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Fig(2)-Equivalent capacitances for CPW gap and interdigitated capacitor.
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Fig(3)-Equivalent CPW gap capacitances (&=9.8, Wi/h=.2, k=w/w+2s)= .56, h=.635 mm).

14/AMIRKABIR



Table 1-Comparison of computed and measured values of equivalent interdigitated capacitances in CPW.

Er nf W St 1t t Csi Cs2 Cg
Hm § pm | um § um fF fF fF
this paper 10.3 10.3 40.4
Wolff 12.9 4 17 3 100 3 9.65 9.65 40.1
measure 11. 11, 41.
this paper 10.5 10.5 114.
Wolff 129 10 12 2 100 3 9.9 9.9 113.3
measure 11. 11. 116
this paper 20.2 20,2 74.2
Woltt 129] 4 17 3 200 3 19.2 19.2 73
measure 20. 20. 76
this paper 22.95 10.8 55.3
Wolff 9.8 5 38 25 § 200 5 22.94 10.78 55
measure 23. 11. 56
this paper 21.85 11.7 85.6
Wolff 9.8 7 38 25 1§ 200 5 21.78 11.64 85
measure 22. 12. 86

C, is influenced by both length and number
OF the fingers while the shunt capacitances
C,1 and C; depend mainly on the length of
the fingers. The equivalent capacitances com-
puted by this method are compared by the re-
sults given in reference [3] and tabulated in
table 1, the agreement is very good.

CONCLUSION

The paper presents a direct calculation
of lumped element capacitances for a series
gap in the centre conductor with different

width and interdigitated capacitor of a copla-
nar waveguide. The effects of substrate
thickness, strip width and slot sizes are also
considered. The results are compared with
the results from finite difference method giv-
en in reference [3]. The agreement between
two methods is very good.
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stant, the potential will be:

2,) + ’_%22

)(12)-}&;2).
Vi 2T Lt
=555 10055 a1 [25)- 2 0P

which can be evaluated analytically. The ap-
propriate Green function D(iy, j1) (iz, j) is
found analytically with considering the imag-
es of each subsection as described in refer-
ence [4] using multiple image method. In this
way the effects of substrate thickness (h) is
considered. Then the total potential at the
centre of subsection (iy, j;) will be:

Ml M2
Vi = 2, X O, i D, ju) (o, i2)

1z =1 I =1

which can be written in a matrix form as.
[VI=[DI[c]

By this way the matrix relating charges
on the subsections with their potentials is de-
termined. Assuming zero potential for
ground planes and +1 or -1 volt for the cen-
tre conductor, the unknown charge densities
on the subsections are obtained by matrix in-
version, by which the matrix capacitance is
determined. By subtracting the line charge of
the same piece of line, but without discontin-
uity, the excess charge due to the discontin-
uity (capacitance of the discontinuity) is ob-
tained:

ML M2

C= '21 ~21 (OG,, 1) - Ol jio)) Sy, j
L=ij=

where M1 and M2 are the number of the sub-
divisions on the centre conductor in x and z
directions respectively, S(iy, j1) is the area of
the subsection number (i, j;) and 6(iyg, j10)
is the charge density on subsection (i, j;)
when there is no discontinuity or the line
length is infinite in z direction.

GAP IN CENTRE CONDUCTOR

The effect of this discontinuity which is
shown in Fig. (2) can be considered as a ser-
ies capacitance Cq and two shunt capacitanc-
es. The capacitance matrix for this discontin-
uity is a second order symmetrical matrix as:
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C.C
Cz[ 11 12:]
CZICZZ

We compute the charge on one of the centre
conductor (q,**) by once putting the potential
of both centre conductors at +1 volt and the
ground Planes at zero Volt (even mode).
Again the charge on the same conductor (q,*")
is computed for one centre conductor at +1
volt and the other one at -1 volt and the
ground planes at 0 volt (odd mode). Then the
series gap capacitance (Cg) is obtained by
subtracting q,*- from q,**, i.e.:

and the shunt capacitance is computed by ad-
ding these two charges and subtracting the
line charge for infinite length (qg) (i.e. with-
out discontinuity).

e ok
Cn=csl+cg=q1 5 = - Go

& +ag
2

Cu=Co+Cg= o

The twofold symmetry of the structure
is taken into account to reduce the size of the
matrix by two, and hence by 8 the inversion
effort with a Householder algorithm. Fig. (3)
shows the results of computations for Cg,
Cs; and Cg, for CPW as a function of gap
width for different centre conductor widths
(W2/W1). The gap capacitance decreases and
the shunt capacitance Cg, increases with in-
creasing gap width. M. Naghed and I. wolff
[3] used finite difference method to calculate
CPW discontinuities. Fig. (3) compares their
results with ours. The two methods match
very well.

INTERDIGITATED CAPACITORS
The effect of this discontinuity can be
considered as the model shown in Fig (2).
The charge densities on subsections of a
large waveguide rectangular section is com-
puted as described above. The equivalent ca-
pacitances are computed for different number
and length fingers. The coupling capacitance
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ABSTRACT:

of other methods.

The method of moment has been used for solving many electromagnetic problems, includ-
ing computation of microstrip discontinuities [1,2]. In this paper, this method is used to cal-
culate the lumped element capacitances of some discontinuity structures in coplanar wave-
guide (CPW). Structures considered here are:1) gap in centre conductor and 2) interdigitated
capacitors. The effects of the substrate thickness, permittivity and the physical dimensions
are investigated. The calculation results are in good agreement with measurements and results

INTRODUCTION

Coplanar waveguide (CPW) is a partic-
ular structure which consists of a centre line
strip conductor and two semi-infinite
grounded planes on both left and right sides.
As it is known, the discontinuities with small
geometrical dimensions with respect to the
wavelength, can be approximated and mod-
eled by lumped elements equivalent circuits.
In CPW, the geometrical size of the compo-
nents can be chosen as small as to fulfil the
mentioned condition up to 25 GHz [3].

This paper considers the computation of
capacitances for the following CPW struc-
tures: 1) series gaps in the centre conductor

with different width on each side of gaps, 2)
interdigitated capacitors, Fig.(1). The result
is compared with the reference [3] to indicate
the accuracy of the calculation.

PROCEDURE

To apply the method of moment a rec-
tangular section of CPW is divided in M
subsections. As the variation of the charge
density near the edges and near the discontin-
uity is higher than at the centre, smaller sub-
sections for the regions near the edges and
discontinuities are chosen. Assuming that the
charge density on each subsection is con-
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Fig.(1)- Geometry of CPW gap and interdigitated capacitor.
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