drive

Back in 1974, when the first §1.600 board designed by

~G3ZVC was-published, a rather primitive single band (20
nmetres) transceiver was buyilt. Although only pnshing ont 5
watts this was a great success, gven working into VK and
Wo6—ultimately adding another dimension to Continental
.motoring, as being guite small it sat happily on the armrest
between the seats,

When the PW Helford was in the early design stages,
James Bryant, Plessey’s applications manager .offered to
produce a new board, tailor-made for the job. It was
therefore possible 1o press on with a completely com-
patable design, and for good measurg Peter Chadwick,
Plessey’s applications engineer produced ‘the power am-
plifier filters. Thauks are also due to the late Col Geoff
Cole for the information on the driver and the p.a..which
were obtained from T.R.W. of California.

In order to harness the GACLF Board satisfactorily
certain criteria have to be observed. The first essential s a
stable v.f.o. and 2 very effective layout for this was drawn
up by Peter Trowbridge. Secondly, the mixer must have a
drive of 500mV from the buffer. A slightly modified
cascade amplifier from a Plessey.handbook provided this. -

Although the PW Helford is presented here as a
transceiver for 80 and 20 metres, it is intended to develop
an oscillator and second-mixer board to conavert it into a

- Five Band rig, already aflowed for in the preselector.

facility, does givethe opersator:

Vic Goom G4AMW
S e S

solution was arrived at. By commecting the 80 metre pair of
nils t0 two -gangs ;and the 20 metre pair of £oils o the
Temaining two gangs it was possible, ‘with n0top coupling
switching, to pist on the nose any frequency from:80 to 10
metres. 1t is felt that this can -oniy. enhance the dynamic
range of the hot carrier diode mixer.

On the transmit side there .can be no doubt that the

-ability 10 actually put 100W plus into ‘the merial, coupled

with the Voice Operated Gain Agjusting Device (vOGAD)
ronsiderable talk power. In-
deed when this rig was only-at the drive stage-s0.potent
was the signal fhat it was. difficpit to get off the air 1t0-ac-
tually build the p.a., as Phil Ciotti, buililer of the- original
Helford would readily admit. '
The basic:straight-forward stmplicity of this transceiver
is 10 some:extent gisplayed by the block diagram (Fig. 1),
but 40 a greater extent by the fact that the wavechange
switch has only- three ‘wafers—as opposed to 12 to 15,
wh;"ch,sccms to be the going rate for commercial rigs.
Possibly the biggest shock to-the prpposed constructor
is-that the cost of the case is on.a par with the Tilter.-Of
course a cheaper case conld beased, but the precision'and

st—
G4CLF

Micf O~ Board

Qutput | R

=" W fitters |
1 Tx ] ) .

Preamp i—-— Driver H First amp 'f—ss m’;" ‘
1

Fig. 1: The block diagram of the complete Helford transceiver
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CONSTRUCTION

RATING

BUYING GUIDE

Builders of the PW Helford should have little difficulty
in obtaining the components. The case is available
from West Hyde, the meter and knobs from Sifam,
while the variable tuning capacitors are by Jackson
Bros and can be obtained from Watford Electronics.
The components for the G4CLF Board can be obtained
from Ambit International.

APPROXIMATE

COST BEFE

accessibility of the West Hyde case does give the whole
thing a stable, well-engineered feel.

It is obviously important to follow all the construction
details closely but this is particularly so with regard to the
preselector, a little bit of double checking before it is all fit-
ted into the box is a very good idea, as shorts in this area
are very difficult to trace—practically everything is groun-
ded through the coils!

In practical terms what is the P Helford capable of?
When it was put on 20 metres for the first time, during the
second week in June, conditions were generally reckoned
to be pretty poor as at the time radio contact with the tran-
satlantic yacht race was causing concern. However, work-
ing only the odd hour or so in the evening between June 9
and 15 the following stations were worked. PY1ZBS (5/7).
ZS61W (5/5). CTIEL (5/8). CN8CW (5/8). 4NIU (5/9).
WAIDJQ/M/M (5/9). VK2DM (5/6). PY4AH - (5/8).

- J28AA (5/9). (DJIBOUTI) VPS8HZ (5/6). (The antenna

used was a 2-element beam at 30ft). The fact that this
quite interesting collection of DX was worked on a
relatively poor band with the European QRM in full spate,
displayed not only the punch of which the Helford is
caﬁable, but-that the receiver selectivity is not wanting
either

This first part of the series deals with the G4CLF Board
designed especially for the PW Helford by James Bryant.

_The GACLF Board

This is a direct descendant of the SL600 transceiver
described by Brian Comer, G3ZVC, in “Radio Com-
munication” for September 1974 and afterwards in a

number of other journals around the World. The ongmal '

design used the Plessey SL600 series of communications
mtegrated circuits and consisted of a smgle-sxded board
measuring 127 X 83mm and carrying nine integrated cir-
cuits, two transistors and a diode ring mixer. The board
contained the entire works of an s.s.b. transceiver capable
of workmg at any frequency from 10kHz to SOOMHz with
the exception of the local oscillator, preselector, r.f. power
amplifier, power supply, microphone and loudspeaker.
This new version is smaller, only 102 x 76mm, and
contains a number of improvements but uses an extra
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integrated circuit and three extra transistors. The majory
improvements are increased sensitivity (0 -2uV against
0-5uV), higher audio output (800mW against 100mW),
tailored audio response (24dB/octave above 3-5kHz),
on-board supply regulation (in fact two of the integrated
circuits used in this design are regulators so the new ver-
sion may, in one sense, be considered to have one less
integrated circuit rather than one more), better - filter
matching and higher r.f. output. Minor improvements in-
clude the location of all input and output interfaces along'
one side of the board, trithmers on the sideband oscillator
crystals, a better partition of gain between the i.f. and a.f.
stages and lower oscillator radiation.

The circuit diagram of the transceiver is shown in Fig. 2
and may be broken down into six sections: the mxxer, the
bi-directional amplifier, the sideband filter, the receiver, the
transmitter and the sideband oscillators.

The Mixer

The mixer consists of an Anzac MD-108 hot carrier
diode ring rmxer, identical to that used in the prevxous
design. These mixers have three parts, each of 500 im-
pedance, an upper frequency limit of S00MHz and a lower
limit on two parts of SMHz and on the third of d.c. This
transceiver uses the d.c. part as its r.f. port to permit
operation at r.f. frequencies below 5MHz so that the
5MHz limit is unimportant on the other two ports.

The MD-108 has a third-order mtercept point of
+15dBm and an insertion loss of 7dB. It requires a local
oscillator power of about +7dBm (500mV r.m.s.). The
MD-108 has an elder, and more expensive, brother called
the MD-138 which has a higher third-order intercept point
but there is no point in using it in this particular design
since the intermodulation performance of the system is set
by the mixer, the bi-directional amplifier and the filter and
improving one without improving the other will do little for
the overall performance of the system.

Since the MD-108 is a passive device it is bi-directional
and no switching is necessary between transmission and
reception. It is important, however, that it is driven from
5092 sources and drives 500 loads, otherwise its gain and
intermodulation performance will suffer. On the board this
50Q match is performed by the bi-directional amplifier.

Table 1. G4CLF Board Performance

: RECEIVE ’ &

(+12V +7dBm, Locat Oscillator at 90MHz) e
SQnsmvuty Less than' O- 3uv for.. 10dB»-.
SINAD :
114dB (Wanted Sngnals) :
5 88dB (Off-frequency Slgnals)

'Thlrd-order Intercept. +7dBm: -

““Audio Output: - 800mW- .
Currant Consumptlon 60mA (Mmamu Audi
s o Output)

nynamic Range' "

: TRANSMIT _
(+12V Supply, + 7dBm Local Oscillator at 9OMHz)

“Output Level: -~ .. ‘—bdBm (Slngle Tone)
< Carrier:: " - —49dBm S
j,lntermodulation i e
' Products: —50dBm (Two tcnes1 2kszg .
: DYnamlc Range of )

Audlo a.g.c.: (Wlthout R32)

= 40dB (R32 = 1k0)
: Current Consumption' 45mA '

Practical Wireless, November 1980

“




The Bi-Directional Amplifier

The bi-directional amplifier consists of a field-effect
transistor, Trl, four low capacity switching diodes,
D2-DS$, two transformers, T1 and T2, two capacitors, C1
and C2, and five resistors, R1-R4 and R20. The trans-
formers act as impedance matching devices, together with
resistors R3 and R4, and ensure that the mixer and the
crystal filter are correctly terminated.

The diodes D2-D5 are used to reverse the direction of
amplifier gain between reception and transmission. During
reception the receiver power line is at +12 volts and the
transmitter line is grounded. Diodes D2 and D5 are con-
ducting and diodes D3 and D4 are biassed off. Signal then
passes from T1 via D2 and C1 to the gate of the fedt.,
whose output goes to T2 via D5.

When the power supplies are reversed during transmis-
sion the system works in exactly the same way but now -

diodes D3 and D4 conduct and the signal from T2 is am-
plified and passed to T1—and hence to the mixer.

The choice of diodes and fe.t. in this amplifier is
critical. If the diodes have too large a capacity when in the
“off”” state the amplifier can become unstable. The diodes
chosen, Mullard BA182s, were designed for switching r.f,
in television tuners and are ideal for this application.

The fle.t. must have a high gain and. also good inter-
modulation performance. To some extent as the gain in-
creases the intermodulation performance falls off but this
may be compensated by using a high current device. The
f.e.t. finally chosen was a Siliconix J310, a Jjunction f.e.t. in
a TO92 plastic package, which has a standing current at
zero gate bias of between 20mA and 60mA.

The original G3ZVC design used a single transformer

between the mixer and the filter. The bi-directional am-

plifier offers a number of advantages: both the mixer and
the filter are better matched, giving improved inter-
modulation and passband ripple; losses in the mixer are
regained before further losses take place in the filter (in
fact during reception there is 8dB gain from the input of
the mixer to the output of the filter as opposed to about
9dB loss in the original design): and the gain during
transmission allows a greater r.f, drive to the p.a. The
improved performance seems to be worth the increased
complexity. ’

The Filter

This design uses an XF9-B or a QC1246AX crystal
 filter, manufactured by KVG and Salford respectively.
These are 8-pole 2-4kHz filters with a centre frequency of
9MHz. They require termination of 500Q in parallel with
25pF which is provided by T2, R4 and C3 on the mixer
side of the filter and R6 and C8 on the other side.

Many other filters might be used in this transceiver but
there are a number of points to be considered. If a 4-pole
or 6-pole filter is used the stopband suppression is reduced
from over 90dB to as little as 50dB. This can degrade ad-
Jjacent channel performance and lead to intermodulation
problems in the i.f, from very strong local signals but there
are compromises which may be accepted. Another
problem can arise from the use of cheaper 4-pole or 6-pole
filters which is not acceptable—blocking due to local os-
cillator leakage. The MD-108 has local oscillator attenua-
tion of about 40dB which means that there may be SmV
r.m.s. of local oscillator signal present at its output and
therefore some 25mV at the input to the filter. If the filter
attenuation is 90dB this leakage is reduced to less than
0-8uV, which is unimportant, but if it is only 50dB then
the if. strip sees 80uV of local oscillator leakage. If the
transceiver is being used at v.h.f. this is unimportant since
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the SL1612s in the i.f. strip have no gain at v.h.f. But in an
h.f. transceiver this 80pV may be sufficient to block the i.f,

strip, particularly if no a.g.c.’is present. The problem was.

far worse in the original design which had three i.f. stages
but it can cause trouble even with the present design.

The solution is simple. At v.h.f. lower performance
filters may be used—at h.f. they may not!

Intermediate frequencies other than the 9MHz used
here are perfectly acceptable. The system will work un-
changed at 5-3MHz and 10.-7MHz but ifs of over
15MHz or under 5SMHz cannot be used. Above 15MHz
the gain of the if. amplifier starts to drop and below
SMHz the MD-108 mixer loses gain. There is no way of
extending the upper frequency limit but the lower one may
be reduced by either of two methods.

One is to use the d.c. port of the MD-108 as the i.f. port.
This allows the use of any if. down to 100kHz but pre-
vents the use of r.f. or local oscillator frequencies below
5MHz which may or may not be a disadvantage. It will
also be necessary to modify the p.c.b.

The other method is to replace the MD-108 with an
MD-109. This is a lower frequency version of the MD-108
which is rather more expensive but has a frequency
response from 200kHz to 200MHz. Of course with an
MD-109 while it is possible to use i.f.s down to 200kHz it
is not possible to work with r.f.s above 200MHz. This is
unlikely to be a problem since the use of i.f.s below 5SMHz
with r.f.s above 200MHz is likely to lead to image
problems and thus will tend to be avoided anyway.

If the transmitter performance is not to be degraded the
bandwidth of the filter must not exceed 2-7kHz and the
shape factor should be as good as possible.

Finally, if the filter is changed it may be necessary to
change R4 and R6 and C3 and C8 to match it with the
correct impedance. The resistors should be 10 per cent
higher than the value given in the filter specification and
the capacitors should be about 3pF lower and the circuit is
not suitable for use with filters having impedances much
greater than 1kQ. If R6 is increased then R27 must be in-
creased in the same ratio to preserve the d.c. levels on the
transmitter driver transistor Tr4.

The Receiver

The receiver consists of two i.f. stages, a product detec-
tor, a low-pass filter, an audio amplifier, an audio-derived
a.g.c. system and an audio output stage.

The i.f. amplifier uses two SL1612 circuits. T hese are
similar to the SL612 circuits used in the original design but
are supplied in 8-lead plastic minidip packages instead of
metal ones. This lowers the price and makes the circuits
easier to mount but has negligible effect on performance.
All the circuits used in this transceiver, with the exception
of the TO92 voltage regulators, are in 8-lead minidips.

Each SL1612 has a voltage gain of 34dB and an a.g.c.
range of 70dB. The i.f. strip therefore has a gain of 68dB
(2500 times) and an a.g.c. range of 140dB which cannot,

- of course, be used since the strip would overload with an

input of 250mV r.m.s.—equivalent to dynamic range of

.about 114dB.

Each SL1612 has its own internal supply decoupling
but the supply line is also decoupled near to them by C10,
a ceramic 0-1pF capacitor. Interstage coupling capacitors
are kept low to minimise the Lf. gain of the strip and
eliminate possible interaction of the a.g.c. circuitry and the
detector.

The detector, IC4, can use an SL1640 or an SL1641 as
a product detector. These are both “transistor tree”
double-balanced modulators and differ only in their output
circuitry—the SL1640 has an internal load resistor as its
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output on pin 5 and an emitter follower output on pin 6,
¢~ the SL1641 has a free collector output on pin 5 and no
joined so that if an SL1640 is used its emitter follower is
turned off. If an SL1641 is used an external load resistor

broad-band system it does not use any further coils or 2N3904
filters and needs no set-up adjustment.

carrier from the sideband oscillator). The signal from the

is low enough to be disregarded. The output therefore con- the 741. T

PLESSEY
SERICONOUCTORS
- 8.8.B. T~-R
+ GuCLF - .
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The output of the detector contains the sum and dif- that is needed is a sili
ference of its two inputs (signal from the if. strip and 80 and a V., of over 9V,

The filter has a gain of unity and since the audio is still

i.f. strip consists mainly of a 9MHz signal but there is a at a very low level (about 5 to 10mV r.m.s.) it is then am-

certain amount of broad-band noise in the range 100kHz plified by 18dB in a 741
t0-20MHz. The sideband oscillator signal consists of a audio level is so low ther
single frequency of 8-9985MHz or 9-001 5MHz depending this amplifier so bias is obtaine
on the sideband in use, there is some noise here too, butit audio path from the detector th

his saves components but provides
sists of a low frequency signal (the difference output) so that all subsequent audio cou
which is the output we want, a high frequency signal chosen “to give roll-off belo

around 18MHz (the sum output), and broad-band noise
extending from d.c. to at least 30
P’  connection to pin 6. In this application pins 5 and 6 are remove the h.f. output before th
- give a more pleasant output sign
noise as possible is also removed.

MHz. It is necessary to
e audio stages,.and will
al if as much of the audio

of 330Q is necessary (R9) but with an SL1640, R9 must This is done by a low-pass filter which is placed be-
not be used, and the position on the board must be left tween the detector and the audio amplifier. This filter is
open-circuit. designed to have 18dB/octave roll-off above 3-5kHz and

The detector uses only two other components, the bias consists of a single-pole filter formed by C16 and R9 (or
decoupling capacitors C14 and C15. The entire if. strip-  the internal resistor equivalent to R if an SL1640 is used)
and detector therefore uses only three integrated circuits, followed by a two-pole Sallen and Key filter formed by
three or four resistors, and eight capacitors. Being a R10, R11

» C17, C18 and Tr5. The original design used a
as Tr5 but if ever there was an application where
the exact transistor used was unimportant this is it—all
con npn transistor with a beta of over

operational amplifier. Since the
¢ is no possibility of clipping in
d by directly coupling the
rough the low-pass filter to
no Lf. roll-off
pling capacitors should be
w 300Hz, as should the

———
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Fig. 3 (Top left): The copper
track pattern shown full size, for
. the G4CLF Board
Fig. 4 (Left): The component
placement details of the G4CLE
Board. The photograph above
shows the completed G4CLF
Board before installation into
the PW Helford
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