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Dragoslav Dobricié, YU 1 AW

An Unconditionally-Stable, Low-Noise
GaAs-FET Pre-Amplifier

The appearance of the GaAs-FET with ils ex-
tramely low-noisa figure al very high frequencies,
has led to the wideband belief thal all problems
of constructing low-noise pre-amplifiers have
been solved. Thal, unfortunately, is not the case.
Because these devices were designed to provide
high gain at SHF, attempts to construet ampli-
fiers al frequencies below 2 GHz is a very serous
undertaking,

The success in their employment depands upon
the solution of a few problems, aach of which
requires careful consideration and a planned
approach, They are as lollows: -

1. A very low-loss Input circult and very good
matching to the transistor is essential
for a good nolse-figure. The optimum
impedance for the lowest nolse will be very
high and have a reactive component, which
will make this quite difficult.

2. Almost all GaAs-FETs exhibit uncondi-
tional stability at frequencies above 4 GHz
and their operation at lower frequencies is
attended by a significant tendency to self-
osciliate, Owing to the high gain and only
conditional stability at the lower frequen-
cles, it is very difficult to design and bulld
a really stable amplifier (8).
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3. Because of the conditional stability and
that over only a very limited range of im-
pedances, the output matching of the
transistor is very critical. This tends to
result in an Improperly tuned amplifier
together with a poor performance.

1.
MATCHING FOR OPTIMUM INPUT

The problem of the input malching, that is,
achieving the lowest noise figure together with
minimum input cirult losses, has been discussed
in (1), The salien! points ansing wara:—

1. The input tuned circull matching the anlenna
to the input of the active device must have the
highest possible unloaded Q (Cy).

2. The maiching circull must be so dimensioned
that it has the lowest-possible loaded Q (Q,).

Far tha 2-metre band, a helical resonator should
be provided since il possesses a O, ol double thal
ol conventional LC-tuned circults, as discussed in
{1).
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Al 432 MHz and higher lrequencies, the best
solution is the use of a coaxial resonator for tha
Input circult but air-insulated, stripline resonators
have quite a high Qy and are acceptable for this

The unloaded O of a coaxial resonalor, made
from copper or silver, can be evaluated by means
of the following formula: -

umose, Q,=DeB eV ()
Resonator losses are di ional 1o the In {DVel)
ractly proportional 1o O =151 ¢ ——- 2)
circulating currents and to keep these low, the 1+ Did
dimensions of the resonalor are important, Bath ~ WNere.
tha inner and the outer diameatar and thair ratio D = putside diameter (cm)
are factors for attaining a maximum Q, and d = internal diameter (cm)
thereby minimum losses (2). i = frequency (MHz)
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The values of Qy calculated from this formula
conform very well o those measurad in praclice

Equatfion (1) indicates thal the unloaded U al
any given resonator diameler and Irequency will
be a maximum when & has a maximum. The
equation (2) for &, in lum, has a maximum
value when D/d = 3.6 as shown in fig. 1a

From the well known lormula lor the characteristic
impadance ol a coaxial resonator: -

Zo = B0 L. (Dvd)..(£1)

and plugging In 3.6, a resonator Z; of 77 {1 18
obtained.

The resonalor having the highesl possible
unioaded Q musl have silvered surfaces, a
characteristic impedance of 77 {1 and as large a
diameler as possible. When the side of a square
resonalor has the same dimension as the di-
ameter of a round one, then Oy will be some 20 %
highaar.

The next task is to calculale the impadance rans-
formation for the input cirouilt under the minimum
working Q (Q,) conditions.

In order that the antenna impedance ol R, = 5011
is transformad with the optimum impedance for
the lowest noise-figure of the transistor;

E}E:Hmljx“

the inpul twned circuit must have a Q, which is
higher than two certain minimum values, Qy, and
Qp. Both these minimum values of Q, will be
determined by the impedance Zy:

aVE

Qp = Xur/Pas

The Q, of the input circuil should be higher than
Oy and Qp, or al least, be equal 1o the value of the
higher of the two. The imparance of tha im-

pedance Zy for the final results and lor the choice
of a sultable transistor is now clear.

Finally, il is now possible to calculate the loss in
ihe coaxial resonalor;

Ly (3)

L. = 10log (; a0,
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The electrical loss in a resonator Ly, in dB, for a
given ratio Q,/Q,, is shown in fig. 1b

Besides the resonator, the inpul carcuil comprises
wning and loading capacitors and the lossas
in these can be calculated in a similar fashion,
il their respective Qys are known for the fre-
quency ol operation. Allernatively, the use of
known high-quality componenis will ensure a
negligible loss.

The main losses in capacitors al high frequency
ara caused by skin effecl, dielectric absorplion,
resistance of sliding surfaces in timmers and
losses in the component conslruclional insu-
lating material. I, however, silvered plale ca-
pacitors having air-dielectric and withoul sliding
surfaces are used, the loss Is very low Indead,
A capaciior ol this lype can be easily lormead
by using two plates and moving one ol them
This lype of Inmmer capacilor is often used in
UHF tube power-amplifiers having strpline
resonators. The wvery expensive “Johanson"
trimmers are very high-quality componants with
Qs of a lew thousand at frequencies below
1.5 GHz.

The capacilance value ol a luning capacitor
C, connected across the inpul ol the transistor
must be very low. A high value of this capacitor
would increase Qp and also decreases the LC-
ratio of the input circull, thus lowering its dynamic
resistance Ry As a consequence, higher losses
and higher noise-figure are o be expecled. The
noise-factor F at the transistor's inpul can be
axprassed by the lollowing equations:

F=1 +H¥|'Hg (4]

Fo=0y=X =0ys X (5)

Almost all GaAs-FETs below 1.5 GHz have ahigh
value of Ry and it could easily occur that an
injudiciously chosen, lower value of Ry has the
same order of value as Rye. This could rasull in
the noise figure being increased by 3 dB aven
before the fransistor's noise figure has been
taken inlo account (3)

in conclusion, for optimum inpul matching and
to achieve the minimum noise and loss. the
Iollowing rules mus!t be observed:

1. Usa resonators with the highas! passible Gy
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2. The O of the input tunaed-circuil must be as
low as possible but higher than O, and Qg

3. The tuning capacitance C; must be as low as
possible, just sufficient to ensure a posilive
tune. The L/C-ratio of the input circuit must be
heid as high as possible.

2.
STABLE OUTPUT MATCHING

Matching a transistor output for stable working
conditions is usually much more difficult than

—,
—

T ,_H__

MGF1402 - 432 HH!'.

optimum inpul matching. The output matching
has no influance on the noise-figure as almost all
GaAs-FETs below aboul 1.5 GHz have a scal-
lering parameter S,; ol praclically zero. The
transistor's output matching, however, is of
paramount importance for its gain and sla-
billity.

As already mentioned, most GaAs-FETs are
only conditionally stable below frequencies of
around 4 GHz. The stability-factor calculations
and the superimposing of stability and constant-
gain circles onto the Smith Chant will present
a clear piciure of the problam o be solved, see

fig. 2.
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Fig. 2: Stability and constant gain circles for MGF 1402 on 432 MHz, with given unsiable regions of input

(black) and output (lined) impedances
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HGF1402 - 432 MHz

Fig. 3: Constant gain and stability circles for MGF 1402 on 432 MHz, loaded on output with transformer 4 :1 or

resistor 200 [

Many constructors have come across this prob-
lem and have lackled it usually by using either
a resistive oulput load (1) or 4 : 1 ferrite trans-
formers (6). Following these concepts, many pre-
amplifiers have been constructed and published
but undoubtedly were only conditionally stable
over a certain range. Tha Smith Chan of fig. 3
shows the conditions when a 4 : 1 ransformer
is connacled to the output or loaded by a 200 11
resistor. The construction confirms that the
transistor is only conditionally stabla.

This means thal the amplifier, when subjectad
to certain output load conditions and input
source admittance, will sell-oscillate. This
critical condition can occur very easily, for in-
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stance, when two amplifiers are cascaded and
the pre-amplifier has been loaded by an im-
pedance which has been transformed by a 4 : 1
transtormer. The ftransformers are usually
wound on a ferrite core, or bead, whose per-
meabilities are not known above a few hundred

megahertz.

Many of these translormers having various sizes,
types ol core, number of tums and winding
diameters have been checked by a network
analyzer. All examples ol this type of transformer
displayed a very high reactive component of
input or outpul impedance when terminated by a
resistive load (7).
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Fig. 4: Constant gain circles and the way of output matching of MGF 1402 on 432 MHz with shunt-resistor
Rp = 120 () and high-pass L matching network, as suggested in text. Amplifier is unconditionally stable
and with aid of reactances of coll X and capacitor X; it is very easy to achieve max. gain (MAG)

It must therefore be concluded, that these trans-
formers perform very poorly, even at frequencies
in the 2-metre band, and introduce stability
problems because of their high component of
reactance. The resistive loading has therefore
the advantage that it enables stable operation
over a much wider range of output impedances
but fig. 3 makes it clear that the transistor will
self-oscillate over quite a large range of inductive
impedances. '

Quite apart from the problem of stability, there
is the potentially even more difficult problem of
output matching (4). This can mean that the
amplifier presents a very poor source impedance

to the following stage. It is left to the imagination
what will happen if two conditionally-stable
amplifiers are connecled in cascade — either
a two-stage oscillator is created, or an amplifier
which is working well below its potential per-
formance.

It may be concluded that the output matching
of GaAs-FETs working at low frequencies is not
an easy task to solve. Every constructor’s aim
is to build an unconditionally-stable amplifier
with high gain, extremely low noise and a low
output VSWR.

The design presented in this article will go a
large way in realizing this objective.
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3 1. The stability factor K is a measure of the
¢ transistor's tendency to oscillate. When K is
Eaé%“lﬁA[ﬁISNGAFLOSHTABILIw gfaﬂtﬁr than unity. the transistor iE uncﬂl‘ldi-

lionally stable, that is, the connection of any
passive load or source admittance will induce
oscillation.

The characteristics and behaviour of a transistor = .

at a specified frequency, are defined by scat- 2. The Maximum Stable Gain (MSG)

tering, or S-parameters. The use of these pa- 3. The Maximum Available Gain (MAG). This is
rameters enables many important values to be the forward power gain when the input and
revealed:— output are simultaneously, conjugately

MGF1402 - 432 MHz
Input Matching

) T P |
: b .

e
i oy i i
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Fig. 5: Input matching of MGF 1402 on 432 MHz with aid of reactances of coil X_ and capacitors X X to
minimum noise or maximum gain.
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matched. The MAG is only defined for a device
which is unconditionally stable (K = 1)

A conditionally-unstable device may be made
stable by connecting a resistive load at its out-
put. As it has already been seen, however, it
is not possible to use just any value of load
resistance as the device can remain unstable
or even start oscillating. The resistance value
must be determined by calculating the new
S-parameters of the device together with the
resistor-cascaded network (4). From the
S-parameters, the stability factor K can be
determined. When K is greater than unity, the
value of resistance has been found which
will make the amplifier unconditionally stable
(4). After the value of the shunt resistance
has been found using the new S-parameters,
the input and output reflection coefficients
for the maximum available gain (MAG) can be
found (5). See fig. 4.

The value of the gain obtained for the MAG is
smaller than of the MSG of the potentially
unstable device before the addition of the shunt
resistor, but it nevertheless represents a good
trade-off. A few dBs of gain has been sacrificed
in order 1o make the amplifier unconditionally
stable. High frequency GaAs-FETs alsc have a
very high gain at lower frequencies and there is
still sufficient gain left.

The oulput matching for MAG Is accomplished
by the use of a high-pass L-network. This circuit
will achieve simple and effective matching to-
gether with DC-blocking whilst using the mini-
mum number of components. Fig. 6.

The MAG for the majority of GaAs-FETs is
around 20 - 22 dB, lower than the MSG about
2 - 5 dB depending upon type and frequency. As
mentioned previously, the MAG is achieved
under conditions of a simultaneous, conjugate
match of input and output. But, an inpul match
for minimum noise and not the maximum amplifi-
cation, is whal is required. The Input match for
minimum noise entails a gain of around 2 - 3 dB
lower than MAG.

The output return-loss is about 40 dB (VSWR =
1.02 : 1) which is much higher than that achieved
by using a 4 : 1 transformer or a resistive output
load (VEWR =3.5:1).
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Fig. 6: Schematic diagram of unconditionally stable
GaAs-FET preamplifier for 144 MHz
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4.
INPUT CIRCUIT CALCULATION
AND TUNING

Almost all GaAs-FETs below about 4 GHz, have a
high input impedance with a large capacitive
component. Conjugated values (marked with *) of
input reflection-coefficients S,, are shown on the
Smith Chart in fig. 5. The optimum input reflec-
tion-coefficient for minimum noise gy Or im-
pedance Zys is also shown on the same Smith
Chart. It may be readily concluded, that the
reflection coefficients S,,* and I'y, are similar
in phase but differ in amplitude.

This fact can be used to tune the amplifier
input tuned-circuit for minimum noise in a
simple but precise manner without the use of
instruments.

The transformation of the antenna impedance
R. = 50 + jO to the optimum noise-figure im-
pedance Zyr using input circuit components C,,
C. and L, (fig. 6) are given on the Smith Chart of
fig. 5. Capacitor C, transforms to the real part of
the impedance Rye whilst C, together with in-
ductance L,, set the imaginary part of the im-
pedance Xyr. From fig. 5, it is quite clear that
different values of C., i.e. reactance Xg., Will
have a direct influence on whether the input
matching will be for maximum power gain or for
minimum noise. If the value of C. islow, i.e. high
Xee, the transformation will be on the line, Smith
Chart centre (point C) and the amplifier will be
tuned for maximum power gain. If, however, C.is
lower, i.e. lower Xe., then the transformation will
be on the line, Smith Chart centre point (B or A),
and consequently the amplifier will be tuned for
minimum noise.

Thus, in order that the amplifier be tuned for
minimum noise, it is necesary that the value of
capacitor C. be determined. Once this is estab-
lished and fixed, the amplifier will be automatically
adjusted for minimum noise and an adjustment of
C, will only result in a variation of the power gain.
The power gain so attained, is some 2 to 3 dB
lower than if C. had been adjusted for a maximum
gain MAG. This is normal and is the small price
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that must be paid to obtain the minimum noise
figure.

For illustration purposes, table 1 contains various
values for the input circuit elements together with
the consequent values of Q; and input circuit
losses. The calculations were made for different
antenna matchings. It may be readily seen that
with an accurately determined value for the
coupling capacitor C. no mis-tuning is possible,
even under conditions of high antenna VSWR.
Moreover, there is a wide range between points A
and B on the Smith Chart for which minimum
noise is possible and this allows a tolerance
of some + 20 % in the value of C, making it rela-
tively uncritical.

This begs the question of what is actually critical
since there are many examples of poorly de-
signed amateur preamplifiers in operation! The
answer is rather simple and logical: for the
amplifier described in this article all elements
were optimized and very carefully calculated in
order that no performance degradation will occur
when a reasonable degree of component toler-
ance’is adhered to. This, however, is not valid
for any poorly designed amplifiers of the type
mentioned earlier.

Another reason for poor performance is that
the amplifier has been tuned to minimum noise
literally by ear and this is always misleading.
There will always be amateurs who will believe
that the prerequisite for a good pre-amplifier
is an extremely high gain. This misconception
can lead to the lowering of the value of C. to
obtain the maximum possible gain (MAG). This is
the sort of result which can be arrived at when the
amplifier is tuned by ear and without the use
of instruments. It really is difficult to convince
some people, that the amplifier must be detuned
in order to improve reception — but that is the
fact of the matter.

5.
A 144 MHz GaAS-FET
PREAMPLIFIER

The preamplifier described here is a modified
version of that described in the author's earlier
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VSWR  Tuning Cy C. Q. Input-circuit
for pF pF losses

1.0 min. noise 1.5 1.3 85 0,04 dB

max. gain 2.4 0.7 493 0,16 dB
1,2 min. noise 12-15 12-14 85 0,04 dB

max. gain 24 06-08 49-51 017dB
1.6 min. noise 11-16 11-186 8-10 0.04dB

max. gain 23-25 05-08 48-53 0,18dB
18 min. noise 11-16 1,0-1,7 6-10 004dB
Table 1: Component values for the 432 MHz input tuned-circuit, its Q, and losses in

relationship to the antenna VSWR and the tuning objective

article on the subject (1). This had been designed
as a conditionally stable amplifier with resistive
output loading, an RF choke to feed in the DC-
supply and a capacitor for DC-blocking. The
modification to that circuit represents a further
development and entails making it uncondi-
tionally stable in the afore-mentioned manner.

A third capacitor C,, for DC-blocking of Ry, has
been added to the two existing chip capacitors
C, soldered to the screening wall. All components
together with their values are given in table 2
and the ciruit schematic is shown in fig. 6. The
amplifier's method of construction is given in
the three skelches of fig. 7. No changes have

been made to the helical-resonator, input circuit.
This Is effected with 5 turns of 2 mm silvered
wire wound on a 18 mm-lang, 13 mm-diameter
forming tool. This inductor (1) has always proved
itself very effective in practice.

The only modification concerns the coupling
capacitor C. which replaces the trimmer capacitor
connected to the 3.3 pF ceramic disc. This is
the fixed capacitor mentioned earlier which
enables the amplifier to be tuned easily for
minimum noise. The earlier inclusion of a ferrite
bead was dropped on the grounds that it made
the amplifier conditionally stable.

Trans. f Grax | Stab.-F. | loss [ C; | C. | Ro | Co | Lo | Dol Ip [ o
Type MHz | dB K dB pF | pF | Q2 pF | nH|mm mm Turns
MGF 1200°| 144 | 20 +12 (013 | 25| 3.3 68 | 22 | 44| 3 6 | 55
MGF 1200 432 | 19 +12 | 004 (15| 1.3 60| 82| 13| 3 4 | 25
MGF 1402°| 432 | 22 +13 | 004 | 15| 13| 120| 47| 20| 3 5| 35
MGF 1402°| 1296 | 18 +13 | 004 | 0B 05 82| 25 513 - 1

Lp: drain inductor
Dp: inductor internal diameter
Ip: length of Ly

np: numbers of turns of silvered wire 0.5 - 0.8 mm dia. for Ly

Table 2:

Calculated of component values on the amplifier's characteristics. The following devices can

be used in all amplifier versions without entailing component changes: MGF 1202, -1302,

-1400, -1412, -1303, CFY 12, -13, -14.
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The preamplifier housing is fabricated in ac-
cordance with fig. 8 from 0.5 - 0.6 mm copper
or brass sheet. The chip capacilors are soldered
onto the screened wall on the same side as the
screen is soldered to the box sides. This ensures
that solder is kept from the vicinity of the helical
resonator thus tending to keep losses low. The
lower end of the coil L, is passed through a hole in
the screen wall and then soldered. The trimmer
capacitor C, is a Johanson Air Tronic type 5200,
5270 or 5202. The coaxial connectors can be
either “N* or BNC-types and are soldered on to
the box. A degree of protection, as well as a
stable supply voltage, is afforded by the three-
terminal regulator 78L05.

6. :
A 432 MHz GaAs-FET
PREAMPLIFIER

The circuil schematic of fig. 9 indicates its close
relationship with the 2-metre version. The output
Is also loaded with a resislance Bg in order thal
the amplifier is rendered unconditionally stable.
A high-pass L-network, comprising a miniature
disc or chip capacitor Cp and inductor Lp,
matches the resistor/transistor to the 50 {2 output
impedance.

In accordance with what has been discussed
earlier, it is apparent that the optimal form of
input circuit on this frequency is a coaxial resona-
tor having a characteristic impedance of 77 (l.
Capacitive coupling is effected to the antenna.
Fine tuning to resonance is carried out by a
Tekelec or Johanson trimmer type 5200, 5202,
5700 or 5800 and the antenna coupling is made
by a plate-capacitor fabricated in accordance
with figs. 10c and 10d.

This type of trimmer ensures a minimum of
circuit losses. Its dimensions and its distance
to the resonator have been carefully dimensioned
that the optimum calculated capacitance can be
achieved in practice. This is important for the
correct tuning of the amplifier for minimum noise
as discussed earlier In the opening chapter.
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Fig. 7: Constructional details for the amplifier of
fig. 6, a)side view, b) upper view, c) screen
wall with mounted components

The drain current has to be adjusted to 10 10
15 mA (approx. 20 % of Ipss) for each individual
transistor. This is carried out by a process of
changing the source resistance R, until this
current has been obtained. The source voltage
Ups will then be close to 3 V for FETs inthe MGF-
series, necessitating a value of 100 (1 for Ry, and
4 V for the CFY-serigs, Rg = 10 {}.

The transistors MGF 1200, -1202, -1402, - 1400,
-1412, -1302 and the CFY 12, -13 and -14, have
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Fig. 8: Sheet brass parts for the amplifier of figs. 6and 7

very similar S-paramelers at this frequency and
can be interchanged without any circuit altera-
tions. :

The housing, shown in fig. 11, is made from
silvered brass sheeting 0.5 to 0.6 mm thick. It is
fitted with a cover. The resonator is also silver-
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Fig. 9: Schematic of an unconditionally stable GaAs-FET preamplifier for 432 or 1296 MHz

213



X

VHF COMMUNICATIONS 4/90

coated and is fitted through a hole in the housing
wall, protruding some 0.5 mm to the outside. It
is then soldered to the wall. As by the 2-metre
construction, there should be no solder in the
interior of the coaxial resonator, this keeps
losses low.

The capacitor C. is also silvered brass plate
from the same material as the housing. It is bent
and fitted exactly 1 mm from the resonator and
soldered. This is achieved conveniently by
cutting a suitable piece of 1 mm cardboard and

forming both cardboard and plate into the re-
quired shape. The combination is then pressed
against the resonator and the plate soldered
into position on the inner of the connector — the
cardboard spacer is then, of course removed.
Both the input and the output connectors are
of the type N, The input socket is soldered to the
case but it is probably better to faslen the output
sockets with screws after assembling the output
circuit.
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Fig. 10: Constructional details for the 432 MHz-version of the amplifier of fig. 8
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[-zu—- Fig. 11:
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W
GaAs-FET PREAMPLIFIER FOR THE
23 cm-BAND

As can be seen from figs. 9 and 12, only the
size of the resonators differentiates the amplifiers
for the 70 cm and the 23 cm bands. This also
determines the overall size of the construction —
the 23 cm unit being smaller.

Owing to the high frequencies particular care
must be taken in the construction of the housing
(fig. 13). The cover must be of a very good

I o _r T ﬂ# y
39 3 : ; s |23/
I cover | l screen
F i e ] [
s
i
! e D
f-———————————— §) —— -

electrical fit all the way around its perimeter. The
cover should be spot-soldered to the housing at a
few equi-distamt points around its edge after
the assembly has been finished. Perhaps a better
solution to this problem is that adopted by YU11Q,
who also constructed a version of this amplifier.
This uses a box construction made from brass
sheetl (25 x 25 x 38 mm long) and is shown in
fig. 14. The screening wall and the end walls
are silver-soldered.

In order lo circumvent the problem of the poor
cover contact, two small windows were cut which
were just large enough to permit the installation
of the transistor, the plate capacitor C. and the
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Qutpul

al

el

dl

Fig. 12: Constructional details for the 1296 MHz-
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version of the preamplifier in fig. 9
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other parts. The output circuit components can be
assembled through the outpul connector hole.
The windows can then be sealed by a cover using
many small screws. The two sockets for input and
autput are also screwed on to the housing.

The silvered resonator has a 6.5 mm diameter
and has a characteristic impedance of 77 (1. It
is provided with a 3 mm internal threaded end
and is fastened to the housing with a good
electrical contact by means of a suitable screw.

It is very important that at this frequency the
highest grade of trimmer capacitor is employed
for C,. Suitable types are Tekelec and Johanson
types 5700 or 5800 (0.3 - 3.5 pF). It is connected
to the resonator by a screw-thread (see fig. 14).

The tes! measurements on both prototypes
showed a very good conformity both with each
other and with the theoretical predictions for
amplification, noise-figure, input circuit loaded-Q
and the output circuit matching. The uncondi-
tional nature of the stability was manifest under
all input and output conditions. Also, the simple
and precise tuning for minimum noise was carried
out and then confirmed by measurement.

8.
CONCLUSIONS

Even nowadays, many antenna preamplifiers
designs are published and also manufactured
without a consequent consideration of the
problems conceming output matching and its
wideband stability. The consequence is, that
they are only conditionally stable over a limited
range of frequencies and/or input and output
impedances.

They appear o give satisfactory results thanks
largely to the very low-noise factor of the active
device employed. However, owing lo poor
design, the noise caused by input circuit losses
often overshadows that from the transistor itself.
The most agressively priced preamplifiers are
among some of the worst cases in this respect.
They are also adjusted to unnecessarily high
gain (sells welll) making them unstable and
problematical in operation.
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Fig. 14: YU11Q's alternative version of the 1296 MHz-
preamplifier based on a square-section tube
of brass 25 x 25 mm
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silv.tube 6/4mm

In order to make a valid evaluation of the per-
formance of a preamplifier, the following criteria
are offered:—

The input circuit transformation must be ad-
justed for minimum noise and not for maximum
overall gain.

The input circuit must have a minimum of
losses in order to keep the noise due to these
losses from exceeding that produced by the
active device itself.

Over a wide range of frequencies and also
input/output impedances, the amplifier must
show no signs of instability.

Output matching to the following stage must
be good (low VSWR) thus providing it with
a good source impedance.

Posses just sufficient gain to minimize the
second-stage noise contribution to the overall
noise figure. '
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The application of these criteria to the preampli- 9
fiers described in this article have the following R-EFEFIENCES

consequences:

1. A fixed capacitor C. enables the input to be
precisely and easily tuned to the minimum
noise condition.

2. A careful calculation of the optimum values for
the input circuit elements for minimum loaded-
Q, choice of resonator type for the maximum
possible Q, and the use of high-Q trimmers
all ensure a minimum of circuit loss.

3. The calculation of the exact loading of the
device's output circuit to achieve an uncondi-
tional stability factorie. K> 1.

4. The above drain-circuit evaluations entail
repeated calculations of the S-parameters
of the device plus resistor, then output
matching for maximum gain. This ensures an
unconditionally stable amplifier with a low
output VSWR together with a high gain.

5.The gain degradation resulting from the
loading of the device by the drain resistor Rp
should only result in the loss of a few dBs but
this loss is easily accommodated by the very
high gain exhibited by GaAs-FETs at these
low frequencies. The overall gain available is
usually in the region of 20 dB — more than
enough for all practical applications.
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