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Wideband Printed Microstrip Antenna
for Wireless Communications
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Abstract—A simple electromagnetically coupled wideband
printed microstrip antenna having a 2:1 VSWR bandwidth
of 38% covering the 5.2/5.8-GHz WLAN, HIPERLAN2, and
HiSWANa communication bands is presented. The large band-
width is obtained by adding a rectangular metal strip on a slotted
square microstrip antenna. The antenna occupies an overall
dimension of 42 X 55 X 3.2 mm® when printed on a substrate of
dielectric constant 4. It exhibits good radiation characteristics and
moderate gain in the entire operating band. Details of the design
along with experimental and simulation results are presented and
discussed.

Index Terms—5.2/5.8-GHz WLAN, broadband microstrip an-
tenna, HiSWANa, wideband antennas.

1. INTRODUCTION

UE to the rapid progress in wireless communication sys-
D tems, high-gain broadband antennas are of great demand.
Even though microstrip antennas have a lot of advantages like
high gain, low profile, and ease of fabrication, their usage is lim-
ited by their inherent narrow bandwidth. Various techniques like
aperture coupling [1], use of coupled parasites [2], stacking [3],
[4], E-shaped patch [5], and modifications in the feed [6]—[8]
have been proposed to enhance the bandwidth of microstrip
antennas. Compact broadband operation has also been imple-
mented using microstrip ring antennas [9], [10]. Garg et al. have
reported a single-band microstrip ring antenna [11] in which
impedance matching is brought about by loading a metal strip
on the ring structure without affecting the cross-polarization
characteristics. Implementation of wideband transmission line
matching network to the end of the feed line proposed in [12]
and [13] increases the fabrication complexities. Lee et al. have
proposed a microstrip line-fed patch antenna in which broad-
band matching is achieved by using an inverted L-strip fabri-
cated on a foam substrate connected to the end of the feed line
[14].
In this letter, a new broadband, planar impedance-matching
scheme is achieved by using a simple rectangular strip without
any structural complexities. The antenna has a 2:1 VSWR
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Fig. 1. Geometry of the proposed antenna. (L; = 35 mm, L, = 17.5 mm,
Lz = 7.8 mm, W = 2 mm, Ly = 43 mm, and W¢ = 3 mm).
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Fig. 2. Return loss characteristics of the proposed antenna. (L; = 35 mm,
L, =175 mm,L; = 7.8 mm, W = 2 mm, Ly = 43 mm, and W¢ = 3 mm).

bandwidth of 38% from 4.3-6.33 GHz covering IEEE 802.11a
(5.15-5.35,5.725-5.825 GHz), HIPERLAN?2 (5.45-5.725 GHz),
and HiSWANa (5.15-5.25 GHz) communication bands.

II. GEOMETRY OF THE ANTENNA

The geometry of the proposed antenna is shown in Fig. 1.
A square microstrip patch antenna of dimension L; x L; mm?
is fabricated on a substrate of dielectric constant 4 with a loss
tangent 0.02 and height 1.6 mm. A 45° tilted square slot of di-
mension Lo X Lo mm? is etched on the center of the square
patch. For achieving good impedance-matching characteristics,
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Fig. 3. Effect of strip length L3. (L; = 35 mm, L, = 17.5 mm, W = 2 mm,

L¢ = 43 mm, and W = 3 mm).
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Fig.4. Effectof strip width W. (L; = 35 mm, L, = 17.5 mm, Lz = 7.8 mm,
L¢ = 43 mm, and W¢ = 3 mm).
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Fig. 5. Effect of slot length L>. (L; = 35 mm, L3 = 7.8 mm, Ly = 43 mm,
W = 2 mm, Ly = 43 mm, and Wy = 3 mm).

a rectangular strip of dimension I3 x W mm? is incorporated
symmetrically at the top corner of the slot. The antenna is elec-
tromagnetically coupled using a 50-€2 microstrip transmission
line fabricated on the same substrate. The ground plane dimen-
sion is optimized as 42 x 55 mm?2.

IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 8, 2009

\ 30°

40 30 20 - 0

150° /

0

—s— XZ copol
ses0eee XZ crosspol
—-+— YZ copol
—&— YZ crosspol

150° /

(c)

Fig. 6. Measured radiation patterns of the antenna at (a) 4.5, (b) 5.6, and
(c) 6.14 GHz.

III. RESULTS AND DISCUSSIONS

The simulation and the experimental studies of the antenna
are done using Ansoft HFSS and HP8510C Network Analyzer,
respectively. Fig. 2 shows the simulated and experimental return
loss characteristics of the antenna. Bandwidth enhancement is
achieved by merging three major resonances centered at4.5, 5.6,
and 6.14 GHz, respectively.

Fig. 3 shows the return loss characteristics of the antenna
with and without the strip. It is evident from the graph that
without the strip, there exist only two poorly matched reso-
nances. As length of the strip L3 increases, impedance matching
also increases, and the maximum bandwidth is obtained when
L3 = 7.8 mm. Also, the resonant frequencies shift toward the
lower side with increase in L3. The strip creates an additional
resonance at 6.14 GHz, and it is verified using the surface cur-
rent patterns.

Fig. 4 shows the effect of strip width on return loss charac-
teristics of the antenna. An optimum width of W = 2 mm is
selected for achieving the maximum bandwidth of the antenna.

The effect of slot length on the return loss characteristics is
shown in Fig. 5. As the slot dimension L, decreases, the first
and second resonances shift toward the lower side, and a higher
strip length is required for impedance matching.
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Fig. 7. Simulated surface current distribution of the antenna at (a) 4.5, (b) 5.6,
and (¢) 6.14 GHz.

The polarization of the antenna is also verified. The antenna
is linearly polarized along the Y -axis. The normalized X Z and
Y Z plane radiation patterns of the antenna are shown in Fig. 6.
The simulated surface current distributions of the antenna at the
three resonant frequencies are shown in Fig. 7. Corresponding to
the resonance at 4.5 GHz, a full-wave variation is noted on the
top edge of the patch along the strip. Also, a similar variation
is noted along the two edges in the Y -direction. This produces
two resonances around 4.5 GHz, which coalesce to give the first
resonance. However, the polarization is found to be along the
Y -axis. This is because the opposing currents on either sides
of the strip cancel the fields along the axis at the far-field. The
second resonance is due to the three half-wave variations along
the sides of the patch in the Y -direction, resulting in almost
steady X Z-copolar and Y Z-copolar patterns. A symmetric full-
wave variation from the strip to the right and left edges of the
patch causes the third resonance.

The measured gain of the antenna is shown in Fig. 8. The an-
tenna has a peak gain of 5.9 dBi at4.7 GHz and lowest of 2.5 dBi
at 6.37 GHz. It can be seen from Fig. 7(c) that the opposing cur-
rents on either sides of the strip cause field cancellation along
the axis at the far-field, giving a reduced gain for the third res-
onance.

From the simulation studies using HFSS, the optimum param-
eters of the antenna are found to be L; = 1.24);, Ly = 0.624,
L3 = 0.46Ag, and W = 0.07),, where A is the guided wave-
length corresponding to the center frequency. The design pa-
rameters are validated for different frequencies.

Gain, dBi
o

-10
40 a5 50 55 6.0 6.5

Frequency, GHz

Fig. 8. Measured gain of the antenna.

IV. CONCLUSION

A wideband, electromagnetically coupled, printed microstrip
antenna suitable for 5.2/5.8-GHz WLAN, HIPERLAN?2, and
HiSWANa applications is presented. Bandwidth enhancement
is achieved due to the employment of a matching metal strip
on the slotted square microstrip antenna. The antenna has a 2:1
VSWR bandwidth of 38% from 4.3 to 6.33 GHz, with good ra-
diation and impedance-matching characteristics.
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