WATT TRANSISTOR TRANSMITTER

BY R. J. LEWIS, G3IDXO*

A Design for Top Band using two AUYros

IVING as the writer docs on a houscboat, Amalcur

Radio has its own special problems. By lar the largest

ol these is power economy. The power supply at GIDXO

is one 44 h.p. petrol cngine that drives lwe gencralors—

one generator (o charge a bank of 24 volt 200 A.h. batteries,

the other to give a direct 240 volts d.c. (or short term duty
such as pumping water and vacuum cleaning.

For one reason or anclher, Amateur Radio is best
carried on in a cerlain amount ol peace and quict, and so
the whole station is run trom Lhe storage batterics. The
overall efficiency of any [0 wall transmiller using conven-
tional thermionic valves and ronary converiers rarely exceeds
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Fig, I. Heat sink for TRZ and TRI.

25 per cent (usually very much less) so that a completely-
transistor Lransniitter having a nil standby power requirc-
nment, even though the actual p.a. may be less efficient, has
an overall efficiency that makes its valve counterpart look
about as wastelul as going shopping in a steamroller!

The transmitter is divided inio 1wo parts. The drive unit,
consisting ol crystal oscillator and two buffer amplifiers,
uses silicon transistors type 28712, The output is taken via
link coupling to the p.a. stage. which is made up as a separale
assembly. The 28712 transistor is manufactured by Texas
instruments Lid, of Bedford, and the price at the time of
writingwas £1 s, 2d,

A convenient way to make up the first three slages is to
lay oul the componenis, as near as possible to the positions
as in the circuit diagrani, on a piece of paper aboul 6 in.
3in., then 1o mark the positions ol 1he ends ol all the resistors
and capacitors. Transler the markings 1o a piece of paxolin
sheet of the same dimensions
as the paper. Holes may then
be drilled. through which Lhe
wire cnds may be passed, and

Fig. 2 shows the compicic assembly of the drive unit, and it
will be seen that the drive is carried lo the p.a. stage on 1wo
wwisted pairs of wire. These may be any length (0 suil the
convenience of the station. In the case of GIDXO the p.a.
stage is situated in the window of the deckhouse, adjacent
to the aerial feeder, while the drive unit and the receiver are
al the operating position on the other side ol the deckhouse,
some 10 1, away.

P.A. Transistors

The Mullard AUY 10, though a germanium device, was
used as a basis for the oulptit stage because ol its cheapness.
According to the Mullard literature, the AUYI10 is a ger-
manium junction transisior ol the p-n-p alloy-diffused type,
intended lor use in very high speed core driving applications.
The (requency al which hre = 1 is stated as 60 Mcfs min.,
which means that a1 2 Me/s a uselul gain can be obtained. It
is possible to reach almost the theoretical maxinium ol 70 per
cent efficiency using a pair ol these devices in class B, The
dissipation is quoted as 4-5 watls lor the casc temperature
ol = 350°C. In practice, however, with a heat sink of 3 in. x
2in. 16 s.w.g. copper, the temperature can be kepl down
1o just a lew degrees above ambient, running at 10 watis
inpul. On a dummy load the wriler’s (ransmiller has
maintained 24 waits input lor | hogar withoul any sign of
overheating or thermal runaway.

The p.a. circuil is a conventional class B except that it is
turned upside down as it were, to lulfill two purposes: ong
10 make the circuil compatible with the first three stages by
using a power supply that is posilive with respuct to earth,
and secondly. since the collector of the AUY 10 is connected
internally to the case, the ¢ase may now be earthed. [n
this design the heat sinks are bolled to the lrame ol the p.a.
tuning capacitor and forim the support bracke1 lor the p.a.
coil. The tuning capacitor is a standard 300 pF lour-gang
receiver-lvpe componenl, [wo seclions being paralleled
together 10 make & 1000 pF 1wo-gang capacilor.,

/>+2LV

the circuit wired up on the

reverse side ol the paxolin
sheet. The coil formers, which
can be almost any receiver-
type bakeclite or polysiyrene
former having the required
dimensions, can be mounted
on the paxolin board. TRI
may be wired in without a heal
sink, but TR2 and TR3, how-
ever, should have a heat sink.
These can be made up by
bending a 2 in. length of § in.
¥ 22 s.w.g. copper strip (o the

Crystal
DA

formy shown in Fig. I.
* Housebont ** Whimbrel,”” ¢fo The
Old Ship, Heybridge Basin, Maldon,

Esaey. Fig, 2. Suggested layout of components on the paxolin board.
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Fig. 3. The larger type of heat sink required for each AUY10.

P.A. Coll

The p.a. coil is made up of 26 turns of 16 s.w.g. tinned
copper wire on a 2} in. diameter former. The winding length
is 34 to 4 in. Short stubs of wire are soldered to each turn
to provide 1aps. The cenire tap carries the 24 voll posilive
supply, the emitters being connected at 3 turns on cither side
of the centre tap. Make up the lwo heat sinks for the
AUYI10's as shown in Fig. 3. Two-way stand-off insulators
may be filted to the 4BA fixing screws on the back of heat
sinks 1o carry the | ohm resistors and to carry the twisted
pair links 1o the drive unit. A sketch of the p.a. assembly is
shown ir Fig. 4.

Modulotion

High lcvel modulation is applied o the p.a. by conven-
tional means. Al G3DXO, very salisfactory modulation is
obtained by utilizing an old 50 ¢/s heater transformer:
three 63 volt § amp windings were connected in series lo
provide the secondary, while the primary is a single 6-3 volt
winding. A 10K 1 watl resistor is connecled across the

AUYID

Fig. 4. The p.a. assembly.

original mains primary winding 10 avoid sparking over on
peaks of modulation,

A pair of OC28’s as a class B modulator give adequate
modulation. The output impedance of two OC28's in
class B is 3-75 ohms approximaitely.

h'I'wo AUYI0's driven 1o 400mA at 25 volis = 10W = 60
ohms,

Therefore the correct lurns ralio for the modulation
transformer is:

60
375

The complele circuil diagram, Fig. 5, with componenl
notes, should be all the information that the average amateur
requires. No delails of a modulator or a cabinel are given.

The crystal oscillator does not key well in the G3DXO
transmitter, therefore for c.w. use it is suggesied that the
second stage is keyed in the emitter circuit. Almost any old-
fashioned diode may be used for MR1 and MR2; probabiy a
semi-conductor type such as the Mullard OAS would do. The
writer found his on a bit of old printed board that was a bit of
a computer or something! However, he would be pleased 1o
give personal assistance (o anyone who might find it difficult
1o get Lhe transmitter going.
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Fig. S. The complete circuit of the Top Band transmitter. Fol';c :.w.iaperadun. the emitter circuit of TR2 should be keyed, racther than
the oscillator.
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Testing ond Tuning

Having assembled the drive unit it is probably best to check
it with a dummy load before connecting up the p.a. In fact,
by substituting a larger air spaced coil for the final 258712
and replacing C9 with a variable air spaced capacitor to tune
with about 400-500 pF the circuit becomes a useful QRP
transmitter, running about 1 watt.

The circuit may be first tuned up on reduced h.t. The crys-
tal oscillator should oscillate with anything upward of 6 volls
applied. A small torch bulb of, say, 3-5 volis should be
connected across each of the output windings of Tl. Tune
L2 and T cores for maximum output. If no glow is seen
on the torch bulbs with 12 volts input, first ascertain that the
crystal oscillator stage is working by listening on the
station receiver. Slight modifications may be required to LI
for some crystals. The writer has only three Top Band
crystals of the Government surplus variety, but they all
perform well,

if an oscilloscope is available the circuit is best tuned by
looking at TP1, where with 24V input a peak-to-peak sine
wave of some 80V should be seen, or at TP2 where approxi-
mately 6V peak-to-peak should be seen. Corresponding
d.c. measurements should also be made, whether or not an
ascilloscope is used, and should be as follows:

(Taken with a high resistance meter such as AVO Model 8))

Base of TR1 +0-4 volis,

Base of TR2 4+ {-3 volts.

Base of TR3 +1-7 volts.

TP2 +1-25 volts.

The tolal input current to all three stages should not
exceed 7O0mA. IF it does exceed this Agure L2 should be
detuned slightly 1o achieve this. At 12 volts input the
current should be approximately 20 mA with a peak-to-peak
output of 15 volis at TP1.

(NoTE: The peak-l0-peak oulput voltages depend upon the
O_I.ilpl).ll load—the Apures given represent the no-load condi-
tion.

When the first three stages are working satisfactorily the
p.a. may be connecled. Before the supply is switched on a
24 volt 12 watt lamp should be connecied across three turns
of the p.a. coil somewhere about the centre to serve as a load,
and the p.a. capacitor set to about half-mesh. The link
coupling should at this stage be disconnected. )

Switch on the 24 volt supFFly and check that no currenl is
indicated on M1, Switch off and connect one of the output
windings of the drive unit via the link coupling to the p.a.
Detune the core of T1 by some three or four turns, then swilch

COMPONMNENT NOTES

I,I|. abeut 100 wirns 16 w.w. g, enamelicd wirc on a g in. former | in.

ong.

1.2, 30 turns 28 s.w.g. enamelled, & in. diaumeter § in. long lorm.c:.
dust core tuned,

.3, 26 wirms of 16 s.w.g. tinned copper. 2} in. diameter 4 in. long
former.

T, primary, 45 wrns 28 s.w.g., lap at 15 surns (rom cold or h.1,
end. former ¢ in, dinmeter § in. long, dust core tuned. Second.
aries 1 and 2, 2 turns loosely coupled 10 eold emd,

Ci0, CHl, made up by sirapping two sections of a (our-gang
500 pF recciver-lype capacilor. (Should tune Top Band with
nearty maximum capacity),

C1, C2, C3, CS, C6, C9 should be mica dielectric.

C7, C8, C12, C1, paper dielectric.

T2, in the prototype, was a healcr transformer with lour 6-3V
secondaries. Primary is one 63V winding: secomdury lhree
windings in series giving 3 : | to match the medulatar output
impedance (il a mains ransformer is used, the primary
winding should have a 10 K obms resistor wiredl across to
prevent flashing on peaks of medulation).

MR, MR2in protolype were CV448. These components tngether
with C7 and RS may be omitted i sufficient drive is available
to drive the ALY 10s 1o 10 watts withow them.

RBand RY, 3 watt wire wound.

R7, § watt carbon.

All oiher resistors may be | watl carbon.
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Fig. 8. A satisfactory method of connecting a whip asrial to the p.a.

on and adjust the core of T for an indicated current in M1 of
200mA. Tune p.a. capacitor until lamp glows, and readjust
core of T1 for 200mA. Switch ofi and connect second link
from drive unit, switch on, and il brilliance of load lamp
decreases the phasing is incorrect and the second pair of the
outputs from the drive unit should be reversed. If the phas.
ing is correct, indicated by increased brilliance of load lamp,
the p.a. wining capacitor should be readjusted for maximum
dip, and core of T1 adjusted until 10 watts inpul is obtained.
(About 400mA).

Afler the p.a, has been running for a few minutes a check
should be made to ensure that neither of the AUYIODs is
overheating. They should both be al the same temperature,
Jjust warm to the touch, but not sufficiently hot to burn your
finger. Do not bother to prod around with a neon tube for
signs of r.f. With a crystal of between 190 and 2000 ke/s
the p.a. should tune with almost maximum capacity. Thc
p.a. tuning should now be checked for spurious oscillalions—
there should be none if you have faid it out well, though
with almost minimum capacity it should be possible 1o detect
doubling in the p.a. There should be no confusion, however,
as the oulput at double frequency is much less than on the
fundamental.

Modulation may now be applied, and any of the usual
means of checking modulation may be used. WARNING
Do not modulate the p.a. without a load as you may damage
the AUYIO's,

When the transmitler is working satisfactorily into a
dummy load the aerial may be connected. [n the G3IDXO
installation the aeriat is 100 ft. end-fed, conpected directly
to the p.a. tuning coil at two turns from the centre tap,
which together with a good straight earth of 16 s.w.g. copper
wire direct 10 the water gives excellent results, Any of the
usual inethods of coupling an aerial may, however, be used,
though it may be difficult to obtain a sufficiently tight coup-
ling to the p.a. A suggested scheme for a whip aerial is
give? in Fig. 6. This arrangement has also given excellent
results.

A | amp fuse should always be kept in series with the 24V
fecd to the transmitter to guard againsi accidental shorts or
thermral runaway.

Morse Code Proficiency Tests from GIBZU

The Royal Naval Amateur Radio Society is dispensing
wilh its QRQ Morse practice transmission on 1880 kcfs at
19.00 GMT on the first Tuesday in each month, which will be
replaced wilh a qualifyving run. This has been done in view of
recent skip conditions, which make Top Band easier to copy
by UK siations than 80 metres. The 20.00 GMT transmission
on 3550 kc/s has not been changed, although it will, of course,
consist of different text to the 1900 GMT run. Details of
these tests were published in the November, 1962 issue of the
RSGB BuLLETiN,
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