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An Alternative Procedure for Implementing
the Desegmentation Method

p. C. SHARMA, MEMBER, IEEE, AND K. C. GUPTA, SENIOR MEMBER, IEEE

Abstruct —A new procedure for implementing the desegmentation method
for anafyzing two-dimensional microwave circuits is proposed. In certain
situations, the condition for which fms heen brought out in this paper, the

proposal procedure leads to more efficient evacuation of impedance matrices

than the procedure fmown earlier. The computatiormf efforts in tbe two
procedures are compared.

I. INTRODUCTION

T HE GREEN’S FUNCTION approach for analysis of

2-4 microwave circuits was proposed a decade ago

[1]. The applicability of this approach has been extended to

circuits of more general shapes (than those for which

Green’s functions are available) by the segmentation [2]-[4]

and the desegmentation [5] methods. For example, the

circuit configuration of Fig. l(a) can be analyzed employ-

ing the segmentation method by considering this circuit

pattern as having been obtained by combining rectangular

and isosceles triangular segments, as illustrated in Fig.

l(b). The computational effort in the method of analysis is

largely governed by the number of interconnected ports [4].

For example, if the truncation of the rectangular segment

is large, such as along the dotted lines shown in Fig. l(a),

the number of interconnected ports (as shown in Fig. l(c))

would be smaller in the case when the truncation is small,

as shown in (Fig. l(b)). The analysis for the circuit in Fig.

l(c) will, therefore, require a smaller amount of computa-

tional effort as compared to that needed for the circuit of

Fig. l(b).

The circuit configuration of Fig. l(a) can, alternatively,

be analyzed by considering the circuit as obtained by

removal of two isosceles triangular segments from a rectan-

gular segment (Fig. l(d)). The Z-parameters of the a-circuit

are obtained from those of & and y-segments. This alter-

native approach has been named as the desegmentation

method [5]. The interconnections between various segments

in Fig. l(d) would be smaller as compared to those in the

case of Fig. l(b).
There are situations where the segmentation method

cannot be applied, but the desegmentation method can still

be used. One such circuit configuration is shown in Fig.
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Fig. 1. (a) a-circuit to be analyzed,(b) its segmentation,(c) segmenta-
tion of a when truncated along dotted fines, (d) desegmentationapplied
to the a-circuit, (e) another circuit a to be analyzed,(f,) segmentation
applied to the a-circuit shown in (e), and (g) its desegmentation.

l(e). If the analysis of this circuit is attempted by employ-

ing the segmentation method, the curved boundary is to be

approximated by a piecewise linear boundary. The number

of triangular and rectangular segments in such a situation

becomes too large, as illustrated in an enlarged view of the

region in Fig. l(f), Moreover, for some of these triangles,

the Green’s functions may not be available. The desegmen-

tation method [5] can still be used to analyze the circuit of

Fig. l(e) by considering it as having been obtained by the

removal of a sector /? from a rectangle y as shown in Fig.
l(g). Detailed discussions on segmentation and desegmen-

tation methods have already been reported in the literature

[2]-[5].

An alternative approach for implementation of the de-

segmentation method is proposed in this paper. The previ-

ous procedure [5] is reviewed briefly in Section II and the

new procedure is discussed in Section IV. Since the validity

0018-9480/84/0100-0001 $01.00 @1984 IEEE ,



2 IEEE TRANSACTIONS ON MICROWAVE THSORY AND TECHNIQUES, VOL. MTr-32, NO. 1, JANUARY 1984

of the segmentation method has already been demon-

strated [5]–[8], an example is given in Section V to verify

the new procedure by comparing the results with those

obtained by previous procedure [5].

II. THE PREVIOUS PROCEDURE

The a-circuit of Fig. 2(a) is considered for explaining the

procedure known earlier [5] and the procedure proposed in

this paper. The Z-parameters at ports PI and Cl are

needed. When a rectangular segment (~) is added to the

a-segment, the resulting combination is another rectangu-

lar segment y (Fig. 2(b)). The a- and ~-segments are

interconnected by a discrete number of ports, named c-ports

on a-segment and ~-ports on ~-segment. Thus the number

of c-ports ( = C) always equals the number of ~-ports

( = ~). The specified c-port (Cl in Fig. 2(a)) forms one of
the c-ports. The number of interconnected ports are large

enough so that discrete interconnections between the a-

sand &segments are approximate to the continuous connec-

tion at the interface between these segments. The Z-matrices

for /3- and y-segments are evaluated employing the Green’s

function for a rectangle [1] and are expressed as

Referring to the nomenclature of the ports as shown in

Fig. 2(a) and (b), it has been shown that when the number

of q-ports ( = Q) and of d-ports ( = D) are equal, the

impedance matrix for the a-segment can be expressed in

terms of the Z-matrices of& and a-segments as

[12PP. q
,za=

.2Cp .2Cc

[

2PPY– .zPq.z;p – .2 Pq.z;d——
– .2J!;p – Z& – .2&z;dI (2)

where

and

It has been shown earlier [5] that, when Z-parameters at

only p-ports on the a-segment are required, (2) reduces to

.2 U=.zppa=,zppy–- - - -vqp.-%9[-%Y–-%@1 (3)

The preceding equation does not involve the submatrices

2dd, 2dq, and ~qd. Only ~qq6 and ~Y are required for

evaluating .ZPP..

It is proposed in this paper that, in addition to the

Z-parameters at p-ports, those at c-ports can also be

evaluated by employing (3). The modified procedure re-

quires renaming the various ports on the a-segment as

discussed in Section IV. In order for the computational

efforts in the two procedures (in using (2) and (3)) to be
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Fig. 2. (a) A circuit to be anatyzed. (b) The circuits’ desegmentation
according to the previous procedure. (c) A modified port nomenclature
for implementing the new desegmentation procedure. (d) Computa-
tional time needed as a function of the number of ports.

compared, a brief discussion of the computational effort

requirement in the previous procedure is included in Sec-

tion III.

III. COMPUTATIONAL EFFORT IN THE PREVIOUS

PROCEDURE

The circuit shown in Fig. 2(a) is used for illustration.

Equation (2) is used to evaluate the Z-parameters at speci-

fied p- and c-ports (such as 1’1 number of p-ports and the

port Cl in Fig. 2(a)). As discussed in the preceding Section,

this requires additional c-ports to be incorporated at the

interface between a- and ~-segments so as to satisfy Q = D

( = c). In this case, all the Submatrices of 26 ad ~Y are
needed. As seen from (l), the orders of the matrices Zfl and

~Y, to be evaluated from the Green’s function [1], are

(D+ Q) by (D+ Q), i.e., 2Q by 2Q since D = Q, and

(Pl + Q) by (Pl + Q), respectively,
It may be mentioned here that, in implementing the

desegmentation method, the most time-consuming compu-

tational step is the evaluation of the impedance matrices

for & and y-segments. For any regularly shaped n-port

segment, evaluation of an n by n Z-matrix requires the

evaluation of integrals (at n-ports) of the terms occurring in

the expression for the Green’s function. Evaluation of these

integrals is the most time-consuming computational step

when compared to other mathematical operations involved.

Actual variation of the computation time with n, the

number of ports, for a regular rectangular segment is

shown in Fig. 2(d). Computations were carried out on a

DEC-109O computer system. As a first-order approxima-

tion, the computational effort may be taken as propor-

tional to the number of ports n. If E(p) is the computa-

tional effort needed in evaluating the integrals at one of the
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TABLE I
ORDERS OF mm Z-MATRICES AND COMPUTATIONAL EFFORTS IN

IMPLEMENTING THE DESEGMENTATION METHOD

Procedure I
(section 2 ) ?%%&4j=

1. orders of ?9 end 2Q x 2Q Q ‘a

‘qq@ respectively

2. Order of El (Plw) ~ (r’&a) (P1+P2.1Q) x (P1+P#J)

3. :y$monal
BI=a IS(S) +( P1+$) MY) E2=Q MP )+( P1+P*+Q) MY)

ports of the ~-segment, and E(y) is the corresponding

effort for the y-segment, the total computational effort in
evaluating ~fl and ~Y is

E1=2QE(/3)+ (P1+Q)E(y). (4)

IV. MODIFIED PROCEDURE

In this method, all the original ports of the a-segment

(even when they are located at the interface between a- and

&segments) are treated as unconnected p-ports. For inter-

connection to ~-segrnent, additional ports (called c-ports)

can be located at the same place as each one of the p-ports

along the common boundary. As shown in Fig. 2(c), P2 is

the unconnected original port of a-segment, whereas Cl is

a c-port added for connecting it to the corresponding D1

port on the /3-segment. Since the Z-matrix is required for

only p-ports of the a-segment, (3) can be used. The matrices

ZY and Zfl ( = ~~~fl) that are needed in (3) are of orders

(P1 + Pz + Q) by (Pl + P2+ Q), and Q by Q, respectively.
The computational effort, to the same approximation as in

(4), in evaluating these matrices, is given by

E2=QE(B)+(P, +PZ+Q)E(Y). (5)

A brief summary of the above discussion is given in

Table I. The computational effort in (4) and (5) are equal if

QE(P) = p2~(Y). When the ~- and y-segments are similar
(i.e., both are rectangular or the same type of triangles,

etc.), one obtains E(/3) = E(y). In such a situation, the

computational efforts El and E2 (in (4) and (5), respec-

tively) are equal if Q = P2. In other words, if the number

of specified P2-ports on the common boundary (Fig.

l(a),(b), (c)) is equal to the number of q-ports ( = Q), the

computational efforts in both the procedures discussed

above are equal. But, in practice, the number of P2-ports

( = P2) is much less than the number of q-ports required
for convergence, and the modified procedure turns out to

be more efficient.

In general, depending upon the number of p2-ports, one

may choose to employ one of the two procedures. Reduc-

tion in the size of the matrices leads to savings in storage

requirements and computational time.

V. ILLUSTRATIVE EXAMPLE

The a-circuit considered for illustration is shown in Fig.

3(a) (inset). The impedance parameters for ports PI and P2,

of widths 2.5 and 0.4 mm, respectively, are to be evaluated.
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Impedanee parametersfor a samplecircuit obtained by the two
desegmentationprocedures.

The & and y-segments are rectangular patterns as shown

in Fig. 2(b).

The number of q-ports needed for convergence of the

impedance parameters is 18 at the highest frequency (1.1

GHz) of interest. Correspondingly, there are 18 d-ports (on

the ~-segment) and, therefore, 18 c-ports (on the a-seg-

ment) at the interface between & and a-segments, and (2)

and (3) could be used. The port cl, in Fig. 2(c), is one of

the 18 c-ports. The location and width of the port Cl are

identical to those of the port P2 (Fig. 2(c)). The ports PI,

P2, and Cl are numbered as 1, 2, and 3. The circuit has

been analyzed by using the procedure of Section II as well

as that proposed in Section IV. The parameters evaluated

are Zll, Zl~ ( = Z31), and Z33 by the first method (section

11), and Zll, Zlz ( = .Z21), and Z22 by the second method
(Section IV). It may be noted that the parameters Zll in

either cases must be identical. Also, the parameters 213

( = Z~l) and Z12 ( = Z21) should be equal since the loca-

tions and widths of the ports P2and Cl are identical.For
the same reason, the parameters Z33 and 222 should be

equal to each other.

Fig. 3 illustrates the variations of these parameters as

functions of frequency. The values of Zlz ( = Zzl) and

213 ( Z3J, as obtained by the two procedures discussed in
Sections II and IV, respectively, are so close to each other

that separate curves could not be plotted. Values of Zll as

obtained by the two procedures also exhibit similar behav-

ior (Fig. 3). 222 and 233 variations are also in reasonable

agreement. Thus the results shown in Fig. 3 prove the

validity of the procedure proposed in this paper.

Table II illustrates that the procedure proposed in this

paper is computationally more efficient than the procedure

given earlier. Although the computational effort (Table II)

in evaluating a Z-matrix of order 18X 18 is not half of that

in evaluating a 36x 36 matrix from Green’s function, the

first-order approximation (that computational time is, pro-
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TABLE II
ORDERS OF Z-IVL&TRICES AND COMPUTATIONAL EFFORT IN

EVALUATING Z. FOR THE CIRCUIT SHOWN IN FIG. 3

P*oo@ure of Procedure of

Seotion 2 Section 4

. .
1. Ozder of :

i) ~ and ~qqp
J

respectively 56 x 56 18 x 18

ii) ZT 19 x 19 20 . 20

2. cmnp.tatiaxal effort
( eeconda ) in evaluating

i) 7P and ~qqp respectively 16.36 6.01

ii) y 6.28 6.37

iii) %. from qns. (2) and (3) 5.18 0.66

r&pectively

3. Total computational effort 27.82 13.04
(in mec.nds)on DEC-109O
computer system

portional to the number of ports) used in deriving (4) and

(5) may still be used for the purpose of comparing the

computational efficiency of one procedure with the other.

VI. CONCLUSIONS

A new algorithm for analyzing two-dimensional circuits

by the desegmentation method has been proposed. The

validity of the procedure is illustrated by an example. For

the typical example chosen, the proposed procedure is

shown to be more efficient than the procedure known

earlier. An approximate criterion is developed for estimat-

ing the efficiency of one procedure over the other.
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