5322 209 86062 INTEGR.CIRCUIT 7 3 e G
D 1428 5322 209 86017 INTEGR.CIRCUIT SN74L53246N
D 1429 5322 289 14219 INTEGR.CIRCUIT HEF4014BP
D 1431 5322 209 14219 INTEGR.CIRCULT HEF4014BP
MISCELLANEOUS kfi"w
T ATe
5 1401 5322 277 24045 SWITCH
S 1402 5322 277 24045 SWITCH
5 1403 5322 277 24045 SWITCH
s 1404 5322 277 24045 SWITCH
S 1405 5322 277 24045 SLITCH
s 1406 5322 277 24045 SWITCH
s 1407 5322 277 24053 SWITCH,SLIDE —
X 1401 5322 265 64082 SOCKET, A LE —
A80 5322 321 20474 CABLE, CONNECT.
D407 5322 209 10151 IHTEGR. CIRCUIT

5322 500 10265 NUT
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