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ABSTRACT

are lower in microstrip than in coplanar waveguides (CPW) when the substrate
spacing in CPW. When radiation loss is included and the ground plane spacing

is allowed to increase in the CPW, the guides are comparable,

Introduction

Coplanar waveguides (CPW) are often suggested as
an alternative to microstrip lines in GaAs monolithic
microwave integrated circuits, especially when the
active elements include planar diodes and GaAs
FETs . The present paper compares losses in coplanar
waveguides with those in microstrip lines to provide
a basis for the choice of the guide. Calculations
have estimated conductor and dielectric losses in each
case and have also obtained the radiation losses from
respective half-wavelength resonators, and the results
are presented in terms of the quality factor Q of
these resonators. When the ground plane spacing (see
Figure 1) of the coplanar waveguide is identical to
the substrate height of the optimum microstrip line,
then the CPW Qs are lower. But when the ground plane
spacing is allowed to increase the Q factors approach
that of the microstrip line. Increasing the ground
plane spacing in coplanar waveguides is possible since
the radiation losses are much less due to the anti-
phase excitation of the adjacent radiating slots.
Thus, in the cases considered, the choice of guide may
be resolved by considerations other than loss.

Calculations of Q

The conductor and dielectric loss constants IY,c

and ad respectively are estimated, and from these the

circuit quality factor Q. is obtained. Note that the

stored energy in a Ag/2 resonator, with the voltage

distribution of V sin @qz, is given by:

V2
u =~~ (1)

and the power loss by:
.

Thus, the circuit Q is given by:

(2)

Qo=~=— ~gF&-q (3)

The radiation Q is estimated by calculating the
total power radiated Wr and then evaluating the ratio

(4)

*This work was sponsored by the Oefense Advanced Re -
search Projects Agency & the Dept. of the Air Force

** Dr. Gopinath is on leave from the University COl-

lege of North Wales, Bangor,Wales.

The total Qt is given by:

~t V. Vr

Calculation of Losses

Coplanar Waveguide

The coplanar waveguide impedance, velocity and ef-
fective dielectric constant for different a/b (strip
width to ground plane spacing) ratios are calculated
assuming quasi-static TEM propagation. The Green’s
function approach is used, and for computational con-
venience a secondary ground plane is assumed to exist
some large distance from the guide. Even and odd mode
calculations and subsequent subtraction ensures that
the presence of this ground plane does not have any af-
fect. Results obtained by computer calculations agree

with those of Wenl. The impedances, however, are
higher by a few percent due to the finite thickness of

the substrate2 .

The conductor loss factor is estimated using the
equation:

and the dielectric loss factor by:

‘&r tan~ neper,m
‘d=e

(6)
eff ‘g

where Js is the strip longitudinal current distribution

J is the ground plane current distribution of
‘p the CPW

Z. the impedance

I the total strip or ground plane current

the substrate relative dielectric constant
‘r

the effective dielectric constant
‘eff

Ag the guide wavelength

tan 6 the substrate loss factor

The current distributions, impedance and the effective
dielectric constant estimated from the computer cal-
culations are used to obtain a , a

c
d and subsequently

Qo, for different a/b ratios.
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Radiation from a half-wavelength resonator is cal-
culated by assuming that the electric fields in the gap
between strip and ground plane (see Figure 1) give
rise to magnetic currents which radiate. The standard

formula3 for radiation from a resonant slot is used,
with corrections for the resonant length which is
reduced due to the substrate and the presence of the
pair of slots excited in antiphase. The radiated
power into the air and dielectric regions are estimated
separately and summed, and the radiation Q estimated
from equation (4). Results have been obtained for
both open and short circuit resonators.

Microstrip

The microstrip loss calculations follow well doc-

umented methods4’5 for conductor and dielectric loss
factors. The radiation loss is estimated following

the approach of Easter and Roberts6. The Q factors

follow those observed by others7.

Results

Since the purpose here is to try to resolve the
choice of guiding structure for GaAs monolithic cir-
cuits, al 1 results have been obtained for c = 13 and

tan 6 = 10-3.
r

No surface roughness factor has been in-
cluded. Calculations have been performed at 8 GHz, as-

suming gold metallization o = 4.1 x 107 mhos/m, thick-
ness 3 pm.

Figure 2 summarizes the results for half-wave-
length open circuit coplanar waveguide resonators with
ground plane spacings of 0.5, 1.0 and 2.0 mm for dif-
ferent impedances. (Note that the impedance variation

with a/b is available in the literature 1’2. ) The high-
est Qt is obtained for a ground plane spacing of 1.0

mm, and reaches a value of 160. Figure 3 compares the
microstrip Qs of Ag/2 resonators for h = 0.25, 0.5 and

1.0 mm with those of the CPW resonators. The Qs of the
0.5 mm substrate microstrip resonators are similar to
those of the CPW resonators with ground plane spacing
of 1.0 mm, but the CPW resonators with 0.5 mm ground
plane spacing show much lower Qs.

Thus it appears that the choice between the guides
is not clear on the basis of loss. Other consider-
ations may determine the choice, and some of these are
as follows. The CPW, as a planar structure, allows
shunt and series elements to be incorporated with ease,
though some care needs to be exercised with shunt
elements to retain symmetry to prevent the excitation
of spurious slot modes. Microstrip shunt elements
require the drilling of holes in the substrate and sub-
sequent processing or alternatively the use of wrap
around ground planes. The packaging of the CPW cir-
cuits in principle require that the enclosures provide
space both above the metallization and also below the
substrate, and omission of the latter for reasons of
convenience and cost may result in the excitation of
spurious circuit responses. Microstrip enclosures re-
quire air space only above the substrate. To retain
comparable loss performance the CPW ground plane
spacing has to be over twice the equivalent microstrip
substrate height, and circuits, in general, may require
larger substrate areas when compared to equivalent cir-
cuits in microstrip. Real ization of complex circuits
in CPW may result in isolated ground plane regions,
with associated problems. Thus, the choice of guiding
structure is determined by the designer.

References

1. C. P. Wen, “Coplanar Waveguide, A surface strip
transmission line suitable for nonreciprocal gyro-
magnetic device applications,” IEEE Trans. Micro-
wave Theory Tech., Vol MTT-17, 1969, pp. 1087-1090.

2. M. E. Davis, E. W. Williams and A. C. Celestini,
“Finite-boundary corrections to the coplanar wave-
guide analysis,” IEEE Trans. Microwave Theory
Tech., Vol MTT-21, 1973, pp 594-596.

3. S. Ramo, J. R. Whinnery, “Fields and Waves in
Modern Radio,” John Wiley, New York, 1953, p 535.

4. R. A. Pucel, D. J. Masse, C. P. Hartwig, “Losses
in microstrip,” IEEE Trans Microwave Theory Tech.,
Vol. MTT-16, 1968, pp. 342-250 and p. 1064.

5. A. Gopinath, R. Horton, B. Easter, “Microstrip loss
calculations,” Electronics Letters, Vol. 6, 1970,
pp. 40-41.

6. B. Easter, R. J. Roberts,’’Radiation from half-wave-
length open-circuit microstrip resonators,” Elec-
tronic Letters, Vol. 6, 1970, pp. 573-574.

7. E. Belohoubek, E. Denlinger,’’Loss considerations in
microstrip resonators,” IEEE Trans Microwave Theory
Tech., Vol. MTT-23, 1975, pp. 522-526.

110



FREE SPACE

%3

GROUND PLANE STRIP GROUNO PLANE

1111

SUBSTRATE + 2b-1

% S,

Figure 1: Geometry of coplanar waveguide
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Figure 3: Comparison of Qt factors of microstrip

CPW Ag/2 open circuit resonators for h

0.25, 0.5 and l.Omm and 2b = 0,5, 1.0
2.0 mm respectively
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