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Abstract—This paper proposes A Circularly Polarized
Stacked Microstrip patch antenna. The Circular Polarization is
achieved by corner truncation, embedding slits and slots.
Circular Polarisation performance is achieved by varying the
size of the inclined slots and corner truncations. Optimization is
achieved by variation of the patch parameters. The Stacked
Patch antenna provides better mobility, better orientation
between the transmitter and receiver than the Linearly
Polarized Antenna. The proposed antenna is designed to
operate in C band (4-8) GHz for RFID and radar systems.
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I. INTRODUCTION

The Microstrip Patch antenna is one of the widely used
antennas in applications that require circular polarization.
Microstrip antennas are popular for wireless communication
as far as they offer the benefits of low profile, low weight,
compact, conformal to surfaces, easy fabrication. Microstrip
antennas have inherent disadvantage of narrow bandwidth
and low gain [1-3]. The techniques to increase impedance
bandwidth of patch antennas such as aperture coupled feed,
corner truncation, inclined slots and slits are proposed.

Circularly polarized (CP) antennas are increasingly
important in wireless communications, since they allow
signal reception irrespective of the orientation of the
receiving antenna with respect to transmitting antenna [4,5].
It also suppress Multipath Interference. CP antennas are
widely used in portable devices. For example Radio
Frequemcy ldentification (RFID) reader antenna, WLAN,
GPS and mobile phone etc [1].

The parameters for CP patch antennas are the Voltage
Standing Wave Ratio <2 or S11<-10dB and the axial ratio
bandwidth (AR<3dB) [6]. The use of CP antennas presents
an attractive solution to achieve this polarization match. In
general microstrip antenna on its own doesn’t generate
circular polarization. Eventually some changes should be
done to the antenna [4].

In the proposed design, four layers is introduced where in
the foam material is used as a substrate, with copper as the
conducting ground.

The paper is organized as follows. In section Il design
parameters of the antenna is introduced. In section Il
detailed analysis of the design is done and results are
observed. Section IV concludes the paper.
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Il. DESIGN PARAMETER

A. Basic patch Antenna Geometry

In its most basic form, a Micro strip patch antenna
consists of a radiating patch on one side of a dielectric
substrate of any material having the ground plane at bottom
on other side as shown in Figure 1.
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Fig 1. Structure of Micro strip antenna

The basic structure of rectangular micro strip patch antenna
is considered here.

B. Antenna Design

The conventional micro strip antenna design method is
used here. Designing the patch antenna is to employ the
following equations (1-4):
i. Width (W):

_c [
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Where;
¢ -Velocity of light, 3 x 108 m/s
fr- Frequency of operation

&, - Dielectric constant
ii. Effective Dielectric constant (ereff):
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Where,
¢, - Dielectric constant

h - Height of dielectric substrate
W - Width of the patch
&, - Effective dielectric constant

iii. Effective Length (Leff):
Ly =L+2AL 3)
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Where,
L« - Effective length

AL - Change in length

iv. Patch length extension (AL):
he,y + 0.3“’ + 0.264)

AL = 0.412
(6,00 — 0.258“" n o.sj

(4)

The Figure 2 shows the structure of proposed antenna
developed with stacked patch structure consisting of four
layers with foam substrate, with microstrip line feeding and
copper as conducting ground.

Fig 2: Structure of proposed stacked patch antenna using CST studio suite
(side view)

The optimization is obtained by truncating the corners of
the patch and by introducing inclined slots and slits in the
patches.  Since the circular polarization cannot be obtained
directly, the slits and subsequent slots has to be adjusted in
accordance with the patch dimension. The Figure 3 shows the
bottom patch involving four layers, out of which the first
patch is designed with four corners truncations and two
inclined slots.
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Fig 3: Bottom patch of the stacked antenna

The Figure 4 shows the second layer patch which is designed
with two corners alone truncated since it provides more
optimization when truncated with two opposite corners.
Inclined slots introduced in the first patch is reduced to one
inclined slot in the second patch with one inclined slot of 12
mm and the same dimensions are carried out as of patch 1.
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Fig 4: Second layer patch of the Proposed Stacked patch antenna

The Figure 5 shows the middle patch which is designed with
embedding slits at the opposite edges and truncation is done
on all the four corners. The same foam material is used as a
substrate here.

Fig 5: Middle patch of Proposed Stacked Patch antenna

The feed technique used is the microstripline feeding. The
advantage of stacked patch antenna is such that when a feed
is connected to one patch, the other patches receive excitation
from the fed patches. The Figure 6 shows the perspective
view of the proposed antenna design.

Fig 6: Perspective view of the proposed stacked patch antenna
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The patches are all excited with a common feed with the
view of tolerating the changes in the polarization signal. The
introduction of gap between the substrate and the patch
shows the variation in bandwidth. This type of antennas are
designed to provide improved bandwidth and axial ratio < 3
dB.

I1l. RESULTS AND DISCUSSION

The various parameters are obtained using the design
analysis of CST Studio suite.

The Figure 7 shows the S-parameter plot. S-parameter
refers to the ratio of voltage out to voltage in. S-parameters
are defined for a given set of frequencies and port impedance
and vary as a function of frequency. The return loss is also
observed to be -23,-31 for the multiband frequencies obtained
at 5.9 GHz and at 8 GHz.
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Fig 7: S-parameter plot of the Proposed Stacked Patch antenna

The Figure 8 shows the Voltage Standing Wave Ratio
plot. VSWR plot is a measure that conveys how well the
system is matched and how much of energy is getting into the
antenna. If the VSWR is low, it says the how well the
antenna is matched. The VSWR, when it is observed to be
low also conveys that it is good for amplifier load effects.
The VSWR is observed to be 1.3 and 1.06 for 5.9 and 8 GHz
respectively.
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Fig 8: VSWR plot Proposed Stacked Patch Antenna

The Figure 9,10 shows the Directional radiation
pattern of the proposed antenna. Directivity is a Figure of
merit of an antenna. It measures the density of power that
the antenna radiates in the direction of its strongest emission,
radiating the same total power. Here the directivity is
observed to be around 4.62 dB for the 5.9 GHz, 7.58 dB gor
8 GHz respectively.

Fig 9: Directional radiation pattern of the Proposed stacked patch
antenna at 5.9 GHz
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Fig 10: Directional radiation pattern of the Proposed stacked patch antenna
at 8 GHz.

The Figure 12, 13 and 14 shows the axial ratio of
the proposed stacked patch antenna. Axial ratio for elliptical
polarisation must be less than 3dB and it is a measure of
polarization ellipse. In general the axial ratio of the antenna
is defined as the ratio of the major axis versus minor axis of
the polarization ellipse expressed in dB, generally the axial
ratio lies in the range (1<AR<infinity). For circular
polarization, it should be 1 or below 1dB. The measures of
axial ratio for particular frequencies are 0 dB for 5.9 and 8
GHz respectively.
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Fig 13: Axial Ratio of the Proposed Stacked Patch antenna at 8 GHz

IV. CONCLUSION

In this paper the circularly polarized stacked patch
antenna is proposed. It is observed that the return loss is
minimized and the axial ratio equal to less than 1 dB is
obtained. The proposed antenna designed for C band
performs well for the C band applications for RFID and
radar systems. The circularly polarised stacked patches are
substantially gaining importance in wireless
communications.

[2

31

(41

(5]

(6]

[71

(8l

(9]

REFERNCES

Z. N. Chen, X. Qing, and H. L. Chung, “A universal UHF RFID
reader antenna,” IEEE Trans. Antennas Propag., vol. 57, no. 5,
pp.1275-1283, May 2009.

Z. Wang, S. Fang, and S. Fu, “A low cost miniaturized circularly
polarized antenna for UHF radio frequency identification reader
applications,”Microw. Opt. Technol. Lett., vol. 51, pp. 2382-2384,
2009.

S. Maddio, A. Cidronali, and G. Manes, “A new design method for
single-feed circular polarization microstrip antenna with an arbitrary
impedance matching condition,” IEEE Trans. Antennas Propag.,
vol.59, no. 2, pp. 379-389, Feb. 2011.

Y.-K. Jung and B. Lee, “Dual-band circularly polarized microstrip
RFID reader antenna using metamaterial branch-line coupler,” IEEE
Trans. Antennas Propag., vol. 60, no. 2, pp. 786-791, Feb. 2012.

Q. Li and Z. Shen, “An inverted microstrip-fed cavity-backed antenna
for circular polarization,” IEEE Antennas Wireless Propag. Lett.,
vol.1, pp. 190-192, 2002.

H. Aissat, L. Cirio, M. Grzeskowiak, J.-M. Laheurte, and O. Picon
“Reconfigurable circularly polarized antenna for short-range
communication system,” IEEE Trans. Microw. Theory Tech., vol. 54,
no. 6,pp. 2856-2862, Jun. 2006.

D.Q. Lai and Q.X. Chu, “A stacked dual-band equilateral-triangular
circularly polarized micro strip antenna,” 2008 Asia Pacific
Microwave Conference, pp.981-984, 2008

O. Pigaglio, N. Raveu, and O. Pascal, “Designing of multi-frequency
band circularly polarized stacked microstrip patch antenna,” IEEE
Trans.Antennas and Propagation Society international Symposium,
pp.1-4, 2008.

Y.J Zhou, C.Ch Chen, and J.L. Volakis, “Dual band proximity-fed
stacked patch antenna for tri-band GPS application,” IEEE Trans.
Antenna Propagat, vol. 55 pp.220-223, 2007.

Volume4, Issue 14 Published by, www.ijert.org 4



