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Aerisl amplifiers can be divided roughly
into two categaries: wideband and tuned.
The main advantage of wideband types is,
of course, to be found in the fact that a
frequency spectrum of several decades can
be amplified without anything having to
be awitched over or readjusted, On the
other hand, these are some drawbacks that
count all the more if the amplifier & ex-
pected (o provide maximu improvement
im reception quality.
Using  wideband lmnllnm entaits the
following drawbacks
1. Cross modulation soon occurs because
the total amplitude offered can be
fairly large. Fusthermore, the entire
amplified spectrum is fed to the receiver
and |||l| u arother likely cawse of cross

In mml cases it i impossible 1o
design a wideband amplifier for mini-
mum noise contribation. This & be-
cause the cable impedance (usually
&0 £1) Is mot the optimum value for
the amplifier. In addition, it i almost
impossible to compensate fully for
patasitic capacilances.
of the noise
TV tumers and of wideband lmpl.!l':n
shows that both are usually of the same
arder of itude for the UHF band. In
the VHF-TV and the FM bands, the tuner
aften has an even lower noise figure than
the wideband amplifier. If the wideband
amplifier gives better reception, this is due
mml,y to the fact that when the amplifies
ween the serial and the cable,
e b Koar bosame far ot impartant.

Tunable ifi

A drawback of a tunahle amplifier is that
41 extra cable is usually needed for the
tuning voltage. By means of a simple cir-
cuit, however, (figure 1) it & possible to
ase a tunable amplifier withoat an extra
cable. The stabilized power supply pro-
vides the sum of the supply voltsge snd
the tuning voltage, and within the ampli-
fier the 12 V supply is obtained by stabil-
ization with a voltage regulator diode.

By connecting a 12 V regulator diode in

series with the supply voltage, the tuning
voltage is 12V lower than the supply
voltape. If the variable stabilied supply
is now adjusted from 14 1o 26V, the
supply voltage for the amplifier remains
12V, and a tuning voltage of 210 14V
becames available.

It goes without saying that the variable
supply must have 3 very low ham and
modse level to avoid amplitude and phase
modulstion via the varicaps. Therefore
a large cheetrolytic capacitor is placed in
parallel with D

The circuil consumes about 100 mA, but
offers the sdvamtage that the amphifier
always is at 3 higher lemperature than
ambient, so thal water condensation and
the resulting corrosion are avoided.

Dasign ties for tunable am-
plifiers

A FET-amplifier can be based on two
main circuits, fo wit: the common-gate
and the common-source amplifiers. Since
the amplifies is tumed, the input and out-
put capacitances of the semiconducton
usally present no problems. Not so.
hawever, the feedback capacitance,
because this may give rise to insabiity.
Another imporfant quantity is the input
impedance. If we tabulate the necessary
design data, we get something like table 1

output

28 the input impedanca a1 ceen.
mon soures
feedback 110D wery low:
wually
01001 p

rawback of the common-gate
amplifier is that its maximum gain i less
than that of the comman-source circuil,
On the other kand, however, the comman-
pate amplifier has greater relability and
stability. A secondary advantape i that
the differemce in matching for minimum
moise or maximum gain s much bess thas
for the common-source cifcuit, and s in
same cases even negligible. Radio recep-
tion requires matching to minimum noise,
TV reception requires matching to maxi-
mum pawer gain to eliminate cable re-
flection {picture “ghosts™}.

The circuit (figure 2)

To obiain a wide maiching range, the
circuil is designed around discrete coils.
This also offers greater freedom as regards
using other types of FET. Often mistakes
are made 35 regards the quality factor of
such home-made coils; in this case a Q-
factor of 100 or more can emily be
achseved,

Althaugh the disgram shows the amplifi
with asymmetrical input and output, it
can easily be adapted for application with
symmetrical aerials by providing L, and
L, with coupling windings. To eliminate
the problem of the (wide) tolerance in
the pincheoff voltage, the gates are
connected to a positive voltage so that
each of the FETs draws sbour 10 mA.
For a 12 V supply voltage, the gate-drain
voltage i about 6 V, and for most types
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of FET this produces the minimum noise
conteibation. The only miation io using
certain FETs s the slope, which should be
greater than 4 mA/Y. A large number of
types meet this requirement, as shown in
table 2.

type  minimumsiope ol noiae coneri-
masy bution (tvi st
100 MHz

300 45 15
E30 "0 185
UNEEeE a5 15
ree1s 4 12
NEIDT 6 18
o 10 15
E304 a5 (k]
50201

Tmas) 13 15

The fact that the circuits possess a high-
Q-factor does not mecessarily fmply thar
the amplifier is o marrow-band type, The
circuits are damped by the input and
output impedances of the FETs. Suppase
the no-boad Q-factor is 100, The esonance
impedance then found a1 100 MHz is:
Z=QuL= 15k
The efficiency of a circuit is given by:
Qo-0
=
whese Qg and Qy represent the quality
factor under no-foad and losd conditions,
Tespectively.
5o for a high efficiency it b necesary 1o
load the circult heavily, which also re-
duces the effect of the FET output
impedance. For the case where Qp =,
and the output impedance of the FETs
is =, the gain is given by (figure 33

Ay = nging -Sping/ng .
*ngfny Sy {mging)
ngingZe=

iy

| cheap FET that meets this requiremes

1 we take
=50 nging =12
Bafng =25 nmying=5
{1 becomes
Ay = 7508, 2

From the above formulae it appears that
the gain B directly proportional to the
slope af the first stage, This is only true, if
the ideal condition (Qg = * and infini
high oatpul impedances) i safficie
approached, and that is the case here if §;
i at least 4 mAJY.

It is Iy therefore, to use for Ty a

such as the U 1994 E or the E 300,
Measurements where Ty = Ty = E 300
deed showed a voltage gain of 3. When o
type E 310 was used for Ty (S = 10 mA/V),
the gain increased to about &

To investigate the effect of T, on the
Eain, first a type E 310 was used, with the
result that the gain increased o 10, Since
the primary function of an aerial ampli-
fier is to improve the sigmal-to-noise ratio
at the amplifier input, it is pointless to
measure the bandwidth af the 3 dB points,
It is better to quate the handwidih in
which the rotse  contribation may
deteriorate a certain amount, @y 05 or
1 4B, If this standard is used, the band-
width of the amplifier is about 3 MHz at
100 MHz, but this could not be measured
exactly because the clektor laboratores
are ot equipped with the (extremely)
expensive squipment needed to take accu-
Fate noise measuremenls.

The ratio mying given in the example
above, and which is lower than might be
expecied, was determined empirically for
a minimum noise contribution, and this
adaption proved to be the most favourable
one for bath the E 300 and E 310. If the
coils are made of sibver-plated copper
wire, il is quite a simple matter 1o
determine the best tap.

Figure 2. Although the supply vohtsge in the

Figurs 3. This simplified disgram serves for &
rough caloulation of the gein.

Fiqurs & The drawing shows how the eoils
showld be wound.

Figura 5. Tha methad for coil mownting shawn
[ considerable tima. Ovees parfor-




tunable serisl smplifier

Mounting, construction and adjust:
ment

An [mportant requirement is that af -
pections must be as shor as possible.
raph | gives a clear pieture of the
mounting. The FETs should have much
connecting leads than shown in
stograph (abost 6 mm); loag leads
distimctly unfavourable effects on
stability and the signal-o-noise ratio; this
was being verified when this photograph
was taken.
apacitors, except for Cyy. are of the
jous ceramic disc type. Current types
ottky diodes can be used for Dy and
and types BBIOSA, BBIOSE and
156 are suitable for Dy to Dy. The
is are wound on Kaschke coil formers
ype KH §/22, T-560-8A, with a ferrite
3 00, thet types
coil formers might be suitable as well,
< diameter is about |4 in, (6 mm)
rrite core has to be 3 VHF-ty)
nding data are give

Toe 3.
i mm-mn 10

var

Ly oewia _.n. w2
2407300114 %
foaupling windsngl
wource 2.6

Ly source2 ]

Ly output SATS N1

M40/300022
feupling cein

The wire shoisld preferably be silver-plated
coppet wire with a diameter of 1.2 mm.
The spacing between
and is oblaimed «
called *
the spacing,
the coil wire.

after mounting of the o
is wound off again unt
of turns is left

As the .nuPInr L
the “cold e winding ba

e number

st be placed at
ck takes place
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hat is conmected 1o the

from the coil
varicap. This is ill
Soldering the wires to the
time consuming job, particularly for the
wire diameter quoted here. If mote value
is set upon efficient mounting than on
the coils are mounted direct-
a3 shown in figure 5. The
coil formers will fit onby after clipping, as
«can be scen in this figure. In this case the
cof 2 & drill with a slightly
smaller diameter (about 0.1 mm) 1h

outer diameter of the coil former,

If the receiver used is nol tuned by means
of varicap diodes, the serial amplifier
shoald be adjusted as follows. Set the




Figqure 6. To sbtain the tuning voltsps for the
amplidier frm a tuner with o high-impedance
tumirng vobtage, such st tap prevats for instance,
an amittar follower i required. If  borimps-
dance tuner voltage s used, the tuning woltsgs
Tor the smpbilier can be obiained directly via
the 47 k sdjustmmnt puteatiomtar.

Figurs 7. Layowt of the printed cireuit board,

Figurs B. Companent lsyeut on the PC board
i figuire 7.

e ed diodes
r will mow track
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repeat the wh edure until it is not

Results and application in the 2 m
amateur band

M. tumers can be

the input

ation of the inter-

Ry, A3, Ry Ay, A = 10452
Rz A - 55011
Ry 14
capacitars

€y ... Cyp = 550 pF ceramic disc
Cyy = 4THF. BV

ificatio:
can be cascaded

ed can
but 1h
be replaced by ceramic

then
2 bandwidth

Conclusions

The serial amplifier discussed in this
article is waitable f plications
and has sach a low poise figure that it will
improve reception in all cases. Apart from

8
d 28 MHz amateur band, channel
5-12 TV, and perhaps the

These furtl
ssed in one






