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Power supply (unit A15 page 6—157 and A16 page 6—166)

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

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

a special integrated circuit.

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

The —1.5 kV is also applied to the EHT unit A23 which gives a high tension for g8 of the C.R.T.

The MAINS triggering is taken direct from the mains and, via an opto-isolator, fed to the trigger circuitry on a
safe level.

UNIT DESCRIPTIONS

Front side unit A1

The front side unit consists of an aluminium front cast on which the following items are
mounted.

— LED B24 + LED-holder

— Light reflector assembly inclusive two lampholders and two 28 V - 80 mA lamps E1 and E2.
— CAL output terminals X1 and X2,

— Measuring earth socket X5.

— BNC input socket X6 for external triggering.

— LEVEL/SLOPE control R9/S27.

— INTENS control R15.

— TRACE ROTATION control R16.

— Trigger mode selector switch S29.
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6.2.15. DC power unit A15

The DC power unit A15 contains the following circuits:

— DC output circuits

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

— Protection circuit for the +5 V

— Cathode-ray tube circuit

— Z-amplifier circuit

— lilumination circuit

— Line signal circuit

Each of these circuits is now separately described.

DC output circuits

The voltages on the secondary windings of transformer T1602 on the AC power unit A16 are applied to several
rectifiers and voltage doublers.

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

A -5 A supply voltage is derived from the —12 A via D1501.
A +6,5 V supply is derived from the +12 A by R1561, C1547 and V 1544.
A +94 V supply is derived from the +125 V via R1572, C1548 and zener diodes V1554, V1556.

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

The filament of the c.r.t. is supplied by the 6.3 V heater voltage between fq and f5.

High-voltage converter and EHT unit

A sine-wave converter formed by transformer T1501 and V1501 converts the +40 V d.c. into 1500 V a.c. with
a frequency of approximately 30 kHz.

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

Furthermore, the converter output of 1500 V is also rectified and smoothed by V1502, C1502, R1514 and
C1503 and applied to the c.r.t. cathode. It is also fed back to the positive input of operational amplifier D1503
to stabilise the cathode voltage of the c.r.t. and thus prevent any variations in c.r.t. sensitivity.

A reference voltage, obtained from divider R1578, R1591 and R1577 is applied to the negative input pin 2 of
operational amplifier D1503.
The resulting voltage on pin 6 of D1503 now controls the high-voltage converter via R1526.

Memory back-up circuit

Two 1.5 V batteries can be fitted in the instrument for memory back-up.

When this battery back-up facility is used, the information that was stored in the random-access memories
(RAMs) before switch-off (i.e. signal information and switch settings) is saved when the POWER switch is OFF,

The RAM memories are normally supplied by the voltage +5 BATT, which is derived from the +5 V via transistor
V1549 when the instrument is switched on. In this case, the batteries are protected by diode V1546. When the
POWER switch is OFF, the supply for the RAM memories is obtained from the batteries via V 1546.

Protection circuit for the +5 V

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

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

C.r.t. controls

By means of the front-panel INTENS potentiometer R15, the intensity of the display can be continuously
controlled.

Focussing of the trace is only possible by means of the internal FOCUS potentiometer R1506 (coarse control)
and R1588 (fine control).

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

The slider of R16 is connected to the bases of complementary emitter-foliowers V1558, V1559. The trace
rotation coil current is supplied by these transistors, only one conducting at a time depending on the setting

_— ~_

OPTIMUM ADJUSTMENT

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

@ %, )

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

Z-amplifier circuit
a. Intensity control

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

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

When necessary, the trace is blanked by this signal ZIN, which is the final outcome of a number of different
blanking situations occurring in this instrument. Signal ZIN is amplified by the stage incorporating
transistors V1547 and V1553. Transistor V1553 acts as a constant-current source. At the output of this
amplifier the a.c. and d.c. components of the blanking signal are routed along different paths.

The a.c. path is via blocking capacitor C1518 directly to the Wehnelt cylinder of the c.r.t. The d.c. compo-
nent of the signal is fed to the emitters of V1541 and V1537 via a low-pass T-filter, R1571, C1555 and
R1569.

The signal is modulated by a frequency of 156 kHz applied to V1541 via diode V1552. The resulting a.c.
voltage on the collector of V1537 has a peak-to-peak value that depends on the output voltage of the
low-pass filter.

The a.c. collector voltage of V1537 is applied via a symmetrical emitter-follower V1526, V1533 to a peak
detector. This peak detector (C1522, V1517, V1516, R1518 and C1516) rectifies the a.c. voltage. Finally,
this rectified voltage is added to the cathode voltage and applied to the Wehnelt cylinder G1.

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

Adjustment of the black level is achieved by potentiometer R1589 in the emitter circuit of V1537 in the
d.c. amplifier.
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b. Focussing control

The electron beam is focussed using internal focus potentiometer R1588, which controls the emitter voltage
of transistors V1539 and V 1536. The signal is modulated by a frequency of 156 kHz applied to V1539 via
diode V1552, On the collector of V1536 a signal is produced, the amplitude of which depends on the
position of potentiometer R1588 (and R15 INTENS).

The a.c. voltage on the collector of V1536 is applied via symmetrical emitter-follower V1524, V1532, to a
peak detector. This peak detector (C1521, V1514, V1513, R1516 and C1514) rectifies the a.c. voltage.
Finally, this rectified voltage is added to the voltage set by potentiometer R1506 (part of a voltage divider
network across the high-voltage converter output) and then applied to the focussing anode g3 of the c.r.t.

In this way, the focus voltage also depends on the position of the INTENS potentiometer, which determines
the voltage across the divider network R1502, R1506, R1509. This provides a measure of compensation, so
that the focus of the electron beam is automatically adapted when the intensity of the trace is varied.

lHlumination circuit

The graticule can be illuminated by the indicator lamps E1 and E2. The intensity can be varied by the front-
panel |LLUM potentiometer R14, which controls the base, and hence the collector current of transistor. V1561,
which flows through the lamps. Note that the illumination circuit is not short-circuit proof.

Line signal circuit

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

Photocoupler D1602 on unit A16, which provides isolation between the mains voltage and the oscilloscope
circuits, drives the V1564 circuit into saturation, which means that the square-wave voltage appearing on its

collector has the same amplitude value for all mains voltages.

The original sine-wave is re-constructed by means of an integrator network R1553, R1551, R1536 and C1546,
C1543, C1541.

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

A.C. power unit A16

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

Input circuit

The incoming mains voltage is fed via a double-pole POWER ON/OFF switch S40, fuse F1701 (2 A delayed-
action) and mains filter D1701 to the mains rectifier circuit.

This mains rectifier circuit can be matched to one out of two input voltage ranges (115 V or 230 V range) with
the MAINS ADAPTER SWITCH S45 on the rear pane! of the instrument.

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

Note: The same 2A delayed-action fuse is applicable for both settings of the mains adaptor switch.

The mains voltage is rectified with the diode bridge V1602 and smoothed by capacitors C1606 and C1604,
which form a voltage doubler in the 115 V range of S45 and a standard bridge rectifier circuit in the 230 V
range of S45.

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

Switching circuit

The unregulated d.c. voltage is applied in the form of pulses to a resonant circuit consisting of the primary coil
of the converter transformer T1602, combined with C1602 and C1603, via switching transistor V1618.

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

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

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

via diode V1601.

Diodes V1608 and V1609 eliminate the dissipation through transistor V 1618 during the switching period;
instead of this, these losses are dissipated in R1604 and R1603.

Diode V1617 improves the base drive for V1618.

Regulator circuit

The regulator circuit consists of integrated circuit D1601 (type TDA 1060), the output (pin 15) of which
supplies a square-wave current with a variable duty-cycle to the base of transistor V1616. The signal on the
collector of this transistor is applied to switching transistor V1618 via transformer T1603.

The regulator circuit is controlled by the following:

— Feedback voltage (pin 3)
This is the regulator control voltage derived from the rectifier circuit in the feedback winding of T1602.
The value of this control voltage depends on the setting of R 1646.

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

— Overvoltage protection (pin 13)
A voltage is also derived from the mains voltage, via zener diode V1613, to inhibit the regulator output at
excessive mains voltages (the level on pin 13 is 600 mV).

— Current limiting {(pin 11)
The voltage drop across the current-sense resistor R1627 controls the regulator circuit in the event of
overload.
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— Frequency adjustment {pin 7)
The value of resistance between pin 7 and earth determines the converter frequency. Preset R1647 should
be adjusted for a frequency of 20 kHz approximately, i.e. the resonant frequency of C1602, C1603 and the
primary coil of T1602.

During normal working, the power supply for the regulator circuit is provided by the rectifier connected to the
feedback winding of T1602. Transistor V1622 then conducts, therefore V1621 does not give any current
output.

Switching-on and switch-on protection

At the moment of switching-on the instrument, no supply voltages are immediately available in the regulator
circuit from T1602. Transistor V1622 is not yet conducting, therefore transistor V1621 is fully conducting and
the regulator derives its current via R1616 and R1631. As soon as the converter circuit is working, transistor
V1622 conducts and V1621 blocks.

In the event of the instrument giving no converter voltage at switch-on {due to a possible defect), the PTC
resistor R1631 warms up and so reduces the current through transistor V1621 to a safe level.

Output circuits

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

Photocoupler circuit

To enable triggering on a mains signal, this circuit produces a signal derived from the mains voltage.
Photocoupler D1602 provides isolation between the mains voltage and the oscilloscope circuits to produce a safe
triggering signal. This output signal is applied to transistor V1564 on unit A15, which is driven into saturation

to give a square-wave voltage on its collector. This square-wave has a constant amplitude for all mains voltages.
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AC POWER UNIT A16

Cc1606

C1604

p———

clol
LSl

T
oL 3t

Si L

Oy

a609L 0

C1608

C1620

X 1606

? FROM UNIT A17

LINE SIGNAL

TO UNIT A15

Fig. 6.2.62.



N—r

® C1601

603

160

C1602

C1603

V1601

R1

TO UNIT A15
(X1601)

Vi603}F

V160

160

R1605

1607

OV

TO UNITA15
(X1604)




X 1606

- - T2 7
21701 X1606 | X106
3 N 1, 1 L1604
-
h o,
4 C1625
: 1 Ei E] FL70p
1 i 220n
MAINS +J_| end 519 FOWER = i . - 21608 220 .
VOLTAGE =4 59 oNjOFF Eia0s [
Pl o 1 ] [cw0
| : e T T| e 230V
; L160
21 N :ﬂ)ﬂ = 2 2 e V1602 A A
o 7wl ! "5V
X151 MAINS FILTER BY224- 2200 |
| 3 , 600 oot |
; 2 lA1701 MAIN SWITCH UNIT |
R4 o —
I
ILLUM.
- _A17 REAR SIDE UNIT| —
e i LINE SIGNAL
G =
. .
H11ASS0
[jR‘(
=
-
R1623,
% B
62>
-




X1601

T1602 3
I 77 <
il
m
i
: - x
il
[ Il
i
: I: X1604
n 16¢
[ 1 5
__c‘|2502 __c‘vzsm k —2(
rian Tizn I
b 3¢
1 -
1] 4
T
V1612 (BZX79-C12 I i
BU20BA L1501 i 1
2627 V1618 — 1 i
— oS | 12
BY208-1000 | HiE
R V1608 |
>t il
1629 ] BAX12A | |
Yvie1? 0 2700 i | 8
RI603 | C1607 |
T
R1606 [ [(Rt6 471603, s A I i
=] ) N I
! 200 | |
1622 R1631 n
Mo ~pf| |750-15% 81 1617 RI626  RI636 [ 10
S i W (215 ] itz
BAWGZ
VieZ RI617 VIETS H
- ¥ 1
BAX12A 5
al [ 1]
BUXE6 &3-’31 G viso7 1 —1—X
[eIRI6L i ™ 5] 1| " 3 1 6
ms s ﬁ"kz BAX12A [ ]
y1622 3 V1606 : 1] lcwo
= BZX79-C12 i I ng
i
c609 [ces cwen fvien lciezs o f—
Sou T00n Tmu 2220 : s .
I
; ’ | 172
| 1]
i
BAX12A : |
viess |
14 f 7
] BAX12A Wits
| [}
R1613
z] — SN |
= L 4
|
|
{
I e
10 1
—<C
XR1623 Ri638 [c1624 [JR1643 chassis
=z =in
B Avisi
BZX79-C12 R 1624
A 3 01601
X1602 BCS478
Y1616
" TDA1060
3 2
n
3
1613 wson
g 7 2 i 2 i
R1642 R1639 JR64L —
E
£ 2335
32 T T R1612 |C1622
BACKTJRI6L6 1647 RI641 < c
Lo e e 15 .
GDD//DDD
16 1

1

POSITION 6 NOT USED

Fig. 6.2.63.



