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1.1

1.2

1.3

1.4

1-1

SAFETY INSTRUCTIONS

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

INTRODUCTION

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

in a safe condition.
Adjustment, maintenance and repair of the instrument shall be carried

out only by qualified personnel.

SAFETY PRECAUTIONS

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

this manual.
Specific warning and caution statements, where they apply, will be

found throughout the manual.

Where necessary, the warning and caution statements and/or symbols are

marked on the apparatus.

CAUTION AND WARNING STATEMENTS

CAUTION: 1is 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.

SYMBOLS

High voltage > 1000 V (red)

Live part (black/yellow)

instructions

Protective earth (black)
(grounding) terminal

ZE Read the operating
&
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1.5

1.6

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

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.

GENERAL CLAUSES

WARNING: The opening of covers or removal of parts, except those
to which access can be gained by hand, is likely to expose
live parts and accessible terminals which can be dangerous

to live.

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

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

sources.

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

Components which are important for the safety of the instrument may
only be renewed by components obtained through your local Philips
organisation. (See also section 23).

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



2.

CHARACTERISTICS

A. Performance Characteristics

B.

C.

- Properties expressed in numerical values with stated tolerance
are guaranteed by PHILIPS Specified non-tolerance numerical

2-1

values indicate those that could be nominally expected from the
mean of a range of identical instruments.

- This specification is valid after the 1nstrument has warmed up
for 30 minutes (reference temperature 23 °c).

- For definitions of terms, reference is made to IEC Publication

351-1.

Safety Characteristics

- This apparatus has been designed and tested in accordance with
Safety Class I requirements of IEC Publication 348,

requirements for Electronic Measuring Apparatus, UL 1244 and CSA

556B and has been supplied in a safe condition.

Initial Characteristics

. Overall dimensions:

- Width

Including handle
Excluding handle

- Length

Including handle,
Excluding handle,

Including handle,
Excluding handle,

- Height

Including feet
Excluding feet

excl.
excl.
incl.
incl.

Excl. under cabinet

knobs
knobs

knobs
knobs

: 387
: 350

: 518,5
1 443,5
. 530,5

.

s 455,5

146,5
134,5
132,5

mm

mm
mm

mm
mm

mm
mm
mm



134,5 mm

MAT3051

Figure 2.1 Dimensions
* Mass : 9,5 kg

* QOperating positions:
a. Horizontally on bottom feet

b. Vertically on rear feet
c. On the carrying handle in two sloping positions.

D. CONTENTS

Display

Vertical deflection or Y axis
Horizontal deflection or X axis
Triggering

Signal acquisition

Channels A and B

Time base

Trigger

Memory

Display

NN NNNDN
. « o =
— =0 00 ~N O BN

o

.11 Calculation facilities
2.12 Auto setting
2,13 Cursors

2.14 Power Supply

2.15 Sundries

2,16 Auxiliary inputs or outputs
2.17 Environmental characteristics
2,18 Safety



CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION
DISPLAY
* CRT

Type No PHILIPS D 14-372

Measuring area 80 x 100 mm 8 x 10 div.

(h x w) 1 div. = 10 mm

1 subdiv. (sd) = 2 mm

* Screen type

Standard GH (P 31)
Option GM (P 7) Long persistence
* Total accelera- 16 kV

tion voltage

* Illumination Continuously
variable
* Display time < 2 us

per channel in
chopped mode

* LCD liquid crys—- All relevant settings are
tal display visible in display.
Type No LC 9438130
Visible area 25,4 x 88,8 mm
Back lighting Permanently on

VERTICAL DEFLECTION OR Y AXIS

* Deflection 2 mV/div..,10 V/div In 1, 2, 5 sequence.
coeff,
* Variable gain 1 :>2,5 If PM 8936/09 is used, deflec-
control range tion coeff. is automatically
calculated in display.
* Error limit < +/- 3% Only in calibrated position.
* Input impedance 1 M ohm +/-2% Measured at f, < 1 MHz
Paralleled by 20 pF +/-2pF Measured at f < 1 MHz
Max. input 400 V (d.c + a.c.
voltage peak)
Max, test volta- 500 V Max. duration 60 sec.

ges (rms)

* Bandwidth for > 50 MHz Input 6 div. sine-wave.
20 mV up to 10 V
@ 25%
Bandwidth for > 35 MHz Input 6 div. sine-wave.
2 mV, 5mV and
10 mV
@ 25°

* Rise-time 7 ns or less Calculated from 350/f-3 dB



CHARACTERISTICS

SPECIFICATION

ADDITIONAL INFORMATION

* Pulse aberration

Overshoot,
ringing and
rounding

Duration of
ringing

Hole or bump
Drop or tilt

Noise
20 mV...10 V

Lower - 3 dB
point @ 25°¢C

Dynamic range
@ 10 MHz
@ 50 MHz

Position range

Decoupling fac-
tor between
channels

@ 10 MHz

@ 50 MHz

Common Mode
Rejection Ratio
@ 1 MHz

Visible signal
delay

Base-line jump
between attenua-
tor steps

20 mv...10 V
Additional jump
between 10 mV
<===> 20 mV
Normal Invert
jump

ADD jump

Variable jump

< 1,5 sd peak to
peak

20 ns

< 0,7 sd (peak)

< 0,7 sd (peak)

< 0,5 sd
< 10 Hz
> 24 div.
> 8 div.
> +/- 8 div.
1 : > 100
1 > 50
1 : > 100
> 15 ns
< 1 sd
<1,5 sd
< 1 sd
< 0,6 div.
< 1 sd

Input pulse 5 div., +/- 2,5
div. from screen centre, posi-
tive as well as negative
pulse.

Ringing has ended when
amplitude is 1/3 of starting
amplitude.

Measured visually. Pick-up on
open BNC excluded.

In AC position, 6 div. sine-
wave

Vernier in cal. position.
Vernier in cal. position.

Vernier in cal. position.

Both channels same attenuator
setting.

Input max. 8 div. sine-wave.
2,5 and 10 V are excluded,
2,5 and 10 V are excluded.

Both channels same attenuator
setting, vernier adjusted for
best CMMR; measured with max.
8 div. (+/- 4 div.) each chan-
nel.

Max. intensity, measured from
line start to trigger point.

Only channel B.

When A and B are positioned in
screen centre (20 mV...10 V).
Max.jump in any position of
the vernier.
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2.3.1

2.3.2

CHARACTERISTICS

SPECIFICATION

2-5

ADDITIONAL INFORMATION

HORIZONTAL DEFLECTION OR X AXIS

Time base

* Time coeff.
* Error limit

* Horizontal posi-
tion range

* Variable control
ratio

* Time Base mag-
nifier

* Error limit

* Horizontal mag-
nifier balance
* 10 ——=> * 1

* Hold-0ff
Minimum to maxi-
mum hold-off time
ratio

X-deflection

* Deflection coeff.
Via channel A or
B
Via EXT. iunput

* Error limit
Via channel A or
B
Via EXT. input

* Bandwidth
Amplitude @ in-
put signal 6 div.
2 MHz

* Phase shift be-
tween X and Y-

deflection

* Dynamic range

0,5 sec..,.50 ns

< 3%

Start of sweep and
10th div. must be
shifted over screen
centre

1 :>2,5

Expansion *10

< 4%
< 2,5 sd
1:>10

2 mV...10 V/div.

100 mV/div.

< +/- 5%
< +/- 5%
DC ... > 2 MHz

< 3% @ 100 kHz

> +/- 12 div., @ 100
kHz

1, 2, 5 sequence (magn.off)

Measured at -4...+4 div., from

screen centre.

Not valid in X-deflection.

Measured at +4.,.- 4 div. from
screen centre. Excluding first

50 ns and last 50 ns.

Shift start of sweep in * 10
in mid-screen position, then
switch to * 1,

Minimum hold-off time 1is rela-

ted to time-base setting.

1, 2, 5 sequence.

DC coupled



2.3.3

2.4

CHARACTERISTICS

SPECIFICATION

ADDITIONAL INFORMATION

EXT input

* Input impedance
Paralleled by

* Max. input vol-
tage
Max. test vol-
tage (rms)

* Lower — 3 dB
point

TRIGGERING

* Trig.mode

AUTO (auto free
run)

Triggered

Single

* Trigger source
A, B, Composite
(AB), EXT, Line

* Trigger coupling

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

* Level range
Peak-to-peak

DC INTERNAL
DC EXTERNAL

TVL/TVF

* Trigger slope

1M ohm +/~ 2%
20 pF +/- 2 pF

400 V (d.c + a.c

peak)
500 Vv

< 10 Hz

Bright line in
absence of trigger
signal

Related to peak-
to-peak

> (+ or - 8 div.)
> (+ or - 800 mV)

Fixed level

+/-

f0 1 MHz
fO 1 MHz

<
<

Max. duration 60 sec.

AC coupled

. Auto free run starts 100 ms

(typ.) after no trig.pulse.

Switches automatically to auto
free run if one of the display
channels is grounded.

In multi-channel mode (alter-
nated) each channel is armed
after reset; if sweep has
already started, sweep is not
finished.

Line trigger source always
triggers on main frequency.
Line trigger amplitude

depends on line input voltage.
Approx. 6 div, @ 220 VAC input
voltage.

p-p coupling is DC rejected.

Slope sign in LCD and + or -
if TVL/F in chosen.



CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION

* Trigger sensi-

tivity
INTERNAL
0 - 10 MHz < 0,5 div. Trig. coupling DC,
@ 50 MHz < 1,0 div. Trig. coupling DC.
@ 100 MHz < 3,0 div. Trig. coupling DC.
EXTERNAL
0 - 10 MHz < 50 mvV Trig. coupling DC.
@ 50 MHz < 150 mV Trig. coupling DC,
@ 100 MHz 500 mV Trig. coupling DC.
TVL/F INTERNAL < 0,7 div. Sync. pulse,
EXTERNAL < 70 mV Sync. pulse.
SIGNAL ACQUISITION
* Sampling type Real time
@0,5 us/div...
50 s/div.:
* Max.Sample rate Sampling rate depends on
time/div. setting.
Real time: 100 megasamples/s
* Vertical 8 bits 0,4% of full range
(voltage)
Resolution
* Horizontal (time)
Resolution
In single-channel
acquisition:
@5 ms/div... 4096 samp./ 1 Sample = 0,025% of full
50 s/div, acquisition record
@0,5 us/div..., 512 samp./ 1 Sample = 0,2% of full record
2 ms/div. acquisition
In dual channel
acquisition:
@5 ms/div.., 2048 samp./ 1 Sample = 0,05% of full record
50 s/div. acquisition
@0,5 us/div... 512 samp./ 1 Sample = 0,2% of full record
2 ms/div. acquisition
* Record length 10,2 x time/div. Display in ummagnified

position
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6

CHARACTERISTICS

SPECIFICATION

ADDITIONAL INFORMATION

Acquisition time
real-time

@0,5 s/div...

5 ms/div.

@2 ms/div...

0,5 us/div.

Sources

Acquisition Modes

CHANNELS A AND B

* Freq. Response

Lower transition
point of BW:

Input coupling
in DC position
Input coupling
in AC position

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

Max. Base Line
Instability:

Jump (Ambient:
15...35°C)

when switching
to memory mode

When actuating
INVertor switch

between any
time/div.
positions

Drift

Temperature
coefficient

10,2 x time/div.
30 ms...50 ms
50 ms...70 ms
Channel A
Channel B

1 channel only

2 channels

10 Hz

IA

> 20 MHz (-3 dB)

0,3 div.

0,3 div.

0,5 div.

0,1 div./h

+0,05 div./K

Exclusive delay time
Exclusive delay time
Channel B can be inverted
before acquisition

Full memory available for 1
channel

Simultaneously sampled; 2
channels share memory

Z source = 25 Ohm

Deviation max 3 MHz for
Ambient: 0...40°C.

Add 257 for Ambient:
0...40°%

Measured in 20 mV/div. position

Measured in 20 mV/div. position
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION
TIME BASE
* Modes

Recurrent

* Time Coefficients:

In Recurrent

In single shot
and multiple shot

Error Limit:

In real-time
mode

TRIGGER

* Trigger delay:

Range
Accuracy

* Trigger level
view:
Inaccuracy

MEMORY

* Memory size:
Inaccuracy
Registers

Register Depth:

acquisition
register

Wordlength

* Functions

Single shot
Multiple shot
Roll

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

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

_+_1%’

-10...250 div.
+0,3 div.

<0,5 div.

<0,75 div.
2

4096 words
4096

8 bits

Clear
Load

Lock

Up to 2 shots
Will be stopped by trigger

Ambient: 15...35°C

Add 0,57 for Ambient:
0...40°C

Adjustable in divisions

Indication in LCD

Contents of acquisition are
saved in register

Memory system is locked. If
lock is not active the signal
is written into the
acquisition memory.
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CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION
2.10 DISPLAY
* Sources Channel A
Chagnel B in any combination
Register A
Register B
* Display Expansion
Horizontal Ix...32x%
* Display Dot join Including digital
Manipulations interpolation at 0,5 us/div.
v 2 ms/div.
* Display-part
range
Horizontal full memory The displayed part of the
magnified memory can be chosen.
2.11 CALCULATION FACILITIES
* Functions Peak-to-peak value Between cursors indicated by
Rise or Fall time markers.
Frequency
2.12 AUTO SETTING
* Settling time 3 s Auto set is effected in
analogue mode.
* Cursors off
calculations off
2.13 CURSORS
* Horizontal
resolution:
in single- 1 : 4096
channel mode
in dual- 1 : 2048
channel mode
@ 2 ms/div... 1 : 512 display in dots

0,5 us/div. 1 : 1024 display in dot-join
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CHARACTERISTICS

SPECIFICATION

2-11

ADDITIONAL INFORMATION

* Vertical
resolution

* Read-out
resolution

* Voltage cursors:

Error Limit
Ambient:
15...35°C

Cursor Range

* Time cursors
Error Limit

POWER SUPPLY

* Line input vol-
tage AC
Nominal
Limits of ope-
ration

* Line frequency
Nominal
Limits of ope-
ration

* Safety require-
ments within
specification
of :

IEC 348 CLASS I
UL 1244

VDE 0411

CSA 556 B

1 : 256

3 digits

:3%

Displayed part
of memory

+0,2%

100 - 240 V
90 - 264 V
50 - 400 Hz
43 - 445 Hz

* Power consumption 70 W

(AC source)

Referred to input at BNC,
error of probes etc. excluded.
Add 3% for ambient 0...40°C

Cursors cannot pass each
other. (X-position 1is
neglected)

One range.

At nominal source voltage
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2.15

CHARACTERISTICS SPECIFICATION ADDITIONAL INFORMATION
SUNDRIES
* Data and Settings
retention When instrument is switched
off or during MAINS failure
Memory Back-up 2,..3,5V

voltage

Memory Back-up
Current Drain

Recommended
batteries:

type
quantity

Temperature

rise of batteries

Retention Time

Temperature Range

* Analogue Plot
out put

Functions

Sensitivity

Pen 1lift

Plot time
per dot

Plot sequence

typical 25 uA

1R 6
2 pcs.
20 K

Typical 5 years

0...+70°C

Memory Dump

1 V/Full memory
*3%

TTL compatible

20 ms...2000 ms

Channel A first

@ 25°¢

According to IEC 285,
(Alkaline Manganese Penlight
Battery), e.g. PHILIPS LR6
(9299 000 20734)

Delivered with the instrument

After warming-up period of
instrument

@ 25°C, with recommended
(fresh) batteries

@ -40...0°C Settings reten-
tion is uncertain. It is advi-
sed to remove batteries from
instrument when it is stored
during longer period (24 h)
below -30°C or above 60°C.
N.B. UNDER NO CIRCUMSTANCES
SHOULD BATTERIES BE LEFT IN
THE INSTRUMENT @ 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
In dual channel operation;

With more registers starting
with the lowest number.
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CHARACTERISTICS SPECIFICATION
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ADDITIONAL INFORMATION

AUXILIARY INPUTS OR OUTPUTS

* Z-MOD
ViH > 2,0V
Vil < 0,8V
* CAL

Output voltage 1,2V +/-11%
Frequency 2 kHz

ENVIRONMENTAL CHARACTERISTICS

TTL-compatible,

Blanks display.

Max. intensity

Analogue control between ViH
and Vil is possible.

To calibrate drop or tilt
probes.

Rectangular output pulse.
The output may be short-
circuited to ground.

The environmental data mentioned in this manual are based on the re-
sults of the manufacturer’s checking procedures.

Details on these procedures and failure criteria are supplied on
request by the PHILIPS organisation in your country, or by PHILIPS,

INDUSTRIAL AND ELECTRO-ACOUSTIC SYS

THE NETHERLANDS.

* Meets environ-
mental require-

MIL-T-28800 C,

ments of: Style E
* Temperature
Operating temp. 10° - 40°
range within
specification
Limits of ope- 0 - 50°%

rating tempera-
ture range
Non-operating - 40°/+ 75°
(Storage)

* Max, humidity
operating
non-operating

957% RH
* Max. altitude

Operating

Non-~operating
(storage)

type III, CLASS 5

4,5 km (15000 feet)

12 km (40 000 feet)

S DIVISION, EINDHOVEN,

MIL-T-28800 C par. 3.9.2.3.
tested, par. 4.5.5.1.1.

Idem.

MIL-T-28800 C par. 3.9.2.3.
tested, par. 4.5.5.1.1.

MIL-T-28800 C par. 3.9.3.
tested, par. 4.5.5.2.

Maximum (Operating temperature
derated 3°C for each km , for
each 3000 feet, above sea
level).



CHARACTERISTICS

SPECIFICATION

ADDITIONAL INFORMATION

* Vibration (ope-

rating)

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 Dwell

Shock (operating)

Number of shocks
total

each axis

Shock Wave-form
Duration

Peak Acceleration

Bench handling

Meets require-
ments of

Salt Atmosphere

Structural parts
meet require-
ments of

EMI (Electronic
Magnetic Inter-
ference)
meets require-
ments of

7 min.

1,5 m%
7 m/s° (0,7 x g)

3 min.

1 mm 2
13 m/s” (1,3 x g)

5 min.

0,5 mm
30 m/s” (3 x g)

10 min.

18

6
Half sine-wave
11 ms

300 m/s% (30 x g)

MIL-STD-810
method 516, pro-
ced. V

MILT-STD-810
method 509, pro-
ced. I salt so-
lution 20%

MIL-STD-461 CLASS B

VDE 0871 and VDE
0875 Grenzwert-
klasse B

MIL-T-28800 C par. 3.9.4.1.
tested, par. 4.5.5.3.1.

@ 15 Hz

@ 25 Hz

@ 55 Hz

@ each resonance freq. (or @
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. 4.5.5.4.1.

(3 in each direction).

11 ms

Mil-T-28800 C par. 3.9.5.3.
tested, par. 4.5.5.4.3,

MIL-T-28800C par. 3.9.8.1
tested, par. 4.5.6.2.1.

Applicable requirements of
part 7 : CEQ03, CS01, Cs02,
CS06, REO2, RSO3



CHARACTERISTICS SPECIFICATION
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ADDITIONAL INFORMATION

* Magnetic Radia-
ted Susceptibi-
lity Maximum De-
flection Factor

SAFETY
* Meets require- IEC 348 CLASS I
ments of VDE 0411
UL 1244
CSA 556 B
* Max, X-Radia-
tion
* Recovery time 15 min.
30 min.
45 min.
60 min.

Tested in conformity with IEC
351-1 par. 5.1.3.1.

Measured with instrument in

a homogeneous magnetic field
(in any direction with respect
to instrument) with a flux
intensity (p-p value) of 1,42
mT (14,2 gauss) and of
symmetrical sine-wave form
with a frequency of 45...66Hz.

Except for power cord, unless
shipped with Universal Euro-
pean power plug.

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

Measured @ 5 cm from surface
of instrumentzfor a target
area of 10 cm

-10°¢ > + 25°C ambient
temg.
-20°C > + 25°C ambient
temp.
-30°C > + 25°C ambient
temp.

-40°C ——> + 40°C ambient
temp.
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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 X1
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.

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
COMPENSATION. This block compensates the signal fordistortion
originating in the DELAY LINE 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 Z 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 Gl of
the CRT.

- the 1.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.

Note that the original h.f. and 1.f. signals are again recombined on
the grid Gl.
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3.2.6

* 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.

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 block.

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 generated
in the +10 V REFERENCE source block. This reference voltage is also fed
to the different circuits on the power supply or in the oscilloscope.

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 output socket 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
control 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 control.

PZCCD circuits and control logic (unit Al7 and AlS8)

The P2CCD unit incorporates two mini CCD units (one for each
channel), the P“CCD driver circuits and the P“CCD output circuits.
The two mini CCD units are mounted as separate units on the main board.

The vertical channels A and B for the signals to be aisplayed are
identical. Each channel comprises an INPUT BUFFER, P“CCD, odd and

even CIH (Clamp Integrate Hold) circuit and the ANALOGUE LEAKAGE
CORRECTION,
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Signals derived from the A/D switch on the adaptation unit are passing
the P“CCD 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 timg-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
P“CCDs in a high rhythm and later converted by an ADC circuit in a
lower rhythm. This lower Ehythm is generated by the READ OUT COUNIER.
Each channel contains a P“CCD which contains in its turn two

sections of 256 signal samples.

The P2CCD is fully controlled by the ACE which delivers control
signals and which also controls the CLOCK DRIVERS.

The output of the PZCCDs are applied to fast CIH circuits. These
circuits 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 ANALOGUE LEAKAGE CORRECTION corrects the signals for leakage.

ADC circuit (unit Al5)

The signal derived from the PZCCD 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.

Signal processing unit (unit Al3 and Al4)

The signal processing circult consists of an AVERAGE AND INTERPOLATION
circuit, an ACQUISITION circuit 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 sequence:

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

- data is copied to the bidirectional latch in the CONTROL 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.
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3.2.10 Y-DAC and X-DAC circuits (unit AlS5)

The Y-DAC and X-DAC convert the 8-bit data and 13-bit address
information into analogue 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 Al2)

The microprocessor system mainly consists of a powerful 68008 uP, 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 IIC 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.
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ATTENUATOR UNIT (A1)

VERTICAL ATTENUATORS

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

A%l relay and FET switches are controlled by the microcomputer via the
1%C 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.

=)
T w - >
I
Iogwégqv‘-#\
— - - - - = NN -
X X X X X X X X X X
2ZmV L
SmV
10mV
20mV -

S0mv #
1V 9 ?

2V
SV 2 4
1V A 4

2V
5V

10V f

MAT 2227

.

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

Input coupling, where depending on the relay K100l position, the

input signal can either be d.c.-coupled (relay activated) or a.c.-
coupled (relay not activated).

High impedance attenuator with three attenuator stages for the xlI,

%x10 and x100 attenuation. The 1.f. part of each stage is split via a
resistor divider and routed via N100l and V1019 to the output of this
stage, where it is re-connected with the h.f. part of the input signal,
Potentiometers R1036 (TRACE jump) serves as a offset compensation for
N1001. '

RELAY FET TRIMMER FOR L.F. L.F. RESISTOR
SQUARE WAVE DIVIDER
x1 K1004 V1011 c1033 -
x10 K1003 V1006 Cc1029 R1007-R1011
x100 K1002 V1003 Cc1023 R1019-R1004

Note that, when "0'" (GND-A) is selected, the output is connected
to ground via FET V1016 and all other relay- and FET switches are
switched off.



The impedance converter serves as an inverting buffer circuit for

the high impedance attenuator. For the 1l.f.-feedback the output
signal of this stage is routed to the 1.f, summation point N1001-2.

The low impedance attenuator reduces the gain by x1, x2.5 and x5,

depending on which relay is activated.

I RELAY | RESISTOR DIVIDER

x1 K1006 - -
x2.5 K1007 RI053 vs R1056, R1057 and R1058
x5 K1008 | R1053, R1056 and R1057 vs R1058

The continuous circuit (0Q0203), 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 R1064 (R1164) and gain

ad justment R1069 (R1169).
- Gain x10 (pin 6 and 7) with offset adjusting R1072 (R1172) and gain

adjustment R1076 (R1176).
- x1/x10 control 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 circuit V1063, V1064 and applied to the pre-amplifier unit.
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 xl attenuator only, where the

1.f. square-wave can be adjusted with trimmer Cl1206. The 1.f. part is
routed to the summation point N1201-2. R1217 serves as an

offset compensation for N120l. For l.f.-feedback the output of the
impedance converter is also routed to this summation point.

Note that the output of this stage is also a reconstituted version of
the input signal,

Impedance converter, is basic similar to the ch.A impedance

converter.

The differential amplifier V1211, V1212 converts the voltage from

emitter-follower V1209 into the differential current signals EXT+ and
EXT-, This signal is applied to the pre—amplifier unit and serves as
external trigger signal or as an external deflection signal.

The current for this stage is applied from current source V1213.
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PRE-AMPLIFIER UNIT (A2)

The pre-amplifier unit consists of:

- Vertical pre-amplifier
- Trigger pre-amplifier
- Pre-amplifier control, incl. CHOPPER oscillator

Next, the adaptation unit Al6 is mounted on this board.
This unit is described separately in chapter 17.

All control pulses for thii unit are generated by the pre-amplifier
control circuit, via the 1“C bus (see Section 5.4).

VERTICAL PRE-AMPLIFIER

STAGE 1 STAGE 2 STAGE 3

MTB
TRIG.
D18
TRIG

|
>
o
>
3
=
)
=

UNIT A16

' l

e
-
-
b

> 02002 ~| D2203 ’ TO
DELAY LINE

CH. A
INPUT CURRENT{____, 000205 o601 »| 000127 .

0Qo020

CH.B — 1 o202 ‘
INPUT CURRENTS | 000205 TRIG.

VIEW —  ps02
000020
' pie. . !
SIGNAL ) —

v

DTB
TRIG

MTB
TRIG

MAT2815
870529

Figure 5.1 The three stages of the vertical pre-amplifier
The vertical pre-amplifier consists of three stages.
The signal splitter (Q0205) receives its input signal for channel A

(B) from the attenuator unit and 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.

The output of pin 7 and 10 is applied to the adaptation unit Al6.

Stage 2 (unit Al6), see the description of Al6.

Stage 3 (D2203) serves as delay line driver where the output current
of both 0Q0020 is converted into voltage signal applied to the delay
line. The current for this stage and for D220l and D2202 is fed via
R2231 and R2246,

The current regulation for the common-mode circuit is achieved by
transistor D2203 (12, 13, 14).
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TB TRIGGER PRE-AMPLIFIER

Trigger possibilities are:

Signal Selected by: Inverted by:
name routed to name routed to name routed to
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)
EXTERNAL | EXT-, EXT+ D2303(3,4) |EXIM D2303(10) |[INVAM D2303(2)
line LINE D2303(5) LNM  D2303(11) |INVAM D2303(7)

D2301 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 signals for EXT MTB signal
(pin 6 and 11)

The symmetrical output currents from D2302 (13, 14) and D2303 (13, 14)
are converted into a symmettical 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:

- a trigger 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:

% V234) and V2342 for time-base triggering.
The trigger output signal, TRIGM- and TRIGM+ are fed to the time-

base unit A4,

* V2347 and V2349 for trigger level view.
This symmetrical output can be balanced by potentiometer R2407.
The TRIGV+ and TRIGV- signals are fed to the adaptation unit Al6.

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.
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d. Auto

In auto the signal LEVEL ZERO is high and via diode V2325 the output
level D2304 (15) is asymmetrical with output level D2304 (14),
Thus the maximum signal amplitude is 2 Vp-p.

- an external deflection path, routed via the series feedback circuit
V2356 and V2357, the X DEFL+ and X DEFL- signals are fed to the time

base unit AZ2.
R2416, R2422 and C2350 gives phase correction for the X-Y display.

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 circuit 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); logic low connects the outputs to the
"o ~ontact (switched off) 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.

Output Q12-D2602(9) serves as a power up not line for D2603: when the
oscilloscope is in the power-up routine, Ql2 is high and resets D2603.
After the power-up routine, Ql2 goes low and enables D2603.

Integrated circuit D2603 relieves the microcomputer of a number of
such functions as:

- 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 ADl inputs D2603(15,16).

For this oscilloscope, ADO must be HIGH and ADl must be LOW.

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 voltage of 1,5 Vp-p with a frequency of 1 MHz.

This frequency is defined by two current loops:

- I1 is determined by: V2612(c-e), C2611, R2627 and R2625.
- 12 is determined by: V2611(c-e), C2611, R2628 and R2625.

The duty cycle (I1/I1+I2) is 12%Z 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.
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Figure 5.4 Circuit diagram of pre-amplifier, trigger switch
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6.1

6.2

6.3

XYZ-AMPLIFIER UNIT (A3)

INTRODUCTION

Unit A3 incorporates two separate pcb’s which are connected via X3001.
One pcb includes among other things the CRT socket and is connected at
the rear of the CRT. The other pcb comprising the proper final X and 2
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.

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 amplifier, 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 between 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
constant current of 60 mA, i.e. 30 mA for each side. Note that the
output again supplies a current signal.

- V3011, V3012 as a common-base amplifier for buffering the final Y-
amplifier to the Y-deflection plates. The maximum amplitude on each
deflection plate is: 30 mA x 655 E = 20 V approx.

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. V3104 serves as current source,
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6.4

- V3112, V3114 are connected as a shunt feedback amplifier, with
resistors R3126 and R3134 as the feedback resistors. The transistor
source are emitter followers V3109, V311l. 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.

FINAL BLANKING (Z) AMPLIFIER AND CRT

The blanking current derived from the Z pre-amplifier of the time-base
unit is routed via common 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 unb lanking
and -35 V for fully blanking.

This Z-pulse may contain d.c., l1.f. and h.f. components to be applied
to grid Gl of the CRT. Since Gl is at a cathode potential of -2000 V,
blocking capacitors are required between Gl and the Z-amplifier
output. The h.f. component is directly routed via blocking capacitor
C3211 to Gl.

However, the d.c. and 1.f. components are blocked, so these components
are first modulated on a 200 kHz carrier signal by V3207 and V3208 to
pass blocking capacitor €3209. Then the signal is demodulated again by
V3209 and V3211. Finally, the reconstituted d.c. and 1.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 Gl 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 Gl 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.

Resistor 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.
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Figure 6.4 Circuit diagram of XYZ ampli
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Figure 6.3 XYZ amplifier unit p.c.b.
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7.1

7-1

TIME-BASE UNIT (A4)

The time-base unit consists of:

- Trigger amplifier

- Timing circuit

- Sweep generator

- 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 sectiomn 7.6.

All control pulses,for this unit are generated by the time-base control
circuit, via the I°C bus. Integrated circuits D4001 and D4002

convert this series DATA into the parallel control pulses, provided
that DLEN TBl, and DLEN TB2 are HIGH.

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 shunt feedback amplifier V4003 and V4006. The amplifier
of this trigger signal is the summation of the voltage swings across
R4002 and R4003, which are proportional to the current swing of TRLGM+

and TRIGM-.

* TV triggering:
When the signal TVMTB goes LOW, the normal trigger path is blocked

via V4005 and V4007 and the trigger signal is routed via the TV
trigger stage V4009...V4018. Transistor V4009 serves to clip the
synchronisation pulse and LINE/FRAME selection is obtained by 4016.



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.

’\ TIME BASE

! ™ SWEEP
BSx|9
MTB I
MTB 1" 10
TRIGGER—TMTB smTeHL <
SIGNAL
16
+5V DTB1+—-
0782} -
8] AUTO
T
3
»— AUTO
= sinGLE I
2RESET
»—24E0s
28], sHo[? =
—
Bsx|21
> ALTCLN
»ZZ F2 HO
»—2l18s
L 5
»—{TESTIN  TEST OUTP—
»8Ix DEFL
Bsx [19
20185 oT8[™
»2870Rs
81078 5018
2112
»Z PULSE
BIE
Vee_Vcc
7 W% rs
IFINTENS I-INTENS
17,5V 5V MAT2291
860214

Figure 7.1 D4103 configuration



D4103 has the following relevant pin connections:

Pin  Name INPUT-OUTPUT 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 mode, the
time base is free-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 DEFL 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 TMTB SCHMITT-input Determines the start of the TB-
sweep.

12 Z2 TTL-output Determines the blanking of the CRT.

13 21 TTL-output Determines the blanking of the CRT.

14 GND - Ground.

15 Vee - +5 V supply input.

16 DTBI1 - not used

17 DTB2 - not used, connected to ground.

18 TDTB - not used

19 BSXDTB - not used

20 SDTB - not used

21 BSXHO TTL-out put Determines the ALT clock pulse

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

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

24 EOS - Not used; connected to +5 A,

25  TBS TTL-input Determines the TB-unblanking
(HIGH)

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

27 Fl1 TTL-input } Determines the time base display

28 F2 TTL-input } mode (both LOW).

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



SWEEP GENERATORS

* TB sweep generator (see figure 7.2):

+14,6V  +14,6V

+14.6V +14.,6V

I --— MREED

UL
D4102

RL144

SAWTOOTH
* CHARGING
CURRENT

V4109

bx N
f _|_c4113 _ch.nL

D4101
12

13Lo

I

MC VAR MTB \—\t—t

RL107 RL108 .

-L J- MAT 2117

860214
Figure 7.2 Simplified diagram of the time-base sweep generator

Ul
The sawtooth charging current R4143 (and R4144) determines the sweep
speed via C4113 (+C4114).
The circuit is controlled by the following address lines:

- MAO...MA2, for interconnection of D4102-3 to an input pin, thus
giving six different voltage levels Ul with respect to +14,6 V.

- MREED, for addition of R4144 to the sawtooth charging circuit.

- MC, for addition of C4114 to the sawtooth charging circuit and for
switching over between calibration pot.meters R4107 (50mns...100us)
and R4108 (200 us...0,5 s).

The voltage Ul can be continuously varied by moving the VAR TB
control R7009 from the CAL position. Thus a sweep variation of 1:2,5
can be obtained.



The function table for the sweep generator is given below:

sweep speed MA2 MAl MAO MREED | MC
50 ns 1 1 1 0 0
.1 us 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 0 1 1 1 0
.2 1 0 0 0 1
.5 1 1 1 0 1
1 0 1 0 0 1
2 0 0 1 0 1
5 0 0 0 0 1
10 0 1 1 0 1
20 1 0 0 1 1
50 1 1 1 1 1
.1 s 0 1 0 1 1
.2 0 0 1 1 1
.5 0 0 0 1 1

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

The sawtooth current is fed to the buffer circuit, where the h.f. sweep
components (to 2 usec) are routed via C4116 and V4118, V4119.
The 1.f. sweep components (0,5 sec...2usec) is routed via N4103.

Finally the time-base sweep voltage is applied to the horizontal
display mode switch.

* Hold-off circuit:

During the time base sweep, capacitor C4304 is discharged. In the
lower sweepspeeds (lower then 10us) capacitor C4302 is also discharged
via V4306. After 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 R701l 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 BSXMIB goes LOW, the time base starts to run again and
at the same time C4304 (and C4302) are discharged again via V4309.
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7.4,

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:

X DEFL TBS Output
1 * X DEFL signal
0 0 Digital time base
0 1 Real time base

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 Zl1 and Z2 are derived
from the timer stage D4103 and determine the unblanking of the CRT.
For this oscilloscope Z1 and Z2 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 R5001. 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 usec, signal ZB 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 R2628 to the XYZ Amplifier A3.

However, there are two conditions for additional blanking:

- In the chopped mode of the vertical channels the display is blanked
during switching over between channels. This happens by connecting
the CHOPBLN 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.

- if a 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.



7.6

TIMING DIAGRAM

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

SINGLE 8 s L________f______l________J—__——__
RESET

AUTO 1 2.5V

TEST IN 0 M3V

X DEFL 0 -

TORS 0 50

F1l 0

F2 0 AURON True

DTBS 0

EOS 1 2| \
TBS 1

o e I s B

MAT2228
860210

Figure 7.3 Free-running sweep-timing diagram
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8. CRT CONTROL UNIT (A5)

This unit incorporates the potentiometers that control the CRT
functions. These potentiometers are INTENS (R1l), screwdriver operated
control TRACE ROT (R2), FOCUS (R3) and ILLUM (R4).

The range of these potentiometers is between 0 V and +10 V.

The way these potentiometers influences the associated circuit is
described together with the description of the relevant circuit part.

T

P
o
S
S

! (5] T 1l CAL
‘ CAL—tam | ' | > ‘ =——Cyeon
L oo ALt st | || &+ oo cac
+10VREF e | || > l S o +10VREF +10VREF
‘ GNDREF »—|on sle | | &4 ono rEF
' 9 9 RS004 £5001
GND EHT ot < . = > GND EHT Ton — _
0 R X5007 X6007
CONTROL HS p—f-um 1< - ILLIUM 11101
| L,.__-L €s002 5] , ILLIUM
Lt tJ EHT 1 < =T ve3n |
SUPPLY A6 | CABLE A107 10n
R5002
TR ROT
5003 1 R 1 TR ROT
i T =T veson
10n
R5003 |
10K ! . . R
FOCUS X6003 ] %3003
(5004 4 4 | |10 1 FOCUS
— 1< | 1 ! ™ R3256
10n |
RS5001
10K \
INTENS | ,
|
£5006 2 2 | |1a 1 INTENS
H— tann . =TT R3zs7
AL 100 F L !
REF S N RL60L

CABLE A107 | SUPPLY A6 CABLE A103 | XYZ AMPL A3

MAT 2271

Figure 8.1 Circuit diagram of CRT control
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Figure 8.2 CRT control unit p.c.b.






9.1

9.2 .

9-1

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

INPUT CIRCUIT

The instrument may be powered from a nominal mains voltage of

90 V...264 V a.c.
The mains voltage is primary protected by a fuse of 1 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 Vv...370 V.

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

NOTE: The LINE trigger signal is not present when a d.c. voltage serves
as MAINS.

 CONVERTER CIRCUIT (see figure 9.1 and figure 9.2)

The flyback converters consists of transistor V6014 and V6018 and their
associated components. 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
trans former T6001, The thyristor V6013 fires when the voltage on the
gate reaches the firing level (0,6 V approx). Consequently, V6018
blocks - V6014 blocks, for the duration of the flyback stroke, during
which the secondary windings discharge via the diode rectifiers into
the smoothing capacitors. The NTIC resistor R6009 provides temperature
compensation for the firing point of the thyristor.

During the flyback, capacitor C6009 charges again via the path
T6001-1,V6012, V6009, R6004, C6009, L6002 and T6001-2.

The voltage stabilizer with transistor V6009 gives a square-wave to
the gate of transistor V6014 with a maximum amplitude of 15 V.

The dv/dt limiter with L6004, L6006, V6017 and V6019 serves to
eliminate the switching spikes present on the collector of V6018
(measuring point X46).
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Figure 9.1 Converter circuit
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MOTHERBOARD UNIT

11-1

q1
mnu n oou

‘sBRUBelsslecsesessle

aa
mmllﬂ&

g REEEER

MEnnlof Y

(X ]

‘voBDBe

rer ov Y
5Ellﬂl05l%b‘%bot
sseeess

‘.Mf)“ 5 <'

L " B ————

‘u%%luocr

3
Qlsa ’1“[. oel

-

*

>

(N FR——

Q‘OFQ‘0.0!FO.C..Q"O‘
ee

coaaouuunuu;
L BBEF :
/" ,/r ll‘i.b‘
1.4

T
'|*X97l

: i 1 N
619 ..O'..".C ¥ 33.‘.0.’.0

U‘Q.OG
[ XXX K]

sresmooe @ iﬂoi‘«a

\\Q\_ ,......:_..T'._/,//

s ___....."..._.-—-“-._e—“’_.j.

Figure 11.1 Motherboard unit p.c.b.

MAT3018
871016






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.

12-1
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CPU UNIT (A12)

INTRODUCTION

This unit mainly consists of a powerful 68008 microprocessor
configuration with PROM, address decoders, I/0 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 waits 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 I“C bus interface.

The I“C bus is for 2-way, 3-line communication between different ICs
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.

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.
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Address (hex) Decoding Signal Connected to
00000
ROM1 ROMI1CSLT D216-24
1FFFF
20000
ROM2 ROM2CSLT -
(not used)
3FFFF
40000 40000 RDICO-LT WRIIC-LT
48000 RDIC1-LT MFOUT-LT| MFIOCSLT D202-4
50000 - -
S5FFFF 58000 RSPLT-LT -
60000
RAM RAMCS-LT D217-20
7FFFF
80000
IEEE IEEECSLT D116-8
(optional)
9FFFF
A0000
TIMER TMRCS-LT D218-21
BFFFF
€0000 €0000 Digital control D213-1 and
DCPTCSLT D213-12
DO000 DAC
DFFFF
E0000 _
various DSOCS-LT D314-7
FFFF.

The signal MFIOCSLT
this determines the
this determines the

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

Address range (Hex) | Read | Write
40000-47FFF RDICO-LT WRIIC-LT
48000-4FFFF RDICI1-LT MFOUT-LT
50000-57FFF - -
58000-5FFFF RSPLT-LT -

The signal DCPTCSLT is decoded by D213 and, controlled by Al6, gives
the DACCS-LT and DGPTCS-LT signals.

The signal DSOCS-LT

is applied to the DCL unit Al3 and selects among

other things the acquisition RAM or the display RAM.
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CIRCUIT DESCRIPTION

The microprocessor D214 is connected via the DATA bus DP...D7 to the
PROM D216, to the RAM D217, to the TIMER D218 and to the DCL unit Al3.
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.

The TIMER D218 consists of three separate timers which are controlled
by the microprocessor:

- GATE @ 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 becomes 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:

Address (Hex) Signal
48000 DLENP-HT
48001 DLENT1-HT
48002 DLENT2-HT
48003 VERIIC-HT
48004 DLENY-HT
48005 DLENB-HT
48006 DLENX-HT
48007 DLENA-HT

Note that for servicing, soldering joints are added in the p.c.b.
tracks cannecting the circuits. These can be used to localize a fault
in the I“C bus by means of interrupting the bus connection.
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D214

MICRO
PROCESSOR

—@P)— = SOLDERING SPOT

Figure 13.1 12

C bus structure

_o101_
7LLS258 P
DLPS
IEEE |oLPx
BUS DLLV
DECODER
DLEna T CONTROL
A 1017 |—®=SIGNALS
0219 - CH. ATT.
L5290 pLeNa-HT v
[DLENB-HT a— CONTROL
DLENE-T an TEA 1017 | SIGNALS
C.BUS DLENP-HT \ 14 CHB ATT.
. BU —
DLENT1-HT
PR e DLENP | CONTROL
DLENT2-HT
- an TEA 1017  |—# SIGNALS
DLENX-HT 14 PRE-AMPL.
02601
7ELZS222_59 VERT e HEFL053 e
n 0020200 | SIGNALS
lC1 © PRE - AMPL.
TERFA LERT CONTROL
INTERFACE 1 1co - TEA 1017  |—SIGNALS
AL TIME BASE
DLENT2 ] CONTROL
TEA 1017  |—SIGNALS
TIME BASE
DLENX SIGNAL
2n LNBM 032 f[—# PROCESSING
214 SIGNALS
oLE DIG. POS A
TDA 1540 CONTROL
DLPB e
DIG.
PTY TDA 1540 CONTROL
A L4
oLEx DIG. POS X
6.
an TDA 1540 CONTROL
v
DL DIG. LEVEL
IG.
4 TDA 1540 CONTROL
v
MAT 283
870522

The IIC bus interface D222 decodes the IZC 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 cloc

40002 SEL@ Selection ITC bus §
40003 SELL Selection I“C bus 1
40004 - -

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

40007 MEMON-HT Memory on signal

Nixt the signal
I1°C @ bus and I

SDA, SCL, SEL@ and SELl are decoded to the
C 1 bus by D223.
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The STATUS INPUT device D221 serves as an input port to read the
following status info:

- SWR---HT

- DELTRGLT, indication for delay trigger input

-scLl

- SDA 1 , indication for 12C 1 bus

- SDA @ s

- SCL @ , indication for 12C ¢ bus

- TESTO-HT, indication for triggered mode

- NOPT--HT, adapts the software for optional expansions

When the enable inputs RDIC@-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 | Frequency
DSOCLK 16 MHz
CPUCLK 8 MHz
IEEECLK 8 MHz
INTCLK 160 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.

INTERRUPT f————-— - .
|
I
|
|
T

|
i
|
. 1
D212 | |
ADST..LT | _t—c i D211
d A : N OTACK-LT
|
1
1
i
1
1
|
|

D212 1 D209
Al9 o ) DSOACKLT __.J—

MAT2817
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 FCP, FCl 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 Al9 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.
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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 WIDG--HT is high; this causes
capacitor C201 to charge. But each 1,5 s the WIDG--HT is low for a
short moment so that €201 is discharged again. When the WIDG--HT signal
is not active high, €201 will charge until D203-13 is low 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.

13.4 SIGNAL NAME LIST
Signal name Description Signal Signal
source destination(s)
A0...16 Address bus D214 D216 - D217 -
D301 - D302
ADST-LT Address strobe D212 D214
CPUCLK CPU clock D204 D214
CVCNRYLT Conversion counter ready D218 D403 - D406
DO...7 Data bus D214 D218 - D116 - D303
DACCS-LT Digital analog conversion D213 D101
chip select
DCCLK Delay counter clock R886 D218
DELTRGHT Delay trigger D314 D221 - D402
DGPTCSLT Digital pot.meter chip D213 D102
select
DLENA-HT Data latch enable ch. A D219 X9616 - X9716
DLENB-HT Data latch enable ch. B D219 X9618 - X9718
DLENP-HT Data latch enable D219 X9614 - X9714
pre—amplifier
DLENTIHT Data latch enable time D219 X9613 - X9713
base 1
DLENT2HT Data latch enable time D219 X9617 - X9717
base 2
DLENX-HT Data latch enable X D219 D412
DSOACKLT Digital storage osc. D314 D209
acknowledge
DSOCLK Digital storage osc. R226 D314
clock
DSOCS-LT Digital storage chip D201 D314
select
DSPLNTLT Display interrupt D314 D214 - R217
DTACK-LT Data acknowledge D211 D214
DTST-LT Data strobe D214 D201 - D202 -
D206 - D213 -
D314 - D316
DTTC-LT Delay trigger terminal D218 D801

count
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13.5 Circuit diagram of CPU unit, part 2
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DCL UNIT (A13)

The DCL unit consists of:

acquisition memory with associated components
display memory with associated components
control array

dots + plotter control

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

ACQUISITION DISPLAY MEMORY
________ SRR LA
MEMORY NOT USED TRACE REGISTER |  TEXT NOT USED
MEMORY MEMORY | MEMORY
T
!

Lk 20k

Lk Lk Lk Lk

MAT2818
870522

Figure 14.1 Organisation of the memory

Notice that the display memory is provided with a battery back-up
circuit. When the instrument is switched-off, the RAM D304 keeps the
ZAl4 address in memory, provided that the batteries are present.

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 0S@-pin
32 and 0Sl-pin 31 inputs. The TC output pin 9 detects an overflow of a
counter. These signals are applied to the control array D314.

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 Al5 to the acquisition
memory.

- transport of signal samples from the acquisition memory 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.
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As well as the counters, the microprocessor is connected to the address
bus ZA@...l4., The microprocessor is buffered with a 1l4-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 SC@...SC4. SC2 and SC3 are inside the control array D314 and
are not visible.

2,5us e
500ns
SCO SC1 SC2 SC3 SC4
ACQUISITION READ FROM WRITE TO DISPLAY Y M PROCESSOR
SOURCE DESTINATION MAT 2819

870522

Figure 14.2 Display cycle controlled by SC@...4

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

14.3 SIGNAL ACQUISITION
BIDIRECT
LATCH Y-DAC

T T

1 DISPLAY

! MEMORY !

TRACE | REGISTER | TEXT
X-DAC
r r— " "= -"==-""=7-"7=7=-=-= A
| | | |
I | | [ )
[ ! ! coPY !
: : : DESTINATION :
| I I |
| COPY I l COPY |
| | I

| SOURCE | | SOURCE | M PROCESSOR
| | [ I
i I | !
i DISPLAY X | 1 | DISPLAY Y | |
i I 1 |
(COUNTER 1 ___ ______ 2 COUNTER 2 _ _ _______ a b

Figure 14.3 Block diagram of signal acquisition

During SC@ and if WRSMP is high the samples are taken from the
average circuit on unit Al4, These samples are put on the data bus
PDO..7 and written in the acquisition memory D308. The addressing is
obtained by the acquisition counter of D309.



14-3

14.4 COPYING SAMPLES FROM ACQUISITION MEMORY TO DISPLAY MEMORY
IRCOIT Y-DAC
X-DAC
r-———""—""~>""~>~>"~""~""f~"——™— il [t A
[

ACQUISITION

COPY

SOURLE 1 PROCESSOR

1 | I
1 | I
| | |
| | !
| | |
| | |
1 | |
| | |
| | |
! ! 1
| | I
I | [
| | |

MAT2870

LCOUNTER 2 3 et

Figure 14.4 Block diagram of copying samples from acquisition memory
to display memory

During SCl 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
AVERAGE BIDIRECT
CIRCUIT LATCH
ACQUISITION
MEMORY
| i A | r—— - -"——-"—"—-"—-"=-=-= !
| | | [
| I | | I |
| | 1
I lacauisiTion | U | pessiarion |
| [ |
l | | |
I copy I : CcoPY |
| SOURCE | | SOURCE : # PROCESSOR
| |
1 i I [
I | DISPLAY X | | 1 . Disi 11
LCOUNTER 1 4 COUNTER2 "7 5 M

Figure 14.5 Block diagram of trace/register 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 Al4. The X address
is determined by counter D309 and is latched in D311 and D312. These
addresses are clocked by the signal XYDLE generated by D3l4.
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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 A@...l4 from the buffers D301
and D302 are enabled. At the same time the data from the
microprocessor bus D@...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 written to the X-DAC is adjustable in the service menu.

14.7 DISPLAYING OF TEXT AND CURSORS
AVERAGE BIDIRECT | . ‘
CIRCUIT LATCH l . Y-DAC
1 T
I DISPLAY (
ACQUISITION |
MEMORY 4MEMORYE f}
TRACE | REGISTER | TEXT
r—-——=-"""—""—"~-"""F - "= = r———| - - ""—"—"—7-"==-= A
| | | |
| [ | | [ !
| | | !
COPY

: ACQUISITION ! | [DESTINATION
| | | |
! COPY | l COP |

| 0 Y |
: SOURCE | | SOURCE | 1 PROCESSOR
| | I i
I —h I ! A
| L DispLAY X | | DISPLAY Y
! bz o | i i/
(COUNTER T __ _______ J (COUNTER 2 _ ____ ____ g pelbey

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.
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CLEARING THE DISPLAY MEMORY

AVERAGE
CIRCUIT

BIDIRECT

LATCH

|
|
|
!
|
|
|
|
I
|
|
|
|

[

Figure 14,

ACQUISITION
MEMORY

Y-DAC

ACQUISITION

COPY
SOURCE

COUNTER 1

’

I
|
|
|
|
|
|
|
|
|
|
|
!

X-DAC

COPY
DESTINATION

' COUNTER 2

copPY
SOURCE

7 Block diagram of the clear function

MAT2873
870626
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When the clear function is active by means of the microprocessor, the
display memory is written with $8¢ (8@@) by the C.P.U.
This means that the complete display memory is cleared.
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14.9 CLEARING THE ACQUISITION MEMORY

AVERAGE

CIRCUIT Y-DAC

ISPLAY |
MEMORY |

ACE | REGISTER | TEXT

X-DAC

COPY
DESTINATION

COPY

SOURCE M PROCESSOR

MAT2874
870626

COUNTER 1

L e e e e e - - =)
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 memory.

14.10 EXOR D307

In P and Dl 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 [} 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 1) 1 2 3 4 5 6
sample Al Bi A B Ai Bi A B

The signal INVA@-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 PAf.

For address @, input 9 is low; because of the high level of
INVAP-HT the output pin 8 will be high.

For address 1, input 9 is high; because of the high level of
INVAP-HT the output pin 8 will be low, etc.

Thus inverting of address line PAf during sample A and interpolated
sample B is obtained.
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15.

15.

15-1

ACL UNIT (A14)

The ACL unit consists of:

- trigger control
- CCD + ADC timing
- average and interpolation circuit

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 T [ I-| Uﬁ
TRIGEN=HT —-I—__—‘7
RSPLT-LT F

EDC-LT —__’_——_‘
DTUF=HT _——l_—_——]

SWR-HT

jl——lqr

MAT2823
870522

Figure 15.1 Timing diagram of the trigger control for TB = 5 us and
PRE-TRIG = @

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

Now TCINN-LT, 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-LT clocks D404, as a result D404-9 is high and
D404-2 is enabled waiting for a new trigger signal BSXMTB-LT. When this
signal 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.
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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 SCf and WRSMP-HT.

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

The signals DISEY-HT, DISOD-HT, RSTOD, RESTEV, SAMPLE, INTOD and INTEV
are fed to the P“CCD output circuit on unit Al8. The signals STCONV-
HT, CHSELO-HT and CHSEL1-HT are fed to the ADC on unit AlS5.

D409 -2

D405-14 ] [ 1 J L [ 1 I l | L ] 1 ) L I L
bg¢®-3 . .. . < r  1—
D409-12 ] I 1 J  E—
pan-7 T N  I—
D411-19 In I B
D411-18 m [

D41-17 T 1 I I N
D4t1- 16 I 1

D4 =15 __ [ ] I
avt- T——— . 0 1
D411-13 T 1 [ | S
D411 - 12 I

MAT2824

Figure 15.2 Timing diagram CCD and ADC timing

15.3 AVERAGE AND INTERPOLATION CIRCUIT

The ADC bus is generated on the ADCDAC unit Al5. This bus is applied
to ths signal processor device D412,

The P“CCD 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)

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

Am + (An - 1)

The output bus PD@... PD7 is applied to the memories on unit Al3 for
display manipulation and to the Y-DAC latch D413.

When YDLE-HT is high, this device is enabled to receive the PD-bus and
transfers it to the YDAC@... YDAC7 bus.

This bus is fed to the Y-DAC on the ADCDAC unit Al5.

The four least-significant bits ED@... ED3 are applied to the

P“CCD panel Al8. These lines preset the ACE on this unit.
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SIGNAL NAME LIST

15-3

Signal name Description Signal Signal
source destination(s)
ADO...7 Data bus from ADC circuit D501 D412
BSXMTB-LT D4103 D401
CDRD-HT CCD read R883 D404 - D411
CHSELOHT Channel select O D411 D501
CHSELIHT Channel select 1 D411 D501
CVCNRYLT Conversion counter ready D218 D403 - D406
DATEN-HT Data enable D313 D416
DLENX-HT Data latch enable X D219 D412
DMODE-HT Direct mode D412 D408
DMODE-~-LT Direct mode D412 D408
DISEV-HT Discharge even R403 D921 - D922
DISOD-HT Discharge odd R404 D921 - D922
DLTRG-HT Delay trigger D402 D314 - D406
DTUF-HT Delay trigger underslow R884 D402
EDO...3 Buffered data bus R413...R417 D801
EDC--LT Enable delay counter R401 D221 - D801
ENCVCN-HT Enable conversion counter D406 D218
INVA-HT Invert A D412 D407
INVAO-HT Invert address A0 D407 D307
INTEV-HT Integrate even R411 D911
INTOD Integrate odd R409 D901
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 -
D801 - R862
PDO...7 Buffered bidirectional D303 D413
tri-state data bus
RSTACKLT Reset acquisition D202 D402 - D403
RSTEV-LT Reset even R407 R751
RSTH-LT Reset D314 D401
RSTH-HT Reset D401 D412
RSTOD-LT Reset odd R406 R781
RSSW-HT Reset slow clock R407 D801
SDAl Serial data 1 D223 R223 - D412
SCO--HT State counter 0 D314 D407 - D408
SC1--HT State counter 1 D314 D408
SCL1 Serial clock 1 D223 D412
SAMPLEHT Sample clock CIH R408 D411 - D922
STCONVHT Start conversion D411 D501
SWCK Slow clock R412 D801
SWTBCLK Slow time base clock D409 D218 - D411
SWR--HT Sweep ready D403 D221
SWR--LT Sweep ready D403 D412
SWTB Slow time base D218 D412 - D801
TBSYNCHT Time base synchronisation D403 D402 - D412
TBSYNCLT Time base synchronisation D403 D412
TCEV-LT Transport clock even R882 D401 - D408 - D411
TCINN-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 Y DAC latch D314 R&427
enable
YDACO...7 Data bus for Y DAC D413 N506
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ADC DAC UNIT (A15)

The ADC DAC unit consists of:

- ADC circuit

- vertical DAC circuit

- horizontal DAC circuit

- X POS switch circuit

- Z control circuit

- plot and penlift circuit

ADC circult

TBe four signal samples AEV, AOD, BEV and BOD are derived from the
P“CCD unit. The samples for each channel are first fed to differen-
tial amplifier N501l. This device compares both input signals and gives
the following results for a sine wave signal with 8 divisions amplitude
on the screen.

EVEN 0oDD OUTPUT PIN 1{7)

-25V WQIZ,SV ov /\\/ I2.5V 1,25 /\\/ IZ,SV

MAT2825
870522

Figure 16.1 Waveforms on N501

The output signal is limited for an amplitude between -0,3 Veou#5 V
by the limiting diodes V501...V506 and then applied to the ADC D501.

This ADC, AD7824 is a high-speed-4-channel 8-bit analogue-~to-digital
converter with a conversion time of 2,5 us per channel. Two channels
are used for the AINl and AIN3 signals. Next, it has two digital inputs
AP and Al for channel selection.

CHS1 | CHS2 | Signal | Channel selected
0 0 AIN1 A
1 0 - -
0 1 AIN3 B
1 1 - -

Conversion is started at the falling edge of the STCV pulse while
the data AD@...7 is present on the output at the rising edge of the
STCV pulse.

sTCV | A _*_ = START CONVERSION

j = DATA ON OUTPUT

| |
I |
| |
| |
| |
1 |

CHS 2 AIN3 AIN 1 AIN3 AIN1

[ | [ 1 [
| CH.B ! CHA I CHB 1 CH.A 1
1 [ 1 ! [

MAT2826
870522

Figure 16.2 Waveform on D501
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The value of the 8-bit data is determined by the input signal.

ADP...7 is PPPOPPPP (PPH) for an input voltage

of O V and 1111 1111 (FFH) for an input voltage of +2,5 V., This AD-bus
is applied to the ACL unit Al4 for signal acquisition.

VERTICAL DAC CIRCUIT

The 8-bit Y-DAC bus derived from the ACL unit Al4 is applied to DAC
N507. The 8-bit digital-to—analogue converter converts the value of
YDAC@H...7 into a differential current signal. The reference voltage

on pin 14 is 10 V and the reference current is 2 mA. This differential
current is converted into a differential voltage by V521 and V522.

During refreshment of the 8-bit data, glitches appear on the output
current. These glitches are removed by D503.

D 502-2(4)

DGLT PULSE ﬂ j J
- -

500 n.s

0503-7(1)*_[——@

_:-T__l__;_: _r7_"7_r7
Z PULSE RN ERERN
(DOTS) — s> .

min 500ns. max 2 us. —_—
MAT 2827

Figure 16.3 Waveform on deglitch circuit

Only when the DGLT pulse goes high is the hold capacitor €521 (C522)
charged to the value of the differential voltage. The charging time of
C521-R532 (C522-R533) is much lower than the 500 ns of the DGLT pulse,
so the hold capacitors will be fully charged. Because both capacitors
are buffered by N503 they keep charged when DGLT is low for 2 us until
DGLT is high again. Then the capacitors will charge to the new value.
Notice that DGLT is only high when the differential voltage on

D502-2 (4) has become stable.

When DOT-JOIN is depressed, DTJN is high. In this case, two integration
capacitors €526, C528 are in circuit. The differential signal voltage
is then loaded with these two capacitors and the space between two dots
is also intensified on the screen.

The + PLOT and - PLOT signals are fed to the plot and penlift circuit.

Next the differential signal is again converted into the differential
current signals +YOUT and -YOUT by V531 and V532, These signals are
applied to the adaptation unit Al6. Potentiometer R542 serves for gain
adjustment for the text and R544 serves for h.f. DAC correction.
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HORIZONTAL DAC CIRCUIT

This circuit is basically similar to the vertical DAC circuit.
However, the symmetrical current output of 10-bit DAC is converted
into a symmetrical voltage by N511. The amplitude of the sawtooth on
D512-3 is 2,5 V.

N513 serves an output buffer and gives the digital sawtooth sweep of
0 V...5 V. This sweep is applied to the time-base unit A4.

X POS SWITCH CIRCUIT

The front-panel X POS control or R553 is switched to the POSXO output
via a diode switch D553,..D557. This switch is under control of the
signal XPSF. When XPSF is low, the front-panel control XPOS is active
and determines the X position of the signal on the screen. But, during
the time that the text is written on the screen, XPSF is high. This
means that the X position of the text is fixed by means of R553.

Z CONTROL

The brightness on the screen is controlled by three signals:

- PLOT, dims the brightness when the instrument is in plot action.

- DTJN, dims the brightness when the screen is dot-joined.

- ZON, switches off the intensity during the flyback of the digital
sawtooth

These TTL signals are first fed to D504 which converts the amplitude
to 12 V. Because pin 15 is connected to ground the device is always
enabled.

During the plot action or when dot-joined the signals PLOT or DTJN is
high., This means that a part of the current source on unit A3 is
floating through V567. The value of this part is adjustable by R565 or
R566 and thus the brightness is adjustable.

+12V A3 +12v
+8V

+8V V567 \

RS72 R565 ,
(RS66)

1- INTENS
0,1mA-2mA

MAT2828
870515

Figure 16.4 Z control for PLOT or DTJN

The signals DTJN and PLOT are also connected to a diode NOR-gate.

The output switches D505-13 and is switched off when one of the
signals is high. This means that the current source V568 and V569 is
not in circuit. When both signals are low, then V567 is switched off,
but current source V568 and V569 is in circuit.
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A3

TO FINAL Y-AMPL.

+12V

+12V V3200

-.—f==<=££§gfgc-)-———

Youws2 Xeaws2

I-INTENS
0.1mA-2mA

MAT2840
870522

Figure 16.5 Z control for Z ON

During the flyback of the digital time base, ZON is low, this causes
blanking of the screen.

PLOT AND PENLIFT CIRCUIT

This circuit generates the correct signals for an external plotter.
The vertical + PLOT and - PLOT signals are derived from N503 and
converted into an asymmetrical signals between 0...1 V by N512. The
horizonal X PLOT signal is derived from N513 and also converted into a
voltage signal between 0...1 V. Both voltage signals are applied to
multiplexer D512. When PLOT is high the signals are fed to the PLOT
output socket at the rear of the instrument.

Selectable by the service menu, the PLFT signals can be active low or
active high. This signal is fed via V611, V612 and V613 and applied as
an open-collector output to the PLOT socket.

The signals PLOT and PLFT are derived from D313 on the DCL circuit Al3.
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