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1. INTRODUCTION

Coplanar waveguide (CPW) fed antennas have been
increasingly studied in recent years [1-6]. The copla-
nar waveguide, compared with the microstrip line, has
advantages such as low radiation loss, less dispersion,
uniplanar configuration and easy mounting of shunt
lumped elements or active devices without via hole as
for themicrostrip line [2, 7]. In our previous paper, we
have employed CPW fed slot antennas to the direct
connection with aphotodetector operating at microwave
and millimeter-wave frequenciesin radio on fiber sys-
tem [8]. The photodetector has a CPW transmission
line for output and then requires a CPW feed line for
direct connection to the antenna. From the system side,
high efficiency antennais required. One objective of
thiswork isto find an antennawith high radiation effi-
ciency and a CPW feeding structure for easy connec-
tion to the photodetector or some microwave photonic
devices. Both slot antenna and loop slot antenna are
suitable to the CPW feeding structure [3, 5]. During
the investigation of various kinds of planar antenna
structures including the slot and loop slot antenna, we
found an antennawhich consists of a patch surrounded
by closely spaced ground conductor and a CPW feed
line, as shown in Fig. 1, and can meet our above re-
quirements. The antennalooksvery similar to the loop
dot antennaasgivenin[3, 5]. After many smulations
by changing different dimensions of the patch and dots,
we discovered that the antenna behaves more like a
microstrip patch antennathan aloop dot antenna. Par-
ticularly, the resonant frequency of the antennais pri-
marily determined by the patch length L of about ahalf
guided wavelength instead of the loop size. Electro-
magnetic smulation demonstrated the similar distribu-
tion of the electric fields around the slots as that of
microstrip patch. The input impedance variation ver-
sus the length of patch L has also the similar tendency
and we can then realize aimpedance matching by only
adjust the width W of the patch. These simulation re-
sultslead usto consider the antennashown in Fig. 1 as
apatch antenna, not aloop slot antenna. Furthermore,
we introduce a new concept of “CPW patch antenna”
herein order to exploit the similarities between the CPW
and microstrip patch antennas and many techniques de-
veloped for the microstrip patch antennas[9, 10].
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Fig. 1 Configuration of coplanar fed CPW patch an-
tenna

In this paper, wefirst present simulation results
for the CPW patch antenna. From electromagnetic
simulation, we can see the similarities of the field dis-
tribution around the patch between the CPW patch an-
tenna and the conventional microstrip patch antenna.
Based on the simulation results we then design and fab-
ricate a prototype of CPW patch antenna at a central
frequency of 10 GHz on a conductor backed dielectric
substrate with relative dielectric constants 2.17. The
measured results including return loss, radiation pat-
tern and gain, aswell as the comparison with the simu-
lation results, will be presented.

2. SIMULATION AND ANTENNA DESIGN

Simulation has been carried out by using IE3D, acom-
mercial electromagnetic simulator based on the inte-
gral equation method and the method of moment. Asa
prototype for the CPW patch antenna operating around
10 GHz, a low material loss dielectric substrate
(DICLAD®880, ARLON) is used in thiswork. Back
ground conductor is introduced here to obtain an uni-
directional radiation pattern. Followingisalist of the
parameters.

Relative dielectric constant €, = 2.17

Thickness of the substrate h = 0.508 mm

Metal film: Cu, with thickness of 18 pm

tand = 0.00085 at 10GHz

The geometric dimensions for the antenna
shown in Fig. 1 are denoted in Fig. 2. The CPW feed
line is designed to be of 50 ohm in order to match the
measurement system. Dimensions of the CPW are cal-
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culated by close-form formulas given in [7] asfollow-
ing.

Dimensions of CPW, s-w-s = 1.0mm-1.6mm-
1.0mm

Length of CPW feed line L, = 10 mm

From simulation around 10 GHz, we found a
set of dimensions asfollowing that can achieve the reso-
nant frequency at 10GHz and at the same time a good
matching with the 50 ohm CPW feed line.

Length of the patch L = 9.55 mm

Width of the patch W= 31.0 mm

Width of the slots S= 1.0 mm.

The simulation software |E3D supports both
electric current model and magnetic current model for
the analysis of printed planar antennas. We used the
current model in our intensive simulations, though a
magnetic current model is far more efficient and suit-
ablein principle to the analysis of the CPW structure
than using an electric current. Thisis from the com-
parison of our simulated results and our later describ-
ing measured results of the resonant frequency and in-
put impedance matching. The electric current model
gives more accurate results than the magnetic current
model in IE3D.

Figure 3 shows the simulated reflection coeffi-
cient S, at the input point of a 10 mm CPW feed line
of the CPW patch antenna. The simulated frequency
range isfrom 8 GHz to 12 GHz. A resonant and im-
pedance matching point is near a point of 10 GHz.

Figure 4 shows the magnetic current (i.e., the
electric field) distribution along the slots at the reso-
nant frequency point of 10 GHz. The fields aong the
feed side slot and outer side slot are in phase and al-
most a uniform distribution in the horizontal direction.
No field changes to be out phase along the input side
and outer side slots though an equivalent total length
of thedlot W+ Sat outer sideisabout 1.6A0/V €, , where
A, isthe wavelength in free space at 10 GHz, islonger
than one and a half guided wavelength, while the fields
along theleft and right side dots show aout phase varia-
tion where the equivaent length of the slots §2 + L +
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Fig. 2 Geometric Dimensions of the CPW patch an-
tennawith a CPW feed line.

Fig. 3 Smith Chart of the simulated scattering param-
eter S11 of the CPW patch antennawith a10 mm CPW
feed line.
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Fig. 4 Electric field distribution at 10 GHz along the
slots surrounding the patch of the CPW patch antenna
with a CPW feed line.
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Fig. 5 Simulated 3D radiation pattern of the CPW patch
antennaat 10 GHz.



S2isabout 0.52A¢/V &, , closeto ahalf of guided wave-
length. Thisfield distribution clearly demonstratesthat,
with the field distribution of the microstrip patch in the
mind, the CPW patch antenna at the resonant point is
much more like a“patch” than a“loop dlot”. Thereso-

nant length of CPW patch L = 0.47A¢/V& = U2Ad/VE,
also follows the same rule as for the microstrip patch
antenna[9, 10]. Thisiswhy we call the antenna shown
in Fig.1 a“CPW patch” antennanot a*“loop slot” an-
tenna

A 3D radiation pattern at the resonant frequency
isshown in Fig. 5. The radiation beam is relatively
broad in E-plane. The 2D patterns will be given later
together with the measured patterns.

Figure 6 is the simulation results of radiation
directivity and gain versus the operating frequency. At
10 GHz, the gain is about 8.9 dBi, which isarelative
large value compared with a conventional microstrip
patch for the larger width W = 31.0 mm which results
in anarrower beam in H-plane, while atypical size of
the microstrip patch is about 19 mm at the same fre-
guency and on the same substrate.

Simulation results of radiation efficiency and an-
tenna efficiency are shown in Fig. 7. We can see that
antenna efficiency changes sharply and reaches maxi-
mum at resonant and matching point of 10 GHz, while
the radiation efficiency keeps flat variation and almost
higher than 80% over the whole interested frequency
range.

3. FaBRICATION AND M EASUREMENT

The antenna pattern is fabricated by using awet etch-
ing process. DICLAD®880 substrateisused in our fab-
rication. Antennadimensions are the same asthese for
simulation. Lessthan 50 micrometer tolerance in di-
mension may be introduced during the fabrication pro-
cess.

Reflection coefficient S| is measured on avec-
tor network analyzer (HP 8510C). Coaxial-to-CPW
test fixture is used to mount the CPW patch antenna.

Figure 8 shows the measured return loss of the
CPW patch antenna as well as simulation result. We
can see agood agreement between thetwo results. The
antenna has a bandwidth of 3.4% at -10 dB return | oss,
which is comparable to that of the microstrip patch
antenna.

Radiation pattern measurement is done in a
chamber. A standard pyramidal horn is used as afeed
antenna. CPW patch antenna is mounted on a posi-
tioner which is controlled by a computer. A coaxial
connector is soldered to the CPW feed line to output
the signal from the CPW patch antenna to a spectrum
analyzer (HP 8565E).

Figure 9 shows measured radiation pattern in
E-plane, H-plane and cross polarizationsin each planes
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Fig. 6 Simulation results of radiation directivity and
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Fig. 7 Simulation results of radiation efficiency and
antenna efficiency.
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Fig. 8 Measured and simulation results of return loss
of the CPW patch antenna.



of the CPW patch antenna. H-plane has a narrower
radiation beam than E-plane. Small variation ripsalong
the E-plane curve are due to the diffraction of the lim-
ited size of the ground conductor (about 20 mm long
apart from the patch). In E-plane the antennahasa 3
dB beam angle of about 77 degreesthat is much broader
than that in H-plane (about 45 degrees). Cross polar-
ization isunder -23 dB in E-plane whilethere isamaxi-
mum value -17 dB in H-plane.

Figure 10 shows the comparison of the radia-
tion pattern in E-plane and H-plane between the mea-
sured and simulated results.

Absolute gain is measured by using another
standard pyramidal horn antenna as areceiving antenna
which isthe same asthe feed one and hasagain of 11.2
dB at 10 GHz. The CPW patch antenna has a gain of
about 7.8 dB whichis 1.1 dB lower than the simulated
gain.

4. Discussions AND CONCLUSION

We have presented both simulation and experimental
results for the CPW patch antenna proposed in this pa-
per. Theseresultsdemonstrated the similarities between
the proposed CPW patch antenna and the microstrip
patch antenna. Introducing the concept of the “CPW
patch” and using the knowledge and techniques[9, 10]
developed for the microstrip patch greatly helps usto
simulate and design such antennas. Design rules for
microstrip patch antenna such as half wavelength patch
length hold for the CPW patch antenna. Thereare also
many differences between the two patch antennas, in-
cluding the radiation pattern, gain. The CPW patch
antenna has more free parameters to design, not only
the patch dimensions but also slots. A comprehensive
comparison of these two antennas will be presented in
our future paper.

The CPW patch antenna with a coplanar feed
line can be easily applied to millimeter-wave systems.
Ground conductor backed CPW patch antenna pre-
sented in this paper has also some advantages to pro-
vide unidirectional radiation pattern and easy mount-
ing, packaging and integration with other microwave
circuits and devices. Surface mode, which lowersthe
radiation efficiency can be eliminated by using athin
and ground conductor backed dielectric substrate where
the higher mode can be excited is the parallel plate
waveguide modes which have much higher cutoff fre-
guencies than the operating frequencies.

REFERENCES

[1] W. Menzdl, et. al., IEEE Microwave and Guide
letters, vol. 1, no. 11, pp. 340-342, Nov. 1991.

[2] B.K.Kormanyos, €t. d., IEEE Trans. on Micro-
wave Theory and Techniques, vol. 42, no. 4, pp.
541-545, Apr. 1994.

[3] H-C. Liu, et. al., IEEE Trans. Antennas and
Propagat., vol. 43, no. 10, pp. 1143-1148, Oct.

L H & E-plane
Y N s X-Polarization
15 f--o-ee- - B ) i
M
\

H-plane and E-plane Radiation Patterns (dB)

s L j ‘ i ‘
-90 -60 -30 0 30 60 90

Elevation Angle (Deg.)
Fig. 9 Measured radiation pattern in E-plane, H-plane

and cross polarizationsin each planes of the CPW patch
antenna.
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Fig. 10 Measured and simulated radiation patternsin
E-plane and H-plane at 10 GHz.
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