400 MHz VHF Dual Channel, Dual Time Base Oscilloscope
PM3295A - PM3296A

Service Manual

4822 872 05318
870619

WARNING! These servicing instructions are of use by qualified personal only.
To avoid electric shock, do not perform any servicing other than that
contained in the operating instructions unless you are qualified do so.
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IMPORTANT

In correspondence concerning this instrument, please quote the type number
and serial number as given on the type plate.

NOTE: The design of this instrument is subject to continuous development and

C]

improvement.
Consequently, this instrument may incorporate minor changes in detail
from the information contdined in this manual.

N.V. PHILIPS GLOEILAMPENFABRIEKEN-EINDHOVEN-THE NETHERLANDS-1987

PRINTED IN THE NETHERLANDS
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SAFETY INSTRUCTIONS

Read these pages carefully before installation and use of the
instrument.

INTRODUCTION

The following clauses contain information, cautions and warnings
which must be followed to ensure safe operation and to retain the
instrument in a safe condition.

Ad justment, maintenance and repair of the instrument shall be carried
out only by qualified personnel.

SAFETY PRECAUTIONS

For the correct and safe use of this instrument it is essential that
both operating and servicing personnel follow generally-accepted
safety procedures in addition to the safety precautions specified in
this manual.

Specific warning and caution statements, where they apply, will be
found throughout the manual.

Where necessary, the warning and caution statements and/or symbols
are marked on the apparatus.

CAUTION AND WARNING STATEMENTS

CAUTION: is used to indicate correct operating or maintenance
procedures in order to prevent damage to or destruction of
the equipment or other property.

WARNING: calls attention to a potential danger that requires

correct procedures or practices in order to prevent
in order to prevent personal injury.

SYMBOLS

High voltage > 1000 V (red)

Live part (black/yellow)

instructions.

Protective earth (black)
(grounding) terminal

_/E Read the operating
&
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IMPAIRED SAFETY-PROTECTION

Whenever it is likely that safety-protection has been impaired, the
instrument must be made inoperative and be secured against any
unintended operation. The matter should then be referred to qualified
technicians.

Safety protection is likely to be impaired if, for example, the
instrument fails to perform the intended measurements or shows visible
damage.

GENERAL CLAUSES

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 accessible terminals which can be dangerous to live.

The instrument shall be disconnected from all voltage sources
before it is opened.

Bear in mind that capacitors inside the instrument can hold their
charge even if the instrument has been separated from all voltage
sources.

WARNING: Any interruption of the protective earth conductor inside
or outside the instrument, or disconnection of the protective
earth terminal, is likely to make the instrument dangerous.
Intentional interruption is prohibited.

Components which are important for the safety of the instrument may
only be renewed by components obtained through your local Philips
organisation. (See also section 27).

After repair and maintenance in the primary circuit, safety
inspection and tests, as mentioned in Section 27 have to be performed.

WARNING IN CASE OF CRT REPLACEMENT

X rays originating in this instrument have been sufficiently screened.
Maximum acceleration voltage 25.4 kV,.

The screening is obtained by the construction of the C.R.T. In case
the C.R.T. needs to be replaced, make sure it is replaced by the same
Philips type D14-401 ../... only.

This repair has to be carried out by a qualified technician.

=3
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GENERAL INFORMATION

INTRODUCTION TO THE V.H.F. OSCILLOSCOPE FAMILY.

This compact V.H.F. oscilloscope features an extensive bandwidth of
400 MHz and good ergonomic design for its numerous measurement
capabilities. A unique feature is the AUTO SET pushbutton facility,
which automatically sets various controls of the instrument to suit
the input signal value. In this way, optimum ease of operation is
obtained as the input signal immediately presents a correct, stable
display on the bright c.r.t. screen.

The microprocessor-controlled front panel gives a wide choice of
display possibilities.

&

Fig. 2.1. 400 MHz V.H.F. oscilloscope.

The oscilloécope is provided with integrated circuits (including thin-
film circuits), which guarantee highly-stable operation.

Furthermore, connection to the local mains is simplified by a tapless
switched-mode power supply that covers most voltage ranges in use:
9 V.. .264V a.c. ‘

All these features make this oscilloscope suitable for a wide range of
measuring applications.
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CHARACTERISTICS

A.

D.

Performance Characteristics

— Properties expressed in numerical values with stated tolerance
are guaranteed by PHILIPS. Specified non-tolerance numerical
values indicate those that could be nominally expected from the
mean of a range of identical instruments.

~ This specification is valid after the instrument has warmed up
for 30 minutes (reference temperature 23°C).

~ For definitions of terms, reference is made to
IEC Publication 351-1.

Safety Characteristics

This apparatus has been designed and tested in accordance with:
Safety Class I requirements of IEC Publication 348
Safety Requirements for Electronic Measuring
Apparatus, UL 1244 and CSA 556B.

The instrument has been supplied in a safe condition

Initial Characteristics

Height

Without Feat and :

Accessory Pouch 170 mm (6,7 in) Add 10 mm (0,4 in) for feet

Feet and accessory

pouch included 240 mm (9,4 in)
Width . 340 mm (13,4 in) Add 46 mm (1,8 in) for handle
Depth

Handle Excluded 523 mm (20,6 in) Add 35 mm (1,4 in) for
protective front cover.

With Extended

handle 625 mm (24,6 in)

Mass 13,9 kg (30,7 1b)

— Operating positions:
a) Horizontally on bottom feet
b) Vertically on rear feet
c) On the carrying handle in three sloping positions= 12°,
20° and 25°

CONTENTS

2.1, Display

2.2, Vertical channel or Y-axis

2.3. Channel A and B

2.4, Trigger view

2.5. Horizontal deflection or X-—axis
2.6. Main time-base

2.7. Delayed time-base
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Main time-base triggering
Delayed time-base triggering
Blanking or Z-axis

Auto setting

Cursors

CRT text

Calibrator

Power supply

Sundries

Environmental characteristics
Safety

Accesories

Settings memory (Only for PM 3296A)

N et bt bt b ot o et bt s b O QO
OOV WN O

.

.

MMM NDNDMDNDNNNDNDDNDND

.

MR PNDNDNDRNNNONNNDDDODNDNONN

CHARACTERISTIC SPECIFICATION ADDITIONAL INFORMATION

DISPLAY

Cathode Ray Tube 140mm Rectangular single beam
tube with helical vertical
deflection system.

Measuring Area 80mm x 100mm 8 divisions x 10 divisions
(h. x w.)

Screen type:
(basic version) GH (P31)

(optional) GM (P7)
BE (P11)
Total Acceleration
Voltage: 24kV
Max. Writing Speed Measured in central

5 div x 5 div of screen; in
absence of contrast filter.

(photographic)  typical 4cm/ns Single Shot; Phosphor: GH; no
prefogging; Lens aperture
F:1,2; object to image ratio
1:0,5; Film: Polaroid type 612
(20 000 AsA).

Graticule internal, fixed

- Illumination continuously
variable



- Engravings:
division lines

tick marks

dots

percentages

2.2.2. VERTICAL DEFLECTION

OR Y-AXIS

Deflection Sources

Deflection Modes:

- Display Time
~ Display Blanking

Visual Signal Delay

At lcm

At 2mm

At 2mm

100, 90, 10, 0%

Ch.A;
Ch.B;

Ch.A and
Ch.B added

Trigger View
(MTB)

1 Channel only;
Alternate;

Chopped

350ns
150ns

20ns (typical)

Horizontal and vertical.

On vert. and hor. central axes
and on hor. lines at 2em and
6cm from top.

On dotted lines at 1,5cm and
6,5cm from top.

To facilitate rise and fall
time measurements.

Both channels can be inverted,
(allowing for A-B and B-A in
added position).

Any combination of sources.

Each source (in chopped mode).
After each display time (in
chopped mode).

At Maximum intensity and well
focused display.



Delay Difference
between Ch.A typ 2ns
or B and ext.
Trigg. View

Channel Isolation:
of Deselected Channel 100:1

between Selected 50:1
Channels

Y~Signal Output:

- Source =DTB Trigger
Source

- Coupling = DTB Trigger
Coupling

Voltage into IM.Ohm 20mV/div

+ or - 10%
into 50 Ohm 10mV/DIV
+or -10%
- Freq. response d.c...typical

300MHz (-3dB)

2.2.3. CHANNELS A AND B

Input connector BNC with Probe
Read Out Ring

E

Trigger View delayed with resp.
to Ch. A or B.

At 100MHz; input to deselected
channel equivalent to
8 divisions or less.

At 400MHz; channels with equal
V/div settings; input to
either channel equivalent to

8 division or less

Available at BNC on rear of
instrument.

Y Signal OQutput is not affected
by BW limiter.

Ch.A or Ch.B coupling
eventually cascaded with DTB
trigger coupling '

Max. output + or — 80mV (160mV
peak to peak).

Max. output + or — 40mV (80mV
peak to peak).

Terminated with 50 Ohm. At
reference temperature. For

influence of Trigger Coupling
see 2.2.9.

Probe Read Qut causes
instrument to change V/div
Indication, Input Impedance

and Attenuator Setting
according to probe (when fitted
with a Probe Indicator)



E Input impedance (in :
High Z position): For Frequency >lMHz see Fig.2.2

R parallel IM.Ohm +or— 1%Z 1In DC position of Imput
Coupling. In AC pos. of Input
Coupling: 18 nF in Series with

C parallel 9pF R. par & C. par; in O positiomn
of input coupling: R par.=
infinite

Max. input Cap.

Difference 1,5pF Difference between Channel A,
Channel B, EXT MIB Trigger and
EXT DTIB Trigger Inputs.

Input Impedance (in

50 Ohm 50 Ohm In DC, AC and O position of
position):R parallel + or - 1% input coupling.
VSWR (typical) 1,3:1 At 400MHz in AC and DC pos. of

input coupling

Input Coupling dece; aece3 0 In O position: channel
disconnected from input BNC and
connected to ground.

ZCES Max. Input Voltage : Apparatus should be properly
grounded through the protective-
ground conductor of the power

cord
- In High Z position 300V Up to 1MHz; for >1MHz see Fig.
(d.c. + a.c. pk.) 2.3.
- In 50 Ohm
position (d.c.) 5v
(a.c. r.m.s.) 5V Max 50mJ during any 100ms
interval. :
(a.c. peak) 50V
Deflection coefficient
- Steps lmV...5V/div In a 1-2-5 sequence of 12
steps;

- Error limit (Ambient:
5...40°C) +or- 2% Add 1 % for Ambient: 0...50°C
(When Channel is used for X
deflection: see 2.2.5, for
Trigger View: see 2.2.4.

~ Vernier Ratio 1:2,5 Uncalibr.; continuously
variable between steps.



Dynamic Range:

- up to 100MHz
in CAL position of
vernier
Vernier in 1:2,5
position

- up to 350MHz (-3dB)

LF Linearity:

Max. Compression
or Expansion

Shift Range

Frequency Response (in
50 Ohm position):

-~ Lower Transition
Point of BW

- Upper Transition
Point of BW
(Ambient:15...35°C)
(Ambient:5...40°C)

Freq. Resp. (in Hi.Z
pos. through probe):

- Lower transition
Point of BW

— Upper Transition
Point of BW
(Ambient:15...35°C)
(Ambient:5...40°C)

Freq. Resp. (in 1mV
and 2mV/div pos.):

Upper Transition
Point of BW

24div but max.
100V

20div but max.
100v

8 div

0,1 div on
2 div

+ or - 8 div

d.c.
10Hz or less
(-3dB)

400MHz
350MHz

(-3dB)
(-3dB)

d.c.
1Hz or
(-3dB)

less

400MHz
350MHz

(~3dB)
(-3dB)

70MHz (-3dB)

2-7

When used for Y defl. (for X
defl. see 2.2.5.)
Compression at limits of
dynamic range: 7%

Centered around Hor.
Centre line on screen

Within boundaries of dynamic
range.
Measured at 50kHz.

2 div center screen signal
shifted within boundaries of
graticule.

From screen center; (for X
defl. see 2.2.5.)

When used for Y defl.
defl. see 2.2.5.)
Z source: 50 Ohm.

(for X

Input Coupling in DC position,
Input Coupling in AC position.

ImV and 2mV/div positions
excluded (see 2.2.3.)

When used for Y defl. (for X
defl. see 2.2.5.

7 source: 25 Ohm. (Probe
according to 2.2.19.)

Input Coupling in DC position.
Input Coupling in AC position.

ImV and 2mV/div positions
excluded (see 2.2.3.).

When used for Y defl, (for X

defl, see 2.2.5.).

Typical value at 25°C
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Bandwidth Limiter:
~ Starting point of
HF rejection

— Slope
Pulse Response (in

50 Ohm position):

— Rise Time
(Ambient:15...35°C)
(Ambient:5...40°C)

— Pulse Aberrations:
(ambient:5...40°C)
Overshoot

Tilt

- Pulse response (in
Hi.Z pos. through
probe)

— Rise Time
(Ambient:15...35°C)
(Ambient:5...40°C)

— Pulse Aberrations:

overshoot

Rise Time (in 1mV and
2mv/div pos.)

20Mhz (-3dB)

6dB/octave

0,88ns or less
Ins or less

5% or less

2% or less

0,88né or less
Ins or less

6% or less

5ns or less

When used for Y deflection; Z
source: 50 Ohm. Measured over
central 6 div.

1mV and 2mV/div excluded, (see
2.2.3.) (Calculated from
Bandwidth x Rise Time = 0,35)

Tested with a Ins Rise Time
pulse at 20mV/div.
Add 2% for ambient:0...50°C

Effects of AC pos. of input
coupling excluded.

When used for Y defl: Z source
25 Ohm. Measured over central 6
divisions

lmV and 2mV/div excluded, see
2.2.3. (Calculated from
Bandwidth x Rise Time = 0,35).

Tested with a Ins Rise Time
pulse

When used for Y defl.
Measured over central 6
divisions.



Max. Base Line
Instability:
Jump
- between any V/div
positions

Common Mode Rejection
Ratio:

- at 1MHz
- at 50MHz

TRIGGER VIEW
Signal Source
Deflection
coefficient:

Ch.A or Ch.B

EXT

EXT:10

Error Limit

Dynamic Range:

up to 100MHz

0,2 div or 1 mV Wichever is greatér

100:1

20:1
= Trigger
Source MTB
see 2.2.3.
100mV/div
1v/div
+ or - 5%
24d1iv

Both channels at same
attenuator setting;

vernier of V/div

setting adjusted for best CMMR;
measured with max. 8 div input
at each channel, (+ or - 4div
around zero).

COMPosite = Channel A, unless
only Channel B is displayed.

Except error limit.

For all sources except LINE

Compression at limits of
Dynamic Range: 7%
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2.2.5.

Line deflection

Frequency response:

Trigger source:

INT
(Ambient:15...35°C)
(Ambient:5...40°C)

Trigger source:EXT
(Ambient:15...35°C)

(Ambient:5...40°C)

Pulse Response

Rise Time

Trigger source: INT
(Ambient:15...35°C)
(Ambient:5...40°C)

Trigger source: EXT
(Ambient:15...35°C)
(Ambient:5...40°C)

Trigger Point

HORIZONTAL DEFLECTION

OR X~-AXIS

Deflection Sources

6 div or more

d.c...350MHz
(-3dB)
d.c...300MHz

d.c...370MH=z
(-3dB)
d.c...350MHz
(-3dB)

Ins
1,17ns

0,95ns
Ins

center of
screen

MTB;

MTB intensified
by DTB;

mono DTB; dual
DTB;

Trigger Source: LINE; 49Hz<Line
Freq.<61Hz

Trigger coupling: DC, HF
REJection: OFF, Bandwidth
Limiter: OFF.

Channel A or B in 50 Ohm
position. Z of Signal Source:
50 Obm. (-3dB)

Z of Signal Source: 25 Ohm.

Trigg. Coupling: DC, HF
REJection: OFF, Band Width
Limiter: OFF

Distortion due to peak to peak
leveling may be visible, when
in AUTO position of trigger
selector and at trigger
frequencies <100Hz.

(Calculated from Bandwidth x
Rise Time = 0,35).

Z of Signal Source: 50 Ohm

Z of Signal Source: 25 Ohm

Measured at 50kHz.

Can be displayed altermately
in a quasi simultaneous way.
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Ext. through E
Ch.A; .

Ext. through

Ch.B;
Ext. through Selected by MIB trigger
EXT MTB trigger source selector
input;
Line
Trace Separation: Between MTB INTENSified and

(mono or dual) DTB.

Max. Separation at least 4 div Symmetrical: (MIB shifting
upwards, DTB downwards).

Minimum Shift Range +or -5 From screen center.
unexpand. div.

Deflection coefficient

Ch.A or Ch.B see 2.2.3. Except error limit

EXT 100mV/div

EXT:10 1v/div

Error Limit + or - 5% For all sources except LINE.
Dynamic Range 20 div Measured at 50kHz; Compression

at limits of dynamic range: 6%.

Maximum Linearity

Error : 5% Measured at 1KHz
Line Deflection 7 +or~ 1,5 div 49Hz<line Frequency<61Hz.
Frequency Response:
- Lower Transition see appropriate Input coupling of Ch.A or B and
Point of BW Channel coupling of MTB trigger are
cascaded.

- Upper Transition
Point of BW 2MHz (-3dB)

Max. Phase Diff.
between Hor. and
Vert. 3° Up to 100kHz

Max. Horizontal Dis-

play Instability

- Drift 0,1 div/h
- Temp. Coefficient 0.05div/K
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IEEI 2.2.6.

MAIN TIME BASE

Modes

Deflection coefficient

- TB Magnifier: OFF

Steps

Error Limit

(Ambient:5...40°C)

- TB Magnifier: x10

Steps

Error Limit

(Ambient:5...40°C)

- Vernier Ratio

TB Magnification (Hor.

Expansion):

Max, Expansion

Unbalance

Minimum Visual Display

Length

Variable Hold Off:

Minimum

Maximum

Gate Qut:

Output impedance
Time Base not running
Time Base running

repetitive

single

10 ns/div...
1 s/div

+ or -

(0,5% of full
scale + 1% of
reading)

1 ns/div...
0,1 s/div

+ or ~

(1% of full

scale + 1,5%
of reading)

2,5:1

10x
+ or - 0,4

unexpand., div

10 unexpanded
div

lus or 2 div
of MTB setting

6x minimum Hold

Off

2,3 k.Ohm
0V<Output<0,4V
2,4V<0utput<5v

Auto Bright Base Line occurs,
when in AUTO Trigger Mode and
if during >0,1s no triggerable
signal is available.

Measured over Central 8
unmagnified divisions

In a 1-2-5 sequence of 25
steps

Add 0,5% of full scale for
10ns/ div...50ns/div

Add 0,5 7% of full scale for
Ambient: 0...50°C

In a 1-2-5 sequence of 25
steps

Add 0,5 Z of full scale for
Ambient: 0...50°C

Uncalibrated, contin. variable
between steps.

When switching from x10 to x1,
the center display will not
shift more than stated value.

At Normal Intensity.

Whichever is greater

Available at BNC on rear of
instrument.

Maximum Current Sink: 2mA
Maximum Current Supply:
400uA.
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DELAYED TIME BASE

Modes

Deflection Coefficient

- TB Magnifier: OFF

Steps

Error Limit

(Ambient:5...40°C)

- TB Magnifier: x10

Steps

Error Limit

(Ambient:5...40°C)

- Vernier Ratio

TB Magnification (Hor.

Expansion):

Max. Expansion

Unbalance

Delay Time:

— Error Limit

(Ambient:5...40°C)

Mono DTB;

Dual DTB;

DTB starting;
DIB triggering
on first event

10ns/div...
0,5 s/div

+ or -
(0,5% of full
scale + 1%
of reading)

1 ns/div...
50 ms/div

+ or -

(1% of full

scale + 1,5%
of reading)

2,5:1

10x

+ or - 0.4
unexpand. div

20ns...10s

+ or -
(1,2% of full
scale + 1%
of reading

+ 12ns)

2-13

DIB is displayed twice
(alternately),Delta T
being the time difference
between both DTB displays.

after Delay Time.

Measured over central 8
unmagnified divisions

In a 1-2-5 sequence of 24 steps

Add 0,5 % of full scale for 10
ns/div...50 ns/div

Add 0,5 7 of full scale for
Ambient:0...50°C

In a 1-2-5 sequence of 24 steps

Add 0.5 % of full scale for
Ambient:0...50°C

Uncalibrated continuously
variable between steps.

When switching from x10 to x1,
the center display will not
shift more than stated value,

In 25 steps; continuously
variable between steps.

MTB Vernier in CAL position

Add 1 7 of full scale for
Ambient:0...50°C
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2.2.8.

- Position Range

- Resolution

— Max. Jitter '
Time Difference

Delta T:
Range

Error Limit
(Ambient:5...40°C)

Gate out:

— Output impedance

-~ Time Base not
running

-~ Time Base running

MTB TRIGGERING

Trigger sources

Input Connector
(Ext. Trigg.)

Input Impedance (Ext.

Trigg.):
R parallel

C parallel

Max. Input Cap.
Difference

0,2...9,9-x
MTB time/div
setting

1:65000

0,005%+100ps

10ns...10 x MTB
time/div
setting

+ or -
(0,1 % of full

reading + 2ns)

2,3 k.Ohm
0V<Output<0,4V

2,4V<0utput<5V

Channel A;
Channel B;
Composite (Ch.
A & B);
External; Line

BNC

IM.Ohm
+ or - 1%

9pF

1,5pF

Minimum delay: 20ns on all
ranges

Related to full scale of 10 MTB

divisions.
(=1 part per 20 000)

Dual DTB method.

Add 0,05% of full scale for

first and last 10% of available

scale + 0,5% ofrange
Add 0,5% of full scale +17% of
reading for ambient:0...50°C

Available at BNC on rear of
instrument.

Maximum Current Sink: 2mA.

Maximum Current Supply:
400uA.,

For Frequency >1 MHz see
Fig. 2.2.

In DC position of Input
Coupling

In AC position of Input
Coupling: 18 nF in series with
R parallel and C parallel

Difference between channel A,
Channel B, EXT MTB Trigger and
EXT DTB Trigger Inputs
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Coupling d.c.ja.c.; I
LF rejected;

HF rejected

Maximum Input Voltage Apparatus should be properly

(Ext. Trigg.) grounded through the protective-
ground conductor of the power
cord.

300V (d.c. + Up to 1MHz; for Frequency
a.c. peak) >IMHz: see Fig. 2.3.

Min. Trigger In TRIGgered mode.

sensitivity

(Ambient:5...40°C) up to f|up to

100MHz| 400MHz

Ch.A and Ch.B 0,5div| 2div Add 0,1 div for ambient:0...

50°C ,
EXT 50mV |300mV  Add 10mV for Ambient:0...50°C
EXT/10 0,5V 3V Add 0,1V for ambient:0...50°C
Slope Selection positive
" going (+);
negative
going (-)
Level Control Range: NOT TRIG”D led is 1lit unless
triggered.
Ch. A and Ch.B + or - 8 div
EXT + or -0,8V In TRIG and SINGLE positions
EXT:10 + or -8V of Mode Selector.
Any Source related to In AUTO position of Mode
peak value Selector.
Frequency Response: Trigger not affected by

Bandwidth Limiter.

Lower Transition Channel A or Channel B coupling
Point of BW eventually cascaded with
Trigger coupling.

d.c. Trigger Coupling in DC position
10Hz (-3dB) or Trigger Coupling in AC position
less

20kHz (-3dB) Trigger Coupling in LF REJected
position.
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2.2.9.

Higher Transition
Point of BW

DTB TRIGGERING

Trigger sources

Input Connector
(Ext/ Trigg.)

Input Impedance (Ext.
Trigg.):

R parallel

C parallel

Max. Input Cap.
Difference

Coupling

Maximum Input Voltage
(Ext. Trigg.)

Min. Trigger

Sensitivity

(Ambient:5...40°C)
Ch.A and Ch.B
EXT

EXT:10

50kHz (-3dB) Trigger Coupling in HF REJected
. position.

See also table

with trigger

sensitivities

Channel A;

Channel B;
Composite (Ch.A

& B);

External; End of
Delay (STARTS mode)

BNC
For Frequency >l MHz see
Fig.2.2
1 M.Ohm In DC position of Input Coupling
+ or - 17 In AC position of input
9pF Coupling: 18 nF in series with
R parallel and C parallel
1,5 pF Difference between Channel A,

Channel B, EXT MTB Trigger and
EXT DTB Trigger Inputs.

d.c.; a.c.;
LF rejected;
HF rejected

Apparatus should be properly
grounded through the protective-
ground conductor of the power

cord.
300V (d.c. + Up to 1MHz; for Frequency
a.c. peak) >1MHz: see Fig. 2.3.
up to Jup to
100MHz | 400MHz
0,5div]2div Add 0,1 div for ambient:0...
50°C
50mV  [300mV  Add 10mV for Ambient:0...50°C
0,5V |3V Add 0,1V for. ambient:0...50°C




Slope Selection

Level Control Range:
Ch.A and Ch.B
EXT
EXT:10
Frequency Response:

Lower Transition
Point of BW

Higher Transition
Point of BW

2.2.10. BLANKING OR Z-AXIS
Input connector

Input Impedance

Input Coupling
Maximum Input Voltage

Sensitivity:
Unblanked at

Blanked at

Response Time

positive going (+)
negative going (-)

+ or -8 div

+ or -0,8v
+ or -8V
d.c.

10Hz (-3dB) or
less

20kHz (-3dB)

50kHz (-3dB)

See also table
with trigger

sensitivities
BNC

30 k.Ohm

d.c.

+ or - 10V

ov

+ 2,5V or more

20ns
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Trigger not affected by
Bandwidth Limiter.

Channel A or Channel B coupling
eventually cascaded with
Trigger coupling.

Trigger Coupling in DC
position. \

Trigger Coupling in AC
position;

Trigger Coupling in LF
REJection position.

Trigger Coupling in HF
REJected position.

On rear of instrument

When input is 0...2,5V,
otherwise >10k. Ohm

Half tones are possible at
input voltages
between OV and +2,5V.

From unblanked to fully
blanked, when input is a
transient of 0...+2,5V (rise
time 2ns or less).



2-18

AUTO SETTING

Y Deflection Source
Y Deflection Mode

~ MTB at lms/div

or lower:

— MTB at 500us/div
or higher:

Input Impedance:
— Accessory with
Probe Read Out

-~ otherwise

Y Input Coupling

Y Deflection:

- 10mV < Input at
BNC<30V

- Input at BNC<1OmV

Y Channel Base Line
POSITION

Band Width LIMiter
X Deflection Source

X POSITION

MTB Trigger Source:

Triggerable Signal
at EXT Input

Ch. A and Ch.B

CHOPped

ALTernate

according to
Probe Read Out

not affected
by AUTO SET

AC

6 div or less }
}
}
Channel at }
200mV /div }
center of
screen

40,2div Ch.A
~0,2div Ch.B

OFF
Main Time Base

not affected by
AUTO SET

EXT

Channel INVERTer not affected
by AUTO SET.

Each Channel is independently
set -

Vernier not affected by AUTO
SET.

Due to trigger uncertainty at
Freq. >60 MHz or at Duty Cycle
<{>50%, sensitivity can deviate
from given values, but signal
will remain visible on screen.

POSition control remains "dead"
until setting of knob (when
turning) represents actual base
line on screen.

All other sources switched off.
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No signal at EXT input,
but triggerable Signal

at Channel A or B Channel A or Channel with highest V/div
Channel B setting is selected.
(Channel A when settings are
equal)
No Triggerable Signal
at any input Channel A
MTB Trigger Mode AUTO

MIB Trigger Coupling AC

TB MAGnifier OFF

TB Deflection

Coefficient

MTB

40 Hz <Sign.Freq. max.6 signal

<60 MHz periods on CRT | Vernier not affected by
. screen AUTO SET

Signal Freq.

>60 MHz 10 ns/div

when no trigger found 10 us/div

Due to trigger uncertainty at
Freq. >60 MHz or at Duty Cycle
<>50%, MIB setting can deviate
from given values, but signal
will remain visible on screen.

DTB Not affected by
AUTO SET
Setting READ OUT on updated Intensity of Setting READ OUT
CRT not affected by AUTO SET.
Cursors Not affected by

AUTO SET
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2 JEEREE

CURSORS

Cursor Intensity
Control

Modes

Hor. and Vert. Re-
solution

Read Out Resolution
Voltage Cursors

- Error Limit

~ Minimum Cursor Range
- RATIO range

- Cursor Reference

independent of
trace intensi-
ty but com-
bined with
setting read
out intensity

Independent
RATIO
TRACK
0,02mm or
better

3 digits

See error limit
of vertical
deflection
coefficients.

In SINGLE mode of MTB, cursors
are displayed during max. 0,ls
when SINGLE button is pushed.

Cursor reading independent of
previous reading

Cursor reading in %Z of previous
reading

REF cursor and Delta cursor are
tracking

Referred to input at BNC,error
of probes etc. excluded.

See chapt. 2.2.3

central 7 div

(0,1%
to 999%)

Absolute Value
(V) referred to
channel A

Absolute Value
(V) referred to
channel B

Relative Value
(div)

100% = Value in Cursor Rea Out
when Ratio button is pushed.

When only Ch.A is displayed or
When a combination of channels
is displayed,

whilst Ch.B is not MIB trigg.
source. Probe factor included
when probe is provided with
probe read-out.

When only Ch.B is displayed or
when a combination of channels
is displayed, whilst Ch.B 1is
MIB trigg. source. Probe factor
included when probe is provided
with probe read-out.

When reference channel is in
UNCAL position or

When only Trigger View is
displayed or when instrument is
in X vs. Y deflection mode
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Time Cursors

Error Limit see Error limit
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In MTB mode only

see section 2.2.6

of MTB deflection

coefficients

Minimum Cursor

Range: central 9 div.
- RATIO Range (0,1%
to 999%)

Absolute Value
(s,Hz) referred
to MTB
Relative Value
(div)

Cursor Reference

SETTING READINGS ON CRT

Modes Settings only

Cursors only

Settings +
Cursors

independent of
trace intensi-
ty but com-
bined with
cursor inten-
sity

Intensity Control of
CRT text

Vertical settings
AC, DC, Ground
Invert, UNCAL,
50 ohm

MTB deflection
coefficient.

Horizontal Settings
DTB deflection
coefficient,
Delay (1/Delay)

Trigger level
(in TRIG and SINGLE)

when d.c. coupled in volt

(2 digits)
when a.c. coupled in div.

(2 digits)

100% = Value in Cursor Read
Out, at the moment RATIO

button is pushed.

When Main Time Base is in CAL
position,

When Main Time Base is in UNCAL
position or when instrument is
in X vs Y mode.

>
>

;Incl. Cursor Readings

b
b

In SINGLE position of MTB,
setting readings are displayed
during max. 0,1ls when SINGLE
button is pushed.

Defl.coefficient

In MTB, MTB-INTENS and
alternate sweep mode.

In DTB and alternate sweep
mode,

s or Hz

When supplied with IEEE option

Chann. + Trigg. coupl. both d.c

Chann. or Trigg. coupl. in a.c
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2.2.15.

CAL.IBRATOR

Wave Form:
Shape

Internal Impedance

Output Voltage (peak

to peak)

Output Current (peak

to peak)

Frequency

POWER SUPPLY

Source Voltage a.c.
(r.m.s.)

Nominal

Limits of Operation
Source Frequency
Nominal

Limits of operation

Source Waveform
characteristics:

Max. Waveform
Deviation Factor

Crest factor

Allowable Power
Source Interruption:

Power Consumption
(a.c. source)

square wave

50 Ohm

+ or - 1%

0,8V + or - 1%
pos. going
with respect
to ground

16mA + or - 2%

5kHz + or
- 0,1%

100V...240V

90V. . .264V

50 Hz...400 Hz

45 Hz...440 Hz

10%

1,27...1,56

At least 20ms

Open Voltage: halves when
terminated into
50 Ohm.

When output short circuited;

halves when terminated into
50 Ohm.

At Nominal Source Voltage

At nominal source Voltage.
After this time Oscilloscope
Settings are saved

before instrument goes down.
Automatic Power Up

after restoration of Power
Line Voltage. (For

Setting Retention see 2.2.16.
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Typical

Limits of Operation

SUNDRIES

Settings Retention:

- Memory Back Up
Voltage

- Memory Back Up
Current Drain

~ Recommended
Batteries:

type

quantity

~ Temperature Rise of
batteries

- Retention Time

Temperature Range

Finish of housing
Printed Circuit Boards

Cooling

135w

138w

2v...3,5V

typical 0,1luA

LR 6

2pcs

20K

typical 2 years

-30°¢C...+70°

epoxy powder
coated

glass laminate
epoxy

fan aided
convection
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Options excluded

When instrument is switched off
or during Line Power failure.

At 25°C.

According to IEC 285, (=
Alkaline Manganese Penlight
Battery). e.g. PHILIPS LR6
or DURACELL MN 1500

After warming up period of
instrument.

At 25°C, with recommended
(fresh) batteries.

At -40°...-30°%

Settings

Retention 1is uncertain.

It is advised to remove
batteries from instrument when
it is stored during longer
periods (>24h) below -30°C or
above 60°cC.

N.B! UNDER NO CIRCUMSTANCES
BATTERIES SHOULD BE LEFT IN THE
INSTRUMENT AT TEMPERATURES
BEYOND THE RATED RANGE OF THE
BATTERY SPECIFICATION!

Maintenance free.
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ENVIRONMENTAL CHARACTERISTICS

The envirommental data mentioned in this manual are based on the
results of the manufacturer”s checking procedures.

Details on these procedures and failure criteria are supplied on
request by the PHILIPS organisation in your country, or by PHILIPS,
INDUSTRIAL & ELECTRO-ACOUSTIC SYSTEMS DIVISION, EINDHOVEN, THE

NETHERLANDS.
MeetsAEnvironmental

Requirements of

Temperature

— Operating:

Min. Low Tempe-
rature

Max. High Tempe-
rature

- Non Operating:
(Storage)

Min. Low Tempe-
rature

Max. High Tempe-
rature

Maximum Humidity:

Operating and Non
Operating (Storage)

Maximum Altitude:

- Operating

MIL-T-28800C
Type III Class
5, Style D

0°c

+50°¢C

-40°C

+75°¢C

95% Relative
Humidity

4,5km (15000
feet)

Memory back Up Batteries
removed from instrument, unless
batteries meet temperature
specifications (see also
2.2.16).

tested cf. par 4.5.5.1.1,

Cf. MIL-T-28800C par. 3.9.2.4.
tested cf. par 4.5.5.1.1,

Cfo MIL—T_28800C par- 3.9.2.3‘
tested cf. par. 4.5.5.1.1.

Cf. MIL-T-28800C par. 3.9.2.4.
tested cf. par 4.5.5.1.1.

Ccf. MIL-T-28800C par. 3.9.2.2.
tested cf. par. 4.5.5.1.1.

Cf. MIL-T-28800C par. 3.9.3.
tested cf. par 4.5.5.2.

Memory Back Up Batteries
removed from instrument, unless
batteries meet Maximum Altitude
specs.

Maximum Operating Temperature
derated 3°C for each km (for
each 3000 feet) above sea
level.
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- Non Operating 12km (40000
(Storage) feet)
Vibration (Operating) Cf. MIL-T-28800C par 3.9.4.1.

tested cf. par. 4.5.5.3.1,
- F]’.’eq. 5-. olst:

Sweep Time 7 min
Excursion
(pk to pk) 1, 5mm
max. Accele-
ration Tm/s® (0,7g) At 15Hz
- Freq. 15...25Hz
Sweep Time 3min
Excursion
(pk to pk) 1mm
max. Accele-
ration 13m/s? (1,3g) At 25Hz
- Freq. 25...55Hz:
Sweep Time Smin
Excursion
(pk to pk) 0, 5mm
max. Accele-
ration 30m/s (3g) At 55Hz
— Resonance Dwell 10min At each resonance freq. (or at
33Hz if no resonance was
found). Excursion cf. 20.06.01.
to 20.06.03.
Shock (Operating) Ccf. MIL-T-28800C par. 3.9.5.1.

tested cf. par. 4.5.5.4.1.
- Amount of shocks

total 18
each axis 6 (3 in each direction)
- Shock Wave Form half sine wave
~ Duration lims
— Peak Acceleration 300m/s2 (30g)
Bench Handling Cf. MIL-T-28800C par. 3.9.5.3.

tested cf. par. 4.5.5.4.3,

Meets requirements of MIL-STD-810
method 516,

proced. V

Salt Atmosphere: Cf. MIL~T-28800C par. 3.9.8.1.
tested cf. par. 4.5.6.2.1.
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2.2.19.

Structural parts meet
requirements of

EMI (Electro Magnetic
Interference)
meets requirements of

Magnetic Radiated
Susceptibility:

Maximum Deflection
Factor

SAFETY

Meets requirements of

Max. X-Radiation
Approval

ACCESSORIES

Accessories furnished
with instrument

MIL-STD-810
method 509,
proced. I

salt solution
20%

MIL-STD-461
Class B

VDE 0871 and

VDE 0875 Grenz-
wertklasse B

7mm/mT (0, 7mm/
gauss)

IEC 348
Class I

VDE 0411

UL 1244
CSA 556B

ROEV (Germany)

2x10:1 passive
probe PM8929/99

PM9310

Blue Contrast
Filter

Operating
Manual

Front Cover

Applicable requirements of Part
7: CE03, CE07, CSOl, CS02,
CS06, RE02, RS02, RSO3.

Tested conforming IEC 351-1
par. 5.1.3.1.

Measured with instrument in a
homogeneous magnetic field (in
any direction with respect to
instrument) with a Flux
Intensity (peak to peak value)
of 1,42mT (14,2 gauss) and of
Symetrical Sine wave Form with
a Frequency of 45...66Hz.

Expect for power cord, unless
shipped with Universal European
power plug

Expect for power cord, unless

shipped with North American
power plug

10 M.0hm, 10:1 Passive
Probe with read Out (lm).

Collapsible Viewing Hood

Factory installed
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10" 10*
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MAT1762

Fig.2.2. Input resistance R par. and capacitance C par. versus frequency.

42

MAX .
INPUT
VOLTAGE ..

4 678800 ) 7
1{MHz) —

MAT1761

Fig.2.3. Maximum input voltage (peak to peak) derating versus fréquency.
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2.2.20. SETTINGS MEMORY (ONLY FOR PM3296A)

Memory size

Standard max. 75 complete
front panel settings

Functions

Settings Save Actual settings are stored in
memory, replacing content of
memory cell indicated on CRT

Insert Actual settings are stored in
memory; insertion is after memory
cell indicated on CRT

Delete Content of memory cell indicated
on CRT is deleted.

Recall Actual settings are replaced by
content of memory cell indicated
on CRT. Actual settings are saved
in "last setting" memory (= mem.

cell # 9)

(Recall) Next Actual settings are replaced by
’ content of memory cell indicated
on CRT increased by 1 (empty cells
are skipped). Actual settings are
saved in '"last setting" memory
(= memory cell # §)

(Recall) Previous Actual settings are replaced by
content of memory cell indicated
on CRT decreased by 1 (empty cells
are skipped). Actual settings are
saved in "last setting" memory
(= memory cell # @)

Memory Protect Memory is write protected
Unprotect Memory is not write protected

Identify (#0...9) Instrument is individualised, no
respons to transmitter unless
having some indentifier #

Remote control AUTO setting Pushing AUTO on transmitter has
same result as pushing AUTO button
on front panel of instrument,
unless instrument is in remote
control,
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Transmitter

Transmission type Infra Red
Batteries type RO3P
number 4 pcs.
life typical 2 years At normal use

Max. Transmission
distance typical 3,5 m At an angle of max. 5° off axis

Max. Transmission

angle vert. +or- 45% off axis }
} At distance of 0,5 m on axis
hor. +or— 35° off axis }

Dimensions length 173 mm (6.8 in)

width 71 mm (2.6 in)

height 16 mm (0,6 in)
Mass 135 ¢ Batteries included.
Environmentals
oper. temp. range + 5...+45 °C
Stor. temp. range -25...+70°C Without batteries, unless

batteries withstand this
temperature range.

Resistance to
liquid agents splash proof No functional failure after drying
24 h.
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1

INTRODUCTION TO CIRCUIT DESCRIPTION AND BLOCK DIAGRAM DESCRIPTION.
INTRODUCTION TO CIRCUIT DESCRIPTION.

The functioning of the circuits is explained per printed circuit board
(p.c.b.). For every p.c.b. a separate chapter is available containing the
lay-out of the p.c.b., the belonging circuit diagram (s) and the circuit
description.

Location of electical parts.
The itemnumbers of C..., R..., V..., N..., D... and K... have been divided

into groups which relate to the circuit, the printed circuit board
according to the following table:

Itemnumber Printed circuit board Figure

101- 199 LCD-unit 4.1, 4.2

501- 599 Switch unit 5.2, 5.3

1101-1199 Intermediate unit 6.2, 6.3

1601-1699 Central processor unit 7.2, 7.3, 7.4, 7.5
- 4001-4099 Final Y amplifier 14,1, 14.2
4701-4799 MTB external trigger unit 11.1, 11,2
4801-4899 DTB external trigger unit 11,1, 11.3
4901-5399 Y-signal unit 13.1, 13.2, 13.3, 13.4
5601-5899 X/Z amplifier and chip unit 16.1, 16.2, 16.3
5901-5999 CRT-controls unit 22,1, 22,2
6000~6100 Infra Red receiver (PM3296A) 22.3, 22.4
6201-6299 Primary converter unit 18.3, 18.4

6301-6399 Secondary converter unit 19.4, 19.5
6601-6699 High voltage comverter unit 20.2, 20.3
6801-6899 HF-attenuator unit 10.1, 10.2
6901-6999 LF-attenuator unit 10.4, 10.3

7000-7050 Adaptation unit 12,1, 12.2

7301-7399 Mother Board 21.1, 21.2
8001-8099 IEEE 488 bus unit (optional) 9.1, 9.2, 9.3
8201-8299 CRT text unit (optional) 8.1, 8.2, 8.3
8401-8499 CRT-socket unit : 17.1, 17.2

9001-9899 Time-base and time base chip-unit 15.10, 15.11, 15.12,

15.13, 15.14
NOTE: In the circuit diagrams you can find several signal names. Some

of them have a line on top which means that the signal is low if
the related function is on. In these circuit descriptions the
line on top of the signal name is not present; it is replaced by
the addition "-" directly behind the signal name.
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BLOCK DIAGRAM DESCRIPTION (see fig. 3.1.)

Note this block diagram is a universal omne. This means that it is
based upon the PM3296A which is the most extensive instrument of
the 400 MHz-oscilloscope family.

In PM3295A, the infra-red transmitter and receiver blocks are
not present.

Introduction

This block diagram description is based around all the important
functional blocks and their interconnections. In order to assist in
cross-reference with the circuit diagrams, the blocks include

the itemnumbers of the active components they contain.

Furthermore, the blocks are grouped together per printed-circuit
board, or a part of it. To facilitate reference, the names of the
functional blocks and p.c.b. units are given in text in CAPITALS.
Signal waveforms are also indicated at block interconnections where
useful. _

In this instrument almost all the controls (potentiometers,pushbutton
switches and rotary switches) influence the oscilloscope circuits via
a microcomputer (uC) system: as a result, the position of the
controls is monitored by the uC, which adjusts the time-base,

input attenuators, etc. accordingly to the desired value. For this
purpose, control circuits are present at different points in the
instrument; e.g. on the y-signal unit, the time-base and in the
vicinity of the input units for channel A, B and external

triggering.
The control circuits themselves are controlled by the uC .If the

IEEE option is installed, an external controller is capable of
controlling the instruments functions.

Via the IEEE-bus the controller can also take-in the settings of a

a complete front panel. If the instrument is equipped with a remote
control (option present in PM3296A) a number of complete "front
panels" can be activated to control the oscilloscope.

Another optional unit is the CRT TEXT unit. This unit writes text;
e.g. time base and attenuator settings, and also cursors on the c.r.t.
screen. During a normal signal display cycle, this cycle is
interrupted while text is written. For this purpose, the inputs of the
final vertical (Y) amplifier, final horizontal (X) amplifier and the
intensity (Z) amplifier are then switched to the X,Y and Z outputs of
the TEXT unit,

The MOTHER BOARD of the instrument is a p.c.b. with only few
components, but it plays a vital role as a connecting system for
control signals between the oscilloscope ciruits and the uC.

The unit also distributes the supply voltages from the
power supply to various oscilloscope circuits. Most p.c.b.
connected to the MOTHER BOARD.

‘s are

Front unit

.

This unit incorporates the necessary circuits to control the
oscilloscope functions. It consists of a number of p.c.b’s. located
one behind the other in parallel with the front text plate. The
CENTRAL PROCESSOR UNIT (CPU) forms the heart of the front unit.
The p.c.b’s. of the front unit are now described in order from the
text plate.
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LCD unit

This unit incorporates the LCD read-outs for the sensitivity of the
vertical channels and the positions of the MTB and DTIB and the delay
time. The block LCD DRIVERS is controlled by the CENTRAL PROCESSOR
UNIT and incorporates separate drives for each LCD.

Switch unit

This p.c.b. mainly includes the front-panel pushbutton switches.
Depending on the instrument version, a maximum of 64 switches can be
read-out by the CENTRAL PROCESSOR UNIT. Each pushbutton contains

a LED to indicate when the function is on, controlled by the CPU via
the LED DRIVERS.

The SWITCH UNIT also contains a number of infra-red LEDs, which help
to read-out the rotary switches on the INTERMEDIATE UNIT.

Intermediate unit

This p.c.b. incorporates a number of potentiometers and the rotary
switches Y AMPL for the vertical channels, DEL”D TB, DELAY or DELTA T
and MAIN TB.

Rotary switches

They are contactless, optical switches. A disc with holes is
directly-coupled to the control knob. A pair of infra-red LED s
located on the SWITCH UNIT shine through the holes on to a pair of
photo-transistors. These photo-transistors are part of the block
POSITION DETECTORS FOR THE OPTICAL SWITCHES. If the disc is
rotated,the light beams are interrupted between holes in an
on/off/on/off sequence. This results in a pulse pattern at the photo-
transistors. The number of pulses is a measure of the number of

steps that the control knob has made. By using two photo—transistors
per knob, it is possible to detect the direction of rotation of the
knob: this information is given by the phase difference between the
pulses at the two photo-transistors. If a rotary switch is operated,
the POSITION DETECTORS FOR THE OPTICAL SWITCHES send a signal to the
CENTRAL PROCESSOR UNIT. After this, the number and phase of the pulses
can be read by the processor.

Potentiometers

The signals from the potentiometers HOLD OFF, TRACE SEP, X POS and
LEVEL DTB are direcly routed to the outputs of the unit.

The signals from the potentiometers Y POS A, Y POS B and LEVEL MTB are
applied to the block NORMAL/FIXED POTENTIOMETER SELECTION. The three
outputs in this block are either connected to the associated
potentiometer (normal mode) or to a fixed d.c. voltage (after the AUTO
SET mode initiated). The block POTENTIOMETER POSITION

DETECTION CAL/FIXED detects for the Y POS A, Y POS B or LEVEL MIB
(selected by the CPU) whether one of them is moved (after AUTO SET
selected) through its mid—-position. If so, the CPU is informated

via the block POSITION DETECTORS FOR THE OPTICAL SWITCHES, with the
result that the potentiometer is active again.

The block POTENTIOMETER POSITION DETECTION CAL/FIXED detects
positional state of the potentiometers VAR A, VAR B, VAR MTB

or VAR DTB (selected by the CPU); i.e. whether one is in its
calibrated position. This information is also routed to the CPU.
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Central processor unit (CPU)

The CENTRAL MICROCOMPUTER on this p.c.b. controls all the circuits in
the instrument. In addition, it also controls the microcomputers on
the IEEE UNIT and the CRT TEXT UNIT.

The CENTRAL MICROCOMPUTER has the following inputs:

- A control signal from the infra-red receiver (present in PM3296A)

- PROBE INDICator signals for the vertical channels A and B. These
inform the microcomputer of the types of probes connected to vertical
inputs sockets A and B, and adapt the sensitivity of the read-out of
the LCDs to them. Any overload of the attenuator 50-ochm input
resistors is detected via these inputs.

— ALARM signal from the power supply. This signal ensures that the
microcomputer saves important information (e.g. front-—panel settings)
in its memory (with battery back-up) in the event of power switch—off
or failure,

- A signal input from the INTERMEDIATE UNIT defining the position of
the rotary switches and potentiometers.

- A signal from the IEEE UNIT (if fitted) to determine the
potentiometer positions.

The following output signals are available:

- A 3MHz microcomputer clock pulse. This signal is divided on the
MOTHER BOARD to generate a 5 kHz CAL signal.

- A signal for the CONTROL CIRCUIT on the Y signal unit, the time-base
and for the vertical input unit and the MIB/DTB external trigger input
unit,

= A control circuit for the INTERMEDIATE UNIT blocks NORMAL/FIXED
POTENTIOMETER SELECTION and POTENTIOMETER POSITION DETECTION
CAL/FIXED.

~ A control signal to switch the LEDs on the SWITCH UNIT. The
pushbuttons on this unit are read via the PUSHBUTTON SWITCH READ-QUT
block.

- A control signal for switching the LCD segments on the LCD UNIT.

- Control signals from the EXTERNAL ADDRES/DATA BUS CONTROL block
enable communication between the microcomputer and the IEEE UNIT or
the CRT TEXT UNIT.

~ Control signals from the microcomputer to the TRIPLE DIGITAL-TO-
ANALOG CONVERTER,

This block converts digital information from the microcomputer into
three separately controllable output d.c. signals.

These signals provide potentiometer position detection on the

IEEE UNIT and start the DTB (after delay time or delay + delta t time)
in the COMPARATOR block on the TIME BASE. This block also determines
the position of the cursor lines via the signals DCl and DC2.

CRT text unit

This unit communicates with the CENTRAL PROCESSOR UNIT via the INPUT
BUFFERS block. The TEXT MICROCOMPUTER forms the heart of the unit.
This block interrupts the normal signal display cycle momentarily if
text has to be written on the c.r.t. screen. This is initiated by the
output signal NORMAL/TEXT, which interrupts the normal signals for the
final Y amplifier, the final X amplifier and the intensity amplifier.
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At the same time, the TEXT GENERATOR produces its own raster by
starting a slow sweep (“frame TB") which is applied to the final Y
amplifier, and a number of fast sweeps ("line TB") applied to the
final X amplifier. As a result,it writes a number of horizontal lines
on the screen. The related intensity information applied to the
INTENSITY GENERATOR is again generated by the TEXT GENERATOR. The
composition of the text is identical to the composition of a
television picture.

IEEE unit (optional)

This unit incorporates a digital part and an analog part, the latter
being used for IEEE~control of the potentiometers. The heart of the
unit consists of the IEEE CONTROL LOGIC that communicates with the
CENTRAL PROCESSOR UNIT. This block contains all the circuits
required to communicate with the system—bus instruments via the IEEE
connector on the rear—panel of the instrument. The IEEE CONTROL LOGIC
controls the analog part of the IEEE UNIT via the block "INTERFACE
BETWEEN DIGITAL AND ANALOG PART".

The analog part serves two purposes:

- It detects the potentiometer positions and routes this information
to the IEEE controller. The POTENTIOMETER POSITION DETECTION IEEE
block selects one potentiometer for this purpose. The voltage signal
from the potentiometer is compared with a sawtooth voltage from the
TRIPLE DIGITAL-TO~ANALOG CONVERTER. If the instantaneous value of the
sawtooth equals that from the potentiometer a signal is sent to the
CENTRAL MICROCOMPUTER which then registers the potentiometer position
since it is also aware of the instantaneous value of the sawtooth (The
DAC is controlled by the microcomputer).

- It brings the potentiometer functions under control of the IEEE,

whereupon the front-panel controls have no influence. For this purpose

the PROGRAMMABLE VOLTAGE SOURCES block contains several voltage

sources, one for each potentiometer that must be taken over.

These voltage sources are loaded with a d.c. voltage generated by the

output of the TRIPLE DIGITAL~TO~ANALOG CONVERTER on the CENTRAL

PROCESSOR UNIT.

The LOCAL/REMOTE SWITCH block permits the oscilloscope circuit to

be connected to its associated potentiometer (e.g. Y-POS A) in local

mode, or with one of the programmable voltage sources in remote (IEEE)

mode.

NOTE: if the IEEE UNIT is not installed, the potentiometer outputs
from the INTERMEDIATE UNIT are directly connected to their
associated circuits in the oscilloscope.

Vertical attenuator unit

Since channel A and B attenuator units are identical, only channel

A is described. The input signal is applied to the vertical input
socket. From here the signal is split up into two compomnents; namely:
- the HF (high frequency) component applied to the CAPACITIVE
ATTENUATORS block, which gives signal attentuation of x100, x10,or x1,
- the LF and DC (low—-frequency and direct current) components applied
to the COMPARATOR block. In the input of the COMPARATOR, a d.c.
blocking capacitor is present for the AC-coupled mode. This capacitor

is short—circuited by a switch contact in the DC-coupled mode.
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3.2.4.

2.5.

The output signals from the CAPACITIVE ATTENUATORS and from the
COMPARATOR are added and amplified by the SUMMATION STAGE AND OUTPUT
AMPLIFIER. This block also enables x5 gain increase for the highest
input sensitivity of the instrument. The output signal is routed to
the SIGNAL UNIT. A part of the output signal is fed back via the
FEEDBACK RESISTORS block to the input of the COMPARATOR where it is
compared with the LF and DC components in the input signal. Various
feedback resistors can be selected in the FEEDBACK RESISTORS block.
This occurs simultaneously with the selection of the attenuation co-
efficients of the CAPACITIVE ATTENUATORS.

The input impedance of the attenuator unit can be changed from 1M.Ohm
to 50 Ohm if the 50-Ohm termination resistor is switched on. If the
dissipation in this resistor is excessive, the TEMPERATURE SENSING
CIRCUIT gives an alarm to the central micro processor. This alarm is
routed via the line that is also used for the probe indicator.

All blocks that are capable of working in different modes (e.g.
different attenuation coefficients) are controlled via a CONTROL
CIRCUIT from the central microprocessor.This CONTROL CIRCUIT block is
not located on the attenuator unit, but is on a separate unit = the
ADAPTATION UNIT. The attenuator unit circuits are located on two
p.c.b.”s: an HF (high-frequency) unit an and LF (low frequency) unit.

MTB and DTB external trigger unit

This unit incorporates two identical input circuits used external

MTB and DTB triggering. Their output signals are routed to the SIGNAL
UNIT stage for MIB and DTB . triggering.

Each trigger input circuit operates in the same way as the channel

A and B attenuators. However, there are fewer attenuation coefficients
for the external trigger inputs.

The different modes of this unit are controlled by the central
microcomputer via a CONTROL CIRCUIT located on the ADAPTATION UNIT.

Signal unit

This unit incorporates the pre-amplifiers for the vertical A and B
channels and the trigger circuits for the MTB and DIB. All these
functions are controlled by the contral microcomputer via the CONTROL
CIRCUIT FOR THE SIGNAL UNIT block.

Vertical channels A and B

Since both channels are identical, only channel A is described. The

signal from the attenuator unit is applied to the CHANNEL A PRE-

AMPLIFIER block. This block has a variable gain, influenced by the

front-panel VAR potentiometer. The gain is also

controllable in steps to give different input sensitivities of the

instrument. CHANNEL A PRE-AMPLIFIER has two outputs.

- One output applied to the CHANNEL A TRIGGER PICK-OFF to trigger MIB
and/or DTB via channel A.

~ The other output signal routed to the DELAY LINE DRIVER. The channel
B and the TRIGGER VIEW channel are also added in this block.

The TRIGGER VIEW channel enables display of the MIB trigger source.

The TRIGGER VIEW signal is switched in the DELAY LINE DRIVER.

To control the vertical position, either the CHANNEL A POSITION

CONTROL block or the CHANNEL B POSITION CONTROL block influences

the shift of the DELAY LINE DRIVER signal. This depends on the

vertical channel displayed. The DELAY LINE DRIVER also incorporates a

bandwidth limiter - a low-pass filter with a cut—off frequency of 20

MHz.
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MTB trigger circuit

The MTB HF TRIGGER PATH block receives a trigger signal from one of
the vertical channels A or B, or from the MIB external trigger input.
One of these signals can be selected for MTB triggering. The HF
component in the selected signal is routed to the output of the block
provided that HF reject is not on. The LF and DC components are routed
through the MTB LF+DC TRIGGER PATH block. Depending on the selected
filter mode, the signal is passed through (HF-REject, AC and DC mode)
or it is blocked (LF-REject mode).
The output signal from the MTB HF TRIGGER PATH includes the output
signal from the MTB LF+DC TRIGGER PATH and is routed to the input of
the MTB TRIGGER AMPLIFIER. This block includes the LEVEL MIB and SLOPE
functions. A d.c. voltage from the frontpanel LEVEL MTB control is
routed via the AUTO LEVEL CONTROL block to the MTB TRIGGER AMPLIFIER.
This d.c. voltage determines the instant that a trigger pulse
appears on the output. The trigger pulse starts the time-base via the
TRIGGER INPUT block.In the AUTO mode of the MTB, the AUTO LEVEL
CONTROL ensures that the range of the MTB LEVEL control always lies
within the peak-to-peak value of the signal on the c.r.t. screen.
Apart from the MIB trigger pulse output, the MTB TRIGGER AMPLIFIER
has two other outputs:
~ One carries the TRIGGER VIEW signal applied to the DELAY LINE
DRIVER,
- the other input sends a signal to the input switches of the FINAL
X AMPLIFIER in order to enable X deflection by a signal from the MTB
triggering.

DTB trigger circuit

Basically, this circuit is identical to the MIB trigger circuit. This
also has filters (HF TRIGGER PATH, LF+DC TRIGGER PATH) and a DTB
TRIGGER AMPLIFIER. However, this amplifier has only one output, which
carries the trigger pulse to start the DTB. There is no auto level
control, but a Y OUTPUT AMPLIFIER block provides a path to make the
DTB trigger signal available at a BNC output socket at the rear of the
oscilloscope.

3.2.6. Delay line and final Y-amplifier

The vertical deflection signal from the DELAY LINE DRIVER on the
SIGNAL UNIT is applied to the DELAY LINE. This block consists of a
long coaxial cable that gives sufficient signal delay to compensate
for propagation delay in the trigger circuits. As a result, the
leading edge of a fast signal at which triggering occurs is clearly
visible on the screen. The output signal from the DELAY LINE is
applied to the FINAL Y AMPLIFIER unit. This unit consists of two
blocks:

- the FINAL Y AMPLIFIER for driving the vertical deflection system of
the c.r.t.

- the TRACE SEPARATION AND TEXT CONTROL, which functions as an input
switch for the final amplifier. Depending on the selected display
mode the following occurs:

MTB or DTB only: the output signal from the DELAY LINE is directly

connected to the input of the FINAL Y AMPLIFIER.
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3.2.7.

Alternate time base mode: when selected, the displayed signal must

be shifted upwards to display the MTB, and downwards to display DTB.
The shift distance is adjustable with the front-panel TRACE SEP
potentiometer. A signal from the TRACE SEPARATION AND INTENSITY
CONTROL block indicates whether the instrument is in the ALT TB mode
or not. The CONTROL CIRCUIT FOR SIGNAL UNIT delivers a signal to
indicate if MIB (upwards shift) or DTB (downwards shift) is displayed.
Text display mode: in which the signal from the DELAY LINE is not
used as an input signal for the final Y amplifier. Instead, a
deflection signal is applied from the text display part of the X/Z
amplifier (discussed later). The selection between the two input
signals is made by the NORMAL/TEXT signal from the CRT TEXT UNIT.

Time base unit

This unit incorporates the main time-base (MTB), the delayed time base
unit (DTB) and the input selection switches for the FINAL X AMPLIFIER.
A1l functions are controlled by the central microprocessor via the
block CONTROL CIRCUIT FOR THE TIME-BASE. Certain supply voltages that
require high degree of accuracy are stabilised by the ADDITIONAL
SUPPLY VOLTAGE STABILISATION.

Main time base
The MTB may be started by a trigger pulse applied to the MTB
FLIP-FLOP via the TRIGGER INPUT. If the MIB FLIP-FLOP switches over,
the current from the MTB CURRENT SOURCE starts to charge a timing
capacitor. The sweep time depends on the capacitive value; different
selected capacitors are switched into the MIB by the CONTROL CIRCUIT.
Thus, a linear sawtooth is generated across the timing capacitor,
which can be used for X-deflection. The end of the sawtooth is
detected by the TIME BASE END-OF-SWEEP FLIPFLOP, which then activates
the HOLD—-OFF CIRCUIT. This circuit switches the MIB FLIP-FLOP back so
that the MTB sweep is stopped. The HOLD-OFF CIRCUIT keeps the MTB FLIP-
FLOP in this position for the selected hold-off time during which
further trigger pulses have no effect.The hold-off time is determined
by the CONTROL CIRCUIT. The TRIGGER PULSE DETECTION block enables a
two—-way communication with the central microprocessor as follows:
- it signals to the microprocessor when a trigger pulse occurs,
- it receives a signal from the microprocessor to instruct the MTB
whether or not to work in the AUTO (free—run) mode.
The MTB GATE AND ALT PULSE CIRCUIT block converts a signal from the
MTB into the MTB GATE OUT pulse (high during MTB sweep); it also
provides an ALTernate pulse for display switching to the CONTROL
CIRCUIT FOR THE SIGNAL UNIT.

Delayed time-base

The DTB FLIP-~FLOP, DELAYED TIME-BASE, DTB CURRENT SOURCE and DTB GATE
blocks function in the same way as their counterparts for the MTB.
However, some of the DTB functional blocks are simpler. Of special
interest is the way in which the DTB is started. The COMPERATOR block
plays an important role in this. The block compares the MIB sawtooth
signal with a d.c. voltage from the CENTRAL PROCESSOR UNIT. If the
instantaneous sawtooth voltage exceeds the d.c. voltage, a signal is
sent to the DTB FLIP-FLOP. This flipflop either starts the DTB
immmediately (in STARTS DTB mode) or starts it after the receipt of a
trigger pulse from the TRIGGER INPUT (in TRIG DTB mode).

In the COMPARATOR, two different d.c. voltages may be selected:

- one for DTB start after the adjusted DELAY TIME

- the other for DTB start after DELAY + delta t.

The selection between these two d.c. voltages is achieved by a
control signal from the CONTROL CIRCUIT FOR THE SIGNAL UNIT.



3-17

Horizontal display mode switching

In this part of the time-base unit the input signal for the FINAL X
AMPLIFIER is selected. The MTB/DTB/X-DEFL SWITCH AND TB MAGNIFIER E
block enables selection between the MIB sawtooth, DIB sawtooth or

the X-deflection signal from the MTB TRIGGER AMPLIFIER. The
amplification of this block is increased by a factor of ten if the TB
MAGN function is selected. The X POSition shift is also generated in
this block. All functions are controlled by the CONTROL CIRCUIT FOR
THE TIME BASE. The output signal is applied to a second input switch
for the FINAL X AMPLIFIER. This switch is called the HORIZONTAL
DISPLAY CONTROL. This block connects the sawtooth input of the FINAL
X AMPLIFIER to either the MTB sweep, DIB sweep or X-deflection signal
(during normal signal display), or to a deflection signal from the
text display part of the final X/Z amplifier unit (discussed later)
This selection is made by the NORMAL/TEXT signal from the CRT

TEXT UNIT. :

3.2.8. Text part of the X/Z amplifier

This part of the circuit is responsible for the vertical and
horizontal deflection during the cycle in which text or cursors are
displayed. The output of the Y DEFLECTION SELECTOR AND BUFFER STAGE
block produces the deflection voltage for the Y-deflection. The output
of the X DEFLECTION SELECTOR AND BUFFER STAGE block produces the
X-deflection voltage. Each selector has five inputs; the selected
input to be connected to the output is determined by the address

code coming from the CRT TEXT UNIT. Both selectors receive the same
address code and select identical positions.

The five possible switch positions are:

- Position 1: the mode during which text is written on the c.r.t.
screen. The Y-deflection is derived from the Y-SWEEP GENERATOR which
produces a relatively slow sawtooth (started by the CRT TEXT UNIT).
During the sawtooth, the whole screen can be written. The X-deflection
is derived from the X—SWEEP GENERATOR which produces a number of fast
sawtooth signals (started by the CRT TEXT UNIT). During one

sawtooth, one horizontal line is written.

- Position 2 and 3: the mode in which a pair of vertical (time) cursor
lines is written on the screen. In position 2, one X-sweep is
generated and applied to the Y-deflection. The X-deflection receives a
fixed d.c. voltage (DCl). .
In Position 3, another X-sweep is generated and again applied to the Y-
voltage. The X-deflection receives a fixed d.c. voltage (DC2). Since
DCl and DC2 are different voltages, a complete cycle results in two

~ vertical lines being written on the screen. The horizontal distance
between the lines depends on the voltage difference between DCl and
DC2.

- Position 4 and 5: the positions in which a pair of horizontal (volt)
cursor lines is written on the screen.

In position 4, one X-sweep is generated and applied to the X-
deflection. The Y-deflection receives a fixed d.c. voltage (DCl).

In position 5, another X sweep is generated and again applied to the X-
deflection. The Y deflection receives a fixed d.c. voltage (DC2).

Since DCl and DC2 are different voltages, the complete cycle results

in two horizontal lines being written on the screen. The vertical
distance between the lines depends on the voltage difference between
DCl and DC2.
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3.2.9.

3.2.10.

Intensity and focusing part of X/Z amplifier

This part of the block diagram determines the intemnsity and focusing
of the spot on the c.r.t. screen. The intensity is controlled by
electrode Gl of the c.r.t. Electrode G3 controls the focusing. Since
focusing and intensity are inter-related, the focusing of the spot has
to be independent of the intensity.

Intensity (and focusing) can be determined either by the text
generator part or during the normal signal display by the display mode
logic. The selection between the two is made by the NORMAL/TEXT SWITCH
block with the NORMAL/TEXT signal from the CRT TEXT UNIT.

In the text display mode, the intensity (Z) signal is derived from the
CRT TEXT UNIT. This signal is applied to the TEXT INTENSITY
PREAMPLIFIER. The intensity can be manually adjusted via the

READ-QUT INTENSITY potentiometer.

In the signal display mode, the intensity signal is derived from the
INTENSITY PRE-AMPLIFIER. This block receives the following intensity
determining input signal:

~ a display blanking signal during switch-over from one vertical
channel to another in the CHOP display mode. This signal originates
from the CONTROL CIRCUIT FOR THE SIGNAL UNIT.

- a signal from the Z-LOGIC on the TIME-BASE unit. This signal gives .
a blanked display during the hold—off period of the MTB and flyback

of the trace. The display intensity-changes in the MTB intensified
mode are also determined by this signal.

- an external signal applied to the Z-MOD input socket for determining
the intensity. :

The output signal from the NORMAL/TEXT SWITCH is split between the
FOCUS AMPLIFIER and the INTENSITY AMPLIFIER. The outputs of both
amplifiers are connected to the G3 and Gl electrodes of the c.r.t.
Since these electrodes are at a high negative potential, the
amplifier outputs are connected via high-voltage blocking capacitors
to the c.r.t. These allow only the high-frequency components of the
signal to pass and block the low—frequency (LF) and direct-current
(DC) components. For this reason, the LF and DC components from the
INTENSITY AMPLIFIER output are filtered out and applied to a
MODULATOR. This superimposes the LF and DC components on to a high-
frequency carrier wave to allow them to be passed via a high-voltage
blocking capacitor. Following the capacitor (at -3.4 kV level), the
signal is demodulated by an INTENSITY DEMODULATOR and a FOCUS
DEMODULATOR.

The output signals from the demodulators (LF+DC components) are re-
comined with the HF components received via the blocking capacitors to
give the original signals. The Z signal is applied to Gl of the
c.r.t. and the focus signal to G3. The focus signal for the c.r.t.
spot is also influenced manually via the FOCUS CONTROL CIRCUIT.

Power supplies.

Primary converter.

The mains input voltage is filtered and then applied to two
identical blocks, namely, PRIMARY CONVERTER MAINS VOLTAGE TO 24 VDC.
Two units are switched in parallel in order to obtain the required
output power. The two output voltages, each 24 VDC, are connected in
series to give 48 VDC for the SECONDARY CONVERTER UNIT. The primary
converters cover all common mains voltage ranges and offer the
necessary separation required between the mains voltage and the
oscilloscope circuits.
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Secondary converter

On this unit, the FLYBACK CONVERTER generates the necessary supply
voltages for the oscilloscope circuits. These low-voltage supplies are
stabilised by a CONTROL CIRCUIT to the converter. The

unit also incorporates the LINE TRIGGER CIRCUIT. This block receives
an input signal from the MAINS FILTER and converts this into a 50/60
Hz sinewave of constant amplitude by comparing it with a reference
voltage. This signal is used for MTB LINE triggering. The CONTROL
CIRCUIT block also generates an alarm signal for the CENTRAL
PROCESSOR UNIT to safequard data in the event of mains switch-off or
failure, when back-up batteries are fitted. The FAN CONTROL CIRCUIT
monitors the temperature inside the instrument by means of a sensor on
the MOTHER BOARD. If necessary the FAN speed is automatically adapted,
depending on the measured temperature.

High voltage converter

This unit generates the +21 kV for the post-accelerator anode of the
c.r.t. and the -3,4 kilovolt for the cathode circuits.The supply
voltage from the secondary converter unit is applied to a FLYBACK
CONVERTER with a CONTROL CIRCUIT:for output voltage stabilisation. The
SUPPLY VOLTAGE SENSOR prevents the FLYBACK CONVERTER from starting in
the case where the supply voltage is too low. The output a.c. voltage
from the converter is rectified to give -3,4 kV and a rectified output
is multiplied to give +21 kV.

Auxiliary circuits on mother board

Trace rotation

This block determines the strength and sense of the current passed
to the trace rotation coil around the neck of the c.r.t. The trace
rotation circuit is adjustable by a front-panel screwdriver-operated
TRACE ROT control.

Illumination circuit

This block determines the amount of current passed to the graticule
illumination lamps of the c.r.t., controlled by the ILLUM
potentiometer on the front panel,

Frequency divider and output amplifier

This block divides the 3 MHz clock frequency from the central
microprocessor to a 5 KHz square-wave. This square-wave signal is
amplified and stabilised to give a 0,8 V output on the CAL voltage
output socket,
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CIRCUIT DESCRIPTION OF LCD UNIT (see fig. 4.2.)

The LCD unit incorporates five liquid-crystal displays, each fed from
its own driver IC (D10l - D106). The 4 V supply voltage for the driver
ICs (pin 2) is derived from the +13,8 V supply input on X101 pin 6 via
transistor V10l and its associated circuit. Since the base-emitter
voltage of V10l is influenced by the ambient temperature, so is the

4 V supply voltage. The voltage variation is from 4.5 V to 3.5 V over
a temperature range between O and 80 degrees. This serves to
compensate for LCD intensity changes due to variations in ambient
temperature.

Each driver controls a maximum of 64 segments of the LCD in two groups
of 32 segments; i.e. 32 segment outputs +2 groupselection outputs.
Either group 1 of 32 segments (backplane 1) or group 2 or 32 segments
(backplane 2) is activated at a time. Each of the 32 outputs (S1 =~
S32) is connected to two segments in the LCD, one segment opposite
backplane 1 and the other opposite backplane 2.

When information is applied to the driver outputs, with BPl active, it
is routed to activate the chosen segments opposite backplane 1l; then a
moment later, when BP2 is active, information is generated to activate
the chosen segments opposite backplane 2, and so on.

The switching between BPl and BP2 occurs at a frequency of about

2500 Hz derived from the oscillator section of D106 (pins 2, 3 and 4).
This frequency is determined by the external RC combination

R113/C101l. The other drivers D101 - D104 share this 2500 Hz signal
(pins 37 and 38 paralleled), therefore their oscillator sections are
not used (pins 3 and 4 are earthed).

Each LCD driver has three inputs driven from the central
microcomputer:

- LCD (pin 40), a data latch enable input used to select the correct
driver from D101 - D106. If pin 40 is at logic high, the LCD is
selected to accept data. Conversely, a logic low inhibits data.

- SERCLK {pin 1) is the clock input.

— DATALl (pin 39) is the signal information input. The clock input
receives a row of 35 pulses (see Fig.4.3). In parallel with these
clock pulses, a row of 34 data-bits is applied to the DATA input. The
data is valid at the negative—going edge of each clock pulse. The row
of data-bits starts with a zero start bit. Then the following 32 data-—
bits determine which of the 32 segments of a row must be activated
(data-bit high) and which must remain inactive (data-bit low).

The last data-bit determines for which backplane the data is intended,
LCD backplane 1 (data-bit high) or LCD backplane 2 (data-bit low).
This 35th clock pulse ends the information loading cycle.

The clock signals are common to all drivers, as also the DATA 1
signals. The correct LCD driver is selected to receive the applied
data pulses by a high logic level on the LCD input, pin 40.

The interconnection and level adaptation between the 5 V TTL
microcomputer signals and the LCD drivers that operate on a 4 V supply
is achieved by the high-ohmic resistors R101 - R108.
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4.1 PARTS LIST
In this section only electrical parts presents on this unit are
listed.
Mechanical parts, including cables and connectors, are given in
section 28.

SUBJECT TO ALTERATION WITHOUT NOTICE

4,1.1 CAPACITORS

POSNR DESCRIPTION ORDERING CODE
C 0101 50V 5% 680PF 4822 122 31775
C ¢lgo2z 50V 10% 1ONF 4822 122 31728

4.1.2 INTEGRATED CIRCUITS

POSHNR DESCRIPTION ORDERING CODE

D 161 PCF 21117 5322 209 82942
D 162 PCF 2111T 5322 209 82942
D 163 PCF 21117 5322 209 82942
D 164 PCF 21117 5322 209 82942
D 106 PCF 21117 5322 209 82542

4.1.3 RESISTORS :
POSNR DESCRIPTIGN ORDERING CODE

R 101 3K9 5322 111 91135
R 102 3K9 5322 111 91135
R 0193 RC-01 5% 100K 4822 111 90214
R 0104 RC-01 5% 100K 4822 111 90214
R 165 1K78 5322 116 53208
R 0106 RC-01 5% 100K 4822 111 90214
R 0187 RC-01 5% 100K 4822 111 90214
R 0108 RC-01 5% 100K 4822 111 90216
R 6109 RC-01 5% 5Ké6 4822 111 90572
R 118 1K78 5322 116 53208
R 0111 RC-01 5% 6K38 6822 111 90544
R 6112 RC-01 5% 1Kz 5322 111 906056
R 0113 RC-01 5% M 5322 111 90094

4.1.4 SEMI CONDUCTORS
POSNR DESCRIPTION ORDERING CODE
¥ 0101 BCW3I3R - PEL 5322 130. 44342
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CIRCUIT DESCRIPTION OF SWITCH UNIT (See fig. 5.3.)

The switch panel unit incorporates the following main functions:

- the front-panel pushbutton switches grouped in a matrix
configuration.

- the front-panel LEDs located in the pushbutton switches and the
associated LED drivers.

— the step controls for vertical sensitivity and time-base setting and
the DELAY or delta t continuous control.

These main functions are now discussed in more detail.

Pushbutton switches

These switches are located on the crossing points of an 8 x 8 wire
matrix: eight horizontal rows O to 7 and eight vertical columns O to
7. The rows and columns are connected to the CPU unit, which scans the
switch positions (see CPU unit circuit description).

The control circuitry for the LED s.

output signals and LED drivers

The LEDs in the pushbuttons are divided into two groups of 32 and
driven by the LED driver ICs N501, N502, each with 16 output pins.
Each output is derived from an open-collector NPN transistor and
drives two LEDs. The anode of one LED of a pair can be switched via
transistor V504 to the +5 V supply, the anode of the other LED is
switched by transistor V507. Transistors V504 and V507 are switched on
and off aternately; i.e. when one is on, the other is off.

This alternate switching for the diode groups is controlled by the 800
Hz square-wave oscillator formed by D503/1,2,3 and R501/C501.

The 800 Hz square-wave is routed via diode V502, network R502/C503,
inverter D503/12,13,11, and tramsistor V503 to V504. The 800 Hz square-
wave is also routed via diode V501, and an identical circuit, to
transistor V507.

The RC networks R502/C503, R503/C502 give a time delay, which ensures
that the switching transistors V504 and V507 are not conductive at the
same time.

In addition, the 800 Hz square-wave is routed to two LED drivers N501,
N502 on input pins 7. Depending on the logic level applied to pin 7,
the sixteen outputs of a LED driver generate the correct control
signals for the sixteen LEDs connected to switching transistor V504,
or they generate the correct control signals for the sixteen LEDs
connected to switching transistor V507. Both LED driver ICs
incorporate two registers, each of 16 bits. A register contains the
control information for a group of sixteen LEDs. If control pin 7 is
at logic low, the contents of the first register are applied to the
outputs of the LED driver. If pin 7 is high, the contents of the
second register are applied to the outputs.
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Input signal for the LED drivers.

gimilar to the LCD drivers, the LED drivers also have three input
ins:

E input pin 5, used to select either driver N501 or N502 (LED 0 or 1).

A logic high enables the driver to accept data.

- input 9, the clock (SERCLK) input.

- input pin 8 is the data input. The clock input receives a row of

pulses as shown in Fig. 5.1. In parallel with the clock pulses, a row

of data-bits is applied to the data input. The first bit is a

logic low start signal; the following 16 bits are loaded into one of

the two registers, depending on the 18th data bit (low for the first

register, high for the second).

The clock input is common to the two LED drivers, N501, N502. Likewise

the data input on pins 8 is common, selection of the appropriate

driver being made by a logic high input signal on pin 5 of either N501
or N502.

The rotary switches for vertical sensitivity, MTB, DTB and delay=-time.
These controls are optical switches formed by LEDs and photo-
transistors. Each switch consists of a perforated disc through which
the light from two infra-red LEDs falls on two photo-sensitive
transistors. If the switch is operated, the movement is detected by
the photo-transistors. The dual LEDs and photo-transistors also detect
whether the switch movement is clockwise or anticlockwise (see
intermediate unit circuit descriptiomn). The infra-red LEDs are located
on the rear of the switch unit. LEDs H501l...H506 are supplied with a
d.c. current from the +13 V rail via R 514. LEDs H507...H512 are
similarly supplied via R516. The perforated discs and their
encapsulation are also mounted on the switch print unit.

LED-DRIVER ACTIVATED

LEDO/‘l_r L__._

DATA 1S CLOCKED INTO LED-DRIVER
AT NEGATIVE SLOPE OF PULSE:

e 3 4 5 6 7 8 % 17 18 19

TEST LEADING ZERO ?
LOAD PULSE
BIT. NO. 0 1 2 3 3 S 6 7 15 16 17
LEADING ZEROQ LOAD BIT
LATCH A ORB

MAT1643
841102

Fig.5.1. Time relation of input signals of LED drivers
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5.1 PARTS LIST

In this section only electrical parts present on this unit are listed.
Mechanical parts, including cables and connectors, are given in
section 28.

SUBJECT TO ALTERATION WITHOUT NOTICE

5.1.1 CAPACITORS
POSNR  DESCRIPTION ORDERING CODE
C 0501 CAP.CERAMIC -20+80%  22NF 4822 122 30103
C 0502 CAP.CERAMIC 10% 1.5NF 6822 122 31169
C 0503 CAP.CERAMIC 10% 1.5NF 4822 122 31169
C 0506 CAP.CERAMIC -20+80%  22NF 6822 122 30103
C 0506 CAP.CERAMIC -20+80%  22NF 6822 122 30103
C 0507 ~10+50% 1000UF 4822 126 20768
C 0508 -20+50%  1ONF 4822 122 31414

5.1.2 INTEGRATED CIRCUITS
D 0503 INTEGR.CIRCUIT HEF4093BP  PEL 5322 209 14927
N 0501 INTEGR.CIRCUIT SAA1060 PEL 6822 209 80512
N 0502 INTEGR.CIRCUIT SAA1060 PEL 4822 209 80512

5.1.3 RESISTORS
R 0501 RES.METAL FILM MR25 1% 100K 4822 116 51268
R 0502 RES.METAL FILM MR25 1% 100K 4822 116 51263
R 0503 RES.METAL FILM MR25 1% 100K 4822 116 51268
R 0504 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0506 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0507 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0508 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0509 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 6511 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0512 RES.METAL FILM MR25 1% 343E 5322 116 54515
R 0513 RES.METAL FILM MR25 1% 348E 5322 116 54515
R 0516 RES.METAL FILM MR25 1% 562E 4822 116 51231
R 0516 RES.METAL FILM MR25 1% 562E 4822 116 51231
R 0517 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 0518 RES.METAL FILM MR25  1x 10K 4822 116 51253
R 0519 RES.METAL FILM MR25  1x% 287E 5322 116 54506
R 0521 RES.METAL FILM MR25  1X 287E 5322 116 54506
R 0522 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0523 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0524 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0528 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0529 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0531 RES.METAL FILM MR25 1% 287E 5322 116 56506
R 0532 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0533 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0536 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0537 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0538 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0535 RES.METAL FILM MR25 11X 287E 5322 116 54506
R 0541 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0542 RES.METAL FILM MR25 1% 287E 5322 116 56506
R 0543 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0544 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0546 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0547 RES.METAL FILM MR25 1% 287E 5322 116 54506
R 0543 RES.METAL FILM MR25 1% 287E 5322 116 54506
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CIRCUIT DESCRIPTION OF THE INTERMEDIATE UNIT (see fig.6.3)

This unit incorporates the following control elements:

- potentiometers Rl - Rll and their switching logic

- photo-sensitive transistors for the optical switches, their
switching and detection logic.

The potentiometers

All potentiometers are paralleled between earth and the +10 V line,
stabilised by the voltage stabiliser N1111l. A built-in reference ~
voltage of 7.5 V on pin 6 is applied to the non-inverting input (pin E
5) of a comparator. The inverting input (pin 4) is connected to
potentiometer R1164 of a voltage divider to compare the reference

voltage with a part of the output. Any difference is corrected by

N11ll. The output voltage is available on pin 10, the output flowing
through the currentsensing resistor R1162. The voltage across R1162 is
measured on pins 2 and 3 of N111l. If this voltage exceeds 0.7 V, the
output voltage on pin 10 cuts off.

The eleven potentiometers can be divided into three groups:
—-potentiometers that have no connection with the circuits on the inter-
mediate unit: the slider voltage is directly routed to its associated
analog circuit via connector X1102; namely R10 (HOLD OFF), R9 (TRACE
SEP), R4 (X POS) and R3 (LEVEL DTB).

-potentiometers connected with circuits on the unit and also directly
routed to associated analog circuits via connector X1102; namely, R6
(VAR A), R7- (VAR B), R8 (VAR DTB) and R11 (VAR MTB). On the
intermediate board, it is necessary to detect whether or not these
potentiometers are in the CAL position. Therefore, each is resistor-
connected to a separate input on IC D1102. The function of this IC is
explained later.

-potentiometers that can only comnect with their analog circuits via
the intermediate unit circuits; namely, Rl (A POS), R2 (B POS) and R5
(LEVEL MTB). The analog circuits normally connected to the sliders of
these potentiometers are disconnected in the AUTO SET mode by IC D110l
and connected to fixed d.c.voltages. Multiplexer D110l has three two-
position switches. Depending on an addres code on pins 9, 10 and 11,
the three switches can select the required position. The switch
interconnections with the AUTO SET mode on and off are as follows:

OUTPUTS
AUTO SET PIN 14 PIN 15 PIN 4
OFF TO PIN 13 TO PIN 1 TO PIN 3
(Slider R1) (Slider R2) ~ (Slider R3)
ON TO PIN 12 TO PIN 2 TO PIN 5
(+5 V supply) (+5 V supply) (+3.85 V from
R1123/R1124)

The address code for the multiplexer is generated by an addressable

latch D1103, which receives the following control signals from the

microcomputer:

- the address that determines the output to be changed is applied to
pins 1, 2 and 3.

- pin 13 receives a low or high level that is transferred to the
selected output.

- a low level on pin 14 enables D1103 to accept data.
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Position detection for potentiometers

The potentiometer sliders of R1, R2, R5, R6, R7, R8 and Rl1l are
connected via resistors to inputs of the analog multiplexer D1102, a
16-position switch. Depending on the 4-bit address applied to pins 10,
11, 13, 14, one of the sixteen inputs is connected to the output

(pin 1). In this situation, only seven inputs (pins 3 - 9) of D1102
are used.

By changing the address of the multiplexer, all slider voltages are
available in sequence on pin 1 of D1102. These slider voltages are
thus applied to a double comparator circuit with the operational
amplifiers N1104/5,6,7, and N1104/2,3,1.

N1104/5,6,7: the =ve input is connected to +5 V. This comparator
operates via the + input if Rl, R2 or R5 are moved through their mid-
position. If the slider voltage from Rl, R2 or R5 rises above +5 V,
the output of this comparator rises from 0 to +13 V. This output
signal is routed via D1106 pins 7 and 3 to the microcomputer. D1106 is
described together with the optical switches.

N1104/3,2,1: The =-ve input is connected to a d.c. voltage of +0.38 V.
This comparator operates via the + input whether or not R6, R7, R8 and
R1ll are in their CAL position. If the slider voltage of R6, R7, R8 or
Rll rises above +0.38 V, the output of the comparator rises from 0 to
+13 V. This output signal is routed via D1108 pins 7 and 3 to the
microcomputer. D1108 is described together with the optical switches.

Position detection for optical switches

The rotation of the A channel Y AMPL switch is detected by the photo-
transistors HL1104 and H111l. If the control is turned from one
position to another, light from the infra-~red LEDs falls in H1104 and
H111ll, pulsed via the holes in the perforated disc. As a result, the
photo~transistors conduct for some time and their collectors are low
(see Fig. 6.1)

The collectors of HL101l, H1102, H1103 and Hl1104 are connected to
multiplexer D1106. The collector of H1106 is connected via an inverter
D1107/5,6, to D1106. In addition, the output of the operational
amplifier N1104/7 is connected to D1106. The multiplexer D1106 is

an 8-position switch. When an address is applied to pins 9,10 and 11,
output pin 3 is connected with one of the inputs.

If one of the collectors of H1101 - H1104 becomes low, transistor
V1113 conducts, giving a high logic level via inverter D1107/1,2, and
gate D1109/11,12,13 to the restart (RST 6,5) of the microprocessor.
This restart pulse immediately causes the microprocessor to generate
different addresses for the multiplexer; as a result, all the inputs
are scanned for a while. If the input is reached that is connected
with the photo-transistor of the operated switch, the multiplexer
stays stable;i.e. it remains connected to the switch while it is being
operated. The number of steps made by the switch results in an
identical number of pulses at the collector of its photo—-transistor.
These pulses are routed to the microprocessor via D1106 and inverter
D1107.

Figure 6.1, shows that every optical switch has two photo-transistors
in order to detect the direction of switch-rotation. The first photo-
transistor is connected to multiplexer D1106 as described. The second
photo-transistor is connected to an identical second multiplexer
D1108. The photo-transistors H1104 and H11lll are used for Y AMPL
channel A; H110l and H1107 are used for Y AMPL channel B; H1103 and
H1109 are used for DEL”D TB; H1106 and H1112 are used for DELAY or
delta t; HL102 and H1108 are used fro MAIN TB.



The circuit comprising gates D1109/1,2,3, D1109/4,5,6, D1109/8,9,10,
and the associated components, detect if the control DELAY or delta t
is operated. As this control has no mechanical stop, it may be that
photo-transistor H1112 is permanently conducting in its rest

position. However, this does not result in a RST 6,5 pulse to the
microprocessor via gate D1109/11,12,13. This blocking effect is
achieved by capacitors Cl117 and Cl1118, which ensure that only changes
in the state of the collector of H111l2 are routed to RST 6,5 of the

microprocessor.
TRANSMITTER: RECEIVER:
2 INFRA-RED 2 PHOTO- .
LEDS TRANSISTORS

A<

B <

MAT1644B
850501

Fig.6.1l. Mechanical lay-out of an optical switch.
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6.1 PARTS LIST

In this section only electrical parts present on this unit are
listed.

Mechanical parts, including cables and connectors, are given in
section 28.

SUBJECT TO ALTERATION WITHOUT NOTICE

6.1.1 CAPACITORS
POSNR DESCRIPTION ORDERING CODE
C 1101 CAP.CERAMIC -20+50% 10HF 6822 122 31414
C 1102 CAP.CERAMIC 2% 100PF 4822 122 31316
C 1103 CAP.TANTAL 16V 20% 6.8UF 5322 126 14069
C 1104 CAP.CERAMIC -20+50% 10NF 4822 122 31414
C 1106 CAP.CERAMIC -20+50% 10NF 6822 122 31414
C 1107 CAP.CERAMIC -20+50% 10NF 4822 122 31414
C 1168 CAP.CERAMIC -20+50% 10NF 4822 122 31414
C 1109 CAP.CERAMIC -20+5C% 10KF 6822 122 31414
¢ 1111 CAP.CERAMIC -20+50% 1O0NF 6822 122 31414
C 1112 CAP.CERAMIC -Z0+56% 10KF 6822 122 31414
C 1114 CAP.CERAMIC =20+50% 10NHF 4822 122 31414
C 11156 CAP.CERAMIC -20+50% 10NF 4822 122 31414
€ 1117 CAP.CERANIC 10% INF 4822 122 30027
C 1118 CAP.CERAMIC 10% INF 4822 122 30027
C 1119 CAP.CERAMIC -28+v50% 10NF 4822 122 31614
C 1121 CAP.ELECTROLYT. -10+50% 11008UF 4822 12% 20768
C 1122 CAP.CERAMIC -29+50% 10HF 6322 122 31414
C 1123 CAP.TANTAL 16V 208% 6.8UF 5322 124 14069
C 1124 CAP.CERAMIC -20+50% 1ONF 4322 122 11414
C 1126 CAP.ELECTROLYT. -16+50% 33UF 6822 124 20688
C 1623 CAP.TANTAL 16V 20% 6.3UF 5322 126 16069
€ 1624 CAP.FOIL 63V 1% 10KWF 5322 121 54154
C 1627 CAP.CERAMIC -20+50% 1ONF 4822 122 31414
C 1628 CAP.CERAMIC -20+58% 10NF 4822 122 31414
C 1629 CAP.CERAMIC ~20+50% 10NF 4322 122 31414
C 1638 CAP.CERAMIC -20+50% 1ONF 6822 122 31414
C 1639 CAP.CERAMIC =20+58% 1ONF 4822 122 31414
C 15641 CAP.CERAMIC -20+508% 10NF 4822 122 31414
C 1642 CAP.CERANIC -20+508% LONF 6822 122 31614
C 1643 CAP.CERAMIC =20+50% 10NF 4822 122 3141%
C 1646 CAP.CERAMIC -20+507 10HF 6822 122 31414
C 1646 CAP.CERAMIC ~20+50% 10NF 4322 122 31414
C 1643 CAP.CERANMIC ~20v50% 1CNF 4822 122 31414
C 1657 CAP.CERAMIC -20+50% 10HF 4822 122 31414
C 1661 CAP.SOLID ALU. 10V 20% 33UF 6822 124 20%45
C 1632 CAP.TANTAL 16V 20% 6.5UF 5322 124 14069
C 15¢3 CAP.TANTAL 16V 20% 6.8UF 5322 124 14069
C 1664 CAP.TANIAL l16¥ 20% 6.8UF 5322 12% 14069
6.1.2 INTEGRATED CIRCUITS
D 1161 INTEGR.CIRCUIT HEF4053BP PEL 5322 209 14121
D 1162 INTEGR.CIRCUIT HEF4067BP PEL 5322 239 14513
D 1103 INTEGR.CIRCUIT HEF4724BP FEL 4822 20% 10316
D 11065 INTEGR.GIRCUIT HEF4U51BP PEL G822 209 10242
D 1187 IHTEGR.CIRCUIT HEFS0YL06BP PEL 4822 209 10318
D 1103 IHTEGR.CIRCUIT HKHEFI051BP PCL G322 209 10262
DB 1189 INTEGR.CIRCUIT HEF40%3BP FEL 5322 209 149527
N 1104 LM393P 4822 209 81223
N 1111 UA723CN SIG 5322 209 85889
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6.1.3 RESISTORS

R1-R11 5322 103 50018
R 1114 RES.METAL FILM MR25 1% 51Kl 5322 116 50672
R 1116 RES.METAL FILM MR25 1% 51K1 5322 116 50672
R 1117 RES.METAL FILM MR25 1% 51K1 5322 116 50672
R 1118 RES.METAL FILM MR25 1% 51K1 5322 116 50672
R 1119 RES.METAL FILM MR25 1% 51K1 5322 116 50672
R 1121 RES.METAL FILM MR25 1% 51K1 5322 116 50672
R 1122 RES.METAL FILM MR25 1% 51Kl 5322 116 50672
R 1123 RES.METAL FILM MR25 1% 7K5 5322 116 54608
R 1124 RES.METAL FILM MR25 1% 6K19 5322 116 53263
R 1125 MRS25 1% 38K3 G822 116 53526
R 1127 RES.METAL FILM MR25 1% 4K22 5322 116 50729
R 1128 RES.METAL FILM MR25 1% 348E 5322 116 54515
R 1129 RES.METAL FILM MR25 1% 3K16 5322 116 50579
R 1131 RES.METAL FILM MR25 1% 3K16 5322 116 50579
R 1132 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 1133 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1134 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1136 RES.METAL FILM MR25 1% 21K5 5322 116 506451
R 1137 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1138 RES.METAL FILM MR25 1% 10K 6822 116 51253
R 1141 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1142 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1143 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1146 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1146 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1147 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1148 RES5.METAL FILM MR25 1% 21K5 5322 116 50451
R 1149 RES.METAL FILM MR25 1% 21K5 5322 116 50451
R 1151 RES.METAL FILM MR25 1% 21K5 5322 116 506451
R 1152 RES.METAL FILM MR25 1% 10K 6822 116 51253
R 1153 RES.METAL FILM MR25 1% 10K 4822 116 51253
R 1161 RES.METAL FILM MR25 1% 681E 4822 116 51233
R 1162 RES.METAL FILM MR25 1% 2E87 5322 116 53179
R 1163 RES.METAL FILM MR25 1% 825E 5322 116 54541
R 1166 POTM.TRIMMER MTP10 20% 1K 5322 101 102%4
R 1166 RES.METAL FILM MR25 1% 2K87 5322 116 55279
6.1.4 SEMI CONDUCTORS
H 1101 TRANSISTOR BPW22A-II  PEL 5322 130 42107
H 1102 TRANSISTOR BPW22A-II  PEL 5322 130 42107
H 1103 TRANSISTOR BPWN22A-I1  PEL 5322 130 42107
H 1104 TRANSISTOR BFW22A-I1  PEL 5322 130 42107
H 1106 TRANSISTOR BPW22A-II  PEL 5322 130 42107
H 1107 TRANSISTOR BPH22A-II  PEL 5322 130 42107
H 1108 TRANSISTOR BPW22A-II  PEL 5322 130 42107
H 1109 TRANSISTOR BPWNZ22A-II  PEL 5322 130 42107
H 1111 TRANSISTOR BPW22A-II1  PEL 5322 130 42107
H 1112 TRANSISTOR BPW22A-II  PEL 5322 130 42107
¥V 1101 TRANSISTOR BC558B PEL 4822 130 44197
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CIRCUIT DESCRIPTION OF CENTRAL PROCESSOR UNIT AND HEF 4094 BUS.

The central processor unit (CPU) provides microprocessor control of
the oscilloscope functions and is given on three diagrams: fig 7.3.
(cPUl), fig. 7.4. (CPU2) and fig. 7.5. (CPU3).

CIRCUIT DESCRIPTION OF CPU DIAGRAM 1.

This diagram basically consists of IC D1601, a 8085 uP
(microprocessor) decoder circuits for various related read-write
functions, decoding latches for the address and data buses, and the
watchdog circuit. :

Clock signals

The 6 MHz crystal—controlled clock, on D160l pins 1 and 2, provides
the time reference for all micro-computer actions. It is internally
divided to give a 3 MHz square-wave output (CLK) on pin 37. The 3 MHz
CLK signal is fed to a divide-by-4096 circuit D1646 to give a 732 Hz
restart signal (RST7,5) to microprocessor D160l on pin 7. This low
frequency restart signal is used to initiate various program
operations. The 3 MHz CLK signal is also routed via inverter D1621-6
to provide an external clock signal EXCLK- to synchronise the
interface bus IEEE control. Via inverter D1622-12, the 3 MHz CLK
signal also provides a CALCLK signal for the calibrator on the mother
board.

Addres outputs

The sixteen address outputs from D160l are divided into two groups.
Addresses A0 to A7 are decoded from eight address/data bidirectional
lines ADO to AD7 by decoding latch D1603, controlled by the address
latch enable signal ALE; addresses A8 to Al5 are routed directly to
the address bus. The address outputs on the bus are buffered in D1618
and D1619 to provide an external address bus, EXAO to EXAl5, via
connector X1603 for the CRT TEXT UNIT and the IEEE unit.

Data I/0 lines

The eight bidirectional read/write databus lines DO to D7 are decoded
from the eight address/data lines ADO to AD7 by decoding latch

D1602, controlled by the RD- (read) signal and the ENCPU-

(enable CPU) signal. Similarly, the decoding latch D1617 decodes the
eight bidirectional external databus lines EXDO to EXD7 for the CRT
TEXT UNIT and IEEE unit controlled by the RD- and ENCPU-

signals.

Commands for CRT TEXT and IEEE communication

In address decoder D1613, two address lines Al4, Al5 are decoded,

enable by the I0/M signal from the uP, to give four output

combinations:

- The ENCPU- signal is coming from NAND gate D1621-3; inverter

D1622-10 provides the ENCPU signal. If ENCPU- is low, the combined

address/databits O...7 carry data for the databus of the CPU. This

data goes via latch D1602. If ENCPU is low, the address/data bits

0....7 is applied to the external databus for CTU/IEEE communication

via latch D1617.

- CEROM-, a chip enable signal for the programm memory on CPU2.

- Enable signal applied to D1613/15 for decoding address lines All,
Al2 to give a further four output ombinations from D1613.

~ Two chip select signals ENRAMO- and ENRAM1- for the random-
access memories on CPU2.

— An enable signal from pin 10 for two 3-8 decoders D1614 (pin 5)
D1616 (pin 5) producing read-write control signals for uP-related
functions.
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Read decoder D1614 reads the input switches and probe indicators
using the three address input lines AO, Al and A2, also enabled by
the read RD signal. One out of the six outputs in use is activated at
a time.These are:

-RDROW- for reading row of input switches

-RDCOL- for reading column of input switches

-RDPRO- for detecting the probe O type

-RDPR1- for detecting the probe 1 type (not used in this instrument)
-RMEMO- for enabling latch D1609 which reads data into the data bus
lines DO...D7 :
-RMEM1- for enabling latch D1612 which reads data into the data bus
lines DO. .D3

Latch D1609/1 takes in the kA and kV information from the impulse
switches on the INTERMEDIATE UNIT via connector X1601 and also the
COMP signal from the IEEE-unit which scans the position of all the
potentiometers.

Latch D1609/19 takes in the input protection signals INPROTA and
INPROTB from the ATTENUATOR UNIT, which are active if the 50-ohm input
exceeds 5 V.

Latch D1612/19 receives the READY-~ handshake signal from the CRT TEXT
UNIT to confirm a block of data has been taken in; the TBSI input
signal from the TIME-BASE confirms that a trigger pulse occurs during
the sweep. In AUTO SET mode this information is used to read just the
time base setting. In the other time base modes the information
inhibits the free run of the time base.

Latch D1612/2 is a buffer for communicating with the CRT TEXT

UNIT and IEEE. The external commands are EXRD-, EXWR-, EXIO/M-, EXRES.
The TXTINT signal from the TEXT INTENSITY POTENTIOMETER routed

via the CPU unit to the CRT TEXT UNIT. It determines the READ OUT
potentiometer position. In the OFF position it gives a no interrupt
signal to the text generator indicating that no display time is needed
for text

Write decoder D1616 is also addressed by input lines A0, Al and

A2, and enabled by the write WR- signal. One of the five outputs is
activated at a time . These are:

-WMEMO-, a chip enable signal for the addressable latch D1608.
~WMEM1-, an enable signal for the LCD/LED latch on CPU3.

-WMEM2-, an enable signal for the switch/potentimeter latch on CPU3.
-WRLDAC—, an enable signal for the least-significant byte DAC on CPU2.
-WRMDAC-, an enable signal for the most-significant byte DAC on CPU2.

The bit addressable latch D1608 is addressed by input lines A3, A4

and A5, and enabled by WMEMO- as stated. When addressed, data signal

DO is put into one of eight memory cells to give the following outputs:

- SCL, a serial clock for the internal HEF-bus.

- POTSTR-, a strobe signal for digitising potentiometer positions on
the INTERMEDIATE UNIT. This happens via D1647/5,6 on CPU3.

- §/HO, S/Hl1, sample and hold control for DACs on CPU 2.

- TRIGRES-, for resetting a flip—flop on the TIME-BASE.

- TBSO-,this signal is made low and applied to the time base unit in
order to be able to detect a trigger pulse during the sweep (see
also time base output signal TBSI)

- WDOG—-, main program loop trigger signal to watchdog circuit.
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The watchdog and power down circuit

This circuit ensures that the system program is switched off under

fault conditions and that memory contents are saved. If the system is

operating correctly, pulses from the main program loop are received
from D1608-11 via diode V1603 to give a low input on pin 10 of the
watchdog trigger circuit D1621 (NAND gate with a feedback loop). The
output on pin 8 is therefore high and consequently input 9 is high.

The logic high on pin 8 blocks diode V1604.

With the power supply operating correctly, the AL- (alarm) signal

via 81602 is high and is passed via R1607 to keep the reset signal

RES IN- high (capacitor C1603 charged) for normal on or reset.

Transistor V1606 is conducting then in order to keep the TRAP input of

the uP low.

This RES IN- signal becomes low under fault conditioms:

- AL- is low if the power supply is out of specification and C1603
discharges to make RES IN- low.

- Alternatively, if the main program loop is interrupted, absence of
trigger pulses on D1621-10 gives a low on output 1621-8.
Consequently, diode V1604 conducts and makes RES IN- low.

In such a fault condition, the logic low on the reset line is passed

via base resistor R1609 to cut off transistor V1606. The 5 V collector

supply then activates the TRAP input (D1601-6) of the uP. In this way,
when the control switches off, the memory contents are saved. On
restoration of power, the program is reset.

During a service rouine, switch S160l1 is closed and S1602 is open. The

earth on S1601 keeps input D1621-10 low, consequently the output (8) is

high, which blocks diode V1604 and prevents any interuption of the
program. Likewise, with S1602 open, the +5 V supply via R1606 maintains
the reset line high to give normal system operation during the service
routine.

CIRCUIT DESCRIPTION OF CPU DIAGRAM 2.

This part of the circuit diagram basically consists of IC D163l a 2
kbyte (RAM) random—-access memory (for PM386A/PM3296A, a further

2 kbyte RAM, D1632), a program memory D1633, supply voltage control
for the RAM, and digital-to-analog conversion for the delay voltages,
with its reference voltage stabilisation circuit N1634,

Random-acces memory

The 2 kbyte RAM D1631 is used as a ''scratch-pad' register for the
read/write data signals such as settings of switches, controls , etc.
The bidirectional databus DO to D7 is controlled by address lines

A0 to AlO, enabled by chip select input G3 and the RD-/WR- (Read,
Write)inputs. Optionally, the RAM memory can be extended by an
identical 2kbyte plug-in RAM, D1632.

Supply voltage control for RAM

The chip select signals from circuit diagram CPU 1 for the RAM
memories are ENRAMO and ENRAMI.

If ENRAMO is active (high), transistor V1607 conducts and switches the
chip select input D1631-18 low.

If ENRAMI is active (high), transistor V1608 conducts and switches
the chip select input D1632-18 low (if memory option fitted).
Transistors V1616, V1617 are normally switched off.

The rest of this circuit controls the switchover at supply failure to
the internal batteries and prevents read/write of RAM contents at low
supply voltages.

When the 5 V supply (+5D) is present, the current flowing through the
zener reference diode V1612 switches on transistor V1614 (to hold off
V1616, V1617) and V1613, which in turn switches on the series
regulator V1611 to apply +5D to the VRAM output.
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When the supply drops below 4 V (e.g. in power down condition), the
current through the zener reference is insufficient to maintain V1613,
V1614 conducting. As a result, V1611 also switches off, and if a
battery is installed it provides the VRAM supply via diode V1609 which
is now conductive.

With V1614 switched off, its collector voltage applies a logic high
signal to the bases of V1616, V1617. Thes transistors conduct and
inhibit the ENRAMO, ENRAM1 enable signals so that the RAMs cannot be
read or written at low supply voltages.

Program memory

The program memory D1633 is a read-only memory (ROM)which has more
capacity than the RAMs. It is addressed by lines AO to Al2 and
controlled by the RD- and CEROM- signals from circuit diagram CPU 1.
For this instrument application, a capacity of 128 kbyte is internally
selected by switch S1603. The read-only data outputs are DO to D7 and
are applied to the databus.

Digital-to-analog conversion

Digital information from the databus is clocked into the buffers

of D1636 by WRLDAC- (least-significant byte) and into the buffers of
D1637 by WRMDAC- (most-significant byte).

Twelve different bits are used to give the full range of the analog
output on pin 1 of the 12-bit DAC N1639.

The -VREF (-10 V) on N1639-17 is derived from a reference voltage
stabiliser circuit, described later.

The current on output N1639-1, adjustable in steps, is applied to
input pin 2 on operational amplifier N1644 which acts as a current-
voltage converter. As these steps are coarse, the four least-
significant bits of the digital inputs are used to feed in a small
current that can be adjusted to bridge the steps. These four bits
control four gates D1638, which provide current sources derived from
the +5 V rail via resistors to pin 2 of operational amplifier N1641.
The voltage output on N1641-6 produces a small current via R1646 which
combines with the step current from the DAC.

The combined output current from N1644-6 is applied to two sample and
hold gates N1642, N1643 (analog buffers), and as a DAC signal to the
CRT TEXT UNIT for CURSOR control and to determine potentiometer
positions on the IEEE unit. A DAC feedback signal is also applied to
the N1639-18. -

The analog buffers N1642, N1643 are used for holding the instantaneous
values for starting the delayed time-bases.

The analog signal from the DAC is clocked into the sample and hold
gate by S/HO for N1642 to give the time-base DELAY voltage: output
signal ANO:

The analog signal from the DAC is clocked into the sample and hold
gate by S/Hl for N1643 to give the time-base DELAY + delta t voltage:
output signal ANl.

Reference voltage stabilisation

The -10 V reference voltage (-VREF) for the DAC circuit is derived
from the -13 V line applied via R1654 to N1634. Part of the output on
N1634-9 is fed back via the slider of preset R1653 to the operational
amplifier input 5 for comparison.

The stabilised -VREF reference voltage is routed from N1634-6 to the
DAC reference input N1639-4.
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CIRCUIT DESCRIPTION OF CPU DIAGRAM 3.

This part of circuit diagram basically consists of databus input
circuits from switch position reader latches D1623, D1624, D1626,
D1627, probe input detector D1628, and databus output circuits for LCD
and LED output decoding, HEF-bus outputs and potentiometer strobe
signals.

Switch position readers

The microprocessor scans the switch matrix regularly using the

latch enable signals RDROW- to read rows and RDCOL- to read columns.
Two strobes are necessary to read the matrix: a row strobe and a
column strobe to determine the row-column interconnections made by
operated switches.

With no switches depressed, the rows and columns are logic high
through pull-up resistors. However, during the row strobe, the columns
are latched to earth and an operated switch connects an earth to its
particular row.

Similarly, during the column strobe, the rows are latched to earth
and the operated switch connects an earth to its particular column.
The combined row and column digital signals sent to the databus give
the "grid reference” of the particular switches that are operated. The
circuit details are now given.

When RDROW- is active, latch D1623 applies earthens to all the
columns; the column pull-up resistors are provided by resistor array
R1614. Latches not activated D1626 read the rows: logic high if all
switches in a column are not activated, logic low if any switches in a
column are operated.

When RDCOL- is active, latch D1627 applies earthens to all the rows;
the row pull-up resistors are provided by resistor array R1616.
Latches D1624 read the columns; logic high if all switches in a column
are not activated, logic low if any switches in a column are operated.

Probe input detector

The sensitivity of a probe connected to the A and/or B input is
detected by IC D1628, controlled by a read probe signal RDPRO from the
uP. Two analog inputs are provided, one for the Y channel A signal
input and one for the B signal input. A current source is used to
sense the resistance (i.e. probe type) of a connected probe. Each
probe (xl, x10, x100) has a different resistance value. The analog
values received are digitised in D1628 and fed to the databus to
control the oscilloscope sensitivity read-out in the LC-displays of
channel A and B.

LCD and LED decoders

When the WMEM1 signal from CPU 1 is active, latch D1604 clocks the
eight databus bits to two separate ICs.

Four input data lines to D1606 (a 4 in-16 out circuit) produce seven
LCD and two LED drive outputs.

Three input data lines to D1647 (a TTL/CMOS level adaptor) produce the
HEF-bus signals DATA, ENSCP and SERCLK.

The POTSTR- input from CPU 1 gives via D1647/5,6 the PSTRB- signal for
the Intermediate unit. '
Potentiometer/impulse switch strobe signals

When the WMEM2- signal from CPU 1 is active, latch D1607 clocks the
databus bits to provide three strobe signals, SELDRO, SELDR1, SELDR2
for adressing the multiplexers that are scanning the impulse switches.
After level adaptation in D1611 (TTL to CMOS), four strobe signals
POTO, POT1l, POT2, POT3 are clocked to determine the potentiometer
positions on the INTERMEDIATE UNIT
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DESCRIPTION OF HEF 4094 BUS.

As stated, the three HEF-bus signals DATA, ENSCP and SERCLK are
generated from the databus of the central microcomputer via level
adaptor D1647. As seen Fig. 7.1., the DATA is applied serially to
various printed-circuit boards of the oscilloscope via HEF4094 shift
registers. Depending on the amount of functions that need to be
controlled one or more HEF4094 shift registers are present per p.c.b.
These shift registers are all connected in series and a very long shift
register is build-up in this way. However, the serial clock signal
SERCLK and the enable scope pulses ENSCP are applied in parallel to
the various HEF IC’s.

Data is valid on the leading edges of the SERCLK pulses when the ENSCP
pulses are low.

A serial row of data bits from the central microcomputer is fed to the
row of HEF4094 8-stage shift registers to switch the various functions
on the p.c.b.”s. A data burst is fed in until all the shift registers
are full and then it is transferred to the output buffers to activate
the board functions.

Level adaptors are incorporated in the ADAPTATION UNIT to convert the
12 V CMOS levels to 5 V TTL and back.

Figure 7.1. shows the timing diagram of the HEF-bus. When the ENSCP
signal is inhibited (high) data is transferred and the next low signal
enables a burst of new data to be shifted in.

For the routing of the HEF-bus signals see fig. 7.2.
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Fig.7.2. HEF 4094-bus: routing across the p.c.b.”s in the instrument
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Fig.7.3. Central processor unit, p.c.b. lay—out.
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Fig.7.4. Central processor unit, circuit diagram 1.
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. Fig.7.5. Central processor unit, circuit diagram 2.
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Fig.7.6. Central processor unit, circuit diagram 3.
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7.5 PARTS LIST

In this section only electrical parts present on this unit are listed.
Mechanical parts, including cables and connectors, are given in
section 28.

SUBJECT TO ALTERATION WITHOUT NOTICE

7.5.1 CAPACITORS

POSKNR DESCRIPTION ORDERING CODE
€ 1661 CAP.SOLID ALU. 10V 20X 33UF 4322 124 20945
¢ 1662 CAP.SOLID ALU. 10VY 204 I3UF §822 126 20945
C 1603 CAP.TANTAL 16V 20% 6.8UF 5322 124 14069
C 16046 CAP.CeRAMIC -20+58% 10NF 4822 122 31414
¢ 1606 CAP.CERAMIC -20+50% 10NF 822 122 31414
C 1607 CAP.CERAMIC -20+50% 1ONF 6822 122 31414
C 1608 CAP.CERAMIC -20¥50% 10NF 4822 122 31414
C 1609 CAP.CERAMIC 2% 106PF 4822 122 31316
C 1611 CAP.CERAMIC -20+50% 10NF 6822 122 31414
C 1412 CAP.CERAMIC , =20+58% 10NF 4822 122 31414
C 1613 CAP.CERAMIC -206+50% 10NF 4822 122 31414
C 161é¢ CAP.TAHTAL 18y 26% 6.8UF 5322 124 14069
C 1616 CAP.TANTAL 16V 20% 6.8UF 5322 124 14069
C 1617 CAP.CERAMIC -20+50% 10NF 4822 122 314l4
C 1618 CAP.CERAMIC -20+50% 1OHF 4822 122 31414
€ 1619 CAP.CERAMIC -20+50% 1GRF 4822 122 31414
¢ 1621 CAP.FOIL 63V 1% 10NF 5322 121 5%154
¢ 1622 CAP.CERANIC ~28+58% 1OWF 4822 122 31414
C 1623 16V 20% 6.8UF 5322 124 14069
C 1624 63V 1% 10NF 5322 121 54154
¢ 1627 -20+50% 10NF 4822 122 31414
C 1628 -20+50% 10NF 4822 122 31414
C 1629 -20+50% 10NF 4822 122 31414
C 1631 330PF 4822 122 31353
C 1638 -20+50% 10NF 4822 122 31414
C 1639 -20+50% 10RF 6322 122 31414
C 1641 -20+50% 10NF 6822 122 31414
C 1642 -20+50% 10NF 4822 122 31414
C 1643 -20+50% 10NF 6822 122 31414
C 1644 -20+50% 10NF 4822 122 314l4
C 1646 -20+50% 10NF 4822 122 314l4
C 16438 -20+50% 10NF 4822 122 31414
C 1657 -20+50% 10NF 4822 122 31414
C 1661 10V 20X% 33UF 4822 124 40963
€ 1662 16V 20% 6.8UF 5322 124 14069
C 1663 16V 20X 6.8UF . 5322 124 164069
C 1664 16V 20% 6.8UF 5322 124 14069
7.5.2 INTEGRATED CIRCUITS

D 1601 INTEGR.CIRCUIT P8OSBAH INT 5322 209 50032
D 1402 INTEGR.CIRCUIT PCT4HCT245P PEL 5322 2089 11117
D 169 INTEGR.CIRCUIT PG74¢HCT3I7Z3IP PEL 5322 209 11118
D 1604 INTEGR.CIRCUIT PC74HLTI?4P PEL 5322 209 11119
D 1644 INTEGR.CIRCUIT HEF4028BP PEL 4822 20% 10301
D 1607 INTEGR.CIRCUIT PCT4HCT3IV4P PEL 5322 209 11119
D 1688 TINTEGR.CIRCUIT PC74HET259P FEL 5322 209 11115
D 1609 INTEGR.CIRCUIT PC74HCT244P PEL 5322 2069 11116
D 161} INTEGR.CIRCUITY HEF4l04BP PEL £822 209 %g%;g
D

1612 IHTEGR.CIRCUIT PC74HCT244P PEL 5322 209
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R 1648 RES.METAL FILM MRES 1% 3K48 5322 116 55367
R 1649 RES.METAL FILM MR25 1% €K19 5322 116 55426
R 1651 RES.METAL FILM MRZ5 1% 21K3 5322 116 50451
R 1652 RES.METAL FILM MR25 1% 3K16 5322 116 50579
R 1653 FPOTM.TRIMMER MTP18 20X 10K 5322 101 14066
R 1654 RES.METAL FILM MR25 1% 215E 5322 116 55274
R 1656 RES.METAL FILM MR25 1% 1K 4822 116 51235
R 1657 RES.METAL FILM HMR23 1% 100E 5322 116 55549
R 1658 RES.METAL FILM MRZ23 1% 16ZE 5322 116 56417
R 1659 RES.METAL FILM MR25 1% l62E 5322 116 50417
R 1661 RES.METAL FILM MR23 1% 1K21 5322 116 54557
R 1662 RES.METAL FILM MR25 1% 68lE 4822 116 51233
7.5.4 SEMI CONDUCTORS
V 1601 DIODE BAKS2 PEL 4822 130 30613
V 1602 DIODE i BAKS2 PEL ¢822 130 30613
V 1603 DIODE BAT85 PEL 4822 130 31983
Vv 1604 DIODE BAT8S PEL 4322 130 31983
¥ 1606 TRANSISTOR BC543B PEL %822 130 40937
V¥ 1607 TRANSISTOR BSX29 FEL 4822 130 41705
V 1608 TRANSISTOR B3X20 PEL %822 130 61705
Vv 1609 DIODE BAWSG 2 PEL 4822 130 308613
V 1611 TRAHNSISTOR BCH58B PEL 4822 130 44197
V 1612 DIODE BZX7%-C3V9 PEL 4822 130 31981
¥V 1613 TRANSISTOR BL5488 PEL 4822 130 60937
V 1614 TRANSISTOR BC548B PEL 4822 130 40537
V 1616 TRANSISTUR BC5488B PEL 4822 130 40537
Vv 1617 TRANSISTOR BC54E8 PEL 4822 130 40937
V 1618 DIODE,REFERENCE BZX7%-C5V1 P& 6822 130 34233
7.5.5 MISCELLANEOUS .
5 1601 PLUG,ADAPTER BLUE 5322 263 50107
S 1602 - PLUG,ADAPTER BLUE 5322 263 50167
S 1603 PLUG,ADAPTER BLUE 5322 263 50107
G 1631 CRYSTAL 6000, 00CKHZ 4822 242 70352
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8.1.

CIRCUIT DESCRIPTION OF CRT TEXT UNIT.

The CRT text unit provides separate microprocessor control of the
alphanumeric text that appears on the screen read-out, the circuits
being located on the circuit diagrams CRT text 1 and CRT text 2.

CIRCUIT DESCRIPTION OF DIAGRAM (See fig.8.2.)

This diagram basically consists of IC D8201, a 8085 microprocessor,
identical to the central uP, an 8155 random-access memory,
programmable input, output port/l4 bit counter combination, D8202, a
program memory (PROM) D8204, input data latches D8206, D8207, D8208, a
latch write decoder circuit with D8213, D8214 and a latch read decoder
circuit with D8212.

Text microprocessor

The text microprocessor D8201 is identical to the central
microprocessor and operates as described for the CPU UNIT. The 16
address lines are also divided into two groups; address lines A0 to A7
are decoded from eight address/data bidirectional lines ADO to AD7 by
decoding latch D8203, controlled by ALE (adres latch enable).

The 6 MHz clock is internally divided to produce a 3 MHz signal (CLK1)
on D8201-37. This is further divided in 7-bit counter D8209 to give a
23.4375 kHz TIME IN signal (CLK2) to RAM D8202.

Random access memory/input, outputport/l4 bit counter.

D8202 further divides the CLK2 input D8202-3 by two to give a TIME OUT

14-bit counter output on D8202-6, which is inverted by D8211/3 to form

the RST6.5 signal.

The bidirectional address—databus enables CRT text information

to be read and written into the RAM, controlled by RD- and WR-

signals. The RAM is enabled by address lines Al4, Al5 via the NAND

gate D8211-6.

D8202 produces the following signals:

- SELO, SEL1, SEL2 for multiplexers on the X/Z AMPLIFIER. Only two
text sentences are normally needed at a time, except for service
mode or warnings where the full screen is written on.

- DSPL- to start text time-bases (on CRT text diagram 2).

- MULT-: this signal is applied to the reset input of flipflop D8221
on diagram 2. If the signal is low, the text unit works in
multitrace mode: several X-sweeps (lines) are generated. This is
necessary to write text. If the signal is high, only two X-sweeps
are generated. These sweeps are used to write two cursor lines.

- BLANK: this signal is applied to one input of nand-gate D8228/8,
9, 10. If the signal is low the display is blanked. This happens
during switching—-over between text and signal display.

- SELPG: this "select page"” signal is used to select two pages in
the video-RAM D8237. This signal is normally high: as a result
page 1 is selected. Page O (SELPG low) is normally not used.

The text intensity signal TXT INT from the CPU is routed to an input

port of D8202 via transistor V8223 to give a TXT OFF signal when the

TXT INT input is low.

Program memory

The erasable PROM D8204 is a program read-only memory served by
address lines A0 to Al, and controlled by the RD- signal when
the chip enable signal CEROM=- is active.

The memory capacity is preset for 64 kbyte by switch $8201.



Input data latches

Input data from the CPU central microprocessor is received on lines
EXD0 to EXD7,

These input data lines provide the inputs to the three latches D8206,
D8207, D8208.

Each 8-bit latch can be written into by the central uP under

the control of its own write enable signal, WP0O-, WP1l-, or WP2-,
generated by the latch write decoders D8213, D8214.

Each 8-bit latch can be read to the CRT TEXT UNIT under the control of
its own read enable signal, RDCPUO-, RDCPUl- or RDCPU2-, generated by
the latch read decoder D8212.

Latch write decoder

The latch write decoder uses the CPU signals EXAl4, EXA15, EXIO/M,
EXAll, EXAl2, EXWR-, EXAO and EXAl to address the CRT TEXT UNIT.

These signals are applied to the D8213 and D8214 decoders in cascade
to make one of three write signals active, WP0O-, WPl- or WP2-, one

for each latch.

When the last latch, D8208, is filled, WP2- goes high and gives a high
input to NAND gates D8211 (wired as a set/reset flip-flop) to give a
READY- signal to the input port of D8202, D8202-39, to say that data
is ready to be taken in, and also to the central microprocessor on the
CPU UNIT.

Latch read decoders

The latch read decoder uses addresses generated by the text
microprocessor to read the latches.

Addresses Al4, Al5 controlled by the I0/M s1gna1 provide inputs for
D8212 to generate the chip enable signal CEROM- for the program memory
input D8204-20. Output D8212-6 is fed to NOR gate D8216~2 where it is
used together with the RD- input as an enable input D8212-15. It
controls addresses A0, Al to provide three read signals,

RDCPUO-, RDCPUl- or RDCPU2-, one for each latch if the uP is ready
(READY-) to receive the text,

When the last latch, D8202 is read, flip-flop D821l is reset by
RDCPU2-.

CIRCUIT DESCRIPTION OF DIAGRAM 2 (See fig.8.3.)

This circuit diagram basically consists of a cascaded 16-bit counter,
D8222, D8223, D8224, D8226, which generates the X line and Y frame
sweeps for the text raster and controls a multiplexer, D8232, D8233,
D8234, D8236. This multiplexer addresses a video RAM, D8237, which
receives its information from the microprocessor via a latch, D8238.
The text in the video RAM is in ASCII characters and these are latched
by D8239 into a character generator, EPROM D8241.

The 8-bit parallel outputs are fed into a shift register, D8242, which
supplies a serial output to the Z control output. A 4-bit counter,
D8231, provides hold-off at end of X line sweep to cut—off X and to
give Z blanking.

A 6 MHz oscillator, gives a clock output D8218-8 to control the

shift register and the 16-bit counter.

The text Y output is controlled via gates D8219 and flip-flop D8217.
These various circuit functions are now described in greater detail.
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The text Y sweep

The DSPL- signal from the text RAM (on CRT text diagram 1) is applied
to flip-flop reset input D8217-13 to give a low output on D8217-3
transferred when a low clock signal is received from gates D8219. By
applying the most-significant bits of the 16-bit counter (Ql4, Q15) to
NAND gate D8219, a low output from D8217-3 is designed to occur after
the end of a Y sweep. This Y- signal is routed to the X/Z AMPLIFIER to
restart the Y sweep.

The text X sweep

The 6 MHz oscillator consists of a 12 MHz X-tal controlled oscillator
around V8206. D8221 divides the 12 MHz signal two times so that a

6 MHz square wave is available. This provides a clock signal (CLK)

for the 16-bit counter (and for the shift register, described later),
which uses the DSPL- as a master reset signal. The CLK signal provides
an increment approximately every 160 ns. A cascade command is given to
the next counter when a 4-bit counter is in state 15. With 256 counter
states per X line, the end of line is reached at output D8223-15. This
end of line output also changes over a flip-flop D8228 to provide an
input command to counter D8231-7 which starts at the end of each X
line. This provides a hold-off of 16 clock-pulses between X sweeps.
During hold-off, a high output on D8231-13 is applied via two
inverters D8229-13, D8229-10, to cut off the X- output signal between
each text line.

A low MULT- input to the reset of flip~flop D8221 results in repeated
X sweeps. At triggering by X-, the flip-flop procuces a high output on
D8221-6, which means that with D8219-3 at logic high during a Y sweep
the NAND gate D8219~6 output is held low.

Consequently, the inverted signal (high) prevents triggering of flip~-
flop D8217-12 at the end of an X sweep.

Counter output D8231-13 also provides a trace blanking signal during
hold-off via NOR gate D8229-1 and NAND gate D8228-8 to the Z
AMPLIFIER. NOR gate D8229-1 is also controlled by a serial QZ signal
from the shift register to provide unblanking for the character dots
when writing text.

Generating the text characters

The previous sections have described the necessary XY timing signals

that are routed to the X/Z AMPLIFIER to produce a raster on the screen

by controlling linear sawtooth deflection voltages. The following

sections explain how characters are written on to this blank raster.

As in television the text characters are superimposed on the raster by

video signals that modulate the trace spot intensity., In this case,

character writing is achieved by unblanking the Z amplifier at various

spots along each line where the characters occur.

Each character is formed by an 8x8 matrix and there is the possibility

of 32 characters per line (i.e. 8 x 32 = 256 points per line. As the

screen is scanned line by line, a "character line” (8 lines) will be

represented by 256 x 8 = 2048 points. A full screen can accommodate 17

"characters lines" (i.e. 2048 x 17 = 34816 points. It follows

therefore that all the 16-bit counter output bits Q0 to Q15 are

necessary for character writing:

- bits Q0 to Q7 are used to represent the 256 points along a complete
line,

- bits Q8, Q9, Q10 represent the 8-line character format and decide
which of the eight lines is to be displayed,

- bits Qll to Q15 represent the 17 “character lines" and decide which
of these is to be displayed.



Multiplexer

Counter output bits Q3 to Q7, Qll to Ql5 are applied as input signals
to the multiplexers D8233, D8234, D8236. Alternatively, addressbits
from the uP are applied dependlng on the state of the CERAM-signal.
When CERAM- is high, the counter outputs address the inputs of the
video RAM via the multiplexer,

When CERAM- is low, the uP addresses the VIDEO RAM and data from the
uP is written into the video RAM via the multiplexer.

Multiplexer D8232 uses the RD- and CERAM- signals to enable the video
RAM.

Video RAM

As described, the multiplexer provides inputs for the video RAM D8237
with either addresses from the uP or positional Q-bits from the
counter.When the read input D8237-21 is active, data is loaded into
the 