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Abstract

Conforrnal msppi% techniq~s are used to ob-
tain analytic closed-form expressions for the cha–
ra~teristic impedance aad the relative effective

dielectric constant of asymmetric coplanar wave-

guide with infinite or finite dielectric thick–

ness. The line asymmetry leads to a decrease of

its characteristic impedance and to an increase of
its relative effective dielectric constant. Six

asymmetric coplanar wveguides are re~ised ati

their characteristic impedances are meaaured using

time domain reflectometry techniques.

Introduction

Recently, Symmetric coplanar w-guides “CPW’”
(1) have been the subject of growing interest as

they have presented a solution to technical and

technological problems encantered in the design

of microstrip and slot transmission lines due to
their easy adaptation to external shunt element

connections as well aa monolithic circuits. Here,
we study the asymmetric CPW show in Fig. la

(dl i~ d2). The study of such a line is impo r-

tant as it allows one to evaluate the actual cha-
racteristics of a CPW normally designed to be sym-
metric, but the fabrication of which is imperfect.

During the whole analysis, we assume the
ground planes to be infinitely wide aad the strips

to have negligible thickness. Also we ass~e that

the air–dielectric interfaces can be dealt with as

though perfect magnetic walls were present in th~

Infinite Dielectric Thickness Asymmetric CPW

We (2) have treated this case in details using

conformal mapping techniques. We give here only

the results. The characteristic line impedance ZO

and the total line capacitance per unit length C
can be written in the form

Zo= 30~ K’(kl)

~
.—

K (k,)
(11

C = 2Eo(I+Ei-) [K(kl/K’(kl)] (2)
K(k) is the complete elliptical integral Of the

first kind and K’(k) = K(k’), k’ = (1 - k2)%
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Fig.1: Conforms{ transformations for calculating C2——

and
~b[l+~(~b+dl)]

kl=z (3)

;b+dl+CK(; b)2

~ = d1d2+; b(d1+d2) t[dqd2(b+dl) (b+d2)]~

(+ b)z(dl-dz) .......(4)
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Finite Dielectric Thickness Asymmetric CPW

In this case, we assume that the total fine

capacitance per unit length is equal to the sum of

the line capacitance per unit length in free space

when the dielectric is replaced by air c1 and
the line capacitance per unit le~th C2 obtained

when assuming that the electric field is concen-

trated in a dielectric of thickness h and relative
permittivity (Er.l). This assumption has shown an

excellent accuracy in the case of symtmtric CPW
(3). So Cl can be obtained frun equation (2) by

putting~r = 1, ie.

K(kl)
[,.4Eo— (s)

K’(kl)

The iine capacitance C~ can be canputed

through a sequence of three intermediate conformal

mappings (see Figs. lb, lC and id).

W.sinh (ff-) (6)

W+alw;
t= (71

WA(l+@k#)

t = sn(t’, k2) (8)

where sn(t,k) is the sine elliptic function.

We have to notice that the confonnal transfor-

mation of equation (7) is used to transform the

asymmetrical boundary value problem of the W plane

into a symmetrical one in the t plane. Here, LYlaod

kz can be obtained frcm the symmtry comiition

w~..wE=l
k~

(9)

then, C2 can be given by the-relations

C2=2EO(Er-1)
K(k2)

K’(k2)
(lo)

Finally, tile relative effective di electric

constant ceff and the characteristic impedan-
ce 20 of the asymmetric CPW can be written as

K’(kl) ~11)
Eeff - cl+c2-l ++(Er-1)1.!!Q. —

c1 K’(k2) K(kq)

30 n K’(kl)
Zo.— — [12)

(Eeff)+ K (k, )
where

k2=WA[l+@WFJ) (13)
wB+a;w~

WA. tinh (&), WB=sinh[~($+dl)] ~lL)

‘E’-sinh [ % (~+d,)]
I

a, =(wB+w E]-’[ -l- y+$--wj-l)fl
A

......A[15)

Hence, the line parameters can be calcu–

lated from (11) and (12) using the simple
formulas of Hilberg (4) for the ratio

K(k)/K’(k)

E~mples of design curves are given in Figs. 2,

3and4
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Table 1. parameters of the six reallsed
asymmetrical CPWS~=0.1
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From our calculations, it ran be concluded that,

for a given shape ritio bl(b + dl + d2)~ ‘he

line asymmetry leads to a decrease of its charac-

teristic impedance and to an increase of its rela–

tive effective dielectric constant. However, these

variations are not significant for asymmetry fac-

tors up to 25 % (the asymmetry factor s can be de-

fined as s = I - (dl/d2) if dl< d2 or s =

1- (d2/dl) if d2 < all). Fr~ ‘igs” 3 ad

4, it can be seen that the line characteristic im-

pedance and its relative effective dielectric

constant differ by less than 2 and 4 %, respecti-

vely, when the thickness of the substrate is redu-
ced from infinity to(b+dl+d2) ad by less than

10 and 20 Z respectively when h is reduced to one
third of (b + dl + d2). So it iS important to

not neglect the effect of the finite dielectric

thickness when the condition h z (b+d1+d2) is

n& satisfied.

Experimental Results

Six asymmetric CPWS have been realised. Each

was fabricated on an alumina substrate (Cr = 9.9

and h = 0.635 mm) metalised with gold of thickness
4~m. The characteristic impedances of these lines

are measured using time domain refelctomtry tech-

niques and they are calculated firstly usiog equs-

tion (1) (h =CO) and secondly usi~ eq~tion (12)
(h = finite value). The line dimensiom as well as

the theoretical and experimental results are given

in Table 1. These experimental results are in

Lme d, d2 b
-qh=m q Z“l

Number h(;:;te m;~;:d
(pm 1 (pm ] (pm 1 [ohm )

1 123 1060 7!+7 48.63 51.78 51.5

2 257 991 737 55.13 59.88 57.5

3 356 843 735 57.33 62.96 61.1

b 196 1756 1250 &8. 18 53.53 52

5 406 1548 1248 54.02 62.38 62.4

6 575 1386 12L4 56.69 67.17 66.3

a very good agrement with the theoretical ones and
show the importance of not neglecti~ the subs trate

thickness when the condition h 2 (b+d1+d2) i IS

not fulfilled.

Conclusion

Analytic closed-fozm expressions for the cha-

racteristic impedance and the relative effective

dielectric constant for asym~tric CPW with finite

or iofinite substrate thickness are obtained usiog

conformal mapping techniqks. Their exactit~e has

been verifi~- experimentally.

Our results show that the CPW asymmetry leads

to a decrease of the average performance range of

its

its

(1)

(2)

(3)

(4)
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characteristic impedance and to an increase of

relative effective dielectric cooetant.
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