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Abstract

Analysis of Discontinuitiee of Microstrip and Suspended Substrate Lines

Y.S. Xu, J. Marqurudt and A.S. Omar

Arbeitsbereich Hochfrequenztechnik,

Technitsche Universitiit Hamburg-Harburg, Germany

Based on an improved formulation of the singular
integral equation method for microstrip and sus-

pended substrate lines , their discontinuitiea in-

cluding arbitrary composition of steps are analyzed

using the mode matching method. Results show that

previous analyses using the mod~ matching were

not sufficiently accurate. The influence of complex
modes is discussed.

Introduction

The rigorous anal yais of discontinuities for micro-

strip and suspended substrate lines is receiving in-

creasing interests in recent years. Although this

effort has been made by many aui,hors using vari-

ous methods [ 1]- [9], the problem seems to be still

not completely solved. First of all, their results

showed a lack of good agreement with each other,
which should not have happened if each had solved
the problem rigorously. Even for a single step dis-

continuity the difference is unfortunately not small,
especilly if phase angles of S-parametera were con-

cerned. Thus the true results for discontinuities of
microstrip-like lines still need to be identified. Fur-
thermore, very little information is available on typ-

ical passive elements used in practice.

The present analysis is based on an improved for-

mulation of the singular integral equation (SIE)

method, It permite rigorous and efficient solution of

a large number of modes, say 100. The mode match-

ing (MM) method is then applied to analyse the dia-

continuities. A corresponding computer programm

has been developed to deal with cascaded discontin-
uities. At present it includes arbitrary composition
of step discontinuitiea.

In previous publications using the MM method the
number of modes that can be accurately determin-
ed is usually quite limited. For example, no more
than 10 were computed in [5]-[7]. Besides most of

them except [7] have not considered complex modes,
which may cause serious errors as is shown later.
As a consequence numerical results presented were
generally not satisfactory and their convergence

waa not guaranteed or proved.

Theory

The accuracy of the MM method depends basically
on the accuracy of the aoluiton of eigen modes.
This can be achieved with the improved formulation
of the SIE method for microstrip and suspended

substrate lines. Not only the convergence of the
main characteristic: equations but also that of the

vanishing conditions that must be imposed on the

tangential field and current components Ez and Jx

in the strip plane are accelerated by making use of
their asymptotic expressions. Thus each of the e-

quations comprising the final[ characteristic matrix

possesses a higher convergence rate in terms of
the series truncation order. Due to the complicated
mathematical derivation, the characteristic matrix in
[7], [11] and [12] was only available in a small size,

which ia not enough if many modes need to be cal-
culated. We have nucceeded in finding out some re-

cursion relations , so that it ia possible to calculate

the matrix elements to any given matrix size. Fur-

thermore no numerical integration as in [7], [11]

and [12] is necessary here, all expressions are

given in analytic forms. The characteristic matrix is
reconstructed so that its determinant is an analytic
function in the whole complex plane. By making use
of fine properties of complex analytic functions the
search for complex roots becomes much easier. Com-
plex modes can ba proved to exist only in the re-
gion real(B2) < 0 .

Based on the abcwe efficient determination of the
guided modes at k~oth sides of the discontinuity the

MM method has been applied. The relative conver-

gence problem is not critical in the present caae.

Since the strip thickness is assumed to be zero, the
two lines that form a discontinuity have the same

cross sectional area. It can be proved theoretically

that only an equal number of modes at both sidee
gives generally reasonable results. One should alEIo
notice that both modes of a complex pair must be
taken into account. If only one is included in the
analysis the energy conservation will be destroyed,
which may cause, for example, magnitudes of S–paL-
rameters to be greater than one.

Results and Dirrcuf-

Table 1 shows the convergence behaviur of a single
step. Results are given at a low frequency for a
weak discontinuity, so that only several modes are

enough to get accurate results. The results pre-
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sented in [5] are also given, It is easily seen that

our results show a better convergence.

Comparison is also made with other authors. For the
step shown in Fig.3.2.l.2 of [6] 10,2O,3O,4O,5O and 60

modes have been used here to study the accuracy
of the computation there. At least 30 modes are ne-

cessary for the whole frequency range concerned.
[6] used only about 10 modes. Although his results
provide with some accuracy information about the
magnitudes at lower frequencies, the error for
phase angles is obvious and 4122 has even a wrong

sign. [7] used also the SIE method for the modes

determination. However, only a 2x2 characteristic
matrix was applied, which is, according to our anal-

ysis, not enough. Furthermore the power orthogo-

nality relation that is no longer valid for complex

modes has been used there.

Fig.2 shows that ignoring the existance of complex
modes may cause serious errors.

Fig.3 shows the insertion loss of a four-section
quarter-wave impedance transformer (1OO-5OO) with
a designed bandwidth 80% centring at 10GHz.

Serveral seven-section Iowpass filters on a sub-

strate with .sr=6.15 and d= O.635mm (RT/duroid 6006)
have been analysed using 80 modes. The designed

maximum attenuation in the pass band (~r) is

O.ldb, 0.2db, 0.5db, l.Odb, 2.Odb and 3.Odb respec-

tively. The designed band edge frequency fl is
12GHz. Both forms, namely the form beginning with
an inductive section (form 1) and its dual form be-

ginning with a capacitive section (form 2) have
been taken into account (see Fig.4). Following con-

clusions can be obtained: (i) consideration of higher
order modes makes the calculated fl much smaller
than designed. Their difference can be as large as
about 1.5GHz. SCI the design method based on quasi

TEM analysis needs to be improved. Complex modes

have a stronger influence on fl than other

non-complex higher order modes. Without consid-

ering complex modes the error would be more than

10db in the stop band, (ii) The lower design values

(Lar 4 ldb) can not be realized even in the reduc-

ed pass band. However the larger values (Lar=2db
and 3db) can be well achieved in the reduced pass
band. (iii) Filters with form 2 are better approxima–
tiona to the designed equal–ripple behaviuor than
their dual onas. The difference of unequal ripples
is smaller with form 2 and the calculated fl is al–

ways larger that of their dual form. So form 2 is

more recommended. Results for two cases are given
in Fig.5 and Fig.6.
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Fig.1 Cross

Table 1 S-parameters of a step discontinuity versus number of

section view of

&

expansion ~

modes. sr=2,2, f=4GHz, a=3.2, hl=l.27, d= O.127, hZ=O., W1=0.381, w2=2w1(mm) T

the transmission line

NI Isl,l

6 0.2470453
10 0.2470446
20 0.2470462
30 0.2470490
40 0.2470458
50 0.2470382

60 0.2470354

4’11

180.0131
180.0215
179.6721
179.5222
179.5468
179.6570
179.6537

1s211 I Q,,

0.9690039
0.9690041
0.9690037
0.9690030
0.9690038
0.9690057
0.9690065

179.9939
179.9891
179.9085
179.8802
179.8745
179.8864

179.8726
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Sll [5]

(-O. 1729, 1.346x10-q)
(-0.2706, -1.73 x10-4)

s~, [5]

(0.9849, -8.359 x10-S)
(0.9627, -2.0 Bx10-’)
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Fig. 2 Influence of complex modes on a double step discontinuity. 8,=9.0, 1~ T

h1=5.08, d=l.27, h2=0., a=9.52, W1=0.5, W2=8.0, 1=4-0(30m).
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$r=z.z, d= O.254, a=7.264, h1=3.048,
- h2=0., WO=5.74, W1=5.166, W2=3.095,

w3=1.661, W4=0.9863, W~=0.7892(IImI).
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Fig. 3 Attenuation of a four–section quarter-wave

transformer.
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(a) form 1 (b) form2

Fig.4 Two forms of (seven-section) lowpass filters: (a) with first section being inductive; (b) with

first section being capacitive
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Fig. 5 Attenuation of seven-section lowpass filters with designed Lar=0.2db. WO=0.9373, wh=0.2476,

wl=3.617(ItIM), hl=lOd, h2=0. a=wl+lOd. (a) forfo 1 : 11=1,=1.285, 12=1~=0.8933, 13=15=1.779,

1+=0.9583 (mm). (b) form 2 : 1,=1,=0.8901, 1,=16=1.289, 1,=1~=1.309, 14=1.371

2.0

1.5

1.0

.5

0.

0 5 10
f IGHzl --+

t
De$i@ values: .=7, Ler.2db, f,.12GHz, ,.’

zo.50n, zh.90n> Z,=200...’

[

—with complex modes .,”’

50
----without complex modes,”

,
----- proto-type ,/.

o 5 10 15 20 25
f [GHzl +

(a)

2.0

1.5

1.0

.5

0.

50

0

0 5 10
f [G%] 4

1
D-@J =1.-: .=7$ L3,=2*, f,=lZGHz, . ..”

Zo=50rIS Zh=9m7, Z,=20fi ..’

- —with complex modes ,,.,”’
.-. -w! thout complex modes.,

,
--. --pro to-type /.

,.

0 5 10 15 20 25
f (GHzl ---+

(b)

Fig. 6 Attenuation of seven-section lowpass filters with designed Lar=2db. WO=0.9373, w~=0.2476,

w1=3.617(IIIuI), hl=lOd, h2=0. a=wl+lOd. (a) form 1 : 11=17=1.992, 12=1G=IJ.620Z, 13=15=z.z41,

1.=0.6461 (mm). (b) form 2 : 1,=1,=1.513, 1,=1.=0.9250, 13=1,=1.770, 14=0.9610
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