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Here’s a 'sister’ unit to the UHF GaAsFET
preamp, designed to lift receiver froni-
end performance, particularly if you find
it necessary to run a long length of
feedline between your antenna and your

rig.

RECEIVER FRONT END noise figure is a major factor in
any VHF station ‘system performance’. Two things, primar-
ily, determine front end noise figure: feedline loss between
the antenna feedpoint and the receiver input, and the noise
factor (or noise figure) of the device employed in the first RF
stage. Feedline loss between the antenna and the receiver
input can be minimised by mounting the first RF stage as
close as possible to the antenna feedpoint. Employing a low
naise device for the RF stage is the next step. Unless your
transceiver or receiver has a demountable front end, you've
got a problem. The solution is to employ an ‘outboard’ RF
stage, or preamp.

Two decades ago, the ‘vogue’ low noise RF amp devices
employed for low noise applications on two metres were
either a 416B ‘lighthouse’ tube (valve or ‘bottle’), so-called
because of its shape, or a 6CW4 ‘nuvistor’ — also a vacuum
tube of special construction. They could achieve noise figures
of around 2-3 dB when run-of-the-mill front end noise figures
were twice that.

These days, noise figures around 1 dB, or less, are regarded
as pretty well state-of-the-art on the 144-148 MHz band. But
station system performance below 200 MHz, for terrestrial
working, is ultimately limited predominantly by atmospher-
ic and man-made noise and this sort of noise figure will pretty
well ensure your performance exceeds that. However, for
satellite and other space applications, a 1 dB or better noise
figure is a distinct advantage and the 38K121 GaAsFET, with
a typical noise figure of 1.5 dB at 800 MHz, falling to under
1 dB at lower frequencies, readily achieves the required per-
formance — and at modest cost.

Design consideration

As pointed out at the head of the article, there are good rea-
sons to mount a low noise preamp as close as possible to the
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The preamp is housed in a diecast aluminium box which is
mounted as close as possible to your antenna. Note the dc
supply lead entering the box at right.

antenna. Firstly, why have a preamp at all? Many operators
would be surprised at the noise figure offered by some com-
mercial transceivers — especially the older models. It is the
first stage of a receiver which largely determines the overall
noise figure. If you added a preamp having a 1 dB noise figure
ahead of a receiver with a 4 or 5 dB noise figure (not uncom-
mon!), the resulting noise figure is only slightly higher than
the noise figure of the preamp itself. Thus, you can gain guite
a worthwhile increase in the signal-to-noise ratio (S/N) of
received signals, particularly with FM reception wherea 2 dB
increase in S/N can mean the difference between a ‘scratchy’
signal and full quieting!

[t is a popular misconception that a preamplifier fitted in-
side a transceiver will achieve a similar performance. This
is borne out by the number of operators who use the recent
breed of RF power amplifiers with in-built GaAsFET receive
preamps. These can be considered a singularly useless device
when trying to achieve low noise figures, unless mounted
at your antenna, the reason being that feeder loss is ignored.

If you had a 15 metre (about 50 feet) run of RG58 coax be-
tween your preamp/power amp and your antenna, this would
introduce a loss ahead of the preamp of around 2.9 dB as
RG58 has a loss of about 5.8 dB/30 metres. This loss just adds
to the noise figure of the in-built preamp which have typi-
cally quoted noise figures of under 1 dB. You would thus end
up with a noise figure in excess of 3 dB. Solution — put the
preamp up the pole! Better yet, use better quality coax!

Another misconception with preamplifiers is “‘the more
gain they have the better'. This is not necessarily true. As
can be seen from the above, decreasing the noise figure will
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give an increase in the signal-to-noise ratio. There is not much
point in 5:111'1[;11]-" amplifying a signal if you are also amplify-
ing the noise as well, you just get a louder signal and louder
noise — no change in the ration of signal-to-noise. Too much
gain can also introduce instability in an otherwise stable
receiver,

The amplifier described here has a gain of around 15 dB
at 146 MHz, which should be more than adequate for maost

applications.

Cnnsiructimi

As with the UHF unit, this preamp employs a double-sided
printed circuit board with fibreglass substrateand a solder
mask for ease of construction. The GaAsFET output match-
ing circuit is a stripline etched on the pc board, as can be
seen in the accompanying overlay and photograph. In addi-
tion, the input and output coupling lines running to the re-
lays RLA and RLB are 50 ohm striplines. Thus, the pc board
is an integral part of the design. The artwork is reproduced
elsewhere in the article for reference. Note that it is copyright
to Dick Smith Electronics.

The construction of the board is quite straightforward.
First, make a visual check that all the required holes are
drilled and of the right size. Components may be mounted
in any order but it is preferable to leave Q3, the 35K121 GaAs-
FET, till last. Note that some components are mounted on
the surface of the pc board with no holes to guide you, so
make careful reference to the overlay diagram when mount-
ing these.

The pc board supplied is double-sided but the holes are not
plated through. Where possible, solder components to both
sides of the board. This is particularly important with those
components which pass through the earth planes such as in-
ductor L1, diodes D1-D4, D6 and D7, C12, C3, C6, etc, Refer
to the overlay diagram. It is absolutely essential that compo-
nents are mounted with the minimum possible lead length,
especially around the active circuit. This applies particular-
ly to C12, C3, C6, R1, C8, C9 and C10. Don't forget to ob-
serve the correct orientation with polarised components.
Failure to observe all these precautions may cause instability
or even prevent the unit working!

The usual electrostatic discharge (ESD) safety precautions
should be observed when soldering the GaAsFET, i.e: use
an iron with an earthed tip, don't use too much or too little

heat and don’t run around on nylon shag pile carpets before-
hand. It will probably be necessary to trim the drain lead of
the GaAsFET before soldering. Gently tin the device's leads
and the tracks on the pe board to which they mount belore
soldering it in place. To solder it in position, hold it in place
with needle-nosed pliers or a pair of tweezers, making sure
it's correctly oriented (see the pinout diagram). Then apply
the flat of the iron tip to each lead in turn, applying a little
pressure, so that the device's leads are sweat-soldered to the
tracks.

As you can see from the lead photograph, the unit is housed
in a diecast box, which comes pre-drilled. The board mounts
to the lid in the same fashion as the UHF preamp. This is
the only ‘difficult’ part of the construction. Before mount-
ing the board, solder a length of medium duty hookup wire,
about 150 mm long, to the + 12 V pad on the board, adjacent
to C5. Tie a knot in it about 20-30 mm from the board to pre-
vent any strain being put on the pc board joint whenever the
wire is tensioned. The accompanying diagram shows the
overall board mounting arrangement.

The two BNC sockets are mounted to the lid of the box,
in the holes provided, Solder lugs are mounted under the
securing nul and washer on each. About 20 mm of heavy
gauge tinned copper wire should be soldered to each lug
which needs lo be oriented such that the wire can be soldered
to the rear (non-component) side groundplane of the pc board
adjacent to the pads for the coax sockets’ centre conductor
pins. The +12 V supply input wire passes through a small
grommeted hole in the diecast box lid adjacent to the AN-
TENNA socket.
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Component overlay. A double-sided pc board is employed, but
only the topside copper area is shown here for clarity. Com-
ponent leads marked with ‘@’ are soldered to the top side of
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There is very little room to solder the centre pins of the
coaxial connectors to the underside of the board, and care
should be taken to obtain a good electrical and mechanical
joints here as the board is, in part, supported by these con-
nectors. The method used in constructing the prototype was
to liberally tin the tracks on the underside of the board as
well as the centre pin of each connector. The pc board is then
placed over the pins and heat from the iron applied from the

upper (component) side of the board to the pins whilst solder
is fed to the joint on the underside. It is a bit awkward but
can be accomplished, with care. Don't forget to solder the
wires from the BNC socket lugs to the board on both sides.
It would be advisable to check the joints with a multimeter
(on resistance) after soldering.

Finished? Give everything a thorough visual check.

RELAYS SHOWN ENERGISED
(Rx MODOE)

CIRCUIT OPERATION

A Toshiba 3SK121 dual-gate GaAsFET is the 'heart’ of the preamp.
Input matching and tuning is achieved with a parallel-tuned circuit
comprising L1/TC2. Output matching and tuning is accomplished
with a stripline in the pc board, resonated by TC1.

In the ‘through’ mode, the antenna input is connected via the
two coaxial relays and 50 ohm stripline to the output socket.

In ‘'receive’ mode the three relays, RLA-RLB-RLC, are energised.
This is done to provide ‘fail-safe’ operation so that if the 12 V sup-
ply to the amplifier should fail or be inadvertently turned off, the
amplifier will assume the ‘through’ mode.

Coaxial relays RLA and RLB connect the antenna to the input
of the amplifier and the output to the receiver or transceiver. The
miniature relay, RLC, connects the supply from the five volt regu-
lator IC1 to the GaASFET.

The 3SK121 (Q3) is self-biased via R1 in the source circuit. The
antenna is coupled to gate 1 via C12, the input tuned circuit being
in parallel with gate 1.

The unit employs RF sensing to automatically switch between
receive (preamp) and transmit (through mode). Fast-switching di-
odes D3-D4/D6-D7 are used at the input and output of the amplifi-
er itself to shunt excessive RF whenever the transmitter is activated.

When power is first applied, C7 charges via R2-R3, turning Q2
on after a short delay. Whenever the transmitter is activated, the
RF signal is coupled to the sensing circuit via C1 (2p2). Again, fast-
switching diodes, D1-D2, prevent excessive RF voltage appear-
ing here. The RF is rectified by a germanium diode, D5, and the
resultant de turns transistor Q1 on. Capacitor C7 (220u) discharges
quickly through R3 and Q1, thus turning the Darlington transistor
Q2 off and relays RLA, RLB and RLC de-energise.

When de-energised, the coaxial relays switch the transmitter
straight through to the antenna, while relay RLC removes the 5 V
supply to the GaAsFET.

Whenever the transmitter is turned off, transistor Q1 will turn off
also, allowing C7 to charge slowly via R2 (33 k) and R3 (100 R).
When C7 has charged sufficiently (to about 1.3-1.6 V), the Darling-
ton Q2 will turn on again, receiving bias via R2-R3-R4, thus ener-
gising the three relays. The signal is then coupled to the receiver
via the preamp (C12-Q3-C3). The delay in turning on is provided
to prevent relay chatter when using SSB or CW modes. The delay
may be shortened if desired by reducing the value of R3.

Diodes D3-D4 serve another purpose, apart from preventing ex-
cessive AF from the transmitter reaching Q3. They secondarily pre-
vent any slatic charge which may build up on the antenna from
destroying Q3.

Some operators may prefer to use hard switching in lieu of RF
switching. This can be accomplished by omitting C1, D1, D2, C2
etc, and connecting the switching voltage (usually 12 V) via a suita-
ble resistor to the base of Q1. It would be wise to retain C4 (1n),
and also feed the switching voltage into the enclosure via a suita-
ble feedthrough capacitor.

The unit is powered from an external 12 V dc (nominal) supply
and consumes about 200 mA in receive mode. If extramely long
runs of cable are used, it would be advisable to check that the sup-
ply is not below 12 V at the amplifier or the 12 V coaxial relays may
not switch reliably. Diode D9 provides reverse supply polarity pro-
tection.

It is important to remember that the dc return (-ve side of sup-
ply) is via the outer braid of the coaxial feedline, from the transceiver
to the amplifier, and if a separate supply is used to power the am-
plifier, a connection should be made between the negative side
of the supply and the braid of the feedline. If the same supply is
used to power both the amplifier and the transceiver this will prob-
ably be unnecessary as the coax outer braid connection of the tran-
sceiver will usually be common to the negative supply.

Text and lllustrations courtesy of Australian Electronics Monthly Page 3



-~ WP

ALL DIMENSIONS IN mm

. 0.5 DIA.
WInding L1 % 10 i T INNED
COPPER
B ~\ : WIRE
INSIDEDIA.. 7 |\ / A
| \\ \\ 10
_ \ N

A WORD ON GaAsFETS

FET devices employing gallium arsenide (GaAs) first appeared
around a decade ago. They are depletion mode field-effect devices,
similar to depletion metal oxide silicon (MOS) FETs.

A moderately doped n-channel runs between heavily doped drain
and source regions. Without gate-to-source bias, a current will flow
from drain to source. If the gate is now made negative, the resul-
tant electric field will force electrons out of the channel, ‘'deplet-
ing" the channel of charge carriers, reducing the drain-source
current flow. When a positive voltage is applied to the gate, the
channel will be ‘'enhanced’, increasing drain-source current flow.

Single gate types are not as linear as enhancement types, but
having two gates on the channel overcomes this. Hence, dual-gate
types are widespread. Gallium arsenide is an inherently lower noise,
higher speed semiconductor, though devices employing it are
generally costlier to manufacture than silicon-based semiconduc-
tor devices. However, their cost has dropped considerably in re-
cent times.

Typically, they are employed as low noise amplifiers and mix-
ers in UHF circuit applications. For this reason, they are generally
housed in a “"macro-X"" stripline package as illustrated in the
3SK121 pinout,
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Iinitial tests

Test the unit ‘on the bench’ before attempting to mount it
up your antenna mast. Apply +12 V to the supply lead, the
supply negative going to the case. Ensure that the relays ener-
gise when the supply is connected, and de-energise when il's
disconnected.

Attach either a dummy load or an antenna to the ANTEN-
NA socket and your lransceiver to the other coax connec-
tor. Apply the 12 V supply, energising the three relays. See
that the relays de-energise when you key the transmitter,

Alignment

There are two adjustments to make — tuning TC1 and TC2.
How vou go about alignment will depend on what test equip-
ment vou have available but excellent results were obtained
an the prototype by aligning for maximum S-meter reading
on a weak signal, Start with TC2 and adjust till the reading
is peaked, then adjust TC1 for a peak. Repeat a few times
until the reading on the S-meter is maximised. You can check
thal this delivers the required signal-to-noise ratio improve-
ment by alternately energising and de-energising the relays.

With the alignment completed to your satisfaction, screw
the lid in place, putting silicone sealant around the rim to
prevent the ingress of moisture.

Installation and use

The completed and aligned unit should be mounted on the
antenna mast and the ANTENNA socket linked to the
antenna leedpoint with a short piece of good quality coax.

e,

General mounting arrangement. The unit should be
mounted as close as possible to the antenna feedpoint
with the connectors facing downwards to prevent moisture
ingress. Care should be taken to securely strap the coaxial
feedline cable to the mast so that the full weight of the
cables is not taken by the preamp’s coax connectors.

-1f
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The feedline to the transceiver is then connected to the
TRANSCEIVER socket of the unit and a line run from the
unit’s +12 V lead to the power supply in your shack.

A mounting bracket, as shown in the accompanying draw-
ings, may be needed to secure the completed unit to your an-
tenna mast, unless you have some other arrangement in
mind. This can be bent up from a scrap piece of metal, as
shown here, and attached to the box with a pair of large, gal-
vanised bolts and nuts. The bracket should be attached be-
fore final assembly,

Care should be taken to secure the coaxial feedlines to the
mast to prevent undue strain on the connectors. This applies
for the 12 volt supply also. Mount the unit with the connec-
tors facing downwards to prevent the ingress of water, If
desired, the whole unit, including the coax connectors, can
now be painted with a sealant, such as Selley's ‘'Redskin’’
or similar, to gain an absolutely watertight installation. Smear
all the exposed bolts with petroleum jelly (‘Vaseline'), or spray
them with WD40, to prevent corrosion.

If you are using very low power, like 2.5-5 watts, it may
be necessary to replace he input coupling capacitor, C1, in
the sensing circuit with a slightly higher value, e.g: 4p7, to
ensure reliable switching. On the other hand, if you are us-
ing very high power, e.g: 80-120 watts, C1 should be reduced
to 1 pF. DSE

Mounting bracket details, left. Drill the
bottom of the diecast box, as shown

S

.2) below, and bolt the bracket to it.
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Printed circuit artwork. This is given for reference registration and etched line widths using the methods and
purposes as it is impractical to make a double-sided pc techniques generally available to the home hobbyist.
board such as this and obtain the required critical

PARTS LIST

RESISTORS SEMICONDUCTORS

All resistors 4 unless specified 1 x DS547 Transistor (Q1)
1 x BD681 Transistor (Q2)..........ccccoeennine

1x 100R Resistor (R3)........cccccoviinninnnnns 1x OA91 Diode (D5)

1x 1k Resistor (R4) ...........cocovvmrvmmsnerinnane. 2 x IN4002 Diode (D8,D9)
1x 180R Resistor (R1) 1x 7805 Volt Reg (IC1)..............
1 X 33K ReSIStOr (R2) ..ceeecverveerreesrresnennne 2% 22uH RF Choke (RFC1.RFC2) .

6 x BA243/244 Diode

(D1,02,D3,D4,D8,D7) ...
CAPACITORS 1x 3SK121 Gasfet (Q3)...

Xy 2.eprGoiamio cap(©1) B 2 x 10-70pf Trimmer (TC1, TCE}"

1 x 47pf Ceramic cap (C12)
9 x .001uf Ceramic cap (C2-C8,C8-C11) [ MISCELLANEOUS

1 x 220uf Electro 16V RB (C7) Mini Relay, sockets, tinned copper wire, H/u wire,
spade lug (male), spade lug (female), spacer,
screws, nuts, solder, grommet, diecast box,
bracket, saddle clamp, Coax relays, PCB

HEAD OFFICE & DS XPRESS ORDERSERVICE PO Box 321, NorthRyde NSW 2113 Tel (02) 8883200 AUSTRALLA

Wi T Ao SF Frararne ¥ LNE FTIS
,.1 b Dol A At L k) 3 aia O e e = S P Ty Py (O 128 &Rad
Australis e Beprwicns eS| A okes s Sy | T2 e s CiTy i AR N3
S B - * }:H'-. sl Caabn u—" Buie bap {3} Gl S
el & Fouing i Aoy e PR L & S TR e v oo Becgrrom (O] T TR O Roear s uaeg SR T
|55 Tt Lied [ ST TR P [t PO RRRE  mre e s Tty fiaatl R FLLS
i 1 Bl 1A A i B e :Lg""'.: AL - BERTT O = Essarcon e T T T AR L= =t 5 O TR 55
[Tl r-u-:T ey B i P _“g, ﬁlﬁ Flad log i e Eompa pieim i-.1.' Ak arT
O] & Assinees= Bt Sarehoe 1 Fordal e i :.., m Pk z"tlrd
%15 Fatteaion [en 1 Broaevili ] WA G n 3 Fiiprine i ey Ty ¥ ' :_ g;ﬂ‘ Nerw
Cottbnisowr Wk Ruban Compbeiiosn (048] IF 318 s ek - Tree i . i Barvm IO 3R Bt W hwbes Prx & Do b Yoo TR 13 AT
Ao P AT e | DA POR T ot I:r-m-t-_‘::} b R s i B iy i S e 0¥} ST Ay TR Goeens Mors Booes i =L L0 BB 5T
144 Fiarrnp paasy bt LR L L - BT 75 P o B Papicsres ) ITH TANY
'.1 e faz Hary == |'.'|]|I i L T T By Cify 7] e sarr - Roet B Corrrraoss Shmen Aucdipna Ty (07 LR T
Ile £ Ko, [ 2 [#2al U alja] [Ri L5 i:!:ﬂl!!: Ut Ly Gns Fuprrrs i o ¥ LT Aregiaes Srnact e S g hEE] 3P 2400
rI ] Ill-umm-.- mml L e B e Charrsca I L T Fadlingion (T4} T RASA
1:1: 14 Ih:r'h‘ eid, hmﬂl{-ﬂ'g Al m:‘m o w4 frarwt £ & el ) e T T TR e I T TR e R g w0 (L & 2022
.'- |-"-JT"I' e = II:H‘I e e e Y S e et sy . el WhERTRG St K By Ao Chrischich (o) 5
ket L My m‘{ 1 QR ey S e Yo By aaney  MNoroed Srosorm S Do =T T4 044
T3 AdorEcared il [ighes b Hapwer Caifia (] AL 1394 WGras et i Weicrek ) Tt [ [Bff) TraATD
Lewre oy B4 wilral s e Hicafh Fyria (T M A ne e L e e okt A oA UBK
Cebr e iy ST ) Fetramahia QM oy sy . : i o
I T .:.l‘ » [ 1At i 13 kT =h Y R ) = B | =7 LA R i Ay L AL ) il BRdd
Hry ﬁjm ) Beuhies Saicrm’ (0 411 31T Ir: v -.-:I"I ':':. I-..'I—.- — mﬂm '%:l ;;%;# S Tl Al By, Cond - (4105 ARLDTER
28 v Ve CPy (B3] BT o e e & Perire s L,“:-Fm" - 0 doss. 28 Sy s BiowfmoT Son dose, Coid (&06) A1 e
Ir.t J'I“J'.I Brricaarws B Toarivaiardh Loy FTRTLT] iyl a o i 281 1 e S S Lo Angmee Todil (3 d73 DaE
] 4 W waallcigeag ) 3800 s >
-*-'E:_ T ] - Feat i & ATy Eprrsp i, A LY TP T

Text and Illustrations courtesy of Australian Electronics Monthly ZAS719



	Page 1.jpg
	Page 2.jpg
	Page 3.jpg
	Page 4.jpg
	Page 5.jpg
	Page 6.jpg

