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Radiation characteristics of ring patch antennas
with capacitive feed patch
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Abstract: Ring patch antennas have the characteristics of electrically small size as decreasing the width of the conducting por-
tion compared to those of conventional patch antennas. In the ring patch antenna, using capacitive feed method is suitable
for impedance matching. The effect of the size of the feed patch on the input impedance of the square ring patch antennas
are analyzed and radiation patterns of the square ring patch antennas are compared to that of a square conventional patch an-

tenna by the simulated results.
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0 Introduction

Microstrip patch antennas have been widely used
in wireless communication field because of its char-
acteristics such as low profiled, light weight and
compatibility with the integrated circuitry'’’. The
ring patch antenna is a kind of microstrip patch an-
tennas and it has electrically small characteristics
than that of the conventional patch antennas? .
These properties of the ring patch antennas are suit-
able for recent communication system that oriented
miniaturization.

For coaxial-fed conventional microstrip patch an-
tennas, feed location is moved for impedance
matching. There is proper impedance matching
point as moving feed location.

The ring patch antenna is similar to the conven-
tional square patch antenna except its central con-
ducting portion removed. Fig.1 presents the geome-
try of a coaxial-fed ring patch antenna. In Fig.1, as
the ratio of L,/Lp is close to 1, the ring patch an-
tenna operates electrically small. For a coaxial-fed
ring patch antenna, L,/L, has to be less than 0.4
for impedance matching. Capacitive feed method is
more suitable for impedance matching. Thus, for
capacitive-fed ring patch antenna, if L,/L, is more
than 0.4, impedance matching can be achieved.

In this paper, the characteristics of a square conv-
entional patch antenna and square ring patch anten-
nas are compared. The substrate is a Taconic TLY-5
substrate with a dielectric constant of 2.2, a loss
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tangent of 0.001 8, and thickness of 1.58 mm. Sec-
tion 1 provides the parameter studies for impedance
matching of capacitive-fed patch. Radiation charac-
teristics of the square conventional patch antenna
and square ring patch antennas is described in sec-
tion 2. Finally, a conclusion is drawn in section 3.
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Fig.1 Geometry of a coaxial-fed ring patch antenna

1 Analysis of input impedance charac-
teristic changes depending on capac-
itive feed patch

The capacitive feed method is used for the imped-
ance matching in the square ring patch antenna.
The geometry of the capacitive-fed square ring
patch antenna is shown in Fig.2. The length of one
side of the square ring patch, L,, is 30 mm and the
length of one side of removed square conducting
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portion, L,, is 12 mm. In this section, the input
impedance characteristics are investigated systemati-
cally for various size of the feed patch of the ring
patch antenna.
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Fig.2 Geometry of a capacitive-fed ring patch antenna

Fig. 3 presents the characteristics of the ring
patch input impedance in case of changes depending
on l;. In Fig.3(a), as l; increasing with 2 mm,
3 mm and 4 mm, the maximum value of the antenna
resistance tends to decrease, but frequency of the
maximum resistance does not change.
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Fig.3 Input impedance characteristics of the square ring
patch antenna for the various size of I,

Fig. 3(b) shows that the maximum value of the
antenna reactance decreases, while increasing /.
The characteristics of the input impedance of the
ring patch antenna by changing [/, are shown in
Table 1.

Table 1 Input impedance characteristics of the square ring
patch antenna for the various size of I,

! f S Re(Z;,) Im(Z;,)

/ Jr 11

@2.75 GHz @2.75 GHz
(mm) (GHz) (dB) Q) Q)

2 2.74 —17.82 64.86 3.57

3 2.75  —=21.10 56.28 -6.97

4 2.75  —13.27 46.03 —20.96

Fig. 4 is impedance characteristic of ring patch
antenna by changing w;.
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Fig.4 Input impedance characteristics of the square ring
patch antenna for the various size of w;

In Fig.4(a), when wy is increasing with 12 mm,
16 mm and 20 mm, the maximum value of the an-
tenna resistance tends to decrease, while frequency
of the maximum resistance does not change. In Ta-
ble 1, the change of the [, does not have a signifi-
cant impact on the resonant frequency shifting and
as I; increase, resistance and reactance of the anten-
na tends to decrease. In Table 2, the change of the
w; does not have a significant impact on the reso-
nant frequency shifting. And as the w; increasing,
resistance of the antenna tends to increase and reac-
tance tends to decrease.

Fig. 5 is impedance characteristics of ring patch
antenna by changing g. In Fig. 5(a), when g in-
creases with 0.1 mm, 0.3 mm and 0.5 mm, the
maximum value of the antenna resistance tends to
decrease while frequency of the maximum resistance
tend to increase. In Fig.5(b), by increasing g, re-
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actance of the antenna tends to increase.

Table 2 Input impedance characteristics of the square ring
patch antenna for the various size of w;,

. Re(Z;y) Im(Z;,)
"t I Su @2.75 GHz @2.75 GHz
(mm) (GHz) (dB) Q) Q)
12 275 —14.77 48.79 ~18.30
16 2.75 -21.10 57.28 ~6.97
20 274 —19.92 59.41 0.33
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Fig.5 Input impedance characteristics of the square ring
patch antenna for the various size of g

Table 3 summarizes the characteristics of input
impedance of variation g of the ring patch antenna.
In Table 3, the change of g does not affects fre-
quency shifting. And as g increases, resistance of
the antenna tends to increase in resonant frequency.

Table 3 Input impedance characteristics of the square ring
patch antenna for the various size of g

removes square conducting portion. In conventional
patch antenna, L, is 0 mm and its resonant frequen-
cy with fundamental mode is determined by effec-
tive dielectric constant and length of the microstrip
patch antenna. In this section, resonant frequencies
and radiation characteristics of conventional square
patch antenna and square ring patch antennas for
various size of L, are researced. Fig. 6 shows S
spectrum of the antennas when L, is 0 mm, 12 mm

and 24 mm, respectively.
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Fig.6 S;; spectrum for three different size of L, of square
ring patch antennas

In Fig. 6, the antenna resonance frequency will
decrease by increasing L,. The antenna characteris-

tics are given in Table 4.

Table 4 Frequency characteristics for the three different size
of L, of square ring patch antennas

. RC(Zi“)
Ls /" S @2.75 GHz
(mm) (GHz) (dB) o
Q)
0 3.16 -29.77 1.80
12 2.75 -21.10 1.00
24 2.07 -30.89 0.39
In Table 4, resonance frequency will decrease

3.16 GHz, 2.75 GHz, 2.07 GHz by increasing L, .
Also, 10 dB bandwidth will decrease by increasing
L,.

Table 5 Radiation characteristics for three different size of L,
of square ring patch antennas

Wy f s, V\Re(Zin) Im(Z;,) ‘ gain(dBi) (8= 0°)
(mm) (GHz) (dB) @2.75 GHz 2.75 GHz L, fr <pol.
Q) () (mm) (GHz) Total co-pol. x-pol. level
0.1 273 -10.56 111.36 —48.04 0 3.16 8.18 818  —32.58 —40.76
0.3 275 -21.10 56.28 =6.97 12 2.75 7.22 722 3420 —41.42
0.5 2.76 —12.04 32.35 —11.56 24 2.07 5.79 5.73 -13.00 —18.73

2 Analysis of characteristics of ring
patch antenna and general patch
antenna

In Fig.2, L, is the length of square’s one side that

By increasing L,, characteristics of the antenna
are shown in Fig. 7. It can be seen that the radiation
pattern at antenna resonance frequency has the
same radiation characteristics as that of the conven-
tional patch antenna. Forward gain is the maximum
when L, is 0 mm and it will decrease by increasing
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L, . Radiation characterisuics at each resonance fre-
quency are given in Table 5. It can be seen from Ta-
ble 5, the ring patch antenna gain will decrease 8.
18 dBi, 7.22 dBi and 5.79 dBi by increasing L,. As

L, increasing, difference between total gain and co-
pol gain is very small that approaches 0 dBi.
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Fig.7 Radiation patterns for three different size of L, of
square ring patch antennas

3  Conclusion

In this paper, resonant frequencies and radiation
characteristics of a square conventional microstrip
patch antenna and square ring patch antennas are
discussed. In case of L,/L,=0.4 of square ring
patch antennas, impedance matching are achieved
by capacitive feed method. As L, is increases, reso-
nant frequency of the antenna shifted to lower fre-
quency and — 10 dB bandwidth was decreased. The
radiation patterns of square ring patch antennas at
each resonant frequency characteristics are similar
to those of a conventional patch antenna. As L, de-
creases, the antenna gain increases and cross polar-
ization level increases.

References

[1] Garg R B. Microstrip antenna design handbook. 2nd edi-
tion. Artech House, London, 2001.

[2] Skrivervik A K, Zurcher J F, Staub O, et, al. PCS an-
tenna design: the challenge of miniaturization. IEEE An-
tennas Propagation Magzine, 2001, 43(4): 12-27.

[3] Hsu S H, Ren Y J, Chang K, et al. Dual-polarized pla-
nar-array antenna for s-band and x-band airborne applica-
tions. IEEE Antenna and Propagation Magzine, 2009, 51
(4): 70-78.

[4] Balanis C A. Antenna theory analysis and design. 2nd
edition. John Wiley & Sons, Inc, New York, 1997.

[5] Latif S I, Shafai L. Investigation on the EM-coupled
stacked square ring antennas with ultra-thin. IEEE
Transaction on Antenna and Propagation, 2011, 59(11):
3978-3990.





