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EXTENSION OF THE SIMPLIFIED REAL FREQUENCY
TECHNIQUE AND A DYNAMIC DESIGN PROCEDURE FOR
DESIGNING MICROWAVE AMPLIFIERS

B.S. YARMAN

ABSTRACT

The simplified real freguency technigue, which is qualitatively shown
to offer better design performance over the other available technigques for
. broadband matching networks with lumped elements, is extended to incorporate

distributed network elements. Besides ' the computer program 15 now

ARG R

developed wtilizing a dynamic procedure (instead of the existing prodecure) for
designing microwave amplifiers. Thus, it is possible to design such networks
with lumped, distributed and mixed elements, as well. The effectiveness of

this technique in the design of single stagekand multi stage amplifiers

are demonstrated with several examples. It is therefore, expected to be useful

in the design of active and passive networks.

DESIGN OF MATCHING NETWORKS WITH COMMENSURATE TRANSMISSION LINES

The Simplified Real Frequency Technique (SRFT) proposed by Yarman and
Carlin 111-131 is useful in the design of broadband matching networks or
equalizers between an arbitrary load and a complex generator (Fig. 1), The
design procedure utilizes measured data from the generator and the load
networks. It does not require a priori decisions about the algebraic form
of the transfer function or circuit topology. With the use of an optimization
procedure, it yields almost optimum and physically realizable matching

networks.

At microwave frequencies, distributed matching networks employiﬂé
transmission line elements may be requived. In such cases SRFT can be readily
implemented with the use of Richards' transformation [4]. The remaining
procedure is essentially similar to that given in [21, except that the
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lossless reciprocal equalizer now consists of commesurate transmission line

sections.

Referring to Fig. 1, Let us assume that equalizer E consists of n cas-

caded transmission lines, all of equal length and the same propogation con-
stant 8. In this case, the scattering parameters e;; and e,, of E are Bounded
Real (BR) rational functions of exp (jgl). On the application of Richards'
transformation [41, e;; and ey, become rational functions of the Richards'

variable i

A = tanh(jpl) = £ + jo (m

but the transfer scattering coefficient e,; may not always be a rational

function of A. However, it remains BR for Rex>0. Carlin [5] proves that
necessary and sufficient condition for e,; to represent a cascade of n

lossless 81 type lines is that

(1 + )"

051821”9‘2': 6(07) <1 5 ecfge (2)

where G(n?) is an even positive polynomial of degree 2n. Hence ep1(x) is given

by the explicit factorization of (2) in » domain.

That is,
2 n/2
) (3)*

en () =

g(x)

where g(») is a Hurwitz polynomial of degree n and formed on the Left Half

Plane (LHP) roots of G(-x2) (i.e. G(-x?) = g(x)g(-a)). It is clear that

eZI(A) is irrational when n is odd.

If the input reflection coefficient ey, is assummed to have the follow-

ing form n i K
% hga
hix k=0
e () = B L2 (4)

) A
k:ogk

then, the remaining scattering parameters e;j are also implicitly expressed

in terms of h(x) as in [11-[3].

* Note that e;, = ep; by reciprocity.
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Since E is lossless, it onlbws that

) yez'l(x) ) h{-x)
enli) - el S 4 (5)

and

§

g(Mgl-1) = h(IA(-2) + (127"
ERNc el (6)

G(-1?%)

L 2
= GO + Glx +

In (4), the coefficients Gk are given in terms of the coefficients of h(x)

Go —-ho““ 1

G, = hi + 2 K hs) h (-1) n! k= 1,2 (n-1)
= L o -3 + (1) ———— K= 10,0050

k = Pt @ g5y NGG-1) N(2k-3+1) S K (k) !

L | | (7)

Now , the Transducer Power Gain (TPG) T(w)

legy 12101 17 :
i 7 - 2 ! (8)
[1-eq15g1 7 [1-€205 1

T{w) = Tg

¥

of the doubly termwnated structure can be generated in terms of the coeffi-
cients hg. In ‘this process, the common denominator po]ynomwal for all eij is

computed by the explicit factorization of (6). In (8), the terms Tg 157 jand

g,, are given as follows :

e4.S¢q i
o 21°G .
€22 7 €22 " ?;eliSG S (9)

where S
cients respectively. Thus, the coefficients hy are unknown for the matching

problem and they can be determined with the use of nonlinear optimization
such that, TPG

g and S are- .the real normalized generator and load reflection coeff1-

techn1ques, or linear programming techniques described in [6],
is optimum in the specified band according to the definitions given in (61

and [71.

N

Richards' extraction is then utilized on ell(x) or ezé(x) to obtain

v .
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the distributed matching network consistjhg of cascaded commensurate line
sections. The comﬁuter program is implemented in such a way that it is
possible to realize the matching networks partly with lumped elements and

jf partly with distributed elements by exchanging the network elements properly.
i It, thus, provides greater flexibility in circuit design.

5 It should be noted that the performance of the matched system associated
 with (2) may be improved by choosing a more general generic form for ey (x) .
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Inclusion of any form of |ey;|® in our procedure is straighforward,

provided the coefficients Gk given by (7) are revised properly. However the
resulting matching networks coming from more complex forms of |e,;|? may be
difficult to realize practically.

A DYNAMIC PROCEDURE FOR DESIGNING MICROWAVE AMPLIFIERS

The ektended simplified real frequency technique is combined with a
dynamic design procedure presented below, rather than the existing sequential
pfOcedure proposed in [11-(3] to design microwave amplifiers.

Referring to Fig.2a, in the sequential pkocedure, the input matching
nétwork is first designed when the output of the active device is resistively
terminated. Next, the output matching network is developed after removing the
resistive termination. At this stage, overall TPG is optimized (Fig.2c). The
above procedure is repeated several times until the desired gain level is

reached.

The new dynamic design procedure consists of two major steps:

(a) The input matching network is first desighed when the output is
terminated in a hypothetical perfect match Sy. Clearly, Sy is the function of
input‘matching network as well as the active device. At this stage, T(w)
the gain under perfect match conditions, is optimized (Fig. 2b).

) (b) Next, the hypothetical match Sy is removed and the output matching
network is/designed (Fig. 2c). At this stage, the transducer power gain T{(w)

is optimized, which approaches to T(w).




This technique can also be utilized to design muTtistage amplifiers.

 The matching networks are designed one at a time with the output of the

active 'device terminated in a perfect match in a manner similar to that given
in [21.

Finally, we demonstrate these design procedures with several examp]és.

Example 1 presents a design of a complete X~band (8.2-12.4 GHz) FET
amplifier. Both the input and the output matching networks. consist of

distributed elements. These elements can be easily realized in microstrip

lTines. This example also illustrates the design with mixed elements.

In Examp]e 2, a single-stage amp11f1er for the 6~ 16 GHz band is designed.
The input and output matching networks are des1gned employing the dynamic
design procedure discussed above. The use of iterations as in sequential
techniqdé did not yield further improvement of the design. A number of other
computer programs such as COSMIC [81 and Super-COMPACT [91 have likewise not
been able to improve upon the element values of the matching networks
obtained with our technique. For comparison, the gain performance obtained
with this technique is 7.35 +0.33 dB and an independent design carried out
using Super-COMPACT yields 6.81 +0.5 dB. '

A two-stage broadband FET amplifier is designed in Example 3. It is
shown that the gain performance of the amplifier is reshaped, that is, the
gain variation in the passband is reduced, when it is attempted to re-optimize
the best amplifier design obtained with this technique by changing the element
vaTues of the matching network using COSMIC.

SUMMARY AND CONCLUSION ’ ; ,
In this presentation, we have extended the algorithm of the simplified

real frequency technique for broadband matching networks with lumped elements
to incorporate commensurate transmission lines. Moreover, a new dynamic |
procedure to design microwave amplifiers has been discussed. By means of
several examples, it has been shown that the new design teéhnique yields
superior amp]ifier\performanceé over the other available CAD techniques
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(a) Development of the input matching network as a first step
in sequential design procedure.
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(b) Development of input matching network in dynamic design procedure
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(a) Development of the input matching network as a first step
in sequential design procedure.
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(c) Development of output matching network
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