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Design of A Low—Noise, Balanced, 2-4 GHZ GASFET Amplifier

S. Kodaira, S. Weirreb and J. Granlund

I. Introduction

The advance of radio astronomy into the submillimeter region
requires wider instantaneous bandwidth than for millimeter wave
observations. For low-noise receivers utilizing SIS or Schottky-
diode mixers, bandwidth will be limited by the low-noise IF
amplifier. At present, the amplifier utilized in most is the
1-5 GRz FET amplifier with 0.5 GHz bandwidth described by S. Weinreb,
et al. [1]. The critical element is a feedback source inductance
to get both input power matching and noise matching.

This report describes the design of a 3 GHz FET amplifier
with 2 GHz bandwidth, As it is difficult to get an appropriate
feedback inductance for such a wide bandwidth, a balanced amplifier
[2] with a Lange coupler [3], [4] as 3dB hybrid is utilized.
This choice is superior to a single-ended amplifier with an
isolator because the Lange coupler is easy and has wider bandwidth
than the isolator, especially when cryogenic cooling is considered.
For the input circuit design, only noise matching need be considered.
The input network is a three-section transmission line which
has output impedance relatively independent of frequency as
described by N. Takahashi [5]. The noise temperature is within
4K of the minimum noise temperature of the FET over the 2- to

4~ GHz range. FET parameters are for the MGF1412A at room temper—

ature, but it is intended to cool the amplifier to 15K.



In this design, the HPS816 was used with the software of
FARANT [6] established at NKAO. In Section IT, an effect of
the deviation from the ideal 3dR coupler is discussed. TIn Section
III, the design of thke matching networks for the input and the

output are described.

JI. Ralanced Amplifier with Lanrnge Coupler

The microwave balanced amplifier that is formed by twe
identical, single-ended amplifiers in cascade with a 3dB hybrid
was studied in detail by K. EKurokawe [2]. This configuration
is shown in Figure 1 and is made very suitable for wide bandwidth
by using the Lange coupler. Fven if the two amplifiers (a)
and (b) have pocor match at the input and ocutput, the balanced
amplifier cen maintair good pcwer match over the wide frequency
range of 3dB Lange couplers [31,. The icdeal 3dR coupler kLas
t2 = 0.5 and @ = n/2, where t is the amplitude transmission
factor and & is the transmission phase.

Even though a Lange coupler is used, the factor t2 varies
from 0.50 to 0.55 cver 2 to 4 GHz. This deviation causes a
deterioration of the power matching that is induced from [2],
Equation 11, The resulting standing wave ratio, PSWR at the

input or the output is

1+ (2¢2 - 1) |ral
1 - (2t2 - 1) Iral




Fig. 1. The configuration of the balanced amplifier.



where 'a is the reflection coefficient of the single—~ended amplifier
at the input or the output, respectively. Figure 2 shows Psyr VS t2.
Even with |Tal equal to 1, we can expect PSWR £ 1.2 as a worst
case. The deviation of t from ideal also gives am excess noise
T,y from the termination R as is shown in [2], Equations 15-21.

Assuming © = n/2, T,y is represented by

2
T _ 2t 1 T , (2)

el 421 - T

where Tr is the noise temperature of the input termination R.
Tel/Tt is plotted in Figure 3.

Another noise temperature increase, Te2’ is caused when
the scattering parameters 821(a) and SZl(b) of each single—ended
amplifier respectively are not equal. The excess noise T.s

has the value

T , (3)

wvhere r  is defined aslSZI(a)/SZI(b)I and t2 = 1/2, 06 = n/2

are assumed. Figure 4 shows TeZITr vs 1. The totzl excess
noise from the input termination R is then given by 'l‘e1 + Te2'
IJf we assume that t2 = 0.55 and r, = 1.4 are practical limits,

the excess noise is over 20% of Tr‘ Therefore, the termination

R should be cooled to cryogenic temperatures.
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factor t2.



Fig. 4. FExcess noise Te'?/Tr vs unbalance ratio

r. = sy /s, (M].



The signal souvrce impedances, Z_.., Z.yr presented to each
amplifier (see Figure 1) have a value different from ZS when

t2 #4 0.5 and @0 # =n/2. Let the reflection coefficients Tsa

and T'sb, for zsa and Zsb respectively, be

sa S r

sb  'r s

where T and T are the reflection coefficients of Zs and Z

S r r

respectively and

Of course, when Zs and Zr are equal to the line characteristic

impedance Zo’ zsa and Zsb are equal to Zs‘ If Zs is different

from Z , amplifiers (a) and (b) have different noise temperatures
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depending on Z,  and Z .. Setting ITr_| and |Fb| equal to 1

as a worst case, the maximum of |Fs‘| or lrsbl is then

-1 1
|rsal or Irsbl = 2Irsl (1 + 2Irsl) .

Thus the source impedance driving each amplifier is a function
of the source impedance driving the balanced amplifier. This
is not the case for an amplifier driven with an isolator, but
in that case, the mismatch between source and isolator must

also be considered.

III. Matching Networks

In order to minimize the noise temperature, T of the

n'
amplifier, the signal source impedance Zs presented at the input

of the FET should be equal to the optimum noise impedance Zopt

of the FET. VWhen Zs is equal to Z T_ is equal to the minimum

opt’ "n
noise temperature Tpin of the FET. 1In general, it is difficult
to obtain this condition over all frequemncies. Then Tn is given

as follows:

G
_ _n _ 2 Z 2
Tn = Tnin + 290 Rs {(Rs Ropt) + (Xs Xopt) } o,
where z, = R, + jXg and Zopt = Ropt + jxopt are defined and

Gn is the noise conductance of the FET.
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Figure 5 shows Z of the MGF1412A without package capacitance

opt
on the Smith chart from 2 GHz to 4 GHz. The starting point

"o" is indicated for 2 GHz. Note that Zopt rotates counterclockwise

as the frequency increases. On the other hand, the signal source

impedance Z . of a transmission lime rotates clockwise when

Z, is not equal to the characteristic impedance Zo‘ To make

Z close to Z

sn opt over a wide bandwidth, it is mnecessary to

give a counterclockwise rotation to an.

Lumped circuit elements may be used but are rather lossy
in this frequency ranmge. In this design, the mnetworks are all
composed of microstrip transmission lines except for some parts
of the DC bias circuit.

The method [5] used to give reverse rotation for the wide
bandwidth |Af/f°| £ 2/3 is realized by a short-circuited A/4
line at a point where the reflectiom coefficient toward the
signal source has a pure real value at the center frequency.
WVhen zopt is inductive, a shunt stub can be connected at the

point where T is real and negative and when Z is capacitive,

opt

a series stub can be inserted at the point where I is real and
positive. As a simple example, reverse rotation is approximately
produced by the circuit of Figure 6, which has three 1lines.

The first line, Yt. may be used to give real negative Ft toward

the signal source at the center frequency f Assuming

o .
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Ys < Yt and all of Ys. Yt. Yst and Yr are real, the admittance

YA without Yst and Yr is

2 7~ 2 ~N
A Y el Y | 2 f ’
S - 8§ - o
where the frequency f = fo + Af. The admittance Yp for the
stubdb Yst is
= 3 F— A£
Tg = i¥ 3 - % .
o
Then YC for the sum YA +.YB is,
2 (— 2 3
Y ry
- _t [Tt Ll Af .aAf
e = 1 +jLYst Yoy 1,12 - F =t iBg
s s 4 o o

The real part a of YC represents a transformer. The imaginary
part factor P of YC can be made positive with a large Yst'

Finally, T, through Y, is
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It follows that

E -

T gr + n + (tan

o |
e
|
—
Q
(-]
o

Under some conditions the phase @ of 'gp can increase with frequency
so that CCW rotation is realized.

In the case of the 2-4 GHz FET amplifier, the three—line
network can be used but the length of %r must be large to give
a positive value for Psn' For DC bias, a x°/4 transmission
line is suitable. The comnectiom point where the effect on
matching is smallest is between Y, 6 and Y,. Figure 7 shows a
matching network which has been designed by such methods. The
source impedance presented by the input network is shown in
Figure 8. The noise temperature shown in Figure 9 is increased
by less than 4K above Tmin'

The network for the output of the FET is designed for power
match utilizing the same techmique. Figures 10 and 11 show
the input and output impedances of the amplifier, respectively.
In order to improve power matching for the input and output,
a resistor was added to the output circuit, as shown in Figure
12, with results givem in Figures 13 and 14. In this case,
if the temperature of the resistor is assumed to be 15K, the

noise temperature of the amplifier stage is only increased by

0.8K with a gain decrease of less than 3 dB.
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IV. Conclusion

A low-noise, balanced amplifier with a 2 GHz bandwidth
from 2 to 4 GHz can be designed by using the Lange coupler and
the MGF1412 FET. If the amplifier is cooled to 15K and the
input termination is cooled to 4K, the increase in noise above
the minimum noise temperature is estimated to be less tham 5K
over the frequency range.

The next steps to be performed in this design are the
following:

1) Reoptimize the circuits of Figures 7 and 12 using FET
noise parameters measured at 3 GHz and 15K temperature.

2) Design a microstrip layout of the circuit. A microstrip
layout of a 2-4 GHz Lange coupler om .039” thick alumina is

shown in Figure 15.
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