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CIRCUIT FOR A SIMPLE OSCILLOSCOPE

A simiple, non-critical, reasonably compact, and refatively inexpensive

design for an oscilloscope [y described. It iy suitable for television

receiver servicing and (in conjuncrion with a high-gain pre-amplijicr of

timited bandwidil) for audio work. The Mullard low-voltage instrument

tube type DG7-32 iy used.

DESIGN CONSIDERATIONS

The basic consideration in the production of the
oscilloscope was that a minimum of special compon-
ents should be used, so that the television service
engineer, for whom the instrument was particularly
designed, should be able to build it “off the shelf” and
without any considerable outlay apart from the cost
ol the cathode ray tube.

In view of the present interest in audio ampliliers, a
high-gain pre-amplifier of limited  bandwidth has
been designed as an accessory in the form ol a small
probe, ¢
Conventional chassis and wiring methods are used.
No attempt has been made to reduce the dimensions

of the instrument unduly, as case ol construction is of

greater importance than compuctiness in the design
o 2 . .
of an amateur-built instrument.

SPECIFICATION
Y Amplifier .

Direct Probe Pre-

imput 10 amplifier
Input resistance | ¢ 0-5 MO
[nput capucitance 20 10 10 pk
Maximum sensitivity® 100 1000~ 1 mVY/jem
Maximum signal input®* 30 300 3 Y
Frequency response

{to 3dB) 2cis to 2-5Me/s Sefs to 20kefs

*See operating notes (page 36)

Timebase

Frequency range 20cfs to 20ke/s, in five ranges
Sweep width 2em to 8em, continuously variable
Flyback suppression operares on all ranges
Svnchronisation is internal. external, or 50¢/s

Calibrator
30¢;s voltages of 50,710, 1-0 and 0-1V peak-to-peak to
enable the gain control settings to be checked.

Display
The cathode ray tube used is a Mullard DG7-32,
which has a 7em screen with a green, medium-persis-

tence phosphor. The tube is designed to operate at
low anode voltages, and in this instrument is run at
400V, The final anode is operated above earth poten-
tial, but the construction of the tube prevents distor-
tion of the trace when the tube face-plate is touched.
A mumetal c.r.t. shield should be used.

Valve Complement
Five Mullard valves and two germanium diodes are
used in the oscilloscope. They are:

Vi EZ80 Power supply

V2, V3 2xECFs80 Y amplifier :

V4 ECC8!  Timebase and sync amplifier
V3 EF50 Timebase oscillator

D1, D2 2x0A¥]
[1 addition, the high-gain probe unit uses one EF86.

Dimensions

The size of the prototype instrument is [lin. x Sin.
~ 7in., and it weighs 71b. The attenuator probe is lin.
in diameter and 3in. long, and the high-gain probe
measures 4in. < 2Mn. <1 lin,

This article is based on a report prepaved by L. S. Brown of the
Mullard Applications Research Laborarory. The eirenir has been
develaped from a design originated by W. D, Minjon of Philips,
Eincdhoven.

Full constractional details, checking procedures, and operating
fndtrnetions witl be published elsewhere in due conrse.
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FIG. 1—OSCILLOSCOPE CIRCUIT, WITH HIGH-IMPEDANCE ATTENUAT_OR PROBE INPUT
See pp. 37 and 38 for pars lise



CHROUIT DESCRIPTION
The circuit of the oscilloscope, with a high-impedance
attenuator probe input, is shown in Fig. 1.

Power Supplics

All supplies are obtained from a single transformer,
which must be capable of supplying 250--0-—-250V at
40mA., 6-3V at 2A, and 6:3V at 0-3A, In the prototype
‘the transformer used is a Partridge type H250/40
with flying leads.

A full-wave rectifier ¥1 (EZB0) supplies an Dl
voltage of about i 310V, which feeds the Y amplifier,
the timebase, and the final anode of the c.r.t.; while
a half-wave metal rectifier MR provides a supply of
—300V for the c.r.t.

The heaters of all the valves are fed from the 6-3V
2A winding. one side of which is earthed. (In the
prototype transformer this winding has a centre tap
which is not used, and which must be suitably insu-
lated.) The 6:3V A winding is used to supply the
300mA heater of the c.r.t., and has one side connected
to the cathode of the c.r.t.

Y Amplifier

The Y amplifier built into the oscilloscope makes. use
of two valves, V2 and V3 (2 <ECEFRO). The triode
section of the first valve is connected as a cathode
follower, its grid being connected to a panel socket
into which is plugged cither an inpul attenuator
probe, a plain lead, or a high-gain pre-amplificr probe,
The output of this cathode follower is coupled via an
electrolytic capacitor C8 (251F) to a potentiometer
RVI6 (10k&) wwhich provides a continuously variable
gain control. The slider of the potentiometer is con-
nected to the grid of the pentede section of ¥2, whose
anode is coupled by CIO (D-1p %) and R19 (IMQ) to
the grid of the pentode section of V3,

These two pentodes provide a gain of about 60
times, with a bandwidth of 2-5Mc s. This response
is obtained without the use of inductors. Some
frequency compensation is obtained by means of the
cathode ‘by-pass capacitors C9 and Cl1 (220pF),
which are effective only at high frequencics.

The output at the anode of the pentode scetion of
V3 is coupled through C12 (0-054F) to the grid of
the triode section. This triode operates as 2 ‘concerting’
phase splitter Lo produce svmmetrical deflecting sig-
nals for the tube deflector plates. The triode is prid
current biased by R22 (10ML), The paraphase out-
puts, from anode and cathode. are coupled to the c.r.1.
Y plates by C13 and CI4 (0-25:F), The leak resistors

R25 and R26 (4-7ML2) are returncd to the final anode
supply of the c.r.t. to prevent astigmatism.

An output is also taken from the cathode follower
section of V2U via an isolating resistor R27 (10k€}) to
a panel socket which may be used to provide a
synchronising signal for the timebase. Since it is
ahcad of the gain control RVI6, variation of this
control will not affect the synchronisation of the trace
on the tube.

Timebase

The timebase generator uses a single pentode V3
(EERO) 1 a Miller-transitron cireuit, while a double
triode V4 (ECCREI1) is used as a sync amplifier and as
a paraphase amplifier for the sawtooth sweep.

Sweep Speed

The sweep speed is determined by Lthe time constant
of RV40 (2ML) and R41 (390k€)) in series, and one
of the capacitors C23 (0-1F), C24 (0-02F), C25
(0-005;.F), C26 (1200pF), or C27 (300pF). These
capacitors are selected by S2b, the coarse frequercy
control, while RV40 is continuously variable to
provide a fine {requency control. The values of RV40
and R41 are chosen to give some overlap between the
various ranges sclected by S2b.

S2a selects a suitable value of screen-to-suppressor
coupling capacitor for cach sweep speed range. These
values are chosen o give a sawtooth of about 150V
amplitude at the anode of V5. The ratio of sweep to
flyback time then obtained is greater than 5 : 1 on
all ranges and Tor all scltings of RV40.

Sweep Amplitude

The anode load ol the timebase generator consists of
a potentiometer RV39 (25kL)) in serics with a fixed
resistor R38 (4-7k(). The potentiometer forms a
continuously variable sweep amplitude control. Its
slider feeds one of the X plates of the c.r.t. via C31
(-25;F). The conncetion from the anode of V5 to
RV39 should be screened.

The other X plate is fed via €32 (0-25,F) from the
anode of V4b, which is connected as an a.c. coupled
see-saw phase inverter, and is grid current biased by
R43 (10ML2).

Flyback Suppression

A negative pulse. obtained from the screen of the
Miller-transitron valve V3, is limited by D2 (QOARBI),
and the resulting Mat-topped wave which 1s developed
across R36 s fud to the grid of the e.rt. to suppress
the fvback of the sweep.
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Shift Controls

The basic design does not include X and Y shilt
controls. Fig. 2 shows how they can be included if
required. Tt will be scen that, il such controls are
used, R25, R20, R45, and 146 (all reduced (o 3-9MLY)
are returned to their sliders. The mean deflector-plate
potential is still maintained at final anode potential,
since the final anode is now connected to the junction
of R8 and R9.

Sync Amplifier

Synchronising signals, obtained internally from the
Y amplifier, or from the mains, or externally, arc
fed to the grid of Vda, the syne amplifier. The valve
is operated at zero bias and produces at its anode an
amplificd and limited version of the signal. This is
d.c. restored to earth by D1 (OAS1) and is then fed
as a positive-going signal, in series with the sup-
pressor resistor R34 (100ked) of the Miller-transitron
valve V5.

Calibration

50c/s voltages derived from the mains transformer,
with peak-to-peak amplitudes of S0V, 10V, 1V, and
01V, are brought out Lo panel sockets to enable the
gain of the Y amplificr to be checked.

High-Impedance Input Attenuator

This consists of RII (10M) and Co (0-3 to 3pb)
in a screened box. It introduces an attenuition of
10 times, and gives an input resistance of JOM L.

High-Gain Probe

The high-gain probe consists of an EF86 in a con-
ventional circuil {(Fig. 3). It gives o gain of 100 times
over a range from 3c¢js to 20ke s when connected to
the oscilloscape by two feel o1 7582 television type
sereened coaxial cable. A switched 10 attenuator
is incorporated. The maximum signal inpul to the
probe is 0-3V with the ImV em altenuator setting,
and 3V with the 10mV/cm setling.

Supplies for the pre-amplifier are taken from the main

circuit,

OPERATION AND PERFORMANCE

“ Input Circuits

For general purposes an unscreened input lead
plugged into the mpuw terminal is satisfactory. The
instrument then presents a load of IME2 in parallel
with aboul 20pk to the circuit which is being
examined. The maximum sensitivity is 100mVYicm,
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FIG. 2—MODIFICATION TO PROVIDE SHIFT CONTROLS
R25a, 263, 453, and 46a are substituted for R25, 26, 45,
and 46 of Fig. 1

and the maximum signal input which can be handled
without distortion is about 30V, ;

When o screened lead is necessary to avoid the
elfects of stray pick-up, particularly from the line
fimebase of o receiver, there will he greater capacitive
loading ol the circnit under examination. The sensi-
tivity and maximom input will remain as above.

Hieh-timpedance Attenuator

Where either 2 higher input impedance or a greater
signal-handling capacity s needed, the simple lead
is replaced by the high impedance attenuator probe .
R11, C6. This presents to the cireuit under test a
foad of 1OMCL in parallel with 10pF. 1t gives a Maxi-
mum sensitivity ol 1Vyem, and accepts 2 maximum

input of 300V without distortion.

This probe should always be used when investigating
cireuits which include impedances higher than 100k{2,
It is usclul for television receiver servicing, where a
sensitivity better than 1Vyem is rarely needed.

e AR
bRy ey
(i0mviem)

INEUT

FIG. 3—HIGH-GAIM PROBE
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Hich-Gain Probe

With any of the above input arrangements the
oscilloscope has an overall frequency response range
from 2¢fs to 2-3Mefs. The high-gain pre-amplifier
probe, however, is designed specibically for Jow level
audio frequency investigation, and Las a bandwidth
of 3¢/s to 20kce/s only.

With the attenuator switch at | the maximunt sensi-
tivity of the oscilloscope is TmViem, and the maxi-
mum signal which can be handled without distortion
is 300mV (using the oscilloscope Y gain control).
With the attenuator switch at 10 the maximum
sensitivity is 10mY em and the maximum signal is
3V, For examination of signal levels higher than this
in audio amplifiers cither an unsereencd input lead
or the high impedance attenuator probe can be used.

Synchronisation

For most purposes the trace requires to be synchron-
ised to the output of the Y amplificr, and the *sync
ext’ and ‘sync int’ sockets are linked. For some pur-
poses, notably the examination of Lelevision receiver
video wavelorms at frame [frequency, the ‘sync oxt’
socket may be linked to the socket marked "30c¢:s"
Alternatively, o signal derived from the syne separator
or some other suitable portion of the receiver may
be fed directly to the socket marked ‘sync ext’. The
impedance at this socket is approximately 1ML in
parallel with 10pF. The synchronisation ol the trace
is not alflected by variation of the °Y pgain® control.

Page 37

Calibration

Voltages of 50, 10, 1-0, and 0-1V peak-to-peak are
provided. They may be used to set the gain control
of the instrumentto a known sensitivity, hence voltages
can be measured from the trace. For example, when
the high-input impedance probe is connected to the
sockel marked 50V, the trace height s say 1-5em. If,
when the probe is now connected to the grid of the
line output valve of a television receiver, a trace of
amplitude 4-2cm is obtained, then the peak-to-peak
voltage at this electrode is

<42
- = 140V,

In receiver servicing the amplitude of & wavelorm
is often of equal importance with its shape. The
oscilloscope provides @ means of observing both.

Hum

Since the oscilloscope is designed primarily for
television receiver servicing, it is nol possible to
connect its chassis permanently to earth. Hence
cither the earth lead on the probe, or a separate wire
from the oscilloscope carth socket, must always be
connected to the carth of the circuit being tested.
When an aepd.e. receiver is being examined, care
should be taken to ensure, wherever possible, that the
receiver chassis is connected to the neutral side of
the mains. In addition to reducing the possibility
ol hum pick-up, this also helps to ensure the safety of

the service engineer.

PARTS LIST

Capacitors
Cl Electrolyvtic iz uF RATIAY
() Electrolytic Ity ul SIS0
3 Electrolytic 250 aF 200y
4 Flectrolytic 23425 pkE 300V
(@] Electrolytic 1o 1k 3530V
CoH¥ Trimmer 3103 pF 500V
{7 Paper 01wl 500V
8 Electrolytic 25 ul? SOV
9 Ceramic 220 pl 350V
Clo Paper : 01wl 350V
Cl! Ceramic 220 pl 350
Cl2 Paper ol 350V
Gl Paper ks 3 350V
Cl4 Paper 0-25 pl A50V
[ o Silver-Mica 1800 rk A50V
Ci6 Paper 001 pF 350V
137 Paper 005 pl+ 350V

Paper 001 pel” 150V
Silver-Mica 2200 pl 350V
Sihver-hica s00 Pk 350V
Silver-Mica 150 pF 350V

PPaper 01 uF 150V

PPaper 01 uF 350V

Paper 002 uF 350V

Paper 0005 F 350V
Silver-Mica 1200 pk 350V
Silver-Mica k) pk 350V

Ceramic i3 pl 150V

Paper 005 F 50V

Ceriumic ze] ple 350V

Paper 0-25 ul- 350V

Paper 025 ulF ER1IAY

Paper 01 uF 350V
Electrolytic 100 uF oV

Paper (LI 350V

ih-impedance (aput attenmator
Séligh-gain probe



Page 38

Resistors

R1
R2
RWV3
R4
RS
RO
R7
RE

RY
RIO
RIT*
R12
R13
R14
R13
RVI16
RI7
R18
R19
R20
R21
R22
R23
R24
R25
R25at
R26
R26at
R27

150 k&
23 kOl
500 k42
100 kil
270 k4
2-2k8)
2-2%4)
x §:2k1
8-2k ()
1000 kL2
10 MO
1-2M0
[-OML2
10 Q
10 kL
1 kL
220 0
5-6ki)
1 M)
270 0
5:6ki2
1 M2
10 kil
10 kQ
4:TMLL
KR ER
4-7TML2
39N L2
10 kQ

[

W

W

I'W linear
I'W lincar
1y

W

LW

2 2W in parallel
ALY

LY

Ty

W

W

W

W

LW linear
W

W

W

P

AW

W

1w

W

W

W

W

tw

tw

* High-impedanee inpud alienator

Potentiomelers are 4

MULLARD

TECHNICAL

1228
R
ER1Y]
R
1332
[FRR)
Rl
134
L35

1L 36
37

R 18
RN Y
RV A0
R4l
1242
1243
44
1R45
R435at
R46
R46at
R47

R V48T
R VA9
R50%
R51E
1528
Ra3g
R54%
R55%

TShift contral circuls

Yol. 3, No. 30

L9
¥
1}
1}
ML
kit
|49
|
kL}
kL2
kL2
STREY
Lel
hER
kil
M2
A
2L
Bl S Y
YN
SIM)
b
kel
M52
MEX
k2
ki
s}
-5k82
8]
kit
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W

W

W

2. bW in parallel
W

W

{w

W

W

Iw

LW

W

IW linear
IW linear
W

W

W

1w

W

W

W

W

W
two-gang, linear
two-gang, linear
W

W

W

1w

fw

W

Sftigh-gain prabe

200 tolerinee; all olher resistors e

The metal rectitier MIZT may be any suitable type

10

COMMUNICATIONS

Line Timebases to Scean 907 Picture Tubesat Lo and 18Ky ELILT,

e value of the resistor shown as R3 in Fig. [ should read
27k, nat, as indicated, 2-7kL,



