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ABSTRACT

The mode-matching technique is applied to analyze the
shielded coplanar waveguide (CPW) step discontinuity.
Effect of the finite thickness of the CPW center strip and
ground planes is also considered. Results of the frequency-
dependent scattering parameters of the shielded CPW step
discontinuity incorporating the finite metallization thickness
effect are presented for the first time.

INTROD N

The uniplanar transmission line structure based on the
coplanar waveguide (CPW) has been proposed as a circuit
structure. for monolithic microwave integrated circuits
(MMIC) and various circuits were developed [1]. One basic
building block of these circuits is the change of width of
center strip and the air gaps between the center strip and the
ground planes of the CPW. Therefore, accurate analysis of
the characteristics of these step discontinuities is important in
designing the MMIC.

The mode-matching technique has been utilized by many
researchers to analyze the step discontinuities of microstrips
[21,[3] and finlines [4],[5]. With the success of the mode-
matching technique in analyzing the discontinuity problems,
this approach will be employed to formulate the boundary
value problem of the CPW step discontinuity in this paper.
Electromagnetic fields on both sides of the discontinuity are
expanded by the eigenmodes of the shielded CPW. The
accuracy of the mode-matching technique depends primarily
on the accuracy of the eigenmodes. These eigenmodes
(propagating and evanescent) are calculated by using the
method in [6] which takes into account the finite thickness of
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the metallization and the edge condition.

Frequency-dependent scattering parameters of the shielded.
CPW step discontinuity is presented for the first time, with
the finite metallization thickness being considered. Effect of
the finite thickness on the scattering parameters is also
studied.
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Fig. 1. (a) Shielded CPW step discontinuity including finite
metallization thickness, (b) longitudinal section.
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MODE MATCHING PROCEDURE

The mode-matching procedure will be described only briefly
in this section. Details about the approach can be found in
[7]). Fig. 1 shows the structure of the CPW step
discontinuity inside a rectangular waveguide shielding.
Electromagnetic fields to both sides of the discontinuity are
expanded by using the eigenmodes of CPW. By matching
the transverse electric and magnetic fields at the plane of
discontinuity, z=0, one obtains

(14D)age] + 3, ameh= 2, bmen (1a)
m=2 =1

(1-T)ash] - Y aghi =Y, byhp (1b)
m=2 m=1

where superscripts a and b refer to the CPW sections to the
left and right of the discontinuity, e, and h,, are the
normalized transverse vector electric and magnetic fields, ap,
and by are the expansion coefficients of the CPW
eigenmodes, and I is the reflection coefficient of the
dominant incident mode from the left side. Theoretically, an
infinite number of modes need to be used on both sides to
account for the discontinuity, however, in actual numerical
computation, only a finite number of modes, N, and Ny, are
used. With the boundary enlargement problem [7] according
to the structure in Fig. 1, the corss products of (1a) with h§
and (1b) with e} are integrated over the corss section of the
rectangular waveguide shielding. The result is a system of
linear equation (2a) and (2b) with a, and b, as the
unknowns.

N, N,
DI+ Y, anle =Y, b8, n=1,.N, (a)
=2 m=1

N, Ny
(1-Dg1 - Y, anlam= 2, bulim ,n=1.N, (b
=2 m=1

in which
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I,f,%n=je,fnxh§oi\ ds, f,ge{a,b) 3)
s

represents the interaction between different modes.
NUMERICAL RESULTS

The computer program based on the mode-matching
procedure was developed. This program can analyze the
CPW step discontinuity as well as the finline step
discontinuity by simply changing the basis functions and
symmetry from CPW to finline. In order to check the
accuracy of the program, we first computed the data for the
unilateral finline step discontinuity with zero metallization
thickness and compared with the existing data. The result is
plotted in Fig. 2. Agreement between our data and those in

[5] is very good.
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Fig. 2. Comparison of results for finline step discontinuity
with zero metallization thickness.

Fig. 3 shows the scattering parameters of the shiclded CPW
step discontinuity. Extensive convergence tests were

performed to verify the accuracy of the results. The data in



the figures were all calculated with 6 eigenmodes, i.e.,
N,=Np=6. The relative error between the cases when 6 and
7 eigenmodes were used is only 0.5%. Power conservation
(181124185112 =1) and reciprocity (S21=812) conditions are
both satisfied to within 0.01% error, although they are only
the necessary conditions for the results to be correct. It is
obvious from Fig. 3(a) that only at higher frequencies does
the finite metallization thickness have noticeable effect on the
scattering parameters. Interestingly, the reflection coefficient
is found to be inversely proportional to the metallization
thickness. This could be because that when the metallization
thickness increases, more energy is transmitted along the air
gap regions of the CPW instead of being reflected back.

09:=: pp——
1 wr2s 1821
08: £r=9.6
° ] d=0254mm
3 0.74 w,=0.1mm t= 0um
E Sa=04mm seee— t=10 um
ob {1 w,=0.6mm = ss=meeee—- t=35 pm
s 064 b
s ] sp=0.1mm
1S4
0'4.'ITT'I'I'I'I'I'I‘"I'
20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)
(@)
0.9
06 ASZI_____;MM/
e B
3 ] t= Oum
% 0.01 [R——— t:lO p,m
--------- t=35 um
£ 03 1 i
0.6 4 4311 )
_0’9.'I'I'l'l'l'l'l'l'l'l
20 22 24 26 28 30 32 34 36 38 40
Frequency (GHz)
(b)

Fig. 3. Scattering parameters of a CPW step
discontinuity, (a) magnitude, (b) phase.
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CONCLUSION

Frequency-dependent scattering parameters of the shielded
CPW step discontinuity incorporating the finite metallization
thickness effect are presented for the first time. The same
approach can be applied to other type of CPW discontinuity
problems as well as other planar circuit discontinuity
structure, all with the finite metallization thickness being
taken into account.
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