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Abstract: This article presents a new design of a complementary-symmetry structured microstrip antenna energized by back
microstrip line feed. This antenna provides wide bandwidth of 45.63% and maximum gain of 9.6 dB. The antenna shows the
property of linear polarization with –30 dB down cross-polarization radiation characteristics. The proposed antenna may
find application for the microwave systems operating at C-band (4 – 8 GHz) of frequencies.
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1. INTRODUCTION

Microstrip antennas are widely used in a broad range of
commercial applications mainly because of their
advantageous features in terms of light weight, low profile,
low fabrication cost and easy integratibility with other
devices. However, the major disadvantages are narrow
bandwidth and low gain. Several promising techniques are
reported in the literature for enhancing the bandwidth [1–3],
gain [4 – 5] and for improving the radiation characteristics
[6 – 7] of microstrip antennas. But these methods are effective
with a compromise over area and thickness of the antenna.
In view of this, an effort is made to have wide bandwidth,
high gain and effective radiation pattern retaining the area and
thickness of the substrate using complementary-symmetry
structured microstrip antenna.

2. DESCRIPTION OFANTENNA GEOMETRY

The proposed antennas reported in this study is designed
with the equations available in the literature [8] for the
frequency of 4 GHz using low cost glass epoxy substrate
material of thickness h = 1.66 mm, area = A × A and permittivity
εr = 4.2. The artwork of the antennas is sketched using computer
software Auto-CAD 2006 to achieve better accuracy. The
antennas are fabricated using photolithography process.

Fig. 1 shows the top view geometry of complementary-
symmetry microstrip antenna (CMA). The complementary
-symmetry structure consists of rectangular radiating patch
of length L and width W which is etched on the top surface
of the substrate. The C-slot and complementary C-slot of
thickness T are placed at the centre along the non radiating
edges (L) of the patch with horizontal width H and vertical
length V. The microstrip line feed is etched on the bottom

surface of substrate i.e., on the ground plane. Fig. 2 shows
the bottom view geometry of CMA. The tip of the feedline is
kept exactly below the lower radiating edge (W) of the patch
and hence the patch is being fed by the microstrip line feed.
In order to separate the feedline and the plane to be grounded,
the space taken between them are described by S1 and S2 as
shown in Fig. 2. The dimensions of T, H, V, S1 and S2 are all
taken in terms of λ0, where λ0 is the free space wavelength in
cm corresponding to the designed frequency of 4 GHz. The
design parameters of the proposed antenna are given in Table 1.

Fig. 1: Top View Geometry of CMA

Fig. 2:  Bottom View Geometry of CMA
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3. RESULTAND DISCUSSION

For the proposed antenna, the bandwidth over return loss
less than –10 dB is measured on vector network analyzer
(Rohde and Schwarz, Germany make ZVK model 1127.8651).
The variation of return loss versus frequency of CMA is as
shown in Fig. 3. From this figure, it is seen that, the antenna
resonates at 5.62 GHz of frequency with minimum return loss
of –34.99 dB. The magnitude of bandwidth (BW) is found to
be 45.63%. The wide bandwidth obtained is due to the
combined resonant effect of patch and C-slots [9].

Fig. 3: Variation of Return Loss Versus
Frequency of CMA

Fig. 4: Radiation Pattern of CMA

The far-field co-polar and cross-polar radiation patterns
of the proposed antenna are measured in its operating band
BW. A typical radiation pattern measured at 5.62 GHz of
frequency is as shown in Fig. 4. From this figure, it is observed
that, the pattern is linearly polarized with negligible side and
back lobes. This indicates that, the feedline does not account
for any spurious radiations. It is further seen that, the
cross-polar power level is  30 dB down when compared to
co-polar power level that validates the nature of directive
radiation. The maximum gain of this antenna is found to be
9.6 dB in its operating band BW with half power beamwidth
of 26º measured from Fig. 3. The maximum gain is obtained
due to linear polarization of the antenna.

Table 1
Design Parameters of Proposed Antenna

Antenna Dimension Antenna Dimension
Parameters in cm Parameters in cm

A 5.0 T 1.0

L 1.6 Lf 1.92

W 2.3 Wf 0.32

V 8.8 S1 0.71

H 4.0 S2 0.1

4. CONCLUSION

From the detailed experimental study, it is concluded that,
the CMA resonates for wide band of frequencies and
gives 45.63% of bandwidth and 9.6 dB gain. Further, the
antenna also provides directive radiation pattern with low
cross-polarization. The proposed antenna use low cost
substrate material and is simple for construction. With these
features, the antenna may find applications for the systems
operating at C-band (4 – 8 GHz) of frequencies.
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