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Abstract— A full-wave analysis based on the mode-matching

technique is applied to analyze cascaded junction discontinuities
of coplanar type transmission lines, coplanar waveguide (CPW)
and finline. Results for a CPW.finline transition, a shielded CPW

gap and a symmetric notch incorporating the finite metalllization
thickness effect are presented. The influence of metalllization
thickness on the coupling effect between cascaded junction dis-

continuities is also presented and discussed for the first time.

I. INTRODUCTION

w HEN THE dimensions of the monolithic microwave

integrated circuit (MMIC) become smaller, the cou-

pling effect between cascaded junction discontinuities becomes

significant. For such small waveguide dimensions, the effect

of finite metallization thickness cannot be neglected. Although

the metallization thickness effect of uniform transmission

lines or single discontinuity circuits has been analyzed by

many other authors [1 ]–[6], no one has included the finite-

thickness effect in the analysis of cascaded discontinuities

circuits. This paper uses several practical structures, such as

CPW-finline transition [7], CPW gap, and symmetric notch,

to demonstrate the influence of metallization thickness on

cascaded discontinuities in circuits.

The metallization thickness effect is related to Ihe per-

centage of field energy stored in the dielectric substrate [2].

A thicker metallization concentrates more field in slots [1]

and reduces the percentage of the field energy stored in the

dielectric, which results in a decreased effective dielectric

constant. The effect of metallization thickness can be easily

demonstrated by structures which have a moderate percentage

of field energy stored in the dielectric, like a shielded structure

operating in the waveguide band [1] or an open structure

operating at medium frequencies [4], [5]. On the contrary,

for an open structure operating at extremely high frequencies

[5], the dielectric contains an extremely high percentage of

field energy. With an extreme percentage of energy stored in

the dielectric, the effect of thick metallization on the field is

reduced, therefore, the influence of the metallization thickness

on the propagation properties is quite small, For example, a

shielded waveguide structure operating near the waveguide
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cutoff frequency, an enclosed slot with metallization thickness

behaves as a ridged waveguide [1], which has a totally

different influence on the propagation properties from those

discussed above. In this case, by increasing the metallization

thickness, the effective dielectric constant is decreased near

the cutoff frequency, but increased at higher frequencies. This

behavior indicates the existence of art intersection near the

cutoff frequency, and an increasing thickness effect at higher

frequency.

According to the above discussion, a WR-28 waveguide

shielded structure operating in the waveguide band (Ku-band)

is selected to demonstrate the effect of finite metallization

thickness. Kuo [3] has used the same structure to show the

finite metallization thickness effect on single discontinuity

circuits. A parallel-plate waveguide model was proposed by

him to explain the increased power transmitted through the

slot for a thicker metallization. This paper extends his method

to analyze cascaded junction, discontinuities incorporating the

finite metallization thickness effect. The influence of metal-

lization thickness on the coupling effect between cascaded

junction discontinuities, is also presented for the first time.

II. MODE- MATCHING TECHNIQUE

Before applying the mode-matching technique, the extended

spectral domain approach [1] is used to calculate the eigen-

modes of each transmission line incorporating the finite met-

allization thickness effect. The geometry of the problem is

shown in Fig. 1. A CPW-finline transition consisting of

cascaded discontinuities is shielded by a WR-28 rectangular

waveguide. Imposing the continuity of tangential field at both

discontinuities, z = O and z = Lo, a set of simultaneous

equations (1 a)–(d) can be expressed as

n=l n=l
m

+ ~ d.z.e+~:’o (lC)
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Fig. 1. (a) Shielded CPW-tinline transition including cascaded discontinu-
ities with the finite metallization thickness, (b) longitudinal section.

n,=l rc=l

n=l

where

a, g, b are the left, center and right section of cascaded

discontinuities

an, bn, Cn, dn are the expansion coefficient of each eigen-
mode

;n, & are the normalized transverse vector electrical and

magnetic fields
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Fig. 2. Comparison of results for a CPW step discontinuity with metallization

thickness.

The x, y dependence of the above simultaneous equations

can be eliminated by an inner product (3). This process

results in a system of linear equations (2a)–(d) with some

unknown modal coefficients, an, bn, en, dn. For the numerical

computation, only a finite number of modes, Na, Nb and Ng

are used to solve this linear system, shown in (2a)–(2d) at the

bottom of the page, where

The selection off, pin the inner product (3) depends on the

structure of cascaded discontinuities. For example, (2a)–(d)

are designed for a structure with an enlarged boundary at

its first discontinuity and a reduced boundary at the second.

For a given junction discontinuity, to select the electric field

from the small aperture section and magnetic field from the

large aperture section in the inner product (3) will produce a

convergent result with a minimum number of modes [8].

III. NUMERICAL RESULTS

A computer code for the coplanar type transmission line cas-

caded junction discontinuities was developed and checked with
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Fig. 3. Scattering parameters of a CPW-finline transition for a coupled-slot
mode incident at LO = 1.4 mm, (a) magnitude, (b) phase.

published results [3] in Fig. 2. After several extensive conver-

gence tests, six eigenmodes in each transmission line section

are selected to be used in the mode-matching techniques, i.e.,

IVa = IVg = Nb = 6. There is only 0.01% of relative

error between 6 and 7 eigenmodes within the waveguide

band. The necessary conditions, power conservation (I SII 12+
IS211’ = 1) and reciprocity (Szl = S12), are both satisfied to

within 0.00170. Three practical structures, such as CPW-finline

transition, CPW gap, and symmetric notch, are chosen to

show the influence of metallization thickness on the magnitude

and the phase of the scattering parameters. The frequency

dependence of the scattering parameters with a fixed separation

distance, LO, between two cascaded discontinuities is shown in

Fig. 3. For a given operation frequency, the dependence of the

scattering parameters upon separation distance is illustrated in

Figs. 4, 5, 6.

For these three structures, the reflection coefficient S11 is

reduced by a thicker metallization when either a CPW mode

or a coupled-slot mode is incident. The reduction of the
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Fig. 4. Scattering parameters of a CPW-finline transition for a coupled-slot
mode incident at 26 GHz, (a) magnitude, (b) phase.

reflection coefficient implies that more energy is transmitted

through the cascaded discontinuities for a thicker metallization.

This phenomenon can be explained by Kuo’s parallel-plate

waveguide model [3]. A thicker metallization forms a wider

parallel-plate waveguide to guide more energy through the

slot, therefore; the reflection coefficient is reduced. Another

interesting observation is that the metallization thickness has

smaller influence on the scattering parameters when the op-

eration frequency is near the end of waveguide band, 26.5

GHz, for a waveguide cutoff frequency at 21.081 GHz. This

behavior is similar to the variation of the effective dielectric

constant calculated by Kitazawa [1].

From Figs. 4, 5, 6, a periodic variation of the scattering

parameters is observed for an incident coupled-slot mode.

This periodic variation indicates the existence of a standing

wave between the twa cascaded discontirmities. For a CPW

mode incident in Fig. 5, the transmission coefficient, Szl

decreases as LO increases, so no standing wave appears in

the gap region of a CPW gap. Fig. 5 shows that, for an
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Fig. 5. Scattering parameters of a CPW gap for a coupled-slot mode and a
CPW mode incident at 26 GHz, (a) magnitude, (b) phase.

incident coupled-slot mode, the metallization thickness has a

more significant influence on the scattering parameters than

when a CPW mode is incident on the discontinuities. The

standing wave between two cascaded junction discontinuities

magnifies the finite metallization thickness effect, especially at

a quarter wavelength separation distance, Lo = A/4. Although

the metallization thickness only has a small influence on the

waveguide propagation properties, the resonant behavior in

circuits will magnify this small deviation into a large difference

on the circuit performance. The metallization thickness effect

is significant for both a large resonant circuit in Fig. 6 and a

small resonant circuit in Fig. 4. Hence, the metallization thick-

ness effect can not be neglected in MMIC design, especially

for a circuit with resonant behavior.

IV. CONCLUSION

The analysis of cascaded junction discontinuities of shielded

coplanar type transmission line is performed by the mode-

matching technique including the effect of finite metallization
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Fig. 6. Scattering parameters of a symmetric notch for a coupled-slot mode

incident at 30 GHz, (a) magnitude, (b) phase.

thickness. The transition length dependence and the frequency

dependence of the scattering parameters of CPW-finline tran-

sition, CPW gap, and symmetric notch, are presented. The

accuracy of numerical results is checked by comparisons with

published results and several convergence tests, The numerical

results indicate that the metallization thickness effect can

be magnified by the standing wave between two cascaded

junction discontinuities, especially at a quarter wavelength

separation distance.
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