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Abstract—A circularly polarized (CP) small Disk coupled
square ring microstrip antenna is presented in this paper. The
CP radiation of the presented antenna is achieved by using two
disks under the square ring fed by two probes with 90-degree
phase shift. The resonant frequency of the antenna is at
1.575GHz, Which is lowered by about 23.4% as compared to
that of the normal patch antenna. The axial ratio (AR) of the
antenna is lower than 3dB and the maximum gain is more than
3dB at the resonant frequency, and the isolation between the
two disks is lower than -18dB during the operating band. The
measured results of the fabricated antenna agree well with the
simulated results.

Index Terms—Circularly polarized, small Disk coupled,
Square ring, microstrip antenna

1. INTRODUCTION

ICROSTRIP antenna has been widely used in the

cellular communication systems. As the integration of
the communication equipment develops, the technique of
miniaturized micro-strip antenna has been paid more
attention.

The square-ring microstrip antenna is usually smaller than
the normal patch antenna (because the current path has been
lengthened) [1], which has been paid more and more
attention these years. But, as the size of the antenna reduces,
the input impedance grows fast. So it is necessary that the
inside diameter W1 of the square ring is less than 40% of the
outside diameter W2 for the probe-feed method to achieve
50Q input impedance match[2], and this becomes a problem
for the miniaturized micro-strip antenna. Reference [3] added
a Cross strip which is fed by probes to achieve 50Q input
impedance match, and the center frequency was lowered by
about 22% with the same antenna size. Reference [4] used
stacking technique to get input impedance match and to
enhance the bandwidth, but it would enlarge the size of the
antenna. Reference [5] used the circumferential variation of
current on the ring to achieve 50Q input impedance match,
but it did not give antennas for circular polarization.
Reference [6] put a rectangular disk under the square-ring
patch for the coupling-feed, but the size of the antenna is too
big and circular polarization is hard to achieve..

This paper uses dual feed method to design a circularly
polarized microstrip antenna [7], and we found that the disk
coupled method can easily achieve 50Q input impedance and
reduce the size of the square ring further more.

II. ANTENNA DESIGN

The circularly polarized small disk coupled microstrip
antenna uses double layer structure as showed in Fig 1. The
size of the substrate and the ground plane is Lg x Lg, the
height of the bottom substrate is h1, the height of the top layer
is h2, and both of the two layers have the relative permittivity

¢ . The square ring is on the surface of the top layer, with the
inner side length W1 and the outer side length W2. In order to
make the antenna radiate circularly polarized electromagnetic
wave, we use the dual feed method [8]. The square ring is
coupled with two circular disks fed by probe, and each disk
has a radius r. The distance between the center of the disk and
the center of the square ring side nearby is d, which is one of
the key parameter for the 50Q input impedance match.
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Fig. 1. The structure of the small disk coupled microstrip antenna.
The antenna has been built and simulated using ANSOFT
HFSS software. By adjusting the parameter d, we could
easily achieve the 50Q input impedance when W;. W, and r
(the radius of the circular disks) is assumed. In order to make
the antenna operating at GPS band(the center frequency is at
1.575GHz), the antenna size is optimized as Lg=50mm,



W;=24mm, W,=35mm, h;=2mm, h,=1mm, §=3.5, r=3.9.
The input impedance of the antenna changes with d, as we
can see from Table I, and we can find the best position of the
two disks to achieve 50Q input impedance.

TABLEI
d/mm | Resonant -10dB Minimum
frequency/GHz bandwidth/MHz S11/dB

1 1.58 0 201

2 1.58 0 -2.23

3 1.58 0 -3.76

4 1.58 0 -4.77

5 1.58 0 -8.64

6 1.58 18 -13.51
7 1.59 0 -4.60

8 1.60 0 -1.53

In Table I we find that we can get good impedance match
when d is close to 6mm. When we optimized d as 5.85mm,
we get the minimum S;; of -21.59dB and the -10dB
impedance bandwidth of 20MHz.

The disk coupled method is a good solution to achieve 50Q2
input impedance. But when we use dual feed method to get
circular polarization antenna, the mutual coupling between
the two capacitive disks becomes a problem [8]. The isolation
between the two probes changes with the radius of the disks,
and it is hard to get good performance of the antenna.
Therefore, r is another key parameter that can both affect the
isolation between the two probes and the input impedance
match.

TABLE 1I

r/mm | Maximum S;»/dB | -10dB bandwidth/MHz | Minimum S;;/dB
0.9 -40.01 0 -0.36

1.9 -29.35 0 -1.22

2.9 -23.71 0 -5.89

39 -18.64 20 -21.59

4.9 -10.01 8 -10.58

5.9 -20.01 0 -5.28

From Table II we can find that when the position of the
feeding probes are assumed, S;, changes with the size of the
disk. When r increases, the absolute value of S;, reduces.
The reason is that the mutual coupling becomes more
intensive when the disks are close to each other. When the
radius of the two disks is bigger than 4.9mm, the absolute
value of S;, increases again. When r grows more than 6mm,
the two disks will connect to each other. The size of the disk
can also affect the S0Q input impedance match [9]. When the
radius of the two disks is set as r=3.9mm the best 50Q input
impedance match is achieved, while the maximum Sy, is
-18.64dB. Since this is enough for the dual-feeding network,
so we choose r as 3.9mm

III. SIMULATED AND MEASURED RESULTS

After the parameters of the antenna are chosen according
to simulated results, the antenna is fabricated. The fabricated
antenna and its feeding network can be seen clearly in Fig 2(a)

and Fig 2(b). The antenna use two disks fed by one willkins
power divider under the ground plane.
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Fig 2(b)The feeding network
Fig. 2. The small disk coupled square ring microstrip antenna and its feeding
network. There are two disks fed under the square ring. It is multi-layer
structure

Fig.3 shows the simulated and measured plots of the gain
and the axial ratio of the fabricated antenna. The measured
results agree well with the simulated results. From Fig3(a) we
can see that the 3dB-beam width has reached 120 degree
while the maximum gain is about 3dB. The maximum gain of
the fabricated antenna is lower than that of the normal patch
antenna, this may be caused mainly by beam width enlarging
and size reduction. We can also see that the measured result is
a bit lower than the simulated result, it may be caused by the
imprecise fabrication. Fig3(b) shows that the AR is lower
than 3 dB when theta is from -60 degree to +60 degree.
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Fig 3(a) Simulated and measured gain at resonant frequency
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Fig 3(b) Simulated and measured AR at resonant frequency
Fig 3 Simulated and measured plots of the gain and AR at resonant frequency

A comparison is made between the small disk coupled
square ring and the normal rectangular patch antenna by the
same size, Fig 4 shows the different reflection coefficient
from input port(Sy; ):
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Fig 4 The reflection coefficient of the two antennas

From Fig 4 we can see that the center frequency of the
small disk coupled square ring (1.575GHz) is lowered by
about 23.4% as compared to that of the normal patch
(2.05GHz). This means that a good antenna size reduction
can be obtained. Though the -10dB bandwidth becomes
narrower (from SOMHz to 20MHz), it is still enough for the
GPS Applications (only need SMHz). Working at the GPS
band (the center frequency is at 1.575GHz) [10], the small
disk coupled square ring microstrip antenna has a 27% size
reduction compared with the normal patch antenna.

IV. CONCLUSION

A successful design of circularly polarized small disk
coupled square ring microstrip antenna is presented in this
paper. Compared with the normal patch antenna, the antenna
gets a 27% size reduction and wider beam width. The input
impedance match in the square ring microstrip antenna is
achieved by using two disks fed by two probes. The mutual
coupling between the two disks is analyzed in detail. The
proposed antenna has been fabricated and tested, the results
agree well with the simulated results.
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