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MINIATURE
OSCILLOSCOPE

by
R. STARKSFIELD

This tiny instrument has been made possible
by the omission of some of the circuits
normally associated with oscilloscopes, to-
gether with the use of an extremely simple
timebase. The design is primarily intended
for the more experienced constructor who is
capable of devising his own wiring layout.
By dint of winding the mains transformer
and using mu-metal screening, the author
built the prototype within a case measuring
3in. x 4in. x 5in.; but, even without these two
aids to miniaturisation, units built up to the
circuit need only be marginally larger in size

be examined in the alignment and repair of
radios and amplifiers. Some people prefer to
work with an oscilloscope as it shows distortion and

THTS SMALL SCOPE WAS BUILT TO ENAELE TRACES TO

its causes more readily than is possible when judging
by ear. This oscilloscope is, as can be seen from the
diagramis, within the ‘scope” of most people who have
had some experience in the field of electronics.

Although the tube is only 1 inch in diameter, this
is sufficient for most purposes.

The Y amplifier is capable of a respone from 5Hz
to 150kHz == 3dB, the useful response including
465kHz. 2V peak-to-peak input at OdB attenuation
fills the screen from top to bottom.

The timebase generator provides sweeps from 30Hz
to 150Hz. There is also an X input for examination
of Lissajous figures.

The prototype measures only 3in. by 4in. by 5in., -
and is easily carried around and used for on-site
repairs. It was decided to simplify the normal cir-
cuitry considerably, doing away with sync., bright-
ness, focusing and astigmatism controls. There are
two preset controls, one for X gain and the other
for trace linearity.
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Fig.1(a). The basic neon relaxation oscillator

(b). lllustrating the relationship between applied voltage and linearity of the sawtooth
waveform produced by the neon oscillator

THE RADIO CONSTRUCTOR



It was at first planned to transistorise the unit.
However, as the tube heater took 0.3 amp and some
form of e.h.t. supply would be required, this would
make a heavy drain on a battery. If, therefore, a
mains supply was to be used, why not employ valves?
There seemed httle point in using trapsistors just
to ‘transistorise’ the design.

THE CIRCUIT

Since audio frequencies only were to be examined,
it was decided to use a neon relaxation oscillator for
the timebase. Although the Miller sawtooth generator
is best for this application, to use it to its full benefit
one would really need a larger tube.

*

A neon relaxation oscillator is very simple to build
and, with careful selection of the neon, can provide
a very linear sawtooth waveform. The operation of
the neon relaxation oscillator has been covered often
enough in the technical press and in text books, and
the basic circuit employed is shown in Fig. 1(a).

From Fig. 1(b) it can be seen that the higher the
voltage applied to the series resistor, the lower is
the portion of the exponential curve which is used.
Unfortunately, if the applied voltage is too high the
neon will strike and remain illuminated, with the
glow probably appearing at one end of the electrodes
and having a purplish tinge instead of the orange
tint normally associated with a neon bulb. Some
neons are better than others in this respect, The neon
used in the prototype was one of the wire-ended
indicating type (Home Radio Cat. No. PL32A) and
was sclected from five bulbs of the same type for
best practical results in the circuit.

In the full circuit diagram of Fig. 2 the neon
relaxation oscillator circuit is given by RVI, R,
RV2, C1 and V1, Here, RV1 is the linearity control
and it functions as a potential divider applying a
preset voltage to R1 and RV2, The latter is the
horizontal frequency control. RV1 is set so that, at
the highest frequency selected by RV2 (where it
inserts minimum resistance into circuit) the neon is
just below the ‘splash’ point just mentioned. In the
prototype, the slider of RV1 was set nearly at the
h.t. positive end of its track.

The timebase signal is taken via the X input jack
socket to the X gain control, RV3, and thence to
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Fig. 2. The circuit of the miniature oscilloscope
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Fig. 3. Basic circuit for an alternative Y amplifier

one half of a double triode, V2(a). This is the X
amplifier. Upon inserting a jack plug into the X
input socket, J1, the timebase signal is cut off and
an external X signal can be injected.

The double triode could have been used as a 2-
stage Y amplifier only, as shown in basic form in
Fig. 3. This would have increased the Y sensitivity
considers bly, but would have meant that the neon
was driving the tube direct, and as there is only
about 30V between striking and extinguishing volt-
ages this is not really sufficient for a full sweep.
Nevertheless, the idea is suggested for those who
wish to ¢xperiment.

By using the double triode for both X and Y
amplifiery, relatively low signals can be fed into the
X socket, Both amplifiers are identical. To obtain a
good low frequency response C6 and C7 should have
a high vilue, as specified.

The valve used is a 12AU7. This is a medium gain
valve. The range of double triodes provided by the
12AT7, 12AU7 and 12AX7 is a very useful one
and can offer a lot of advantages, particularly as
all three valves have the same pin connections,
making them interchangeable. With the prototype,
the 12A1)7 gave highest frequency coverage.!

The tube itself, a DH3-91, is ideal for this type of
project owing to its small size, being only about 4in.
long. Assymetrical deflection was used, and as the
brightness was about right for normal viewing and
no focusing was necessary (the tube is a self-focusing
type) no e.h.t. potential chain was needed. No cen-
tralising >ontrol is required, the spot being comfort-
ably central provided that C6 and C7 have very low
leakage. The pin connections to the tube shown in
Fig. 2 caase the usual X and Y plate functions to be
transposed. (In normal usage, the X plates are pins
4 and 6, and the Y plates are pins 2 and 3.).2

POWER SUPPLY
should have an h.t.

The rmpains transformer

1. The ratter high value specificd for V2(b) cathode bias resistor,
R8, is that employed in the prototype and was found fo be
optimum fcr gain and linearity. However, it means that the valve
runs at a vury low anode current and it may be found that R8 may
have to be reduced in value by quite a considerable amount with
some 12AT/7's. R3 may be similarly reduced in wvalue if it is
found that an improvement in X gain and lincarity results.—Editor.
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secondiiry offering about 200 to 220V, together with
a 6.3V heatetr winding. D1 acts as a half-wave recti-
fier and supplies h.t. voltage for the two triodes and
the neon oscillator. In company with D2 it alse
appears in a voltage doubling circuit allowing a
doubled e.h.t. voltage to be available for the final
anode and deflector plates.

Not having access to a mains transformer of suit-
able size, the writer decided to try hand-winding
one. This really isn't as bad as people make out!
By taking care he had only one break in the second-
ary, whicn used 50 s.w.g. wire.

The core employed was salvaged from a heater
transformer in an old radio, and the lamination
dimensions are given in Fig. 4. The central core size
was 2in. by 2in., and the laminations were inter-
leaved (i.e. the core was made up of alternate E’s

2. The true X plates of the DH3-91 are intended for symmetrical
deflection ard the true Y plates for asymmetrical deflection, Because
of this diffcrence, and since the electrode connections employed in
Fig. 2 give the required centring in practlice, these connections
should be ¢mployed (although the use of the and Y plates for
their intended function could, of course, be checked out experi-
mentally if desired). The DH3-91 is a current Mullard e.r.t. and
mgy be purchased through radio retailers in the normal manner.—
Editor.

End view of stack

BE
3,}4‘ 12
| ) | |
o
| e e

Fig. 4. Dimensions of the laminations used for
the home-wound mains transformer.
The stack size is #in.

THE RADIO CONSTRUCTOR



and I's). The transformer was wound in the following
manner.

Primary: 2,880 turns of 40 s.w.g. enamelled copper
WITE, .

Secondaries: 2,400 turns of 50 s.w.gz. enamelled
copper wire, and 85 turns of 26 sw.g. enamelled
wire.

These secondaries give an output of 210V a.c.
and 6.3V a.c. respectively.

For those who do not wish to wind the trams-
former some very small ready-made components are
suitable, although they may not be quite as small
as that made up by the writer.? The power required
by the oscilloscope circuits is very low, Heater cur-
rent is O.6A and h.t. current is only of the order of
a milliamp.

If the constructor plans to wind the transformer
himself it is a good idea to use a winder of some
type. This can be anything from a hand drill held in
a vice to a professional motor driven winder. It is
fairly easy to make an adequate winder from bits of
scrap wood, etc., and Fig. 5 shows a typical example.
The writer’s winder was fitted with a G P.O. electro-
magnetic counter driven by a switch on the handle.
A handy source of interleaving paper can be found
in non-metallised paper capacitors.

CONSTRUCTION

The dimensions of the case in which the complete
oscilloscope is housed depend to some extent upon
the size of the mains transformer. The prototype,
using the author’s home-wound transformer, was
housed in an Imhof ‘Minibox’ measuring 3in. by 4in.
by S5in# Suitable alternative cases may be made
up following normal metal-working techniques.

3, A particularly suvitable transformer herc would be the Osmabet

component available from Home Radio under Cat. No. TM24. This
has sccondaries of 200V at 25mA and 6.3V at 1A, and its dimen-
sions are 13in. by 2§in, by 2in., with 2%4in. fixing centres.—Editor.
4, The 'Minibox’ referred to is type M3030 and is available by mail
order from Alfred Imhof Limited, Ashley Works, Cowley Mill
Road, Usxbridge, Middlesex. It should be mentioned that orders
tor ‘Miniboxes’ and other Tmhof instrument cases and housings
under £5 are subject 1o 25 surcharge, and carriage and packing is
extra ~Editor,

o

The oscilloscope coupled to a home-built
a.l. oscillator
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COMPONENTS

Resistors
(All fixed values § watt 10%)
R1 470k
R2 1MQ
R3 33kQ (see text)
R4 270k
RS 1MQ
RS 1IMQ
R7 270k
RE 33kQ (see text)
RO IMQ
R10  20kQ
R11  560kQ
RVl 1MQ pot., linear, preset (see
text)

RV2Z 1MQ pot., linear

RV3 1MQ pot., linear, preset (see
text)

RV4 1MQ pot., linear

Capacitors

Ci 0.1uF paper, 250V wkg.
Cc2 0.1uF paper, 250V wkg.

C3 10uF electrolytic, 30V wkg.
C4 10pF electrolytic, 30V wkg.
Cs 0.1uF paper, 250V wkg.
Cé 0.1uF paper, 500V wkg.
C7 0.IuF paper, 500V wkg.

C8 4uF electrolytic, 350V wkg.
C9 4uF electrolytic, 350V wkg.
Cl0  0.1pF paper, 500V wkg.
Cl11  0.2uF paper, 350V wkg,
Cl2  0.1uF paper, 500V wkg.

1 ransformer

Tl Mains transformer, second-
aries: 200 to 220V and 6.3V
(see text)

Iralves, C.R.T.

Vi Neon bulb, Home Radio
Cat. No., PL32A (see text)

V2 12AU07

V3 DH3-91 (Mullard)
Rectifiers

D1 BY100

D2 BY100
Sockets

B 3.5mm jack socket with open-
circmt leaf (see Fig. 2)

J2 3.5mm jack socket
Jack plug (for input test lead)

Miscellaneous

B9A valveholder

B8G  wvalveholder (for cur.t)

2 pointer knobs

Metal case (see text)

Material for valveholder bracket
Wire, 3-core mains lead, etc.
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Fig. 6. The layout of the principal components inside the case
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Fig. 7. A simple ‘divide by 10' probe, which
can be used externally

As can be seen from Fig. 6, V2 and V3 are
mounted on a small bracket and hang from the top
of the box. Most of the components associated with
the valve and the cr.t. are mounted directly on to
the valve and c.r.t. bases. -

The ideal position for the mains transformer would
have been with the laminations in line with the tube;
however, in the position shown there is very little
magnetic hum pick-up, and this can be cured by
screening the transformer with small pieces of mu-
metal. A word of warning is required herc. Don’t
bend mu-metal more than can be avoided or it loses
its marvellous screening properties.S

The lower part of the case is used for the power
supply and timebase circuits. Several small tagstrips
are adequate for mounting the components con-
cerned,

In the side view of Fig. 6, RV4 is mounted on the
front panel, with RV2 behind. RV1 and RV3 are
panel-mounting preset potentiometers with plastic
covers fitted over their spindles. (These covers were
non-standard items found in the writer’s spares box
and are not, of course, essential.) A saving in space
could be given if miniature skeleton preset potentio-
meters were employed instead, these being positioned
inside the case with access when the case side is
removed, .

A 3-core mains lead passes through a grommet at
the rear of the case and allows for connection to the
mains via a 3-way plug. The mains lead ensures also
that the metal case of the oscilloscope, which is
common to the chassis line in Fig. 2, connects re-
liably to the mains earth. There is no on-off switch in

5. Mu-metal has been available in the form of govt. surplus c.r.t.
shields and the like, but it may be a little difficult to obtain these
days by readers who rely on general mail-order supslien; for com-
ponents, If no mu-metal can be obtained it would be better to
design the case so that the mains transformer can be mounted with
its laminations in line with the c.r.t.—Editor.

Side view, showing the internal components
of the oscilloscope

the oscilloscope itself, this function being carried out
by the switch at the mains socket to which it is
connected.

ATTENUATOR PROBE

A ‘divide by 10’ attenuator probe can be very use-
ful in some instances and it consists of a IMQ resis-
tor bypassed by a 3-30pF trimmer, as shown in Fig.
7. The trimmer is set so that, when a square wave is
fed in, there is no overshoot on the leading edges
(i.e. there is a flat frequency response).

CONCLUSION

In conclustion, the writer would like to state that
the prototype has given no trouble and, at the time
of writing, has had about 200 hours running as a
monitor coupled to a stereo amplifier in addition to a
demonstration at the Shefford Radio Club and other
usage. Also, despite the small size of the mains
transformer and the winding details (2,500A per sq.
in.), the unit rans very cool.

: [

CAN ANYONE HELP?

Requests for information are inserted in this fealure free of charge, subject to space being available.

Users of this service undertake to acknowledge all letters, etc., received and to reimburse all reasonable

expenses incurred by correspondents. Circuits, manuals, service sheets, etc., lent by readers must be
returned in good condition within a reasonable period of time.

Eddystone 990R Receiver.—D. R. Coppen, 45 Vine
Street, Romford, Essex — purchase of handbook,

Impedance Bridge.—G. M. Watson, 2 Winn Court,
Southampton SO2 1UZ—operating instructions re-
AUGUST 1969

. quired, loan or purchase, for Marconi Universal Im-

pedance Bridge Type TF373C.

R209 Receiver.—T. R. Smith, 50b Aldershot Road,

Guildford, Surrey—handbook, circuit or any other
information.
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