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1 SAFETY INSTRUCTIONS

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

1.1 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.
Adjustment, maintenance and repair of the instrument shall be carried out only by
qualified personnel.

1.2 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
pracautions 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.

1.3 CAUTION AND WARNING STATEMENTS

CAUTION: Is used to indicate correct operating or maintentance 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 pracites in order to prevent personal injury.

1.4 SYMBOLS

High voltage = 1000 V (red)

A Live part (blackiyellow)

Read the operating instructions

C—l—-) Protective earth (grounding) terminal (black)

1.5 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.

1.1 INTRODUCTION
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1.6 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 paris 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 23).

- After repair and maintenance in the primary circuit, safety inspection and tests, as
mentioned in section 23 have to be performed.

1.6 GENERAL CLAUSES
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2 CHARACTERISTICS

A. 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.

B. Safety Characteristics

This apparatus has been designed and tested in accordance with Safety Class |
requirements of IEC Publication 348, Safety requirements for Electronic Measuring
Apparatus, UL 1244 and CSA 556B and has been supplied in a safe condition.

C. Initial Characteristics

Overall dimensions:

Width

Including handle: 387 mm
Excluding handle: 350 mm
Length

Including handle: 518,5 mm
Excluding handle, excl. knobs: 443,5 mm
Excluding handle, incl. knobs: 455,5 mm
Height

Including feet: 146,5 mm
Excluding feet: 134,5 mm

Excl. under-cabinet: 1325 mm
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1345 mm

Figure 2.1 Dimensions of oscilloscope PM3365/67.
Mass: 9,5 kg

Operating positions:

a. Horizontally on bottom feet

b. Vertically on rear feet

¢. On the carrying handle in two sloping positions.
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CHARACTERISTICS

2.1 DISPLAY

* CRT
Type number
Measuring area (h X w)

* Screen type
Standard

Option

* Total acceleration
voltage

* Graticule:
Engravings
Division lines

Subdivisions

Dotted lines
Percentages

* Orthagonality

* lllumination

* Auto set

* Deflection modes and
sOUrces

* Dellection coefficients

* Variable adjustment
range

* Error limit

* Input impedance
Faralleled by

2.1 DISPLAY

SPECIFICATION

PHILIPS D14-372
80 x 100 mm

GH (P31)

GM (P7)

16 kV

Internal fixed
1cm

2 mm

1,5 and 6,5 cm from top
0%, 10%, 90%, 100%

a0 +1°

Continuously variable

2.2 VERTICAL DEFLECTION OR Y AXIS

Automatic setting
according to input signal

Channel & and/or B or
ADDED (A+ B, A-B)

2 mV/div...10 V/div

1 MQ +2%
20 pF =2 pF

ADDITIOMNAL INFORMATION

8 x 10 div.,
1 div. = 10 mm,
1 subdiv. {sd) = 2 mm

Standard persistence
(7 ms)

Long persistence

(30 ms)

Horizontal as well as
vertical

Horizontal as well as
vertical

Only horizontal

Left side only

Measured in zero point

By means of potentiometer

Channel B can be
inverted. All combinations
are possible in
ALTERMATE as well as in
CHOP mode

In 1, 2, 5 sequence. If
probe with range indicator
Is used, deflection coeff.
is automatically calculated
in display

Only in calibrated position

Measured below 1 MHz
Measured below 1 MHz
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CHARACTERISTICS
* Max. input voltage

Max. test voltage (rms)

SPECIFICATION
400 V (d.c. + a.c. peak)

500 V

400y
\ |

3zav

U
T
\

240%

160V

a0y

P
~]

MAX, INFUT VOLTAGE |Vpk]—=

10k 100k M

10M 100M

FREQUENCY (Hz| —==

MATIILE
880115

Figure 2.2 Maximum input voltage versus frequency

* Bandwidth
20 mV/div...10 V/div
2 mV/div...10mV/div

* Rise-time
20 mV/div...10 V/div

2 mV/div...10 mV/div
* Noise

20 mV/div...10 V/div

2 mV/div...10 mV/div

* Lower -3 dB point

* Dynamic range
d.c. ...10 MHz
10 MHz...100 MHz

* Min position range

* Cross talk between
channels

At 10 MHz
At 100 MHz

=100 MHz
=75 MHz

< 3,5 ns

<4,7 ns

< 0,05 div

< 0,2 div

=10 Hz

> 24 div
> 8 div

+ 8 div

1:>100
1:>50

ADDITIONAL INFORMATION

Up to 125 kHz, for higher
frequency see figure 2.2
Max. duration 60 s.

Input 6 div. sine-wave.
Input 6 div sine-wave.

Calculated from 0,35/
fat -3 dB
Calculated from 0,35/
fat -3 dB

Tangentially measured.
Pick up on open BNC
excluded.

Tangentially measured.
Pick up on open BNC
excluded.

In AC position, 6 div.
sine-wave

Both channels same
attenuator setting. Input
max. 8 div. sine-wave.

2, 5and 10 V are excluded.
2,5and 10 V are excluded.

2.2 VERTICAL DEFLECTION OR Y AXIS
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION
Both channels same
’I;;::;ir;:rll%m?c? ° attenuator setting, vernier

adjusted for best CMRR;
measured with max. 8 div.
(= 4 div) each channel

at 1 MHz 1:100

at 50 MHz 1:10

* Visible signal delay >15ns Max. intensity, measured
from line start to trigger
point.

* Base line jump:

between attenuator steps < 0,2 div

20 mv...10 vV

Additional jump between < 0,3 div

10 mV...20 mV

Mormal Invert jump = 0,2 div Only channel B

ADD jump < 0,6 div. When A and B are

positioned in screen
centre (20 mV...10V).
Variable jump =0,2 div Max. jump between any
two positions of the
variable potmeter

2.3 HORIZONTAL DEFLECTION OR X AXIS

2.3.1 Time-base

* Time coefficient 0.5 s/div...50 ns/div In 1, 2, 5 sequence (magn.
off)

Error limit +3 % Measured at -4... + 4 div.
from screen centre.

* Horizontal position range  Start of sweep and 10th
div. can be shifted at least
0,5 div aver screen cantre

* Variable control ratio 1: =245

* Time-base magnifier Expansion x10 Mot valid in X-deflection.

Error limit +4 9% Measured at +4...-4 div.
from screen centra,
Excluding first 50 ns and
last 50 ns.

* Horizontal magnifier < 0,5 div Shift start of sweep in x10

balance in mid-screen position,
then switch to x1.

* Hold-Off

Min to max hold-off time 1:>10 Minimum hold-off time is

ratio related to time-base

setting.

2.3 HORIZONTAL DEFLECTION OR X AXIS
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CHARACTERISTICS
2.3.2 X-deflection

* Deflection coeff.
Via channel A or B

Via EXT input

* Error limit

Via channel A or B
Via EXT input

* Bandwidth

* Phase shift between X
and Y-deflection

* Dynamic range

2.3.3 EXT input

* Input impedance
Paralleled by

* Max. input voltage
(d.c. + a.c. peak)

Max. test voltage (rms)

* Lower -3 dB point

2.4 TRIGGERING
* Trig. mode
AUTO (auto free run)

TRIGGERED

SINGLE

* TRIGGER SOURCE

SPECIFICATION

2 mV/div...10 V/div
100 mV/div

+ 5%

+ 5%

DC...=2 MHz

<3° DC...100 kHz

=24 div DC...100 kHz

1TMOQ +2%
20 pF =2 pF
400 v

s00V

=< 10Hz

Bright line in absence of
trigger signal

A, B, Composite (A/B), EXT,
Line

ADDITIONAL INFORMATION —

In 1, 2, 5 sequence +
varlable

DC coupled

DC coupled

DC coupled

Measured below 1 MHz
Measured below 1 MHz

For derating with
frequency see figure 2.
Max. duration 60 s.

AC coupled

Auto free run starts 100
ms (typ.) after no trigger
pulse, e
Switches automatically to
tree run if one of the
display channels is
grounded.

In multi-channel mode
(alternate) each channel is
armed after reset; if sweep
has already started,
sweep is not finished. Not
applicable in peak-to-peak
coupling

In line, trigger source is

always the mains. Line

trigger amplitude depends

on line input voltage.

Approx. 6 div. at 220 V

mains voltage and 50 Hz

frequency.

2.4 TRIGGERING
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION

* TRIGGER COUPLING

* LEVEL range
Peak-to-peak:

DC internal
DC external
TVL/TVF

* Trigger slope

* TRIGGER SENSITIVITY
Internal

DC...10 MHz

At 100 MHz

At 150 MHz
Extarnal

DC...10 MHz

At 100 MHz

At 150 MHz
TVL/TVF internal
TVL/TVF external

2.5 SIGNAL ACQUISITION

* Sampling type

at 50 s/div...0,5 ps/div.
at 0,2 us/div...20 ns/div.
* Maximum sample rate:

Real time
Equivalent tima

* Vertical (voltage)
resolution

* Horizontal (time)
resolution:

in single channel
acquisition

at 50 s/div...5 msfdiv

at 2 ms/div...20 ns/div

in dual channel acquisition

at 50 s/div...5 ms/div

at 2 ms/div...20 ns/div

2.5 SIGNAL ACQUISITION

Peak-to-peak (p-p), DC,
TVL, TVF

Related to peak-to-peak
value

> =+ 8 div.

>+ 800 mV

Fixed level

+/-

> 0,5 div.
=1,2 div.
= 2,0 div.
=50 mV

> 150 mV
=500 mVY

=>0,7 div.
=70 mV

Real time
Equivalent time

100 megasamples/s
2.5 gigasamples/s

8 bits

4096 samples/acquisition

512 samples/acquisition

2048 samples/acquisition

512 samples/acquisition

p-p coupling is DC
rejected

Slope sign in LCD. For
TVL/TVF use +or - to
chose positive or negative
video

Trig. coupling DC.
Trig. coupling DC.
Trig. coupling DC.

Trig. coupling DC.
Trig. coupling DG.
Trig. coupling DC.
Sync. pulse
Sync. pulse

Sequential sampling

Sample rate depends on
time/div setting

0,4% of full range of 10
divisions,

1 Sample = 0,025% of full
record.

1 Sample = 0,2% of full
record.

1 Sample = 0,05% of full
record.

1 Sample = 0,2 % of full
record.
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CHARACTERISTICS
* Record length

* Acquisition time:

real time

at 5 ms/div...0,5 us/div
at 0,5 s/div...5 ms/div

equivalent time

* Sources

* Acquisiton modes

2.6 CHANNELS A AND B

* Frequency response:
Lower transition point of
BW

Input coupling in DC
position

Input coupling in AC
position

Upper transition point of
BW (amb 15...35°C)

20 mV/div...10 V/div

2 mV/div...10 mV/div

* Max. base line instability:

Jump (Ambient: 15...35°C):

when switching to memory
mode:

when actuating INVertor
switchd

between any time/div
positions

Drift

Temperature coef.

SPECIFICATION
10,2 x time/div

10,2 ¥ time/div
+ 30 ms...50 ms
+ 50 ms...70 ms

1024 x 20 us
+30 ms...50 ms

Channel A, Channel B

1 Channel only

2 Channels

=10 Hz

=100 MHz (-3 dB)

=75 MHz (-3 dB)

=0,3 div
=03 div
= 0,5 div
= 0,1 div/h

= 0,05 div/K

ADDITIOMAL INFORMATION

Display in unmagnified
position.

exclusive delay time
exclusive delay time

Depending on trigger
frequency

Channel B can be inverted

Full memaory available for
1 channel

Simultaneously sampled;
2 channels share memory.

Z source = 25

Deviation max. 3 MHz for
ambieant 0...40°C.
Deviation max. 3 MHz for
ambient 0...40°C.

Add 25% for ambient
0...40°C.

Add 0,5 div for 0,5 xs/div
and 1 us/div

Measured in 20 mV/div
position
Measured in 20 mV/div
position

2.6 CHANMNELS A AND B
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION

2.7 TIME BASE

* Modes Recurrent
Single shot
Multiple shot Upto 2 shots
Rall will be stopped by trigger
Zoom The part of the trace

* Time coefficients:

In recurrent

In single shot and multiple
shot

Error limit (Ambient:
15...35°C)

0,5 s/div...20 ns/div
50 s/div...0,5 us/div

between the cursors will
be magnified by doing a
new acquisition with
adopted trigger delay and
time/div

In real time mode =1% Add 0,5 % for ambient
0...40°C
up to memory +0,1%
In equivalent time mode + 3%
2.8 TRIGGER
* Trigger delay range:
In real time -10... + 2500 div Selectable in divisions.
In equivalent time 0...+20 div Selectable in divisions.
Accuracy + 0,3 div

Fixed trigger delay in
sampling mode
* Trigger level view

2.7 TIME BASE

100 ns £ 10 ns

Indication in LCD

Inaccuracy = 0,5 div
2.9 MEMORY

* Memaory size:

Registers 2

Register depth:

acquisition 4096 words

register 4096 words

Wordlength B hits

* Functions Clear
Load Contents of acquisition

are saved in register

Lock Memory system is locked.

It lock is not active the
signal is written into the
acquisition memory.
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CHARACTERISTICS

2.10 DISPLAY

* Sources

* Display expansion
horizontal

* Display manipulations

* Display part range
horizontal

* Functions

2.12 AUTO SETTING

* Settling time

2.13 CURSORS

* Horizontal resolution:
in single channel mode
in dual channel mode

at 2 ms/div...20 ns/div

* Vertical resolution
* Read out resolution

* Voltage cursors:
Error limit, amb. 15...35°C

Cursor range

SPECIFICATION

Channel A, Channel B,
Register A, Register B

1x%...32%

dot join

full memaory

2.11 CALCULATION FACILITIES

Fraquency,

Feriod,

Fulse width,

Rise or fall time,
Peak-to-peak value,
Root mean square value,

Mean value,
dv, dt

3 s (typical)

1: 4096
1:2048

1:512
1:1024

1: 256
3 Digits

*3 %

Displayed part of memory

ADDITIONAL INFORMATION

In any combination

Value of trigger delay
getting in LCD is based on
unmagnified display

Including digital
interpollation at
20 ns/div...2 ms/div

The displayed part of the
magnified memory can be
chosen

Between cursors indicated
by markers

Auto set is done in analog
mode,

display in dots
display In dot-join

over 10 div

Referred to input at BNC,
error of probes etc.
excluded. Add 3% for
ambient 0...40°C.
Cursors can not pass
each other. {X-position is
ignored).

2.10 DISPLAY
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION

* Time cursors:
Error limit +=0,1% Cursors follow the trace

2.14 POWER SUPPLY

batteries

2.14 POWER SUPPLY

* Line input voltage a.c.: One range

Nominal 100 V...240 V

Limits of operation 90 V...250 V

* Line frequency:

Nominal 50 Hz...400 Hz

Limits of operation 43 Hz...445 Hz

* Safety requirements

within specification of:

IEC 348 CLASS |

UL 1244

VDE 0411

CSA 556 B

* Power consumption (AGC At nominal source voltage

source)

Mominal T5W

2.15 SUNDRIES

* Z-MQDulation TTL-compatible

ViH =20V Blanks display.

ViL =08V Max. intensity.

Minimum pulse width for 25 ns Analog control between

blanking ViH and ViL is possible.

* CAL output To calibrate drop or tilt of
probes. The output may
be short-circuited to
ground.

Output voltage 1.2V 1% Rectangular output
voltage.

Frequency 2 kHz

* Data and settings When instrument is

retention: switched off or during
mains failure. The
oscilloscope settings and
traces are saved.

Memaory back-up voltage 2.35V

Memory back-up current Typical 25 u A At 25°C

drain

Recommended batteries According to IEC285
(= Alkaline Manganese
Penlight Battery)

type LR & e.g. PHILIPS LR &.

quantity 2 pcs Delivered with the
instrument.

temperature rise of 20K After warming-up period

of instrument.
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CHARACTERISTICS
Retention time

* Temperature range

* Analog plot output
Connector
Functions
Sensitivity

Pen lift

Plot time per dot
Plot sequence

2.16 ENVIRONMENTAL CHARACTERISTICS

SPECIFICATION
typical 5 years

0...+70°C

DIN plug 9 pin female
Memory dump

1 Vifull memory + 3%
TTL compatible

20 ms...2000 ms
Channel A first

ADDITIONAL INFORMATION

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

At -40...0°C settings
retention Is uncertain. It is
advised to remove
batteries from the
instrument when it is
stored during longer (24h)
period below -30°C or
above 60°C.

WARNING: UNDER NO
CIRCUMSTANCES
BATTERIES SHOULD BE
LEFT IN INSTRUMENT AT
TEMPERATURES BEYOND
THE RATED RANGE OF
THE BATTERY
SPECIFICATIONS!

Register selectable
Horizontal and vertical
Pen-up is software
selectable (0 or 1). Open
collector output;

max. 12 V.

Software selectable

With more traces in
sequence A, B, RA, RB if
present.

The environmental data mentioned in this manual are based on the results of the
manufacturer's checking procedures. Details on these procedures and fallure criteria are
supplied on request by the PHILIPS/FLUKE organisation in your country, or by PHILIPS,
INDUSTRIAL AND ELECTRO-ACOUSTIC SYSTEMS DIVISION, EINDHOVEN, THE

METHERLAMNDS.

* Meets environmental
requirements of:

* Temperature;
operating temp. range
within specification

Limits of operating
temperature range

MNon-operating (storage):

* Max. humidity
operating/non-operating

MIL-T-28800 C, type III,

CLASS 5 Style D

10°C...40°C

0°C...40°C

-40°C... +75°C

95% RH

Except for front cover,

MIL-T-28800 C par.
3.9.2.3. tested cf. par.
455.1.1.

MIL-T-28800 C par.
3.9.3.3. tested cf. par.
4.5.5.1.1.

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

10...30°C

2.16 ENVIRONMENTAL CHARACTERISTICS
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SPECIFICATION ADDITIOMAL INFORMATION

M

CHARACTERISTICS
* Max. altitude:

Operating

Mon-operating (storage)

* Vibration (operating)

Freq. 5...15 Hz
Sweep time
Excursion (p-p)
Max acceleration
Freq. 15...25 Hz
Sweep time
Excursion (p-p)
Max acceleration
Freq. 25...55 Hz
Sweep time
Excursion (p-p)
Max acceleration
Resonance dwaell

* Shock (operating)

Amount of shocks
total

each axis

Shock wave-form

Duratlon

Peak acceleration

* Bench handling

Meets requirements of

* Salt atmosphere

Structural parts meel
requirements of

2.16 ENVIRONMENTAL CHARACTERISTICS

4,5 km (15000 feet)

12 km (40 000 feet)

7 min.
1.5m
Tmis® (0.7 %4q)

3 min.
1 mm

13 m/s%

(1.3xq)

5 min.

0,5m

30 rl‘u’:5 (3xq)
10 min.

18

6

Half sine-wave

11 ms

300 m/s? (30 x g)

MIL-STD-810 method 518,
proced. V

MIL-STD-810 method 509,
proced. | salt solution 20%

MIL-T-28800 C par. 3.8.3.
tested, par. 4.5.5.2.
Maximum (Operating
temperature derated 3°C
for each km, for each
3000 feat, above sea
level).

MIL-T-28800 C par.
3.9.4.1. tested, par.
4,553.1.

at 15 Hz

at 25 Hz

at 55 Hz

at each resonance freq.
{or at 33 Hz if no
resonance was found).
Excursion, 9.7.1. to 9.7.2.

MIL-T-28800 C par.
3.9.5.1. tested, par,
4.554.1,

3 in each direction

MIL-T-28800 C par.
3.9.5.3. tested, cf. par.
4.5.5.4.3.

MIL-T-28800 C par.
3.9.8.1. tested, par.
4.562.1.
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CHARACTERISTICS

* EMI (Electronic
Magnetic Interference)
meets requirements of

* Magnetic radiated
susceptibility
Maximum deflection factor

2.17 SAFETY

* Meets requirements of

SPECIFICATION

MIL-STD-461 CLASS B

CE03, CEO7

REDZ

€501, C502, CS06
RS02, RS03

2 mm/Gs

IEC 348 CLASS |
VDE 0411

UL 1244

CSABE6 B

ADDITIONAL INFORMATION

Applicable requirements
of part 7

No malfunction
Fieldstrength 10 W/m

(10 kHz...30 MHz), 5 V/m
(30 kHz...1 GHz)

Tested conforming IEC
351-1 par 5.1.3.1
Measured with instrument
in a homogenegous
magnetic field (in any
direction with respect to
instrument) with a flux
intensity (p-p value) of
1,42 mT (14,2 gauss) and
of symmetrical sine-wave
form with a frequency of
45 Hz...66 Hz

Except for power cord,
unless shipped with
Universal European power
plug.

Except for power cord,
unless shipped with North
American power plug

2.17 SAFETY
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3 INTRODUCTION TO CIRCUIT DESCRIPTION AND
BLOCK DIAGRAM DESCRIPTION

3.1 INTRODUCTION TO CIRCUIT DESCRIPTION

3.1.1 General

The functioning of the circuits is described per printed-circuit board (p.c.b.). For every
p.c.b. a separate chapter (4-19) is available containing the lay out of the p.c.b., the
associated circuit diagram(s), the circuit description and a signal name list.

3.1.2 Explanation of signal name set-up

Signal name consists of two parts:
- a functional part of maximal 6 characters
- a realisation part of 2 characters

1 2 3 4 5 6 7 8
— J L |

|— realisation part

functional part

The realisation part is optional. If it is used then the functional parts should consist of 6
characters. If necessary dummies (minus sign)are used in the functional part, to make it
6 characters long.

The first character of the realisation part has the following meaning:

H active high signal
L: active low signal
X irrelevant (e.g. counter outputs)

The second character of the realisation part is used to identify signal levels:

analog

CMOS 12Vori1sV
CMOS 5V
ECL-45Vor-52V
TTL5V or HCT

Smoo>»

Example: | L 0 7 - - L

-
I I [
TTL signal

low active
dummies
Interrupt Level 7

Sometimes the functional part can also be used for a serial number e.g. to indicate a
buffered version of a signal.

Example: CHPT--01

3.1 INTRODUCTION TO CIRCUIT DESCRIPTION
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Signal name list:

The digital unit description in Chapters 12...19 contains a list with the signal names used

in that unit given in alphabetical order.

After each name, a description is given and on which unit the signal is generated. Only if
the signal is generated on the unit itself, are the other units on which the signal is used
(signal destination(s)) mentioned, otherwise a minus sign is filled in. If the signal flows
over more units in sequence, the path is indicated.

Some signals may have more signal sources, because the sources have open-collector
output circuits, or 3-state output circuits. In this case the sources are mentioned,
separated with a plus (+) sign. The unit where the signal is generated is always

indicated as signal source.

A number of power supply lines and ground lines are not mentioned on the signal name
lists because they appear in almost every unit.

3.1.3 Location of electrical parts

The item numbers of C...., R....,

., N...., D.... and K.... have been divided into groups

which relate to the circuit and the printed-circuit board according to the following table:

Item number Unit no. _Printed-circuit board
1000-1599 Al Attenuator unit
2000-2999 A2 Pre-amplifier unit
3000-3999 A3 XYZ amplifier unit
4000-4999 A4 Time base unit
5000-5999 A5 CRT control unit
6000-6999 AB Power-supply unit
7000-7999 A7 Front unit
8000-8999 A8 LCD unit

100- 100 A1 IEEE unit

200- 299 Al12 CPU unit

300- 399 A13 DCL unit

400- 499 Al4 ACL unit

500- 599 A15 ADC DAC unit
1600-1699 A16 Adaptation unit
700- 799 Al17 Mini CCD

800- 999 A18 P2CCD unit

3.1 INTRODUCTION TO CIRCUIT DESCRIPTION
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3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)

3.2.1 Introduction

This block dlagram description Is based around all the important functional blocks and
their interconnections. The interconnections between all p.c.b.’s are given in the
interconnection diagram of figure 23.6. In order to assist in cross-reference with the
circuit diagrams, the blocks include the item numbers 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 are given in text in CAPITALS.
Signal waveforms are also indicated at block interconnections where useful.

In this instrument almost all the switches (UP-DOWN controls, softkeys and
potentiometer UNCAL switches) influence the oscilloscope circuits via a microprocessor
(u#P) system.

3.2.2 Attenuator unit (unit A1)

The vertical channels A and B for the signals to be displayed are identical. Each channel
comprises an input SIGNAL COUPLING for AC/DC, a HIGH IMPEDANCE ATTENUATOR
which gives signal attenuation of x1-x10 or x100, an IMPEDANCE CONVERTER, a LOW
IMPEDANCE ATTENUATOR which gives signal attenuation of x1- x2,5 or x5 and a GAIN
x1- x10 AMPLIFIER block, incorporated with the VAR CIRCUIT. This block has a variable
gain, influenced by the front-panel VAR control. The gain is also increased by x10 in
order to obtain 2 mV- 5 mV and 10mV settings.

Similar to the vertical channels, the external channel attenuator also has an input
SIGNAL COUPLING, HIGH IMPEDANCE ATTENUATOR and IMPEDANCE CONVERTER in
line. However, the external channel has only x1 attenuation and no LOW IMPEDANCE
ATTENUATOR. The output of the external channel is fed to the EXT PRE-AMPLIFIER.

All blocks that are capable of working in different modes are controlled by the control A
or control B signals. These signals are generated by the CH.A CONTROL or CH.B
CONTROL blocks.

3.2.3 Pre-amplifier unit and adaptation unit (unit A2 and A16)

The pre-amplifier unit incorporates the signal splitters for the vertical channels A and B,
the trigger level view amplifier, the trigger circuits for the time base and the chopper
oscillator circuit. Next the adaptation unit is mounted as a separate p.c.b. on the
pre-amplifier unit. All these functions are controlled by the control XYP and XYA signals,
generated by the X-Y CONTROL blocks.

* Vertical channels A and B:

Both channels are completely identical and receive their input signals from the
ATTENUATOR UNIT. This signal is applied to the SIGNAL SPLITTER, which has two
outputs:

- One output is applied to the SLOPE/TRIGGER SELECTION for the time base triggering.
- A second output is routed to the adaptation unit.

3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)



3-17
| ! |
« | AEV ' | — I
EE‘.?‘}?"{ | weur sueren — I CIH CIRCUIT K %&c“{_ -y | !
i : o s s | ADAPTION UNIT ( A16) ; |
| _r2cco o - ——— e — e —- s e e e I e e i e
| - | -
L]
oDD | ANALOGUE AMPLIFIER + I
i | I CIRGUIY LEAK. CORRECTION CLAMPER l :
' D01 N9OY. 904 N927 N501, VS01... 503 ' BUFFER I
A s — j |
E0O...3 (]
!I ! - b INTERPOL " I
|uc.|..LT cCD+ADC ' LATION DECLITCHER + . VERTICAL
et ACE CLOCK DRIVERS - el | e AVERAGE Y-DAC LATCH SRLLITEIER. i CHANNEL
: RO, 887 Va01...852 ¥ D&1Y I " [*15F] D&13 . 0%03, N503 I 0801, 807
] L]
T —— LACL UNIT (A14) | i ADAPTION UNIT (A16)
i ' swia - A
i | SWR-LT, TROL-LT o i
_— | CIH CIRCUIT . | |
1 0911, N913.91¢ ' ! '
| — — f¥cco o] I | I | I
N H . . ]
gt { | wour seren 00t ow emeur caticme [T | s | | |
v7oL... 708 ' 0901, N902. 904 nser| | NSDY, V501, 506 : . '
1 MJEP_HNJT_(*?L”______._.._._._.E?@.@Tﬁl@_-_-_-_ﬁg’(:_@ﬁUM.(ﬁf?)_..__..____J_____.__,..____ A&UﬂT_(ﬂ{-)___lADC DAC_UNIT (A15) I
p "
DATA BUS  aaal |
LATCH b = = S i .
| |
¥ PLOT 2 "o
DTACK-GENERATOR g o CONTROL ARRAY DISPLAY RAM g " pLOT :r::rmr x
0206... 12 DI09 e it 306 [ . oD —r-—a-| PENLIFT
(]
i Ll
. |
AooRESS BUS DCL UNIT (A13) ADDRESS BUS '
BUFFER |
Nl i i i 0301, 302 [ i - =
. ]
DAL
T
X-DAC LATCH ] gecuTCHeR. osowse I
0In 507 0512, W513 [ j
DELAY COUNTER |— i s Bt .._,,,__________q_“_______J TIME BASE UNIT (A4)
|
= [ o —— [ ooy
et f WATERO0G! I weer . |MICRO PROCESSOR [A25I-LL MEMORY DECODER *—-}??&"é“ ooconen [ pleerse ek e oo
V200... 208 £""‘L’ one one N7 [2co. L : D4, .. W06
. ong - 227 0701, 207, 11, 213 |
I I I SLOW TIME
BASE COUNTER :
pa— [Fil ] |
o D0...3 I '
i'f"iules : STATUS INPUT | I 00...7 I DATA BUS ' ’ l
— L]
ITC...LT DTTC...LT |
EDC...LT EDC...LT
- & - - I - - - — - — — - — 1
DSoCLE 18 MK ! ] !
CLOCK GENERATOR |—CPUEEE o 4 wnig KEY-MATRIX 1 Lco
IEEECLK & Mhz | I I
0201, D204 207 | 07001, 7002 5 ! D800, .. 8003 H
CPU UNIT (A12) |FRONT UNIT (A7) |LCD UNIT (A8) | ACL UNIT (A14)

Fig.3.2 Blockdiagram,digital part.



3-17

| !
] AEV i | —
CH. A CH.A+CHB SAMPLE &
mr?n{ - INPUT BUFFER EVEN [ CIH CIRCUIT v Sae {_ HOLD ——
¥701... 706 ' 0901, N901, 904
| __ _rZcco omnf I I—--,——-—.._..-....._.__
L]
' |
oDD ] ANALOGUE | AMPLIFIER »
- I CIH CIRCUIT LEAK. CORRECTION [} CLAMPER [
. D901, N901, 904 N927 . NS0, ¥501... 503
EDO...3 | —I
. |
EOC...LT CCD+ADC '
e | ACE CLOCK DRIVERS - l TIMING I
: D801, 887 va01...852 o |
-4 .
L —— IAC.L.Q“JI_(EJQ{
BEV 0 "
|
EVEN i CIH CIRCUIT
' D911, N912, 914 .
[ _ _ _r2cc0 ora I |
. "
e [T 000 | ANALOGUE I AMPLIFIER +
::m}'u{ INPUT BUFFER I CIH CIRCUIT LEAK CORRECTION | CLAMPER
¥701... 706 (] 0901, N903, 904 NELT : N501, ¥501... 508
MINICCD UNIT(A17) _  |P2cCD UNIT(A18)
L]
! DATA BUS
! LATCH
|
DTACK-GENERATOR |
0206... 112 i
1]
:DCL UNIT (A13)
lomack-ur | -
WTDG -HT WATCHDOG/ . MICRD PROCESSOR JA281-LY MEMORY ADDRESS [
RESET | meser DECODER = puines DECODER |
V200... 208 m_" [:FilY D6 N7 :
I 019 - 227 D201, 202, 211, 113
status | T 00...3 00... 7 DATA BUS
INeyT 9 —=  STATUS INPUT e ey <
—
—
OTTC,. LT
EDC...LT
¥ MHz |
CLOCK GENERATOR 8 M KEY-MATRIX

CPU UNIT (A12)

0201, 0206 207

IEEECLK

Fig.3.2 Blockdiagram,digital part.

& MHz

07001, 7002

1
1
|

FRONT UNIT (A7) [LCD UNIT (



' 'L_.r,_ ......... | ._ADAPTION UNIT(At6) . _ .
. wmnj | N501, V501 ... 503 l |
':Goc I - ADC :: AEIE:Cnur:'FJ ﬁ Y-DAC LATCH P-’H Y-DAC —T‘:'E;
oun | osor| a2 0413 wso | | 2
i I i
| i |
| | |
B | o —— | |
___jADcDACUNT(AS) L NacLunm(at) | Abc_DAC UNIT (A
DATA BUS —-|—4->—I-i"-» pue = e, |
I ‘cc"o‘-f}::"r’e'.?" Acmgf: . CONTROL ARRAY DISPLAY RAM géf,;,"}g‘,; !
0309 D308 l 0314 | D301, 304 0306 {
« :DCL UNIT (A13) — _,
A...2 T m,:m_ ------- .o,n-_ TT _I L !_ -----
: I
R e RNk
DELAY COUNTER |— i— ----------- —l ------------
ey 1
i — ' 1
S :}rz ks ol e [
'l!ll_--?_!_'l' D201, 202, 211, 13 — B:;gch::EEH !
D218 |
o |
i I I ——— ]
ATRIX 1 LCco |
M ! | DADOY. .. $003 !
' UNIT (A7) |LCD UNIT (A8) | ACL UNIT (A14)




DISPLAY RAM

0301, 30&

ADDRESS BUS
BUFFER

0301, 302

DECLITCHER +
T&H CIRCUIT

D503, N503

I
|
|
|
|
|

|
|
|
|
|
|

pLot
DISPLAY
COUNTER % PLOT
DECLITCHER +
T&H CIRCUIT
0512, W513

X-DAC LATCH % X-DAC
N507

ACL UNIT (A14)

i e

VERTICAL
CHANNEL
SWITCH
0601, 802

HORIZONTAL
MODE
SWITCH
vist1, 6529

| TIME BASE UNIT (A4)




3-20 3 INTRODUCTION TO CIRCUIT DESCRIPTION AND BLOCK DIAGRAM DESCRIPTION

On the adaptation unit, vertical shift of the displayed signal is achieved by the front-panel
POSITION control. Switching between the real time path and the digital storage path is
obtained in the A/D SWITCH block. The digital circuit is given in figure 3.2 and described
separately. Next, the output of the VERTICAL CHANNEL SWITCH is routed via the DELAY
LINE DRIVER to the DELAY LINE.

The TRIGGER LEVEL VIEW channel enables display of the time base triggerlevel and can
be used to determine the trigger point of the signal.

* Trigger circuit:

The SLOPE/TRIGGER SELECTION block receives a trigger signal from one of the vertical
channels A or B, from the EXT SIGNAL SPLITTER or from the LINE TRIGGER PICK-OFF.
Inverting of the trigger signal is controlled by the CXYA signals INVAM and INVBM to
obtain the slope function. Routed via the TRIGGER PRE-AMPLIFIER, block the signal is
split up into different paths:

- after summation of the LEVEL signal, direct to the TRIGGER AMPLIFIER

- tothe AUTO LEVEL block. This block contains the different trigger facilities and
levelling of the trigger signal is influenced by the front-panel LEVEL control. The
output of this path is routed again to the summation point to influence the direct
trigger signal.

- to the X-DEFL AMPLIFIER for X-deflection facility. This block incorporates a phase
correction circuit for the X-Y display.

The TRIGGER AMPLIFIER feeds the trigger signal to the time-base unit. The trigger signal
from the summation point is also routed via the TRIGGER LEVEL VIEW AMPLIFIER to the
vertical CHANNEL SWITCH stage to display the trigger point.

* Chopper oscillator circuit:

A square-wave signal for chopper blanking and vertical switching is generated in the
CHOP OSCILLATOR. For chopper blanking the signal is routed to the Z PRE-AMPLIFIER
on the time-base unit.

3.2.4 Time-base unit (unit A4)

This unit incorporates the time-base (TB), the horizontal amplifier and the Z amplifier
circuit. All functions are controlled by the CX1 and CX2 signals, generated by the
HORIZONTAL CONTROL CIRCUIT blocks.

* Time-base (TB):

The trigger signal can be either directly routed to the TIME-BASE CONTROL CIRCUIT or
first routed via the TV TRIGGER SELECTION for the TV trigger coupling. When in the
AUTO mode, in the absence of trigger signals, the time base will be free running.

The CURRENT SOURCE applies the sawtooth charging current to the sweep circuit. This
block generates the time base sawtooth signal, which is routed to the HORIZONTAL
DISPLAY MODE SWITCH..

The HOLD OFF and the ALT CLOCK PULSE blocks are also under control of

the TIME BASE CONTROL CIRCUIT. Hold off time is varied by the front-panel HOLD OFF
control. The output of the HOLD OFF block is routed to the TIME-BASE CONTROL
CIRCUIT again.

The ALTCLN-pulse is applied to the PRE-AMPLIFIER UNIT.

3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)
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3.2.5 XYZ unit (unit A3)

This unit comprises the final amplifiers for the vertical (Y) and horizontal (X) deflection
and for the blanking (Z) circuit. In addition to this, the CRT control circuits are also
incorporated in the unit.

* Final vertical amplifier:

The output signal from the pre-amplifier unit is first routed via the DELAY LINE to give
sufficient delay to ensure that the steep leading edges of fast signals are displayed and
then fed to the DELAY LINE COMPEMNSATION. This block compensates the signal
fordistortion originating in the DELAY LIME before it is applied to the FINAL VERTICAL
AMPLIFIER. The output of the FINAL VERTICAL AMPLIFIER feeds the vertical deflection
plates of the CRT.

* Final horizontal amplifier:

The horizontal deflection signal is routed to the FINAL HORIZONTAL AMPLIFIER, the
output of which feeds the horizontal deflection plates of the CRT.

* Blanking circuit:

The output signal from the £ PRE-AMPLIFIER of the time-base unit, that determines trace
blanking or unblanking and modulation is routed to the FINAL Z-AMPLIFIER. After
amplification the blanking signal Is split into two paths:

- the h.f. signals are fed via a high voltage capacitor to grid G1 of the CRT.

- the |.f. signals are used to modulate the amplitude of an oscillator wave-form, which
then passes via another high voltage capacitor and is demodulated in the
DEMODULATOR block to retrieve the original signal.

Mote that the original h.f. and I.f. signals are again recombined on the grid G1.

* CRT control circuits:

The FOCUS AMPLIFIER block is influenced by both front-panel FOCUS and INTENS
controls to provide a focus that is independent of the intensity, and drives the focusing
grid G3 of the CRT.

The -100 V BLACK LEVEL block provides the correct presetting of the cathode voltage.

The CRT BIAS gives a d.c. voltage to the grids G4 and G5 to provide an optional
adjustment for geometry and astigmatism.

3.2.6 Power supply unit

The mains input voltage is filtered and then applied to the RECTIFIER block to obtain a
d.c. voltage source. Another output of the LINE FILTER block is routed via the LINE
TRIGGER PICK-OFF and serves as a MTB LINE trigger signal. The rectified mains source
is routed to the FLYBACK CONVERTER, which generates the necessary voltages for the
oscilloscope circuits. Each supply voltage is rectified in the RECTIFIERS black.

The LOW-voltage supplies are stabilized by the CONTROL circuit to the converter.

The +10 V REF supply serves as a low-voltage reference and is generatedin the +10V
REFEREMNCE source block. This reference voltage is also fed to the different circuits on
the power supply or in the oscilloscope.

3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)
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The EHT CONVERTER generates the -14 kV for the post-accelerator anode of the CRT
and the -2 kV for the cathode circuits.

* Auxiliary circuits:

The CALIBRATION GENERATOR generates the CAL voltage, which is applied to the

outp:}t_ranckat X1. The CAL voltage has a square-wave of 1,2 V p-p level with a frequency
of 2 kHz.

The ILLUMINATION CIRCUIT determines the amount of current passed to the graticule
illumination lamp of the CRT, controlled by the ILLUM contral on the front-panel.

The TRACE ROTATION CIRCUIT determines the strength and sense of the current
passed to the trace rotation coil around the neck of the CRT. The current is influenced by
the front-panel screwdriver-operated TRACE ROT contral.

3.2.7 P’CCD circuits and control logie (unit A17 and A18)

The PZCCD unit incorporates two mini CCD units (one for each channel), the P2CCD —
driver circuits and the P2CCD output circuits. The two minl CCD units are mounted as

separate units on the main board.

The vertical channels A and B for the signals to be displayed are identical. Each channel
comprises an INPUT BUFFER, P2CCD, odd and even CIH (Clamp Integrate Hold) circuit

and the ANALOGLEAKAGE CORRECTION.

Signals derived from the A/D switch on the adaptation unit are passing the P2CCD
circuits. These Profiled Peristaltic Charged Coupled Devices act as analogue shift
registers which are able to store signal samples in a rhythm that depends on the selected
time base speed. This rhythm is generated by the ACE (Advanced Customised ECL) and
via the CLOCK DRIVERS applied to the P°CCDs. For time-base speeds which cannot be
handled by the ADC any more, the P°CCD devices are used for time conversions. This
means that signal samples can be sampled by the P2CCDs in a high rhythm and later
converted by an ADC circuit in a lower rhythm. This lower rhythm is generated by the
READ OUT COUNTER. Each channel contains a P2CCD which contains in its turn two
sections of 256 signal samples.

The P?CCD is fully controlled by the ACE which delivers control signals and which also
controls the CLOCK DRIVERS. —

The output of the P2CCDs are applied to fast CIH circuits. These circults are able to hold
the signal information for a time that is long enough for the track-and-hold circuit to take
them over. The CIH circuit is controlled by the CCD and ADC TIMING.

The ANALOG LEAKAGE CORRECTION corrects the signals for leakage.

3.2.8 ADC circuit {unit A15)

The signal derived from the PCCD unit must first be clamped into the correct input
signal for the ADC. This ADC converts this signal to an 8-bit digital word and is able to
perform conversion with a maximum speed of 50 kHz. This conversion is controlled by
the CCD + ADC TIMING.

3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)
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3.2.9 Signal processing unit (unit A13 and A14)

The signal processing circuit consists of an AVERAGE AND INTERFPOLATION circuit, an
ACQUISITION ecircuit and a DISPLAY circuit. It takes data from the ADC, performs
calculation on it and sends the data to the Y-DAC latch or it reads/writes the data from/to
the microprocessor. The address of the data is put into the X-DAC latch,

The AVERAGE AND INTERPOLATION circuit averages the differences between the odd
and even channels and calculates also 512 linear interpolated points between each of the
512 samples. The output data is transferred to the Y-DAC latch or to the memories.

During time intervals of 500 ns each, the different data transports occur in the following
sequance:

- data Is written in the ACQUISITION MEMORY, addressed by the ACQUISITION
COUNTER.

data Is copled to the bidirectional latch in the GONTROL ARRAY.

- data is written in the DISPLAY MEMORY, addressed by the DISPLAY COUNTER,
- data Is written in the Y-DAC LATCH.

Finally, during the last time interval the microprocessor is connected to the DISPLAY
RAM via the DATA BUS LATCH and ADDRESS BUS BUFFER. The data from the
microprocessor can influence several functions such as text, plot, dots, etc.

3.2.10 Y-DAC and X-DAC circuits (unit A15)

The Y-DAC and X-DAC convert the 8-bit data and 13-bit address information into analog
signals again, Glitches on the output of both DACs are removed by the DEGLITCHER.
Next the signals are fed via a TRACK&HOLD circuit, dot-join circuit, VERTICAL CHANNEL
SWITCH or HORIZONTAL MODE SWITCH to the analogue circuits.

3.2.11 Microprocessor system (unit A12)

The microprocessor system mainly consists of a powerful 68008 uF, a RAM for data and
a ROM containing the system software. The microprocessor Is running at a frequency of
8 MHz provided by a CLOCK GENERATOR. This generator in its turn is driven by a

16 MHz crystal oscillator,

DECODERS decode a number of addresses resulting in the various address lines that are
fed to the different circuits. Also the 12C busses are decoded.

A WATCHDOG/RESET circuit detects abnormal program sequences via an output port
and resets the microprocessor via the RESET and HALT lines in order to restart the
program again,

The STATUS input reads the different status information of the instrument for the
microprocessor.

3.2 BLOCK DIAGRAM DESCRIPTION (see figure 3.1 and 3.2)
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4 ATTENUATOR UNIT (A1)

4.1 VERTICAL ATTENUATORS

The A and B channel attenuators are identical: therefore only channel is described.

All relay and FET switches are controlled by the microprocessor via the I2C bus. The TEA
1017 converts this serial DATA into the parallel control signals for all relay or FET
switches. A list of the control lines for all attenuator settings is given in the table below.

HIH
E31
on=
PATE At

MAT 2835
880428

Figure 4.1 Table of attenuator settings
The channel A attenuator consists of in four stages:

High impedance attenuator with a separate path for the low frequency (If) and the high
frequency (hf) path for the signal. Each path is divided in three attenuator stages for the
x1, x10 and x100 attenuation

The hf attenuators use adjustable capacitive dividers and are buffered by a junction FET
buffer for each divider section. These buffers can beswitched on by applying a positive
control signal to the drain of the FET.

The If attenuators use fixed resistor dividers. Only the x10 and x100 division path are
switched on by means of a relais. Depending on the relay K1004 posltion, the input
signal can either'be dc-coupled (relay activated) or ac-coupled (relay not activated).
Operational amplifier N1002 gives an additional inverting of the If signal.

HF LF FET TRIMMER FOR L.FL.F RESISTOR
RELAY RELAY SQUARE WAVE  DIVIDER
x 1 -- K1003 V1013 C1018 R1001-R1026
x 10 K1013 K1002 V1008 C1014 R1001-R1026-R1027
X100 K1004 K1001 V1004 C1004 R1001-R1026-R1028

Note that the signal on the base of V1031 is a reconstituted version of the input signal
again.

When grounded, relay R1006 is activated and the inverting input and output of N1001 are
short-circuited. This means that the output pin 6 follows the non-inverting input pin 3.
The hf path is also connected to ground via FET V1001 and V1004.

All other relay- and FET switches are then switched-off.

4.1 VERTICAL ATTENUATORS
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The impedance converter serves as an non-inverting buffer circuit for the high
impedance attenuator. For the Lf.-feedback the output signal of this stage Is routed to
the I.f. summation point N1002-2.

The low impedance attenuator reduces the gain by x1, x2.5 and x5, depending on
which relay is activated.

— RELAY RESISTORDIVIDER

%1 K1011 .
®2.5 K1012 R1051 vs R1052, R1053 and R1054
x5 K1013  R1051, R1052 and R1053 vs R1054

The continuous circuit (0Q0221), the differential input voltages of which are fed to pins
4 and 5.
This stage comprises the following functions:

- Continuously variable control (pin 11).

- Gain x1 (pin 2 and 3) with offset adjustment R1062 (R1162) and gain adjustment
R1064 (R1164).

- Gain x10 (pin 6 and 7) with offset adjusting R1072 (R1172) and gain adjustment R1074
(R1174).

- X1/x10 control (pin 10) to select the 2, 5 and 10 mV/DIV settings.

The differential output current from pin 13 and pin 14 is routed via a common-base
clreuit V1036, V1037 and applied to the pre-amplifier unit.

4.2 EXTERNAL INPUT

The external input can be subdivided into four stages:
Input coupling, basically similar to the ch.A input coupling.

High impedance attenuator for the x1 attenuator only, where the Lf. square-wave can
be adjusted with trimmer C1208,

Impedance converter, which converts the current from the high impedance attenuator
into a asymmetrical output signal with a 80 mV/div. sensitivity.

Pre-amplifier. The output currents EXT- and EXT + are applied to the pre-amplifier unit
and serves as external trigger signal or as an external deflection signal.

4.2 EXTERNAL INPUT
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5 PRE-AMPLIFIER UNIT (A2)

The pra-amplifier unit consists of:

- Vertical pre-amplifier

- Trigger pre-amplifier

- Pre-amplifier control, incl. CHOPPER oscillator

All control pulses for this unit are generated by the pre-amplifier contral circuit, via the
1C bus (see section 5.4).

5.1 VERTICAL PRE-AMPLIFIER

STAGE 1 STAGE 2 STAGE 3 STAGE &
. . d .
:ﬁl{i- DIGHTAL PATH A“‘l 5
e, —h—
] - .
l ‘ ANALDG PATH
[y — — D200z .
ls'i?dh{-— N2001 | _ | o020 DELAY LINE |—
[a:2i] ™w
000020 ! e } gl
CH.B ] - 02102 - VIROBV22N ——
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Ls'a'ur‘«"m.{-— N1 000205
I J ' TRIG e
LEE\’IE_L }
Wi E— —
5. D602 ’
G ' 000020
D TalL } E—
SHgMAL ¢
L " - AN HATIZIN
BEOLIA

Figure 5.1 The four stages of the vertical pre-amplifier
The vertical pre-amplifier consists of four stages.

Stage 1; The channel A(B) pre-amplifier receives its input signal from the attenuator unit.
This stage consists of series feedback amplifier N2001 (N2101) and has a signal
amplification of 1,25x. The current output is fed to the signal splitter.

Stage 2; The signal splitter {Q0205) copies this signal into two identical differential
output current signals for:

- Vertical channel (pin 7 and 10)
- TB triggering (pin 5 and 12), see section 5.2

Stage 3; Vertical channel switch (unit A16), see also description of A18, chapter 17.
This stage comprises the following functions:

- Vertical channel switch selection,
ch.A /ch.B analog, or ch.A /ch.B digital, or trigger level view.
- Position control.
POS A (R7006) for ch, A and POS B (R7008) for ch. B.
- Channel B normalfinvert (high is INVERT).
The balance between normal/invert can be adjusted with A2212.

5.1 VERTICAL PRE-AMPLIFIER



5 PRE-AMPLIFIER UNIT (A2)

Stage 4; (V2208/V2211) serves as delay line driver where the output current of the
vertical channel switch (A16) is converted into a voltage signal which is applied to the
delay line. The current for this stage and for the vertical channel switch (A16) is fed via
R2256 and R2263.

5.2 TB TRIGGER PRE-AMPLIFIER

Trigger possibilities are:

Signal Selected by: inverted by:

name routed to name routedto  name  routedto
ch.A  TRAM+, TRAM- D2302(3,4) AM D2302(10) INVAM D2302(2)
ch.B  TRBM+, TRBM- D2302(5,6) BM D2302(11)  INVBM  D2302(7)
EXT EXTM+, EXTM-  D2303(3,4) EXTM  D2303{10) INVAM D2303(2)
line LINE D2303(5) LNM  D2303(11)  INVAM D2303(7)

D2150 serves as a signal splitter and receives its input signal from the attenuator unit.
This input current signal is copied into a identical differential output current signal for the
EXT TE signal {pin & and 11)

The symmetrical output currents from D2302 (13, 14) and D2303 (13, 14) are convarted
into a symmetrical voltage again in the common-base circuit V2316, V2319 followed by a
shunt feedback circuit V2318 and V2321. Note that the sensitivity at the collectors of
V2318 and V2321 is 110 mV/DIV,

At this point the signal path is divided into:

- an external deflection path, routed via the series feedback circuit V2356 and V2357,
the X DEFL + and X DEFL- signals are fed to the timebase unit A2,
R2416, R2422 and C2350 gives phase correction for the X-Y display.

- atrigger path, fed to both V2333 and V2334, where depending on the current to the
base, levelling of the trigger signal is obtained. Two separate series feedback circuits
take care of voltage-to-current conversion:

* V2341 and V2342 for time-base triggering.
The trigger output signal, TRIGM- and TRIGM + are fed to the time-base
unit Ad,
* V2347 and V2349 for trigger level view.
This symmetrical output can be balanced by potentiometer R2407 (LEVEL VIEW
BAL).
The TRIGV + and TRIGV- signals are fed to D2202 (3-4).

Integrated circuit D2304 serves as an auto level circuit. The following functions are
possible.

a. Peak-peak

In this case the amplitude of the trigger signal applied to D2304 (3,7) is measured by
peak-peak detectors on D2304 (2,4,6,8). The output current from D2304 (14,15) is
dependent on the peak-peak level and is adjustable with the LEVEL control R7012,
connected to D2304(1).

b. Triggering
In this case the level range is 16 div. The level is adjustable with R7012 and the current
variation on D2304 (14,15) can be varied between + or - 0,6mA.

c. TV triggering
The level control is made Ineffective. In TV triggering, the LEVEL must be set to a fixed
value. This is done by applying a high level current to pin 1 via diode V2326.

5.2 TB TRIGGER PRE-AMPLIFIER
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d. Auto
In auto the signal LEVEL ZERQ is high and via dicde V2325 the output level D2304 (15) is
asymmetrical with output level D2304 (14). Thus the maximum signal amplitude is 2 Vp-p.

5.3 PRE-AMPLIFIER CONTROL

The pre-amplifier control converts the data from the 12C bus (SDA and SCL), derived
from the microcomputer, into the control pulses for the pre-amplifier unit. To eliminate
interference the SDA and SCL lines can be switched off via D2601.

This integrated circult serves as a digital switch, controlled by the VERT IIC line. Logic
high connects the outputs D2601(4,14,15) to the input "1" contact (switched on 3,13,1);
logic low connects the outputs to the "2" contact (switched off 5,12,2) and gives SDA a
logic low level and SCL a logic high level. When D2601 is switched on, the serial data
information Is converted Into parallel control pulses via D2602 and D2603, provided that
D2602 Is enabled (D2602-5 Is high). The control lines are active when the level of the line
is high.

Qutput Q12-D2602(9) serves as a power up not line for D2603: when the oscilloscope is
in the power-up routine, Q12 is high and resets D2603. After the power-up routine, Q12
goes low and enables D2603.

Integrated circuit D2603 relieves the microcomputer of a number of such functions as:
- trigger level view

- chop/alt

- trigger select

- time-base select (fed to time base unit A4)

Adaptation of this I.C. to the oscilloscope version is made by the ADO and AD1 inputs
D2603(15,16).

For this oscilloscope, ADD must be HIGH and AD1 must be HIGH.

Timing for alternate and chopped mode is derived by the ALTCLN and CHOPCL pulses.

The chopper oscillator formed by V2611 and V2612 supplies a square wave vollage of
1,5 Vp-p with a frequency of 1 MHz,

This frequency Is deflned by two current loops:

- 11 is determined by; V2612(c-e), C2611, R2627 and R2625.
- 12 Is determined by: V2611(c-e), C2611, R2628 and R2625.

The duty cycle {I11/11 +12) Is 12% approx.

The square wave on the collector of V2612 serves as a chopper clock pulse for D2603
and gives a 500 kHz display for 2 channels CHOP, 333 kHz display for 3 channels CHOP
and 250 kHz for 4 channels CHOP (A-B-TRIG VIEW-ADD).

Note that D2603(8) serves as the chopper switch, which is high when the CHOP softkey
is depressed.

5.3 PRE-AMPLIFIER CONTROL
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Figure 5.5 Pre-amplifier unit p.c.b.
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Figure 5.6 Circuit diagram of pre-amplifier, MTB trigger switch
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5-12

+12E -120
R23s80 R2344
4Kk22 ceat7 Bi4E
R2336 P8 paas
w;gﬁ MYB- . Rea7a
+42E uu
vesss 150mVip-p)
2K61 BF324
V2313
BANE2
+58
R2333
S62E +12€ uae..._fﬁ_
R2364
R2341 324 va3sai
{4EETT BF324
MTB+  _ Ra374
ip5 R2360 Ju
150mV(p-p)
R2358
514E
[ EXT PREAMPIFIER | -
D21%50
EXT- R2148 R2484 . . 000208
3
A2150 4 g
2K61 5 1o c2154
ins
= vais4
1%533,' 4y c m_u___"'“m R2157  eyrue
+126 — 8 |ves vaiss BRI os0srs
L__ 16)gug c s BZX79 cavo R21%8 EXTH-
OPTION 9 Pi—
NC cats2 D2303/4
ins
1L
12 |¢ b
13 o w2321
7
R2152 4 ¢ ¢
2K61 c Lo w2322
EXT+ R2149 R2i56 15 |
03 0

MAT3S543
890421



5-14

5-13
10n ~17A
-~ f— 150mV{p-p) I_I |
vaaie I_l I—I @ v2333
ig’?—o 8 i
-6,7V 150mV{p-p) 1
T —t E
vaazi V2325 Rk R2386 | poase
BAWG2 RA2365 BCESB iK i0n
R2387
vaspg  D2802/17 pkENUL passe
c2337
D2602/8 WIVXOF _prgpery By pazsy BANE2 vasay ion
- X2008___ = BC5588 S
22 | LEMTB
v H .I.casana_&"G R2388 [CELE]
Imn AUTO El 1K 1K
-120 I | I
%%’?! 150mV(p-p)
R2372 3
LT INPUT- OUTPUT+
ca23s3 V2334
100n R2382 BF324
Lcoass I s a p2iga TREV-  x2024/4
+10VREF 73 10 vasze
44 BZX73 |C5V1 pagas
Imn +ipe 220E 1_
_—
780E TRIG.SYMM £
R2384 V2332
R2374 7 2KE4 BF324 l l | |
INPUT+ T
75 150mVip-p)
b2602/16 wE=FPIGZA 13 OUTPUT= |14 |
A
R2435
10K
ENAPP V2374
BCS58B
D2602/40 wa0io
l_s_ _____ - |
V2370 : 1‘
BC548C R2446 H H
Tiron | !
P
I R2434 -—1206 I |
10K | I
| |
| |
-128 ll |[
| I
| |
i |
| |
| I
| |
RS ! !
I |
4z I
e e o o  —— 4
MATISAA
890424

Figure 5.7 Circuit diagram of pre-amplifier, level circuit
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Figure 5.9 Circuit diagram of pre-amplifier, logic control
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Figure 6.9 Circuit diagram of pre-amplifier, logic control
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PRO!

R2740
+5016 - +50A
L2771 H.ca772 Lca77a
10n 150u 10n
DIG
—12PA o R2741 DIG DIG o +120
H.c2774 Lcar7s Lca777
iA BBu ion 100n
DIG DIG DIG
- R2742 . S
C2781
ion
DIG
+EANA Rarnl > +5B
L2741
ion
R2752

+12PA +12E
= Il:=744 ICE?‘E

Imn I!.Dn

R2783

-1av -i26
K88 II’.‘274? ICE?A!

.Issu I.‘lOrl

oy R2754

Lc27s1 Lca7ss Lcea7sa Lcarse

El?u Iitlrl IiOn Iiﬂn

+H7V R2733

caras

IA?U

R2728

Ca2724

Ili‘.ln

-17A

+47A

T oNoPA [2 T ]
| ] e e e o
I 14 gﬁnn
| _.X2008
I 161 P18 | s 4v a0 !
: is +12PA i 8 |
B i s i I 9 ;
S - S
%2004 | 16 !
—————— —'__
1 i8 I |
|
I 20 [J_ 12
11 | GNDDG 15
|l
23 | D168 ,yovmer | 40
1 Lcazas i
i Ims i
| I
| 16 | REF -12v 7
i8 17V 21
ag | GNDRF | 14
T |
| REF |
I 30 vara s
' C2223 i
Iin! |
34 YARB 22
L.Ccaz224
Iins
6 | DLENA |5
| Lcesas
i 1 I470p i
I
! 8 DLENS | 18
- C2226 Baa =
Id?Op
_.X2043
33 | PROBA | { 1
31 | PROBB | 2 i
e 1
JLceezas .Lma&“ ————— J
I47Dp Inon
MAT3546

890421



MAT3547
890428

5-20

- - = T T T ] 73
= g & = 9z sz
™ -
[Fe287 ] & OF 2773] B [l 8ON9 | oo | -8
o = PN [R2a35 [, —garve ||+ Rlalals]  —Fe7es ||+ 48| oo | 8ano
=1 et oVl F P = g -lRe704 R Y Y 8 YVA| oo | ALl+
B RS R P P & Jre740 | re3es | |®|E[E i G Av'9—=| oo | .12S
AT ElES o dR2713 | S| Rra122 g N31g| oo | .vas
5311 T R2253 & {Re120 ALl=| @ 8 HaaNg
— R2252 T 2102 < —-1X3| oo Q + 1x3
4 AV13Q |02 - [=]|5 R2250 b0z = 2151] 4R2133 d ON9 | o o |F 434 ON9
d N9 |o _H_H IIIU HlallS R2251 = —f2104] 434 AOL+ | s @ | VS+
— avi3a |e1 3 L&) fa217 R2272 o &-{Re2k2 0 e dZl+ | oo [ AZI-
& =—r{A2258 | [2215] () Re257 | —{R2254 Wikl R D2102 o1-{R2119 vV HVA| o 8 | ¥ N3O
002X 0 v - -R2712 | R2132 VONO| oo | +V
va3z7 Dm 5746] {2396 } Arnmmmm " mmv o® - - -v| ea| vano
1= _n@ E2342] Jre3gs | [F2753] wzm@ & = S <lo] 3 L 1
olalia —R2394 | A2397 @ L1l Q2 > N1 S @ —{R2324 o
=l 19188 :EEO = o o g = 2 cg, —R2325 = 600ZX
21 EIE)E] [ & 35S 2 < ; ~-1R2311 - 46~ 1 &
& i VO b E: {Reaos | 18] | X< e em 2 v {211t
{liz323} |2|2}FE {R2391 | —R2414 | [ L |E)E g 8 =
2328, V.7 ™ Ro38s | & V2347 Jes0a g LT R2101 —-Re721 |
2332 > rrad e 0o .
wenk L) Os TlReaiz b Mol SISHTHEL 2224
= m -y O] | ey N
R2433 b (3 o ! AlBEIR
ol EEI A & g mm g / |_
~R2432 & T Ll oo |2
g ! ZED = 2 manl [<] [~|E8 S8 oo 2|5 D
—{R2431 =4 el by 2 o Y] 1Y oo =) o~ NN
I EF NI Hedde alafm ol &) coo
S 2 N —R2337 e oo o ey
-R2430 |5 (& — ol w© — Mmoo
& -{R2335 = o | g Do 3
] \Hm_\%wwm —{rz338 Sl | s o P oo B
2 —|R2339 = > 02150 o -{R2143 oo “_ = B o
=) —{R2348 ] R2152 oo 4
ol V2370 ~lwo|o wln L ©
_;ML (R2434 | = D o _12I12(=l ke ~ 1| B8 #2007 E2719 oo z L
- 0 Emn Y HER |y w2005 (e} oo | |2
m © 2754 e 2709 T oo L m%u
a] |m|{R2420 L1 o] = & |oo L w0 o
Y & dlele a8 ” oo T.M WBB
-Rre726 1 N 1 08 Wl Sl ,mﬂ.% ~ £
] L=
1 nl|w|o|o|w|= x5S
ca7ss | [+ . SEIRIRISIR E553)
= ola|a|c|ala F2203]
0
R2754 b S (e}, —Ron E2501] )
= —ter01 ||+ - 3
247 ||+ O i [Fe701 ) 2 g
Bt 2604 g +R2008
LES 3 02603 q mlmmo:
& = —R2012 s
— + O o S
2ied 3 . 2 =) —{R2000 wE €€
Fe712 | |S dlel| ¢ g = g dvA | oo | v 3804d
2728] |& g IS - | oo | 8 3804d
~ Sl v uvA [ o0 | —
o v gS0d | oo | —
& vsod |oo | =
— | oo | 3348 A0L+
6l 0Z GLW13A37 | o o | 434 ONO
dZl+ | oo | ALl= < danN9 | oo []daNo
INIT | e e | VE+ ~ (2206 | A+ [ oo || -
daN9 | oo | A9 0 (R2201 [ oo 2225 AZl= | oo [ -
N18 dOHD | o o | N18 dOHD ONO 3 m 32605 o [ ﬁ% R18| Eazee —{dn]| =
sgL[| o e [ N1D LTV 4 o) {Ae63e b TR P ; Re72e Jp (BIG]  faezi as+ | @@ | aanNg
Lang || oo | = > ars g 0 P 0 SIIM3A [ o8 | =
+1430x | o o [ —7430X | ococoooooooo U260 v D2601 ( n_un__u_u_unn_u_uun_n_nua_u_ o 8N310 | oo | =
- oo (L OND ~O0oDoDDDoDOoDO 2 ) ODoODO0OO0ODODOOOOOODDOD 13 MHWHM oo | =
1L ON9 | @@ - " —f2774 | |+ N = T o | =
+WONL [ oo | -nWomnL %2010 & “mem X2001 Fz5i6) 195 | oo | vas
(4 cmim N ¢!
0L0ZX 100ZX

;

X2013
1
2

PROBE A
PROBE B

Figure 5.11 Pre-amplifier unit p.c.b.




6 XYZ-AMPLIFIER UNIT (A3) 6 -1

6 XYZ-AMPLIFIER UNIT (A3)

6.1 INTRODUCTION

Unit A3 incorporates two separate p.c.b."s which are connected via X3001. Cne p.c.b.
includes among other things the CRT socket and is connected at the rear of the CRT.
The other p.c.b. comprising the proper final X and Z amplifiers is situated at the upper
side of the CRT. For ease of description, unit A3 is described as one unit.

The XYZ-amplifier unit consists of:

- Final vertical (Y) amplifier.
- Final horizontal (X} amplifier.
- Final unblanking (Z) amplifier, incl, CRT.

_ 6.2 FINAL VERTICAL (Y) AMPLIFIER.

The final Y-amplifier receives its signal from the delay line and supplies the correct
vertical signal to the Y-deflection plates of the CRT. For this the signal is processed in
four stages:

- V3001, V3002 as a series feedback amplifiar, including a delay line compensation
network and potentiometer R3007 controlling current source V3003 for correction of
any unbalance in the Y-deflection plates of the CRT. These circuits are connected
betwean the emitters of both transistors. In this stage the input voltage is converted
into a current signal.

- V3004, V3006 as a shunt feedback amplifier, which gives a voltage signal to the next
stage.

- V3008, V3009 as a series feedback amplifier, including a final RC-correction network
and potentiometer R3038 for gain adjustment to compensate the different CRT
sensitivities. V3007 supplies a constantcurrent of 60 mA, i.e. 30 mA for each side.
MNote that the output again supplies a current signal.

- V3011, V3012 as a common-base amplifier for buffering the final ¥- amplifier to the
Y-deflection plates. The maximum amplitude on each deflection plate is:
30 mA x 665 E = 20 V approx.

6.3 FINAL HORIZONTAL (X) AMPLIFIER

The input current for X-deflection is obtained from the time-base unit (ref: X- and X +)
and processed in three stages, with circuits in the following configurations:

- V3101, V3102 as a common-base amplifier. The current “I" on the collector of both
transistors determines the voltage across R3102 and R3116. This voltage is about
1,5 V p-p and feeds the next stage.

- V3103, V3106 as a series feedback amplifier, including a RC- correction network for
optimum linearity of the trace and potentiometer R3118 for x1 amplifier adjustment,
mounted between the emitters of both transistors. Y3104 serves as current source.

—~— - W3112, V3114 are connected as a shunt feedback amplifier, with resistors R3126 and
R3134 as the feadback resistors. The transistor source are emitter followers V3109,

E.1 INTRODUCTION
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V3111. This circuit serves as the actual final amplifier, which converts the deflection
current into the proper deflection voltage for the X-deflection plates of the CRT.
Transistors V3108, V3116 supply the bias current for the circuit.

6.4 FINAL BLANKING (Z) AMPLIFIER AND CRT

The blanking current derived from the Z pre-amplifier of the time-base unit is routed via
comman base amplifier V3200 and emitter-follower V3201 to the shunt-feedback amplifier
V3202. This stage is fed by current source V3203, which gives a constant current of

4 mA. The voltage on the collector of V3202 can vary between +5 V for unblanking and
-35 V for fully blanking.

This Z-pulse may contain d.c., Lf. and h.f. components to be applied to grid G1 of the
CRT. Since G1 is at a cathode potential of -2000 V, blocking capacitors are required
between G1 and the Z-amplifier output.The h.f. component is directly routed via blocking
capacitor C3211 to G1. However, the d.c. and L.f. components are blocked, so these
components are first modulated on a 200 kHz carrier signal by V3207 andV3208 to pass
blocking capacitor C3209. Then the signal Is demodulated again by V3209 and V3211.
Finally, the reconstituted d.c. and I.f. components are added to the h.f. component.

Transistor V3251 forms a nominal 70 V zener circuit which provides the voltage
difference between the cathode and G1 of the CRT. This bias voltage ensures blanking
when there is no input signal. For adaptation to each CRT, this voltage can be varied
between about 40 V and 100 V by means of R3252 (BLACK LEVEL). Resistor R3254
maintains the filament at the same potential as the cathode.

Any ripple on the cathode voltage is fed-back via transistor V3213 to the input of the
Final Z-amplifier and added to the blanking signal. This means that the differential
voltage between G1 and the cathode of the CRT is always fixed. Because this differential
voltage determines the intensity of the spot, as a result, the intensity is almost
independent of the ripple.

The amplifier stage V3253, V3254 and V3256 provides amplification for the range of the
FOCUS control. The range of 0... + 10 V gives a final range on G3 of the CRT of
-1350 V ... 1600 V.

Reslstor R3257 connects the INTENS control to the focus adjustment to maintain a
sharply defined trace at varying brightness.

For optimum presetting of the GEOMETRY, the voltage on G5 of the CRT is set to a fixed
level of -30 V. The ASTIGMATISM can be varied by means of potentiometer R3267.

6.4 FINAL BLANKING (2) AMPLIFIER AND CRT
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Figure 6.2 Circuit diagram of XYZ amplifiers, final Y amplifier
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Figure 6.2 Circuit diagram of XYZ amplifiers, final Y amplifier
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Figure 6.5 Circuit diagram of XYZ amplifiers, Z amplifier
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Figure 6.5 Circuit diagram of XYZ amplifiers, Z amplifier
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7 TIME-BASE UNIT (A4)

The time-base unit consists of:

- Trigger amplifier

- Timing circuit

- Sweep generator

- DAC stair generator

- Delay D/A converter, incl. comparator

— X DEFL amplifier, incl. display mode switch
- Horizontal pre-amplifier

- Z amplifier

As a supplement, the timing diagram for several conditions of the time base is given in
section 7.6.

All control pulses for this unit are generated by the time-base controlcircuit, via the 1°c
bus. Integrated circuits D4001 and D4002 convert this series DATA into the paraliel
control pulses, provided that DLEN TB1, and DLEN TB2 are HIGH.

7.1 TRIGGER AMPLIFIER

* TB triggering:

The symmetrical trigger current signals TRIGM + and TRIGM- are derived from the
pre-amplifier unit and converted into the asymmetrical trigger voltage via the summation
amplifier V4004, the shunt feedback amplifier V4008 and the emitter follower V4009, The
summation amplifier adds the base signal voltage of V4004 (caused by TRIGM-) and the
collector signal current of V4001 (caused by TRIGM +).

* TV triggering:

When the signal TVMTB goes LOW, the normal trigger path is blocked via V4022 and the
trigger signal Is routed via the TV trigger stage V4011...V4023. Transistor V4012 sarves to
clip the synchronisation pulse and LINE/FRAME selection is obtained by V4021, If the
signal TVF/LINE Is high, TV frames are detected by C4004 ... C4007. A low control signal
serves line detection by C4007.

* Pulse streticher:

The trigger pulse is applied via the ECL-Schmitt trigger to the clock input of the dual ECL
D-flip-flop D4267.

This flip-flop in combination with two Schmitt trigger circuits D4266 (9, 10, 6, 7) for delay
At1 and D4266 (12, 13, 14, 15) for delay At2 form the pulse stretcher.

On receipt of a trigger pulse at the clock input of FF1, its inverted output goes low. After
time At1, this output on D4266-6 is applied as a logic high signal, which sets FF2,
Conseqguently, its inverted output goes low and the non-inverting output goes high. This
results in a resel of FF1, After At2, FF2 is resel and, as a result, FF1 is enabled again.
The output pulse (MTB TRIG signal) is then applied to the sense input of D4103.

Timas At1 and At2 are chosen so that the pulse stretcher acts as a pulse-shaper at

frequencies up to 2 kHz, as a divide-by-two circuit fro 2 kHZ to 10 kHz, and as a divider
by n for frequencies above 10 kHz.

7.1 TRIGGER AMPLIFIER
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7.2 TIMING CIRCUIT (see figure 7.1)

The timing for the entire time-base circuit is obtained by D4103 together with its
associated components.

|\ o TIME BASE
Bx(e :_q .L I// SWEEP
TR -
TIME BASE 4, 0
TRIGGER e TMTE SMTE P
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Figure 7.1 D4103 configuration

7.2 TIMING CIRCUIT (see figure 7.1)
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D4103 has the following relevant pin connections:

Pin Name INPUT-QUTPUT _ Description

1 SINGLE TTL-input Selects the single time-base mode.

2 RESET TTL-input Stops the sweep and starts the hold off
sweep.

3 AUTO TTL-input Selects the AUTO trigger moda,
the time-base isfree-running after the last
trigger pulse,

4 TESTIN TTL-input Selects the possibility to drive several
functions (TESTOUT) in combination with
SINGLE and RESET.

5 TESTOUT TTL-output --

6 X DEFL1 TTL-input Activates the Z1 and Z2 outputs.

7 Vbb - +1,5 V supply input.

8 AUTOTIME input RC-time determination (100 ms) for the
AUTO trigger mode.

9 BSXMTB TTL-output Discharges the TB-sweep capacitor(s).

10 SMTB SCHMITT-input  Determines the end of the TB-sweep.

11 TMTE SCHMITT-input  Determines the start of the TB-sweep.

12 Z1 TTL-output Determines the blanking of the CRT.

13 22 TTL-output Determines the blanking of the CRT.

14 GND - Ground.

15 Vec - +5 V supply input.

16 CLKHLDHT SCHMITT-input  Determines the hold mode of the
track & hold circuit.

17 DTB2 not used, connected to ground,

18 TDTB - not used, connected 1o ground,

19 CLKHLDLT TTL-ocutput Determines the hold mode of the
track & hold circuit.

20 SDTB - not used, connected to ground.

21 BSXHO TTL-output Determines the ALT clock pulse.

22 SHO SCHMITT-input  Determines the end of the Hold-off sweep.

23 DTBS - not used; connected to +5Z.

24 EOS - not used; connected to +52.

25 TBSX TTL-input Determines the TB-unblanking {HIGH).

26 TORS TTL-input Determines the STARTS condition (LOW)
or TRIG'D condition (HIGH) of the DTE.

27 F2 TTL-input } Determines the time-base display

28 F1 TTL-input } mode (both LOW).

NOTE: ANl SCHMITT-inputs are at +2,5 V level.

7.2 TIMING CIRCUIT (see figure 7.1)
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7.3 SWEEP GENERATORS

The sweep generator is active in the analog time base modes and in the digital sampling
time base modes. First the working principal of the sweep generator is described, then
the function tables related to the mode (analog or digital sampling) are given.

See figure 7.2.

+14,6Y HLEY  H4EY
=— MREED

Ug R4143 R4164

CHARGING
CURRENT

SAWTOOTH VOLTAGE

DISCHARGING [T~

CURRENT |
VET14 I MC vinzy
MAT3223

580429

BSXMTE

Figure 7.2 Simplified diagram of the time-base sweep generator

The signal TBCURCNT is a selectable d.c. voltage which controls the charging current:
Uc
lc = R4143 (+ R4144)

The charging current and the charging capacitors C4113 (+ C4114) determines the
sweep speed. The capacitors are discharged by V4114.

The sawtooth voltage on the charging capacitors is split up into two

components (h.f. and I.f.) and buffered. The h.f. sweep components (up to 2 usec.) are
routed via C4116 and V4118. The I.f. sweep components (0,5 sec ... 2 usec) are routed
via N4103 and V4119.

Finally, the time-base sweep voltage is applied to the horizontal display mode switch and
to the comparator circuit.

* Control signals for ANALOG TIME BASE MODES

The analog time-base modes are controlled by the following signals:

- MAOD...MA2, for selecting a resistor divided voltage (R4118 ... R4124) with respect to
+14,6 V.

- MREED, for addition of R4144 to increase the charging current.

- MC, for addition of C4114 to the charging capacitance C4113.
C4114 is not in circuit for time-base settings 50 nsec ... 100 u sec, calibration by
R4107.
C4114 is in circuit for time-base settings 200 usec ... 0,5 sec, calibration by R4108.

The voltage TBCURCNT can be continuously varied by moving the VAR TB control R7009
from the cal position, so a sweep speed variation of 1 : 2,5 can be obtained.

7.3 SWEEP GENERATORS
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Function table for the sweep generator in ANALOG time-base modes:

MAZ MA1 MAO  MREED MC
50 ns/div. 1 1 1 0 0
A us/div. 0 1 0 0 0
2 0 0 1 0 0
5 0 0 0 0 0
1 0 1 1 0 0
2 1 0 0 1 0
5 1 1 1 1 0
10 0 1 0 1 0
20 0 0 1 1 0
50 0 0 0 1 0
1 ms/div 0 1 1 1 0
2 i 0 0 0 1
B 1 1 1 1] 1
1 0 1 0 1] 1
2 li] 0 1 0 1
5 li] 0 0 0 1
10 li] 1 1 0 1
20 1 0 0 1 1
50 1 1 1 1 1
A sfdiv 1] 1 0 1 1
.2 0 1] 1 1 1
5 0 0 0 1 1

NOTE: When MREED is low, then RELAY (s switched on.

* Hold-off circuit:

During the time-base sweep, capacitor C4304 is discharged. In the

lower sweep speeds (lowear then 10 us) capacitor C4302 Is also discharged via V4306,
Aiter the sweep, the capacitor(s) are charged via current source V4304 until the voltage
across C4304 reaches the +2,5 V level. This voltage is applied to D4103 as the SHO
signal and determines if the time base can generate a new sweep.

Depending on the HOLD OFF control potentiometer R7011 adjustment, a part of the
charging current leaks away via V4301 and thus continuously variation of the charging
time (i.e. hold-off time) is obtained. When BSXMTB goes LOW, the time base starts to run
again and at the same time C4304 (and C4302) are discharged again via V4309.

* Control signals for DIGITAL SAMPLING TIME-BASE MODES

In digital sampling time base modes, an analog sweep is generated to determine the
sampling moment by comparing the analog sweep and a DAC stair signal. The analog
sweep time is 3 times slower as the selected digital time base to obtain a trigger delay of
20 divisions, see also Section 7.5.

The digital sampling time base modes are controlled by the following signals:

- MAD...MAZ, for code 101 digital sampling is selected.
DA0...DA2, for selecting a resistor divided voltage (R4218 ... R4224) with respect to
+ 14,6 V.

- MREED, for addition of R4144 to increase the charging current.

- MC, not active in digital sampling modes (=low).

The analog sweep speed for sampling modes can be calibrated in service menu 3.8 by
potentiometer R4208.

7.3 SWEEP GEMERATORS



7.6 7 TIME-BASE UNIT (A4)

Function table for the sweep generator in DIGITAL SAMPLING time-base modes:

sweep speed DAZ DA1 DAD MA2 MA1 MAD MRBREED MC
60 ns/div. 0 1 0 1

0 1 0 0
A5 psidiv, 0 0 1 1 0 1 0 0
30 0 0 0 1 0 1 ] 0
.60 0 1 1 1 0 1 0 0

NOTE: Sweep time Is 3 times slower as the selected digital time base.

7.4 DAC STAIR GENERATOR

The DAG stair generator, generates a staircase voltage to obtain the sampling moments
for the sequentlal sampling mode. The generator consists a 9 bit Digital Analog
Converter and a binary counter. The binary counter is controlled by the reset signal
SRTACQHT (low =reset) and the clock signal SRTMTBLT (high to low = clock). The
counter is enabled at the beginning of a sampling aquisition, and will count once every
two sweeps until 2 times 512 sweeps. The binary code is applied to the DAC which
converts the digital code into an analog voltage; the DACSTAIR signal. The DACSTAIR
signal Is routed to the comparator circuit. The gain of the DACSTAIR signal can be
adjusted by potentiometer R4247. Further the active SRTMTBLT signal and the active
CLKHLDLT signal determines the hold moment for the track & hold circuit

(HOLD-LT =low).

7.5 DELAY D/A CONVERTER + COMPARATOR

The delay D/A canven&r provides a d.c. voltage Indicating the selected trigger delay. A
serial digital code [I C-bus) is converted Into a d.c. veoltage "Ud" by D4401 and N4101.
For a trigger delay of 0 divisions Ud =0 V, for a trigger delay of 20 divisions Ud = 0,66 x
Up-p. The d.c. voltage Is added to the DACSTAIR signal (N4203) and applied to the
comparator circuit (N4402).

The low to high edge of the output signal CLKHLDHT of the comparator circuit indicates
the hold moment of the TRACK & HOLD circuit (on unit A16). The DACSTAIR signal is
increased one step every two sweeps. On the first sweep a sample of channel A is taken,
on the second sweep a sample of channel B is taken. Now the DACSTAIR signal is
increased one step, so the hold moment of the samples is delayed 1/512 part of a

screen. After 2 x 512 sweeps, a complete aquisition is done, and a full screen (A&B) is in
memory.

TRIGGERS | | [ |

A” ﬂ Aﬁ ﬂ““% A/

o/ 7/ I_/L/_‘_'_

3 SCREENS
SAMPLE
MOMENT Al B1 A2 B2 Ad B3 A2 BE2
MAT 3226
88029

Figure 7.3 Digital sampling principal, trigger delay = 10 divisions.

7.4 DAC STAIR GENERATOR
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7.5 X DEFL AMPLIFIER AND DISPLAY MODE SWITCH
* X DEFL amplifier:

The circuit for converting the symmetrical X DEFL + and X DEFL- signals into the
asymmetrical voltage, applied to the display mode switch is identical to the trigger input.
However, this circuit can be switched-off by diodes V4500 and V4505, provided that the
X DEFL signal is HIGH.

* Horizontal display mode switch:

The three deflection signals for real time-base, digital time-base or X deflection are
switched to the horizontal pre-amplifier via diode switches. These switches are under
control of the signals X DEFL and TBS. The output of the circuit is applied to R4701 on
the horizontal pre-amplifier stage. The logic table is given below:

1 * X DEFL signal
0 0 Digital time base
0 1 Analog time base

7.6 Z-AMPLIFIER
* Z-switch:

The Z-switch N4601 is configured as two differential amplifiers with a common current
output to R4625. The stage is supplied by a constant current source via pin 1 and pin 8.
The inputs Z1 and Z2 are derived from the timer stage D4103 and determine the
unblanking of the CRT. For this oscilloscope Z1 and 22 must be HIGH for normal
intensity of the time base signal. The amplitude of the Z-current can be varied by the
front-panel INTENS control RS001. The slider of this control potentiometer drives the
base pin 2 and pin 7 of both current sources.

To prevent burn-in of the CRT in the lower sweep speeds 0,5 sec...50 u sec, signal £B is
LOW and reduces the voltage to pin 2 and pin 7.

Signal ZA is a software-controlled pulse to blank the trace when the AMPL/DIV switch is
used.

* Z Pre-amplifier:

In normal condition, the fully current for CRT blanking derived from N4601 Is routed via
R4625, V4612 and A2628 to the XYZ Amplifier A3.

However, there are two conditions for additional blanking:

- Inthe chopped mode of the vertical channels the display is blanked during switching
over between channels. This happens by connecting the CHOPELN pulse to V4611,
When this pulse is HIGH, transistor V4611 conducts and a part of the blanking current
flows via V4611 e-c to the +5 kV rail.

- Ifa HIGH level is applied to the external Z MOD input on the rear panel, this signal

causes conducting of V4616 so that a part of the blanking current flows via V4616 e-c
to the +5 kV rail.

In digital mode, the blanking current is derived via X413 from the Z control circuit on
unit A15.

7.5 ¥ DEFL AMPLIFIER AND DISPLAY MODE SWITCH
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7.8 TIMING DIAGRAM

The following figure gives the timing diagram for D4103 for a free running time base
sweep.

SINGLE
RESET
AUTO
TESTIN
X DEFL
TORS
F1

F2
DTES
ECS
TBS

AUTD FREE
AUH TIME

o5 |!___|_i L ____

MAT2I28
BEO210

~wocooooco=00
"

Figure 7.4 Free-running sweep-timing diagram

7.8 TIMING DIAGRAM
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Figure 7.5 Time-base unit p.c.b.
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Figure 7.6 Circuit diagram of time-base, trigger amplifier



TRIGM + b-—--i

V2362

i

TRIGM -  »—}
V23K

Tl

PRE AMPL A2

-6.4Ve—rtl
+10VREF oot
+12T—
=12Ve—rvt
+17V—o
~17V—ort

GND D—

GND T

GNCT:I
GNDREF s—rotf
XYz ,‘!P,L, ABJ

!

-
) |
=

[

MIN

CABLE moJ

[

t—+54

1

t——=+ 5[

-6 LV

v

1§

f——a +10VREF

I

t—- 4121
— 12V

—+17V

P EE-

1

1
PR

— =17V

2z

t—— GND 0

:I:DNn T
OND T

+— GNDREF

1

FEE)

JLTYYY‘]{YYYYYY

| CABLE fuoyJ

10n 10n

TV TRIG SELECTION

TVMTB- LT

©

VL016 RLOL2

RGO 41

TVF/LINE R4063

=120,
Duo02 7 KT

04002/18

4004
w1 F

RU266 4267 RL268
m
+3V7e—{T0¢ } it {215t 1
RL267
{75¢ }
4266
>
A 2
B 3
PULSE STRETCHER
04267
7 =
RL269 €
2 -]
9 =
D>c2
+5% ] ‘J
W V267
'[BAwsz —5S R
' - 5|10
——— 06401/ 1 g Re2T —r b
e A 3
St N § %/ s ’ 5 |
3 3 0460128 D00 s Tk
JLENTB 1 o—tam r+1< OLEN 12| 1!
07003/10 ' l J6001 S 0
(Lt < o s 10
0700672 R Bl
s 16002 13 1
SOAB—tam < DHcan [ Var MA2 D4102/9 B
7006/ 4 4028 ¢ ‘
j:wop 2f—eMa1 04102/10 -
i - Sy MA0 04102/11 -MT8 ¥
Y77 MREED  K&101
S MC D4101/11_ R4152
bl 24 RL601
z
128 RUL603 B
. B—
’T’DA? D&201/9 _]
10 fr7— 041 0420110 | —_—
11W——DA0 Dw201/M stv8 —————
12"3_
13f5—0C 410179
06267
+5Todf e #5T 45
7 7
DLENTB2 ot m H ¢
D7003/9 J lm;g
~ - == 100p
FRONT A7 | caBLE A1 I
Jorn [V o35 TVMIB-LT V4006 $
Wy TVF/LINE RLO043
46101
ff——= SMODE_LT Re319 =yl s
25— XDEFLT  R4901 7 +
St X10---LT Re717
68
S AUTO 0410373 0n I
|3——0a SINGLE D&103/1
DL103/2 _ V4308 |
g=RESET V4102 < Re3z2 ‘
Bly— XDEFL2  D4103/6
|1w—oF1 D4103/28 04001
Vf—eF2 D4103/27 G
7 TORS 04103/26 3
Th——TESTIN  D4103/2
i ,128.—7‘ +5L




v 06102
+10VREF 06001/18 MAQ B0 W -
040011 MATB—] |
L T
040012 MAZe—z 7
TBCURCNT
NL1023
3
[MTB CURRENT CONTROL |
046101
NC
6f
o s [e]Rer0? —
NC 12|
"AW‘-—['_'_] RL106 109
X7001 X001 R4108 Ralos
73(2 K1} 7
MC 1“‘ 3M1 SHPTBCCpmfs
04001716 04202/3
3mM2 +2c T8 CONTROL CIRCUIT
W&950
V4101 =
RL268 BUS588
RL1
R va104_ RLL20
| B548C 8
R&L155
SMI8
+5T o X32
x30
[ ] 2V(p-p)
MTB TRIG SIGNAL J.0et03_ 110 P
A THTe BSXMIB
: SINGLE -} i
/8
PULSE STRETCHER ot ooy >
04002/9 ™ 5X
(. 5 Lo
04267 0400215 I'“"
=1 9
o = c TESTIN o] TEST OUT
|Re20 D6002/16 & b [cai0s xwo01s
< RU282 4283 RL28L TORS ol e
o =1 +3V7e—{K }- it {Z05E 04002/12° 26 I™
D>c2 Lp7 -— _— RUS21 XDE F 12—
F—’zzﬂ% | 185 D4002/13 6 X34
il 148 ! x200 | X6010 RESET ]
===t | ] e [y i Gud67/9 Re131 L0020 28 _T_’wz 21
185 SK11 TBSX RG621
D266 LRI 75
e 1L ' Ras0e ' _J =]Ret3z 57 DT8S s
> e - +52 0 T .
— 72
7 RL281 9 g W9 ML lfﬁ,ﬂlﬁﬂ‘d > oTs2 B Eas06
A 7 X% (au
CLKHLDMTS i3 T esxo
+52e—E0S i
s0sE ={rore é7
2 F 2ot K V4106
10 RL276 cum RL278 0420 7 f &
+3v7e—{ K } ‘::7 1 04001710 DADB—]o B D4002/11 I?O 72 BAW62
P
RI;zKu 04001711 DAY 0 3B e
RUL272 LK 8My R4253 SHO o
06001/ 12 DAZB—]2 1
= - [STB_ CURRENT CONTROL | g
> +14v6 ] 6) 68
B
RT4 [ B
{2K1% = e
(276
Iwop
L SMPTBCC
> Dw02/5
06267
+5T>——1 03
06101
6
—
5 NC
RU208
04102 6ONS )
06101 N&101 04202
7 1 14| 7 oC 3M1
bee 166,10 g HIve D4001/8 9
3M2
9 e ¢ e E—
3 0n 7 _]
TEST OUT TEST 0UT
2_ V4308 | 0410375 07006 /17
- RL332 ‘ ! :
6 LCABLE A0t | - FRONT AT |
28 04001 REF NO TYPE REF_NO TYPE
- % 06001 | TEAT017 D4266 | MC10216
04002 |TEAT017 04267 MC10231
26 3 04101 HEFW0S3
2 04102 | HEF4OS1
12801 06103 | 000201
NGI01 [ LM324
06202 | HEF4051

MAT 3553
[t

Figure 7.6 Circuit diagram of time-base, trigger amplifier
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Figure 7.7 Circuit diagram of time-base, sweep circuit and final X-amplifier
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Figure 7.8 Time-base unit p.c.b.
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8 CRT CONTROL UNIT (A5)

This unit incorporates the potentiometers that control the CRT functions. These
potentiometers are INTENS (R1), screwdriver operated control TRACE ROT (R2), FOCUS
(R3) and ILLUM (R4).
The range of these potentiometers is between 0 Vand +10 V.

The way these potentiometers influences the associated circuit is described together
with the description of the relevant circuit part.
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Figure 8.2 CRT control unit p.c.b.
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9 POWER SUPPLY UNIT (A6)

Basically, the power supply unit consists of:

- input circuit

- converter circuit

- secondary output rectifiers
- HT supply

- CAL oscillator

_ CRT control circuit

9.1 INPUT CIRCUIT

The Instrument may be powered from a nominal mains v::mage‘uf 90 V..264 Vac
The mains voltage is primary protected by a fuse of 1,6 AT, which is located on the rear
of the instrument.

After rectification by the diode bridge V6001...V6004 a d.c. voltage is applied to the
converter circuit.

This voltage is smoothed by capacitors C6007, C6008 and choke L6001,
Depending on the mains voltage, the rectified voltage is 120 V...370 V.

NOTE: All measurements in the primary circuit should be done with a floating
oscilloscope. As reference voltage can be used measuring point X48.

A fixed part of the mains voltage serves as a LINE-trigger signal.
The amplitude of the LINE trigger signal is 1/22 x MAINS.

NOTE: The LINE trigger signal is pot present when a d.c. voltage serves as MAINS.

9.1 CONVERTER CIRCUIT (see figure 9.1 and figure 9.2)

The flyback converters consists of transistor V&014 and V6018 and their associated
compeonents. The converter frequency depends on the LINE IN amplitude and is
for 110 Vac: 30 kHz approx and for 220 Vac: 45 kHz approx.

Transistors V6014 and T6018 conduct on the forward stroke and charge transformer
T&001. The thyristor V6013 fires when the voltage on the gate reaches the firing level
(0,6 V approx). Consequently, VE018 blocks - VB014 blocks, for the duration of the
flyback stroke, during which the secondary windings discharge via the diode rectifiers
into the smoothing capacitors. The NTC resistor RE009 provides temperature
compensation for the firing point of the thyristor,

During the flyback, capacitor C6009 charges again via the path T6001-1, V6012, V6003,
RE004, CE009, L6002 and TEOO1-2.

The voltage stabilizer with transistor VE00S gives a square-wave to the gate of transistor
V6014 with a maximum amplitude of 15 V.

The dv/dt limiter with L6004, L6006, VE017 and V6019 serves to eliminate the switching
spikes present on the collector of Y6018 (measuring point X46).

8.1 INFUT CIRCUIT
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Figure 9.2 Timing diagram converter circuit

9.1 CONVERTER CIRCUIT (see figure 9.1 and figure 9.2)
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9.3 SECONDARY OUTPUT RECTIFIERS

The output voltages taken from the secondary windings of transformer T6001 are
rectified by diodes and smoothed by capacitors in conventional circuits.

A "CROWBAR" circuit with transistor V6137 and V6112 protects the +5 V supply.
When the +5 V level is too high, transistor V6137 (and V6112) conduct and the power
supply goes into short circuit mode.

A voltage protection circuit using V6134, V6136 and V6112 protects
against overloads protection. When the power supply is overloaded,
these components conduct and the power supply goes into in the short-circuit mode.

9.4 HT SUPPLY

+LBY

B
AQB

MAT121
BEDZ14

Figure 9.3 HT oscillator

The HT supply consists of an oscillator and a regulator circuit.

Transformer T6201 determines the frequency (50 kHz approx.) of the oscillator. The
output signal voltage on the secondary winding of T6201is rectified by diode V6209 and
smoothed by C6211. The -2,1 kV is also converted to -14,5 kV in the HT multiplier D6201
and routed via connector X6030 to the post-acceleration anode of the CRT.

To regulate this HT voltage the -2 kV is fed to the input of OP-AMP N6002.
The output level of N6002 determines the energy to T6201, and thus the amplitude of the
HT-voltage.

9.5 CALIBRATOR

The calibrator circuit consists of two analog switches D6501(8-9) and D6501(11-12)
controlled by the active HIGH enable inputs 6 and 12 respectively, that are connected as
an 2 kHz astable oscillator. Capacitor C6502 and resistor R6504 determine the 2 kHz
frequency. The oscillator outputs, applied to enable inputs 5 and 13 of the second stage
are in anti-phase with each other. Depending on the level of input 5 and 13, the CAL
voltage will have a 1,2 V level or a 0 V level.

9.3 SECONDARY OUTPUT RECTIFIERS
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Figure 9.4 Power supply unit p.c.b.
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10 FRONT UNIT (A7-A8)

The front unit consists of:

- the key-matrix
— the front controls and indicator
- the LCD display

10.1 KEY-MATRIX

The key matrix is connected to two remote 8 bit I/O ports. ROW 1...8 is applied to D7001
and COLUMN 1...8 is applied to D7002. Depending on the softkey which is depressed,

a certain ROW and COLUMN will be influenced. This is read by the SDAO line and thus by
the microprocessor. The lines ROW 1, COL 1, COL 3, COL 5, COL 6 and COL 7 are also
connected to the cursor unit A9 and read the cursor softkeys.

10.2 FRONT CONTROLS AND INDICATOR

The front-panel controls give a voltage between 0...10 V to the various circuits. To
determine the UNCAL position of VAR A, VAR B or VAR DC, the dc voltages on the slider
of the potentiometer are applled to comparator N7001. When the voltage level of the
control is lower than 0,7 V, the 1°C bus reads a logic high. Then the microprocessor
adapts the LCD display to indicate the CAL status (e.g. no flashing" > " segment
visible)

Integrated circuit D7004 (OQ0044) detects the kind of probe which is connected to the
oscilloscope. Depending on the resistance between the probe indication input (pin 3 for
channel A and pin 16 for channel B) and ground, the V/DIV reading of the LCD
automatically increases according to the following table:

Pin 3 (16) Pin6 (17) Pin 7 (12) V/DIV attenuation
2k32 0 0 x10

6k98 1 0 x100

7k68 0 1 x1

10k 1 1 x1

10.3 LCD DISPLAY CIRCUIT

The LCD is driven by three drivers D8001, D8002 and D8003 (PCF8577).

The temperature dependent supply voltage VCPCF is 4 V approx. at 25° C. When the
temperature increases, this voltage decreases also.

The single-pin built-in oscillator on pin 37 of D8001 provides the modulation frequency
for the LCD segment driver outputs. Capacitor C7008 and resistor R7018 are connected
to this pin to form the oscillator, with a frequency of 150 Hz approx. Pin 36 and pin 37
are used to determine the LCD driver address in the 12C bus.

The outputs pin 1...pin 32 directly drive the LCD.

Outputs BP1 and BP2 (pin 33 and pin 34) drive the COMMON pins of the LCD.

10.1 KEY-MATRIX
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Figure 10.3 Circuit diagram of front unit, front controls and probe indication
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Figure 11.1 Motherboard unit p.c.b.
A complete signal name list of all motherboard connectors is given on the next pages.
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CONNECTOR PINNINGS X6&1

A B c
1 7Y 1 GMND 1 -6,4V
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6 GND 6 WRITE-LT G DACCS-LT
7 RESET-LT T READ--LT 7 SDAD

B GND B |EEECLK 8 SCLO

g9 GND 9 GND ] NC

10 GND 10 RDWR--HT 10 GND

11 GMD i1 NC 11 GND

12 GND 12 NC 12 GND

13 GND 13 GHND 13 GND

14 Do 14 D1 14 D2

15 D3 15 GND 15 D4

16 Ds 16 GND 16 Ds

17 D7 17 AlB 17 Al4

18 A15 18 A2 18 A10

19 A3 19 AB 19 AB

20 Al 20 Ad 20 A2

21 A9 21 AD 21 GMND

22 AT 22 VARB 22 VARX

23 A5 23 VARA 23 HOLDOFF
24 A3 24 POSE 24 POSXOUT
25 Al 25 POSA 25 LEVEL

26 GMD 26 DPOSXOUT 26 DLEVEL
27 NC 27 DHOFF 27 DPO3A
28 NC 28 DVARX 2B DPOSB

29 NC 29 DVARB 29 DVARA

a0 + 10VREF 30 GMNDREF 30 +17V

31 +5V 3 + 5V 31 + 5V

az GND 32 GND az GND

11 MOTHERBOARD UNIT
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CONMNECTOR PINNINGS X&2

A B [

1 SCL 1 SARTTB-LT 1 ROADD-LT
2 RESET-HT 2 GND 2 GND

3 DCCLK 3 DTTC--LT 3 MEMOMN-LT
4 GND 4 DGPTCSLT 4 |EEECSLT
5 DELTRGHT 5 GMND 5 ROM2CSLT
6 RSTACQLT 6 WRITE-LT G DACCS-LT
7 RESER-LT 7 READ--LT 7 SDAD

8 DSOCLK B |IEEECLK 8 SCLO

a DSPINTLTY 9 TBSTNCHT 9 GND

10 SWR---HT 10 SWTBCLKT 10 DSOACKLT
11 ENCVCNHT 11 SWTBCLK 11 DSOCS-LT
12 CVCMRYLT 12 GMND 12 DTST--LT
13 RDWR--HT 13 GHND 13 GND

14 Do 14 D1 14 D2

15 D3 15 GMND 15 D4

16 Ds 16 NC 16 D6

17 D7 17 NC 17 A6

18 Al5 18 NC 18 Ald

19 Al13 19 GHND 19 A2

20 Al1 20 GHND 20 A10

21 Ag 21 GMND 21 AB

22 AT 22 GMNDB 22 AG

23 AR 23 NC 23 Ad

24 A3 24 NG 24 A2

25 Al 25 DLENY-HT 25 AD

26 DLENX-HT 26 GND 26 DLEMB-HT
27 DLEMNA-HT 27 TESTO-HT 27 VERIICHT
28 DLENP-HT 28 DLENTZ2HT 28 DLENT1HT
29 SDA1 29 EDC---LT 29 SCL1

30 + 10VREF 30 GMNDREF 30 +17V

ch| + 5V 31 + 5V 3 +5V

32 GND 32 GND a2 GND

11 MOTHERBOARD UMNIT
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CONNECTOR PINNINGS X6&3

A B c

1 SCL 1 GND 1 RESS

2 RESET-HT 2 GND 2 BATT

3 TBWE--HT 3 DCWE--HT 3 STWE--HT
4 PENLFT 4 GND 4 MEMOMN-HT
5 PLOT--HT 5 DELTRGHT 5 DOTS--LT
6 ZON---LT 6 NC 6 SC0---HT
T OSCON-LT 7 NC 7 RESET-LT
8 TCINN-HT B TRIGENHT 8 DSOCLK
g INVAD-HT 8 DATEN-HT 9 DSPINTLT
10 MIDCLKHT 10 XYDLE-HT 10 DSOCS-LT
1 RES7 1 OLCLK 11 DSOCS-LT
12 WRSMP-HT 12 MDOE--LT 12 DTST--LT
13 RSTH--LT 13 POSXOFHT 13 RDWR--HT
14 GND 14 D1 14 Do

15 GND 15 D3 15 Dz

16 PDO 16 FD1 16 D4

17 PD2 17 PD3 17 D5

18 PD4 18 PD5 18 D&

19 FDB 19 PDT 19 D7y

20 ADACO 20 5C1---HT 20 GND

21 XDACH 21 GND 21 AlB

22 XDAC2 22 Al5 22 Ald

23 XDAC3 23 Al13 23 Al2

24 XDAC4 24 Al 24 A10

25 XDACS 25 A9 25 A8

26 XDACSE 26 AT 26 AB

27 XDAC7T 27 A5 27 Ad

28 XDACs 28 A3 28 Az

29 XDACS 29 Al 29 AD

a0 RES1 30 RES2 30 GND

31 + 5V N +5V K +5V

32 GND a3z GND 3z GND

11 MOTHERBOARD UMIT
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CONNECTOR PINNINGS X&4

A B C

1 SCL 1 GND 1 RESS

2 RESET-HT 2 GND 2 MEMOMN-HT
3 CDRD--HT 3 TCEV--LT 3 SWCK

4 RSSW--HT 4 DISOD-HT 4 INTOD-HT
5 PLOT--HT 5 DELTRGHT 5 DOTS--LT
6 EDC---LT 6 RSTEV-LT [ RSTOD-LT
7 BSXMTBLT 7 SCO0---HT 7 DISEV-HT
8 OSCON-LT ] TCINN-HT 8 TRIGEMHT
9 RSTACQLT g INVAQ-HT 9 DATEN-HT
10 DTUE--HT 10 MIDCLK 10 XYDLE-HT
1 SRTACQHT 11 RES7 11 OLCLK

12 CHB---LT 12 WRSMP-HT 12 MDOE--LT
13 GND 13 RSTH--LT 13 GHND

14 CHA---LT 14 SWR---HT 14 TBSYNCHT
15 NC 15 ENCVCNHT 15 SWTBCLK
16 STCONVLT 16 CVCMNRYLT 16 SWTB

17 CHSEL1HT 17 CHSELOHT 17 NC

18 AD1 18 ADO 18 SDA1

19 AD3 19 AD2 19 SCL1

20 ADS 20 AD4 20 SC1---HT
21 ADT 21 ADG 1 NC

22 YDACO 22 EDQO 22 PDO

23 YDACH 23 ED1 23 PD1

24 YDAC2 24 ED2 24 PD2

25 YDACS3 25 ED3 25 PD3

26 YDACH 26 HOLDB-LT 26 PD4

27 ¥DACS 27 SATTB-LT 27 PDs

28 YDACE 28 SATMTBHT 28 FPD&

29 YDACT 29 CCDENBHT 29 FD7

30 RES1 aon RES2 ao DLENX-HT
a +5V 3 +5Y H | +5Y

32 GND a2 GMND 32 GMND

11 MOTHERBOARD UNIT
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CONMNECTOR PINNINGS X&5

A B c

1 GND 1 +5A 1 -G, 4V

2 GND 2 +5A 2 +5A

3 MEMOMN-HT a BATT 3 +12T

4 GNDP2 4 GMNDP2 4 GNDP2

5 +YDAC 5 GMNDP2 5 -YDAC

6 GNDP1 6 GMDP1 6 GNDP1

7 CHAEV 7 GMNDP1 7 CHAQD

8 GNDA 8 GMNDA B GNDA

9 CHBEV g GMNDA 9 CHEBOD
10 GNDB 10 GMNDB 10 GNDB

1 ZCNTR 11 GNDB 11 DSOSWP
12 PLOT--HT 12 AlN4 i2 DOTS--LT
13 ZON---LT 13 GND 13 SCO0---HT
14 POSXOFHT 14 GND 14 PEMLFT
15 POSX 15 + 17V 15 STCONVLT
16 POSXOUT 16 GND 16 CHSEL1HT
17 AD1 17 GND 17 CHSELOHT
18 AD3 18 GND 18 ADO

19 ADs 19 GND 14 AD2

20 ADT 20 GND 20 AD4

21 XDACO 21 GMND 21 AD6

22 XDACH 22 GND 22 YDACOD

23 XDAC2 23 NC 23 YDACH

24 XDAC3 24 NC 24 YDAC2
25 XDAC4 25 GMND 25 YDAC3
26 XDACS 26 GND 26 YDACH
27 XDACE 27 GMND 27 YDACS
28 XDACT 28 GND 28 YDACE
29 ¥DACS 29 GND 29 YDACT
30 XDACS 30 + 10VREF 30 -12v

31 +5Y 31 + 5V 31 +5V

3z GND a2 GND az GMND

11 MOTHERBOARD UNIT
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CONNECTOR PINNINGS Xg1

1 PRBA 2 PRBE

3 VARA 4 VARB

5 VARX 6 POSB

T HOLDOFF B POSA

9 POSX 10 LEVEL

11 +10VREF 12 +17V

15 GND 16 GND

17 + 5V 18 +5Y

19 SCLO 20 SDAD
CONNECTOR PINNINGS X98

1 GMNDB 2 CHBEV

| CHBOD 4 GNDA

5 CHAQD 6 CHAEV

7 GNDP1 8 +¥YDAC

9 YDAC 10 GNDP2

11 MEMOM-HT 12 RSTOD-LT
13 DISEV-HT 14 RSTEV-LT
15 SWTB 16 DISOD-HT
17 INTEV-HT 18 INTOD-HT
19 SAMPLEHT 20 CDRD--HT
21 DCCLK 22 TCEV--LT
23 ED3 24 DTUF--LT
25 ED2 26 EDC---LT
27 ED1 28 DTTC--LT
29 EDO 30 RSSW--HT
a DCWE--HT 32 SWCK

a3 OSCON-LT 34 TBWE--HT
a5 +12T 36 STWE--HT
37 +5A 38 17V

39 6,4 40 GND
CONMNECTOR PINNINGS X889

1 +17V 2 CCDENBHT
3 HOLDB-LT 4 GND

5 CHA--LT 6 +5V

7 CHB---LT 8 GND

9 ADCIN4 10 GMNDP

50 OHM CONMECTOR PINNINGS
X51 BSXMTBLT

X52 DSOSWP
X53 ZCNTR

11 MOTHERBOARD UNIT
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12 OPTIONS (A11)

The optionslot on the Motherboard (connector X65) is reserved for optional expansions
for this instrument,
Description of the option will be given in separate manuals.

12 OPTIONS (A11)
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13 CPU UNIT (A12)

13.1 INTRODUCTION

This unit mainly consists of a powerful 68008 microprocessor configuration with PROM,
address decoders, 1/O buffers and a clock generator. The microprocessor runs at a clock
frequency of 8 MHz. The microprocessor has an asynchronous bus structure with a
20-bit address bus and an 8-bit databus. Asynchronous means that the microprocessor
walits for a "data acknowledge” signal before continuing. This enables the
microprocessor to handle different access times in the circuit.

To provide specific serial data transfer possibilities, the microprocessor system also
contains an 1°C bus interface.

The 12C bus is for 2-way, 3-line communication between different |Cs or modules. The
three lines are a serial data line (SDA), a serial clock line (SCL) and ground. Both lines
must be connected to a positive supply via a pull-up resistor when connected to the
output stages of a device. Data transfer may be initiated only when the bus is not busy.

13.1 INTRODUCTION
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13.2 MEMORY MAP

Only a part of the complete address range is used, according to the following memory
map. The map gives also the memory select signals, generated by device D201.

Address (hex) Decoding Signal Connected to
00000
ROM1 ROM1CSLT D216-24
1FFFF
20000
ROM2 ROM2CSLT --
(not used)
3FFFF
40000 40000 |ARDICO-LT WRIC-LT
48000 |ARDIC1-LT MFOUT-LT MFIOCSLT D202-4
50000 -- --
5FFFF 58000 |RSPLT-LT
60000
RAM RAMCS-LT D217-20
7FFFF
80000
IEEE or RS232 IEEECSLT D116-8
(optional)
9FFFF
ADOODOD
TIMER TMRCS-LT D218-21
BFFFF
Coo00  Co000 | Digital control D213-1 and
DCPTCSLT D213-12
Doooo | DAC
DFFFF
E00QODO
various DSOCS-LT D314-7
FFFF

The signal MFIOCSLT is decoded again by D202. When RDWR--HT is high, this
determines the read status of the decoded signals; when it is low this determines the
write status. The coding of MFIOCSLT is as follows:

 Wiits
40000-47FFF RDICO-LT WRIC-LT
48000-4FFFF RDICH-LT MFOUT-LT
50000-57FFF -- .-
58000-5FFFF RSPLT-LT

The signal DCPTCSLT is decoded by D213 and, controlled by A16, gives the DACCS-LT
and DGPTCS-LT signals.

The signal DSOCS-LT is applied to the DCL unit A13 and selects among other things the
acquisition RAM or the display RAM.

13.2 MEMORY MAP
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13.3 CIRCUIT DESCRIPTION

The microprocessor D214 is connected via the DATA bus D0...D7 to the PROM D216, to
the RAM D217, to the TIMER D218 and to the DCL unit A13.

D216 contains 128K x 8 Read Only Memory, while D217 contains 8K x 8 Random Access
Memory. Both devices are addressed via the ADDRESS bus.

Tha TIMER D218 consists of three separate timers which are controllad by the
microprocessor:

- GATE 0 forms the delay counter
- GATE 1 forms the read-out counter
- GATE 2 forms the slow time base counter

After the timer has counted the value determined by the value on the data bus, the
output bacomes low.

The C-BUS DECODER decodes the DLEN signals for the various circuits at the time that
the signal MFOUT-LT is low.
It gives the following decoding:

48000 DLENP-HT
48001 DLENT1-HT
48002 DLENT2-HT
48003 VERIIC-HT
48004 N.C.

48005 DLENB-HT
48006 DLENX-HT
48007 DLENA-HT

Mote that for servicing, soldering joints are added in the p.c.b. tracks connecting the
circuits. These can be used to localize a fault in the 1°C bus by means of interrupting the
bus connection.

13.3 CIRCUIT DESCRIPTION
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D214

MICRO
PROCESSOR

o
TELEZ5d bLFA
] -
DECODER
DLENA CONTROL
TEA 1017 [ SIGNALS
p21a
TLLE250 2
ELENACHT DLENE | CONTROL
DLENB-HT TEA 1017 SIGNALS
L2 L CH.B ATT.
C. BUS
DOLENT1-HI
DECODER 7&“” - DLENF % i cmmnoé,
. = SIGNAL!
DLENX-HT © ki FRE=ANES
D601
RuL _ TEF a5 51 AVE
VERT 1IC 000200 == SiGNaLs
- AF— PRE- AMPL,
1IC BUS DLENTY ot E%NNTI“H&L
—
INTERFACE |00 TEA SIBNALS.
DLENTZ | CONTROL
TEA 1017  —s=SIGNALS
TIME BASE
DLENY | 03 SIGMAL
LNEM | PROCESSING
—@)— = SCLDERING SPOT 44— SIGNALS
ILPA
DIB. POS A
TDA 1540 [—= CorireoL
DLPE :
TDA 1540 e
DLPX
TDA 1540 i g
A DIG. LEVEL
s TDA 1540 CONTROL

Figure 13.1 1?C bus structure

MAT2E3L
BT0S22

The IIC bus interface D222 decodes the 12C bus and other signals at the time when
WRIIC-LT is low. It gives the following decoding:

Address Signal Description

40000 SDA Serial data

40001 SCL Serial clock

40002 SELO Selection 12C bus 0
40003 SELT Selection 12C bus 1
40004 -- --

40005 RSNT-HT Resets 20 ms timer D207
40006 WTDG-HT Watchdog control

40007 MEMON-HT Memory on signal

Next the signals SDA, SCL, SELO and SEL1 are decoded to the 1°C 0 bus and 12C 1 bus

by D223.

The STATUS INPUT device D221 serves as an input port to read the following status info:

- SWR---HT, sweep ready
- DELTRGLT, indication for delay trigger input

- SCL1
- SDA 1
- SDAO
- 8CLO

, indication for 1°C 1 bus

, indication for 12C 0 bus

- TESTO-HT, indication for triggered mode
- EDC---HT, enable delay counter

13.3 CIRCUIT DESCRIPTION
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When the enable inputs RDICO-LT and RDIC1-LT become low, the status input is read
and copied in the accumulator of the microprocessor via the data bus.

The CLOCK GENERATOR consists of a complete integrated oscillator of 16 MHz (G201)

and a number of divider stages.
The table below gives the frequency of the generated signals.

Name Freguency
DSOCLK 16 MHz
CPUCLK 8 MHz
IEEECLK 8 MHz
INTCLK a2 kHz

The 20 ms interrupt device D207 interrupts the microprocessor each 20 ms so that a new
screen can be written.

The DTACK GENERATOR basically consists of D212, D209 and D211.

BTERRUPT |—==—-- e ——————— =
1
1
I
I

D21z ] D311
ADST. LT o OTACK-LT.

D212 . D209
a1 L ____ i DS0ACKLT 'ng

MATZ2ENT
870522

Figure 13.2 DTACK generator

The microprocessor generates the address strobe ADST--LT as a message that the
address put on the address bus is valid. This signal is applied D212-3 and converted into
the data acknowledge DTACK-LT signal.This signal indicates that the data Is valid,

The DTACK-LT signal can be interrupted in two ways:

- display Interrupt; this starts writing a new trace A, B, RA or RB.
Now FCO, FC1 and FC2 are high with the result that a low level is applied to D209-13.
This blocks the ADST path,

- 20 ms interrupt, this starts writing a new screen. When address line A19 is high, a low
level is applied to D209-2 which also blocks the ADST path. Now DSOACKLT controls
the DTACK-LT pulse via D211-3 or D206 takes care for a peripheral acknowledge.

The MICROPROCESSOR RESET circuit consists of the power-up reset and the watchdog
circuit.

After switching-on, transistor V204 conducts so that the RESET-LT and HALT-LT signals
are low, initiating the main program. After the supply voltages are within their
specifications the signals are released and the microprocessor is ready for use,

The WATCHDOG is a facility to control the correct function of the software. In normal
condition the WTDG--HT is low; this causes capacitor C201 to charge. But each 1,5 s the
WTDG--HT is high for a short moment so that C201 is discharged again. When the
WTDG--HT signal is not active low, G201 will charge until D203-13 is high so that
D203-11 goes high. This results in V203 conducting so HALT-LT and RESET-LT become
low, thus initiating the main program again.

13.3 CIRCUIT DESCRIPTION
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13.4 SIGNAL NAME LIST

Signal name Description Signal
AD...16 Address bus D214
ADST-LT Address strobe D212
CPUCLK CPU clock D204
CVCMRYLT Conversion counter ready D218
D0...7 Data bus D214
DACCS-LT Digital analog conversion D213
chip select
DCCLK Delay counter clock RB86
DELTRGHT Delay trigger D314
DGPTCSLT Digital pot.meter chip D213
salect
DLEMA-HT Data latch enable ch. A D219
CLENB-HT Data latch enable ch. B D219
DLENP-HT Data latch enable D219
pre-amplifier
DLENTAHT Data latch enable time-base 1 D219
DLENTZHT Data latch enable time-base 2 D219
DLENX-HT Data latch enable X D219
DSOACKLT Digital storage osc. D314
acknowledge
DSOCLK Digital storage osc. clock R226
DSOCS-LT Digital storage chip select D201
DSPLNTLT Display interrupt Da14
DTACK-LT Data acknowledge D211
DTST-LT Data strobe D214
DTTC-LT Delay trigger terminal count D218
EDC--LT Enable delay counter R401
ENCYCNHT Enable conversion counter D406
FCo...2 Functional code 0...2 D214
HALT-LT Halt V207
IACK-LT Interrupt acknowledge D212
IEEECLK IEEE clock D204
IEEECSLT IEEE chip select D201
IPL20-LT Interrupt priority level Dzos
MFIOCSLT MF input/output chip select D20
MFOUT-LT MF outpul enable D202
MEMON-HT Memory on D222
RAMCS-LT Ram chip select Da2om
RDICO-LT Read IIC bus 0 D202
ROIC1-LT Read IIC bus 1 D202
RDWR-HT Read/ Write D33
READ-LT Read D213
REST--HT Reset MN201
RESET-LT Reset V208
ROM1CS-LT ROM 1 chip select D201
ROM2CS-LT ROM 2 chip select D201
RSNT-HT Reset interrupt Dzz2
RSTACQLT Reset acquisition D2oz2
SCL Serial clock Daz22
SCLo Serial clock 0 D221

Signal

D216 - D217 -

D301 - Daoz

D214

D214

D403 - D406

D218 - D116 - D303
D101

D218
D221 - D402
D102

X9616 - X9716
X9618 - X9718
9614 - X9714

X9613 - X9713
X9617 - X9717
D412
D209

D314

D314

D214 - R217

D214

D201 - D202 - D206
D213 - D314 - D316
Dao

D221 - Da01

D218

D2og

D214

D201 - D203 - D211
D116

D208

D214

D202

D219

REB01 - RE02

D217

D221

D221

D212 - D214 -
D306 - D309

D218

D116 - D314 - D318
A191 - D214 - D318
D216

Da2ov

D402 - D403

D223

D223 - N102 -
D7001 - D7002

13.4 SIGNAL NAME LIST
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Signal name Description Signal  Signal
source destination(s)
SCL1 Serial clock 1 D223 D221 - D412
SDA Serial data D222 D223
SDAO Serial data 0 D221 D223 - N101 -
D7001 - D7002
SDAT1 Serial data 1 D223 D222 - D412
SELO Select 0 D222 D223
SEL1 Select 1 D222 D223
SWR---HT Sweep ready D403 D221
SWTB Slow time base D218 D412 - D801
SWTBCLK Slow time base clock D409 D218 - D411
TBSYNCHT Time base synchronisation D403 D218
TESTO-HT Test out D4103 D221
TMRCS-LT Timer chip select D201 D208 - D218
VERIICHT Vertical IIC select D219 D2601
VLPRADLT Valid peripheral address D212 D214
WRIIC-LT Write IIC D202 D222
WRITE-LT Write D213 D116 - D217 - D218
WTDG Watchdog D222 R200
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Figure 13.3 Circuit diagram of CPU unit, part 1
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Figure 13.5 Circuit diagram of CPU unit, part 2
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14 DCL UNIT (A13)

The DCL unit consists of:

- acquisition memory with associated components
_ display memory with associated companents

- gontrol array

_ dots + plotter control

14.1 ORGANISATION OF THE MEMORY

The memory consists of a 8k x 8 static RAM (Random Access Memory) D308, and
a 32k x 8 static RAM D304,
D308 is called the acquisition memory.

D304 is called the display memory. This device is divided into:
- 4k byte trace memory

- 4k register back-up memory

- 4k text memory

0308 (RS

=

DISPLAY MEMORY ]
ey | Mur useu TRACE | WEGISTER | TEAT HOT USED
MEMDEY |, HWEMORY | HEMIAY
+ :
Lk Lk ik | ik | Ll 20k
WAL 2BLAA
BILY

Figure 14.1 Organisation of the memory

Motice that the display memory is provided with a battery back-up circuit. When the
instrument is switched-off, the RAM D304 keeps his supply voltage Vbb by means of an
analog OR-gate V301-V302.

Addressing of the memories is achieved by two counters, COUNTER 1 (D309) and
COUNTER 2 (D306), or by the microprocessor. Both counters are divided in three similar
12-bit counters selected by the OS0-pin 32 and OS1-pin 31 inputs. The TC output pin 9
detects an overflow of a counter. These signals are applied to the control array D314.

14.2 INTRODUCTION TO THE SAMPLE TRANSPORTS

The digital processor unit must generate the timing signals for the following
sample-transports:

- Transport of signal samples from the ADC unit A15 to the acquisition memaory.

- Transport of signal samples from the acquisition memaory to the display (trace)
memory.

- Transport of signal samples from the display (trace) memory to the CRT screen,

- Reading/writing of signal samples by the microprocessor from/to the display memory.

14.1 ORGANISATION OF THE MEMORY
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As well as the counters, the microprocessor is connected to the address bus ZAD ...14.
The microprocessor is buffered with a 14-bit tri-state buffer D301 and D302. The counters
have access to the address bus sequentially. If a counter requires access to the address
bus, this occurs in a certain time interval of 500 ns and is controlled by the signals
SC0...5C4. SC2 and SC3 are inside the control array D314 and are not visible.

£,7 S

_____ N —
0y
S00 SC1 SC2 SC3 SCe
ALGUISITION READ FROM WRITE 70 DISPLAY Y u PROCESS0R
SOURCE DESTIMATICH MAT 2L

BT0S22
Figure 14.2 Display cycle controlled by SCO..4

The different sample transport are described separately in the next sections.

14.3 SIGNAL ACQUISITION

— ] . - -
__ LATEH | o
i

DISPLAY
1 MEMORY |
TRACE | BImiSTER | TERT

-
1
1
1
1
1
1
1
|
1
Lo
T
1
]
]
]
1
A4
1
1
]
]
1
j.
1
]
i |
1
b
H |
[] |
: |
1 |
]

a PROCESSOR

Caey
SOUACE

I
LOUNTERT ) (COUNTER 2 __ 4 ity

SRRy R — |

Figure 14.3 Block diagram of signal acquisition
During SCO and if WRSMP is high the samples are taken from the average circuit on

unit A14, These samples are put on the data bus PD0 ...7 and written in the acquisition
memory D308. The addressing Is obtained by the acquisition counter of D303,

14.3 SIGNAL ACQUISITION
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14.4 COPYING SAMPLES TO DISPLAY MEMORY
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Figure 14.4 Block diagram of -copying samples to display memory
During SC1 the data from the acquisition memory is read by counter 1 D309 and Is
written into the bidirectional latch of D314.

Then during SC2 the copy destination counter of D306 reads the data from the latch and
writes this data into the display memory D304,

14.5 DISPLAYING OF TRACE AND REGISTER
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COPY
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Figura 14.5 Block diagram of tracefregister display flow

During SC3, the data from the display memory D304 is read by counter D306 and is
written to the Y-DAC latch D413 on unit A14. Thea X address is determined by counter
D309 and is latched in D311 and D312. These addresses are clocked by the signal
XYDLE generated by D314,

14.4 COPYING SAMPLES TO DISPLAY MEMORY
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14.6 MICROPROCESSOR MANIPULATION

During SC4 the signal DSOSEL-LT is low, provided that DCOCS-LT is also low. This
means that the address lines AQ...14 from the buffers D301 and D302 are enabled. At the
same time the data from the microprocessor bus DO0...7 is also enabled via D303. This
data can influence all microprocessor controlled functions such as text, plot, dots, also
addressed by the microprocessor.

During SC4 the signal TOE-LT applied to pin 8 of D309 and D306 is high because both
counters are in their tri-state condition.

For PLOT, the time that the data is written to the Y-DAC and the address is wrillen to the
X-DAC is adjustable in the service menu.

14.7 DISPLAYING OF TEXT AND CURSORS
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Figure 14.6 Block diagram of text/cursors display flow

The text is read from the display memory and addressed by the DISPLAY Y counter and
DISPLAY X counter.

This text is displayed per vertical column. When the Y-DAC data has reached the control
character $FF, the display X counter receives a clock-pulse. This means that the next
column is displayed.

14.6 MICROPROCESSOR MANIPULATION
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14.8 CLEARING THE DISPLAY MEMORY
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Figure 14.7 Block diagram of the clear function

When the clear function is active by means of the microprocessor, the display memory is
written with $80 ($00) by the C.P.U. This means that the complete trace is cleared.

14.9 CLEARING THE ACQUISITION MEMORY
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Figure 14.8 Block-diagram of the clear function

After the microprocessor has cleared the display memory, these samples are written into
the bidirectional latch by means of the copy source counter of D306. Then the
acquisition counter of D309 writes these samples from the latch into the acquisition
mamary,

14.8 CLEARING THE DISPLAY MEMORY
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14.10 EXOR D307
In P and D1 mode, the samples from the average circuit contain the samples from
channels A and B and also the interpolated samples from channels A and B. This
happens in the following sequence:
address 4095 0 1 2 3 4 5 6
sample Ai A Bi B Ai A Bi A
On behalf of the acquisition memory this sequence must be converted into:
address 4095 0 1 2 3 4 5 6
sample Ai Bi A B Al Bi A B
The signal INVAO-HT is high for sample A and interpolated sample B. This signal is
applied to input 10 of the exclusive OR-gate D307. The other input is connected to PAQ. _
For address 0, input 9 is low; because of the high level of INVAD-HT the output pin 8 will b4
be high.
For address 1, input 9 is high; because of the high level of INVAQ-HT the output pin 8 will
be low, etc.
Thus inverting of address line PAO during sample A and interpolated sample B is
obtained.
14.11 CHIP SELECT
.
o DS0C5- LT T £N
] A0 1 29 ESCo-L1 Arden RI3NENS o ppip SELECT D801 $E800D... $EAFFF
] :“j ; U2 cHp SELECT D309/0306 $ERO0C... $ECFFF
£:41 3 10 MOMCS ) sELECT 0313 $E0D000... SEDFFF

Figure 14.9 Chip select circuit

The address lines A0 and A13...A16 are applied to the control array D314 and enabled by
the signal DSOCS-LT. The resulting enable signal EXCS-LT is low for the addresses
$E8000...$EFFFF. This signal is applied to the decoder device D316 as an active low
enable input. When low, depending on the addressing of A12...14, a chip select output is
active low. Three lines are used to select D801 on the P2CCD unit, two lines are used to
select the two counters D306 or D309 and one line is used to select D313.

14.10 EXOR D307
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14.12 DOTS AND PLOTTER CONTROL

Addressed by BAO...BA2 which are simultaneously with A0...A2 the data on PDO is
applied to one of the six output lines. These static lines DOTS-LT, PLOT-HT, PENLIFT
POSXOF-HT, TRIGEN-HT and OSCON-LT control several functions in the instrument
such as among other things, the DOTS and plotter.

14.13 TIMING DIAGRAM

The following figure gives the timing diagram for the gate array D314 for the display

cycle.
FINNE SHiNAL AW —
L2 SC0-HT —I . 4
i I
! SCh-w
SC2-HT |'

- 8L

Figure 14.10 Timing diagram for D314

14.12 DOTS AND PLOTTER CONTROL
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14.14 SIGNAL NAME LIST

Signal name Description Signal
AD...16 Address bus D214
BAD...2 Buffered address bus D318
Do...D7 Data bus D216
DATEN-HT Data enable D313
DCWE--HT Delay counter write D316
DLTRG-HT Delay trigger D402
DOTS--LT Control signal for dot join D313
DTST-LT Data strobe D214
DSOACK-LT Digital storage osc. D314
acknowledge
DSOSEL-LT Digital storage osc. D314
DSOCS-LT Digital storage osc. D201
DSPINTLT Display interrupt D314
EXCSLT External chip select D314
INVAQ-HT Invert address 0 D407
MDMCS-LT MDM chip select D316
MDOE-LT MD output enable D314
MIDCLK MID clock D314
OLCLK-PT Output logic clock D314
0S51-HT Qutput select 1 D314
OSCON Oscillator on D313
POSXOF-HT Control X POS D313
PDO...7 Buffered bidirectional D303
tri-state data bus
PLOT--HT Control signal plot D313
PEMLIFT Control signal penlift D313
RCS1-LT RAM chip select 1 D314
RCS2-LT RAM chip select 2 D314
RCS1B-LT RAM chip select 1 D3o7
buffered
RCS52B-LT RAM chip select 2 D318
buffered
ROWR-HT Read/write D214
RESET-HT Reset, high active D318
RESET-LT Reset, low active V2osg
R/W Read/ write D3n3
RWE-LT RAM write D314
RSTHDS-LT D314
SCOo--HT State counter 0 D314
SC1--HT State counter 1 D314
STWE-LT Status write D36
TBWE-LT Time base write D36
TCH Terminal count 1 Daog
TCz2 Terminal count 2 D306

Signal

D216 -
D301 -
D306 -
D116 -
D217 -

D416
D801

D314 -
D503 -
D201 -
D213 -

D209

D303
D314
D214
D316
D307
D313
D412
D40a

D401 -
D306 -
D401 -
D801 -

R555

D209 -

D504 -

R614
Dao7
D318
Dao0s

D304

D212 -
D116 -

R212
R191

D306 -

D304
D401
D407
D408
Dao1
Dao1
D314
D314

14.14 SIGNAL NAME LIST

D217 -
D303

D307 - D313
D214 -
D303

D406
D505
D202 - D206
D314 - D316

D409
D309
D406 -
R862

D413

D512

D213
R211 -
AR213 - D314
D214 - D318
D309 - D314

- D3ose

- D408
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Signal name Description Signal  Signal

r nartion
TCINN-PT Terminal count in D314 D404
TCS1-LT Teller chip select 1 D316 D309
TCS2-LT Tellerchip select 2 D316 D306
TCLK1 Teller clock 1 D314 D309
TCLK2 Teller clock 2 D314 D306
TDS-LT Teller data strobe D314 D306 - D309
TOE-LT Teller output enable D314 D306 - D309
TRIGENHT Trigger enable D313 D402 - D402 - D406
WRSMP-HT Write sample D412 D314
XDACO...9 Data for X DAC D311/D312 N507
XYDLE-HT X DAC and Y DAC latch enable D311 D302 - D304
ZA0...14 Buffered tri-state address bus D306 D302 - D304
ZON---LT Control intensity D314 D504
PAO...12 Buffered tri-state data bus D309 D308

14.14 SIGNAL NAME LIST
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Figure 14.11 Circuit diagram of DCL unit, acquisition memory
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Figure 14.11 Circuit diagram of DCL unit, acquisition memory
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Figure 14.13 Circuit diagram of DCL unit, display memory
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15 ACL UNIT (A14)

The ACL unit consists of:
— trigger control

- CCD + ADC timing
‘~ average and interpolation circuit

15.1 TRIGGER CONTROL

The trigger control determines the start of the acquisition.
A timing diagram of the.trigger control is given in figure 15.1.

BSXMTB~HT _\.I U —|.| |J - W.I__-

1
TRIGEN-HT l—_[ . ]___
RSTACO-LT ”— i U-
| |
|
EDC-LT _ r
DTUF=HT —_I I_
SWR—-HT I

MATZ2B234
850421

Figure 15.1 Timing diagram of the trigger control.

At the moment that TRIGEN-HT is low and RSTACQLT-LT becomes low, flip- fleps D403
and D404 are reset.

Now TCINN-HT, generated by the microprocessor, can go high after the acquisition
counter has counted the pre-trigger value. Then TRIGEN-HT is high again so that the
acquisition is enabled.

The high level of TCINN-HT clocks D404, as a result D404-9 is high and D404-2 is
enabled waiting for a new trigger signal BSXMTB-LT. When thissignal is low, then EDC-LT
is low and starts the delay counter.

At the moment that the EDC has counted, signal DTUF-HT is high which enables D402
and therefore SWTB is clocked through.

15.1 TRIGGER CONTROL
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15.2 CCD + ADC TIMING

The clock pulse OLCLK-HT is derived from D314. The pulse is 800 kHz for the P-mode
and 640 kHz for the D-mode and is applied to the timer D409. Enabled by a high level on
pin 10, this counter operates and the outputs Q0 (400/320 kHz), Q1 (200/160 kHz) and
Q2 (100/80 kHz) are fed to D411. D408 serves for synchronisation between SCO and
WRSMP-HT.

The PAL (Programmable Array Logic) chip D411 generates several control pulses for the
CCD logic.

The 3Ig2als DISEV-HT, DISOD-HT, RSTOD, RESTEV, SAMPLE, INTOD and INTEV are fed
to the P2ZCCD output circuit on unit A18. The signals STCONV- HT, CHSELO-HT and
CHSEL1-HT are fed to the ADC on unit A15.

gz M. rm..n _n o _fr..n_Jrn_n n ’rn T’’’ 7T

D&ds- 14 I ] I ] I ] 1 I ] I 1 -
b L — L e—_—- T
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Figure 15.2 Timing diagram CCD and ADC timing

15.3 AVERAGE AND INTERPOLATION CIRCUIT

The ADC bus is generated on the ADCDAC unit A15. This bus is applied to the signal
processor device D412,

The P2CCD is split up into two parts (EVEN and ODD channel) and the samples of the
EVEN channel have another gain and offset than the ODD channel. D412 averages these
differences according to the formula

An + (An - 1)

Mext D412 calculates also 512 linear interpolated points between each of the 512
samples according to the formula

Am + (An - 1)

2

Ac

These averaged and interpollated samples are written into the acquisition memaory for
signal manipulation, see chapter 14,

The output bus PDO0... PD7 is applied to the memories on unit A13 for display
manipulation and to the Y-DAC latch D413.

When XYDLE-HT is high, this device is enabled to receive the PD-bus and transfers it to
the YDACO... YDACT bus.

This bus is fed to the ¥-DAC on the ADCDAGC unit A15.

The four least-significant bits EDO... ED3 are applied to the PCCD panel A18. These
lines preset the ACE on this unit.

15.2 CCD + ADC TIMING
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#

15.4 SIGNAL NAME LIST

Signal name Description Signal  Signal
source destination(s)
ADOD...7 Data bus from ADC clrcuit N505 D412
BSXMTB-LT 04103 D401
CCDENEBHT CCD enable R447 R1637
CDRD-HT CCD read RBB3 Daod - D411
CHSELOHT Channel select 0 D411 N505
CHSEL1HT Channel select 1 D411 MN505
CVCNRYLT Conversion counter ready D218 D403 - D406
DATEMN-HT Data enable D313 D416
DLENX-HT Data latch enable X D219 Da12
DMODE-HT Direct mode D412 D408
DMODE-LT Direct mode D412 D408
DISEV-HT Discharge even R403 Daz21 - Daz22
DISOD-HT Discharge odd R404 D921 - Dg22
DLTRG-HT Delay trigger D402 D314 - D408
DTUF-HT Delay trigger underslow R84 D402
EDOD...3 Buffered data bus F413...R417 DBO1
EDC--LT Enable delay counter R401 D221 - Dam
ENCVCN-HT Enable conversion counter D406 D218
INVA-HT Invert A Dd12 D407
INVAD-HT Invert address AQ D407 Daoy
INTEV-HT Integrate even R411 Dg11
INTOD Integrate odd R409 Dso1
MIDCLK Mid clock D314 D412
MDOE-LT MD output enable D314 D412
OLCLK-HT Output logic clock D314 D401 - D409
OSCON Oscillator on D313 D401 - D406 - DB
PDO...7 Buffered bidirectional D303 D413
tri-state data bus
RSTACKLT Reset acquisition D20z D40z - D403
RSTEV-LT Ressat aven R407 R751
RSTH-LT Reset D314 D401
RSTH-HT Reset D401 D41z
RSTOD-LT Reset odd R408 R781
RSSW-HT Reset slow clock R407 Dao
SDA Serial data 1 D223 R223 - D412
SCO--HT State counter 0 D314 D407 - D408
SC1--HT State counter 1 D314 D408
sSCL1 Serial clock 1 D223 D412
SAMPLEHT Sample clock CIH R408 D411 - D922
STCONVHT Start conversion D411 NE0S
SWCK Slow clock R412 D&ao1
SWTBCLK Slow time base clock D409 D218 - D411
SWR--HT Sweep ready D403 D221
SWR--LT Sweep ready D403 D412
SWTE Slow time base D218 D412 - DA01
TESYMNCHT Time base synchronisation D403 D402 - D412
TBSYNCLT Time base synchronisation D403 D412
TCEV-LT Transport clock even g2 D401 - D408 - D411
TCINMN-HT Terminal count in D314 D404
TRGLTC D403 D412
TRIGENHT Trigger enable D313 D403 - D404 - D406
WRSMP-HT Write sample D412 D314
XYDLE-HT A DAC and ¥ DAC latch enable D314 R427
YDACD...7 Data bus for Y DAC D413 MN506

15.4 SIGMAL NAME LIST
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