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Abstract

Statistical analysis of microwave ba-
lanced amplifiers using Monte Carlo method
is presented. Yield of balanced amplifiers
using tuning of matching networks is defined.

Introduction

Microwave balanced amplifiers are wide-
1y used in various receivers and measurement
systems, because they have some advantages
in comparison with single - ended amplifiers

T, 2 7. As a rule a balanced amplifier
shown in Fig. 1 consists of two single-ended
amplifiers connected by two 3 dB directional
couplers.

Different matching networks can be used
in single-ended amplifiers., In our case
simple matching networks are used (Fig. 1).
They have the following sizes:w;, 1;(i=1+4).

The main parameters of microwave balan-
ced amplifiers are galntGésyglse figure Fp,
input VSWR and outpu ] .

: P ;)

Computers are widely used for calcula-
tion of the output characteristics of ampli-
fiers. However calculation gives possibility
to define the characteristics of an ideal
balanced amplifier only which is very diffi-
cult to realize., The main reason of this
gsituation is the variation of parameters of
active and passive elements of an amplifier.
This variation decreases the yield of amp-
lifiers .

In this paper statistical analysis for
the preliminary definition of amplifier
output characteristics using ¥onte Carlo
method is proposed. The increase of the
yield of balanced amplifiers with tuning of
the amplifier matching networks is also
consgidered,

Variation of output characteristics

The scattering matrix (S - parameters)
and noise parameters (7 - varameters) were
used_for the calculation of G, P _, and L,

3./+ 8 « parameters and | - parameters of
a bipolar transistor are shown in Tables 1
and 2 (UCE =TV, IC = 5 mA). Using these

parameters a balanced amplifier was calcula-
ted and G, F and re defined. Re-
€ ,n,ﬂ’n.,azweee e e

ceived geometrical sizes of microstrip lines
of the matching networks gre shown in Table 3.
Geometrical sizes, S and Y - parameters are
initial parameters for statistical analysis
of a balanced amplifier. The generator of
random numbers is used for modeling the dis-
tribution of the initial parameters. It is
important to notice that statistical analy-
8is is carried out using large quantity of
random situations. In our case this quantity
was changed from 500 to 1000.
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Fig. 1. Schematic diagram of a microwave
balanced amplifier,

Statistical analysis gives the possibi-
lity to prognosticate the balanced amplifigr
output characteristics for the case of vari-
ation of:

1. geometrical sizes of microstrip
lines;

2. 3 - parameters;

3. 7 - parameters;

4, geometrical sizes of microstrip
lines, S - and - parameters.

The values of gain G, input VSWR 1 and
output VSWR f’ ag functions of frequency
are plotted r;Eﬁg. 2, In Pig., 2a it is
shown the influence of variation of geomet-
rical sizes of microstrip lines, in Pig. 2b
- the influence of variation of S - para -
meters, in Pig. 2¢ - the joint influence of
variations of geometrical sizes and S - pa-
rameters. Solid curves denote the balanced
amplifier parameters calculated using values
of Tab%es 1 ?nd 2. Other curves denote the
va riatiosn of G and .

'J3 J?

Noise figure Fn as a function of fre-

quency is plotted in Fig. 3. The influence
of variation of % - parameters is shown in
Pig. 3a, that of 3 - parameters in Fig., 3b,
and the joint influence of variation of § -
a nd - parameters - in Pig. 3c. Solid cur-
ves denote the balanced amplifier noise figu
res e@alculated using values of Tables 1 and
2. Dashed curves denote the variation of Fn.

.. It is seen from Pig. 2 and 3 that amp-
lifier parameters depend more sitrongly on
the variation of S ~ parameters.
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Fig. 2. Prequency responses of balanced
amplifier gain, VSWR ~Pi and\P .
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Table 1

S ~ parameters of bipolar transistor

Y ) [ e
o I54] | S 150l 0 o | %2 8] | 22
2.0 lo.321|2.25 |0.0990.138] 2.52]0.276b.463 ]| -1.69
2.5 lo.241l2.01 [0.099-0.24] 1.88]-0.29p.534 —1.8?
3.0 [0.157}1.16 | 0.104-0.47{ 1.63|~0.5T7] 0.591 -2.0%
Table 2
7:~ parameters of binolar transistor
” n | ¥
sann) | Ty | T | /T]| 72000
2.0 0.199 6,06 . 201 4.22
2.5 0.310 4.64 1.12 4.56
3.0 .8 544 1.92 C.31
Table 3

Geometrical gizes of wicrostrip lines
in centimetres

W1 W2 W3 W4
1 1, 1, 1,
0.039 | 0.0201 | 0.4381 | Q.1157
1.777 | 0.3551 [ 0.9851 | 1.537

Yield of balanced amplifiers

As a rule the balanced amplifiers out-
put characteristics differ from the desired
ones, because of the variation of parameters
of active and passive elements of an ampli-
fier., Therefore it is very important to de-
fine the yield of amplifiers. If it is small
we should use the tuning of the amplifier.
For the definition of yield of an amplifier
the following balanced amplifier parameters
were chogen: declination from average value

of gain - 0.5 dB,f £2,f52. The tuning
of an amplifier w J pTO uéed by changing the
values 1 and 1,: 1., = 0.7 « 1.2 ¢cm, 1, =

3 4* 73 4
= 1.2 & 1.8 cm.



6
The yield of balanced amplifiers was defined
/ for theé case of variation of
5 y 1. genmetrical sizes of microstrip
a / " lines of matching networks;
= 7/ 2. 3 - parameters;
2 /'/’ 3. geometrical sizes and S - parameters;
B 4 ,// 4, geometrical sizes and S - parameters
) N~ - Py s using tuning of amnlifiers.
& T - 7
2] - e Results of calculation are shown in
s 3 —= Table 4. It is seen from Table 4 that the
e - - tuning allows to increase the yield of amp-
lifiers more than 3.5 times.
2
2.0 245 3.0
Table 4
(2) FRIQUENCY(GHz) The yield of balanced amplifiers
+ +
.+ wE ogw |1+ a1
§ ToAW lstgs|1tgl |stogs
] 1 -41 s t 48 [|[(tuning)
/
[ l4
5 /, /
g 7’ /
2 2 )
S —7 7 25.6 39.8 14.2 47
@ -~__ —— //
4 /
g \—-—’ 2
3 _ —,/
P o - —
2 Conclusion
2.0 g 3.0 Statistical analysis gives the possibi-
. 1lity to calculate the variation of balanced
b AP
) FRIQUENCY(GHz) amplifier output characteristics and to de-
fine beforehand the yield of amplifiers by
tuning the amplifier matching networks.
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Fig. 3. Frequency responses of balanced
arplifier noise figures.
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