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Abstract: Many modern wireless systems need antennas that work across many frequencies. GPS needs 1.15 GHz to 1.6
GHz. WiFi and WiMax need 2.3 GHz to 6 GHz. Normal microstrip patch antennas are small and cheap but they work
only on a narrow band. This review paper looks at two different ways to make microstrip antennas wideband. The first
method uses a square patch with cut corners and capacitive feeding [1]. It gives circular polarization from 1.15 to 1.6
GHz. The second method uses a circular patch with a CPW feed line [2]. It gives linear polarization from 2.3 to 6 GHz.
Both designs use FR4 board. This paper compares their shape, feeding, polarization, bandwidth, gain, and radiation. The

final conclusion is simple: use the first design for GPS and satellite. Use the second design for WiFi and WiMax.
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L INTRODAUCTION

Wireless communication is growing very fast. Many
different systems now operate at different frequencies.
GPS works near 1.2 GHz and 1.5 GHz. Galileo will use
several bands from 1.1 GHz to 1.6 GHz. WiFi uses 2.4
GHz and 5.8 GHz. WiMax uses 2.3 GHz, 3.3 GHz, and 5.8
GHz [3]-[5]. A single narrowband antenna cannot serve all
these.

Microstrip patch antennas have many good points.
They are flat, light, and cheap to make [6]. But they have
one big problem. Their bandwidth is only 1% to 5% [7].
That is too small for modern needs. So researchers have
tried many tricks to increase bandwidth. Some use an air
gap under the patch. Some use special feeding methods.
Some use stacked patches or aperture coupling [8]-[10].

This review focuses on two specific designs from
conference papers. The first one is by Murugan and
Rajamani [1]. They made a circularly polarized antenna for
GPS. The second one is by Kurniawan and Mukhlishin [2].
They made a linearly polarized wideband antenna for WiFi
and WiMax. We will compare both designs. No new
experiments are done here. This is only a summary and
comparison.
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II. MICROSTRIP ANTENNAS HAVE NARROW
BANDWIDTH

A normal microstrip patch antenna has a patch on top
of a substrate and a ground plane below [11]. The patch
size decides the resonance frequency. But the Q factor is
high. High Q means narrow bandwidth. Thin substrates
and high dielectric constant make it worse [12].

To fix this, engineers use an air gap between substrate
and ground plane [13]. Air has low dielectric constant.
This lowers the effective Q and increases bandwidth.
Another trick is capacitive feeding. A small feed patch is
placed very close to the main patch. This cancels the
inductance of the probe pin [14].

CPW feeding is different. Here the feed line and
ground are on the same side of the board [15]. This
reduces unwanted effects. Truncation means cutting
corners or edges of the patch. This creates extra resonance
modes. If tuned properly, these modes merge and give
wideband response [16]. Both designs we review use one
or more of these techniques.
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III. FIRST DESIGN: CAPACITIVE FED SQUARE PATCH
WITH TRUNCATED CORNERS

A. Shape and Size

This antenna [1] is designed for 1.375 GHz center
frequency. The patch is a square of 70 mm x 70 mm. Two
opposite corners are cut. Each cut removes a 25 mm x 25
mm square. A small feed strip of 12 mm X 2.4 mm is
placed 0.5 mm away from the patch. The patch is
suspended 16 mm above the ground plane. The substrate
is FR4 with thickness 2 mm and dielectric constant 4.4. A
coaxial probe feeds the strip, and energy jumps to the
patch through coupling.
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Fig,1, Top and side view of the capacitive fed antenna [1]
B. How It Works

A normal square patch gives linear polarization. Cutting
two opposite corners disturbs the two main modes. Their
frequencies split. When the split is just right, they become
90° out of phase. This creates circular polarization [17].
The small gap between feed strip and patch gives a large
capacitance. This cancels probe inductance [18]. The air
gap lowers the effective dielectric constant and widens the
bandwidth.

C. Results from Simulation

The authors used HFSS software. Here are the main
results [1]:

e Return loss below —10 dB from 1.15 GHz to 1.6
GHz. That is 32% bandwidth.

e Axial ratio below 3 dB from 1.26 GHz to 1.49
GHz. That is 16% bandwidth.

e At 1.375 GHz, axial ratio is only 0.031 dB. Very
good circular polarization.

e Gainis 2.1 dB.

e Radiation pattern is hemispherical. No side
lobes.
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D. Changing the Truncation Size

The authors tried three truncation sizes: 20 mm, 25

mm, and 30 mm. Table 1 shows what happened [1].

Table 1. Effect of Truncation Size [1]
Truncati | Resonance Impedance Gain (dB) Min Axial
on (mm) | (GHz) BW (GHz) Ratio (dB)
20 1.26 1.10-1.76 | 2.9 42
25, 1.375 1.15-1.60 | 2.1 0.031
30 1.43 1.25-1.62 | 0.8 3.6

Larger truncation moves resonance upward. It also
reduces bandwidth and gain. The best axial ratio happens
at 25 mm.

IV. SECOND DESIGN: CIRCULAR PATCH WITH CPW
FEED

A. Shape and Size

This antenna [2] covers 2.3 GHz to 6 GHz. The patch
is circular with diameter 32 mm. It has a small truncation
of 5.6 mm. The feed is a CPW line. The center strip is 2.4
mm wide. Two square ground patches (16.1 mm x 15 mm)
sit on both sides. The gap between strip and ground is 0.3
mm. The whole thing is printed on FR4 of thickness 0.8
mm and dielectric constant 4.3. No air gap is used. So the
antenna is compact.

(a) (b)

Fig.2. Top view of CPW-fed circular patch antenna [2].
B.  How It Works

CPW feeding has low loss and is easy to integrate [19].
A simple circular patch gives narrow band. But truncation
creates extra current paths. This makes extra resonance
modes [20]. By choosing the right truncation and gaps,
these modes merge. The result is a continuous wideband
from 2.3 to 6 GHz.
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C. Simulated and Measured Results

The antenna was built and tested. Simulation and
measurement matched well [2].

e  Measured return loss is better than —9.54 dB
(VSWR < 2) from 2.3 GHz to beyond 6 GHz.

e Simulated gain goes from 0 dB at 2.3 GHz up
to 4.5 dB at 6 GHz. Measured gain is slightly
lower but follows the same curve.

e Radiation pattern is bidirectional in x-y plane
and circular in x-z plane. Good for indoor
access points.

D. Parameters Change

The authors changed several parameters [2]. Making
the CPW gap smaller improved matching above 3.5 GHz.
Increasing the gap between patch and ground patches
improved return loss but shifted resonance higher. Another
gap, if increased, made return loss worse and shifted
resonance lower. Truncation mainly affects frequencies
above 3.5 GHz.

V. COMPARING BOTH DESIGNS

Table IL. Comparison of Two Designs [1][2]

Truncation (mm) Resonance (GHz) Impedance BW
(GHz)

Patch shape Square, truncated Circular, truncated

corners

Feeding Capacitive strip CPW

Substrate FR4, 2 mm thick FR4, 0.8 mm thick

Frequency range 1.15-1.6 GHz 23-6GHz

Best for GPS, satellite WiFi, WiMax

Best for GPS, satellite WiFi, WiMax

Design one is better when circular polarization is a
must. That is true for GPS because the receiver orientation
can change. Design two gives wider bandwidth and higher
gain but only linear polarization. That works for WiFi and
WiMax base stations.

V1. CONCLUSION

This review looked at two wideband microstrip
antennas from the literature [1][2]. The first design uses a
suspended square patch, corner truncation, and capacitive
feeding. It gives circular polarization from 1.15 to 1.6
GHz. Bandwidth is 32% for return loss and 16% for axial
ratio. Gain is 2.1 dB. This antenna is good for GPS and
Galileo.
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The second design uses a truncated circular patch and
CPW feeding. It gives linear polarization from 2.3 to 6
GHz. Gain goes from 0 to 4.5 dB. This antenna is good for
WiFi and WiMax.

Both use cheap FR4 boards and are easy to make.
Choose design one for satellite navigation. Choose design
two for terrestrial wireless. This comparison should help
antenna designers pick the right approach for their
application.
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