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Semi Spiral G-shaped dual wideband
Microstrip Antenna with Aperture feeding for
WLAN/WiMAX/U-NII band applications

amanpreet kaur

In this paper, a dual wideband microstrip antenna (MSA) has been presented for wireless local area networks (WLAN),
worldwide interoperability for microwave access (Wi MaX) and U-NII band applications. The antenna is designed and simu-
lated using CSTMWS V’10. The main goal of this paper is to get multi-frequency behavior by cutting resonant slots into the
patch of the antenna and a wideband antenna behavior using an aperture coupled feeding method. The designed antenna has
a semi-spiral G-shaped compact structure and an electromagnetically coupled feeding mechanism (aperture-coupled feeding).
It is fabricated on an FR4 substrate with a dielectric constant of 4.4 and a dielectric loss tangent of 0.009. The testing of proto-
type antenna (to measure S11) is done using a vector network analyzer. The measured results are 80% matching to the simu-
lated ones. The parametric study, simulation results, measured results, and applications of the MSA for WLAN, WiMAX, and
the FCC unlicensed 5.2 GHz National Information Infrastructure (U-NII) bands are presented in the paper. The antenna
shows a simulated gain of about 4.5 dB at the three wireless application bands.
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I . I N T R O D U C T I O N

A microstrip antenna (MSA) is one of the preferred choices
for portable Wireless Communication devices because of its
small size, ease of fabrication, and light weight. This is the
main reason as to why a lot of research is being carried out
in the field of MSA to get a multi-frequency and wideband
behavior. The different techniques for getting a wideband
behavior that are available in literature include the use of
thick substrates [1], stacked patch antennas [2], E-slot patch
antennas [3], patch antennas with defected ground structures
(DGS) [4], T-shaped parasitic strip antennas [5], and metama-
terial antennas for gain and bandwidth enhancement [6]. In
[7] authors proposed an E-shaped antenna for wireless local
area networks (WLAN) in the 5–6 GHz operation frequency
range. In [8] authors designed an antenna for multi-band
applications covering WLAN, WiMAX, IMT, and Bluetooth
applications, the wideband behavior of antenna was due to a
monopole antenna with a DGS. Another method for getting
broad band behavior is through the use of fractal antenna
geometry where regular-shaped slots are cut in the patch to
get multi-frequency behavior [9].

To investigate further upon the methods to increase the
bandwidth of MSA, in the WLAN, WiMaX, and U-NII

bands, a simpler technique that is introduced in this paper
is the use of a G-shaped semi-spiral patch with aperture-
coupled feeding. The designed antenna has the surface area
of 35 × 29 mm2 with outer patch dimensions of 22 ×
14.3 mm2, the patch has several slots that are cut in it and
together show G-shaped geometry. The main slots that are
responsible for showing resonance at 3.6 and 5.3 GHz are
L1 having dimensions of 16.3 × 1 mm2 and W4 having
dimensions of 13.5 × 0.35 mm2 and the ground layer has an
aperture slot with dimensions of 10 × 2 mm2. The multi-
frequency behavior of the antenna comes from the design
that is followed for this antenna; various resonant slots are
cut into the patch to give it a semi-spiral G shape. The slots
that are cut into the patch help in producing radiations at
two resonant frequencies with high gain. It resonates at two
bands namely 3.6 GHz showing an impedance bandwidth
307 MHz and a wideband from 4.98 to 5.599 GHz covering
a band of 608 MHz. The energy is concentrated at the top
of patch when the antenna is excited using aperture-coupled
feeding mechanism. The non-contacting method of feeding
the MSA also helps in getting a wider bandwidth as compared
with the other contacting methods of feeding MSA [10].

I I . A N T E N N A G E O M E T R Y A N D
D E S I G N

It is well known that the probe feeding and microstrip line
method of feeding possess inherent asymmetries and generate
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higher-order modes, which produce cross-polarized radia-
tions, so non-contacting methods of feeding MSA are pre-
ferred usually; moreover using non-contacting methods to
feed MSA lead to an increase in the bandwidth of these
antennas [10]. In the aperture-coupled method of feeding
MSAs followed in the design presented in this paper
(Fig. 1), there is a upper substrate called antenna substrate
on which a semi-spiral G-shaped patch is made (layer 1 in
Fig. 2(a)). On the upper side of the lower substrate called
feed substrate, there is a ground layer that has an aperture
slot cut in it, a transverse slot to this aperture helps in achiev-
ing higher gain of the antenna (layer 2 in Fig. 2(b)). On the
bottom side of this feed substrate, there is a feed network
(layer 3 in Fig. 2(c)), this type of feeding method has an add-
itional advantage that no radiation from the feed network will
interfere with the antenna’s radiation pattern [11]. Moreover,
using a feeding method with aperture coupling to the micro-
strip feed line in MSA designed on thick substrates gives the
designer a choice among a lot of adjustable parameters in
the form of aperture length, width, shape, and stub-
parameters. If all parameters are judiciously selected, then it
might lead to an increase in 70% bandwidth of the antenna
as compared with other feeding methods such as probe
feeding, edge feeding, and proximity feeding [12]. This is
the main reason for choosing this feeding mechanism for
the proposed design in this paper, as for the three proposed
frequency bands of wireless applications, we require band-
widths .200 MHz at the center frequency of operation,
which cannot be easily achieved with the other feeding
mechanisms.

Here in this paper, a semi-spiral G-shaped patch
antenna using aperture-coupled feeding mechanism is
designed using the transmission line model [10] and simu-
lated using CST Micro Wave Studio Version 2010 which is
a three-dimensional (3D) electromagnetic simulator and its
operation is based on the finite integration technique
assuming perfect boundary conditions. The detailed geo-
metrical structure of the antenna can be understood from

Fig. 2(a), which shows the top view of a semi-spiral
G-shaped patch antenna of width W and length L on the
upper substrate (layer 1). Various resonant slots along
the length and width are cut into the metallic part of the
patch, to give it a semi-spiral G-shaped structure, the
detailed dimensions of the antenna are presented in
Table 1. The main slots that are responsible for showing
resonance at 3.6 and 5.3 GHz are L1 having dimensions
of 16.3 × 1 mm2 and W4 having dimensions of 13.5 ×
0.35 mm2. The antenna is designed on a substrate of
dielectric constant 4.4, with loss tangent 0.009 and a thick-
ness of 1.6 mm. Since it is an aperture-coupled antenna,
there is one more substrate (lower substrate) of dielectric
constant 4.4 with a height of 1.6 mm. The ground plane
of the metal that is sandwiched between the upper and
lower substrates, has a slot (aperture) of dimensions
15.6 × 4 mm2 that allows feed signals to get electromagnet-
ically coupled from feed line to the antenna and the
strength of electromagnetic coupling depends upon the
shape and size of the aperture used in the ground (layer
2). There is one more transverse slot to the left-hand
side of the aperture slot in the ground, which helps in
achieving better impedance matching and improving the
output in terms of gain of the antenna. The dimensions
of this slot are also mentioned in Table 1. On the
bottom of the lower substrate, there is a feed network
from where the power flows to the radiating patch.
Figure 2(a) represents the top view of the designed patch
antenna, Fig. 2(b) represents the top view of the ground
plane with an aperture slot and a transverse slot cut in it
and Fig. 2(c) represents the view of the feed network,
that is, a feed substrate with a feed line.

The detailed dimensions of the designed antenna are
also shown in Table 1. The explicit parameters of the
patch (with slots), ground (with aperture and transverse
slot), and feed line are mentioned. These are selected
using the transmission line model equations mentioned by
C.A. Balanis [10].

Fig. 1. Detail layered view of the designed aperture-coupled antenna.
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I I I . S I M U L A T E D A N D M E A S U R E D
R E S U L T S

A) Return loss
The simulated results in terms of return loss (S11 in dB), Smith
chart, radiation pattern, and impedance matching are shown
in Figs 3–7.

Figure 3 shows the plot of simulated antenna’s return loss,
i.e. S11 in dB (on the Y-axis) with respect to frequency (on the
X-axis). The antenna shows a dual-band behavior at two
bands for WLAN/Wi-MaX/U-NII applications at 3.6 GHz
(3.432–3.739 GHZ) covering a band of 307 MHz with a
return loss of 258 dB, WLAN applications at 5.1–5.3 GHz
(4.98–5.597), and U-NII band applications at 5.25–5.35 GHz
(4.98–5.597) showing an impedance bandwidth of about
608 MHz and a return loss of 225 dB.

B) Smith chart
It can be seen from Fig. 4 that the simulated Smith chart of the
antenna shows a polar plot view of the S-parameters. The
respective markers 1, 2, 3, and 4 show the starting and termin-
ating frequencies of the two bands at which the antenna is
working. Figure 5 shows the antenna matched to an imped-
ance of 50 V.

Fig. 2. (a) Detailed top view of the patch antenna (layer 1). (b) Top view of the ground layer (layer 2). (c) Bottom view of the lower substrate with feed line (layer 3).

Table 1. Parametric details of the semi-spiral G-shaped patch antenna,
ground layer, and feed line.

Parameter Dimensions (mm)

L 22
W 14.30
L1 16.3
W1 9.9
L2 3.35
W2 2.6
L3 10.8
W3 6
L4 18.975
W4 13.5
L5 0.35
W5 1
W6 0.7
W7 1
X 15.6
Y 4
X1 0.4
Y1 4
X2 4.4
Y2 8
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Fig. 3. Simulated return loss (S11 in dB) of the antenna.

Fig. 4. S parameter polar plot of the simulated antenna.

Fig. 5. Smith chart of the simulated antenna matched to 50 V.
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C) Radiation pattern
The radiation pattern of any antenna is a 3D representation of
its radiation characteristics. In order to have a better under-
standing of antenna’s radiation pattern, the elevation and azi-
muthal plane views of the antenna’s radiation pattern in terms
of its gain plot are shown in the polar plots in Figs 6(a) and
6(b) at 3.6 GHZ. The designed antenna offers a gain of
4.4 dBi at a resonant frequency of 3.6 GHz. The antenna has
a major lobe directed along the broadside direction of radi-
ation at 3.6 GHz.

Figures 7(a) and 7(b) show the radiation pattern plots of
the elevation and azimuthal view antenna’s radiation pattern
at 5.3 GHz. The antenna shows a gain of 4.6 dBi at 5.3 GHz.

It has a radiation pattern with two major lobes shifted by
758 with respect to the broadside direction of antenna’s
radiation.

D) Measurements
The designed antenna was fabricated and then tested using
Agilent’s Vector Network Analyzer (VNA) E 5071 C series
operating in the frequency range from 9 KHz to 8.5 GHz.
Figure 8(a) shows the top view of the fabricated antenna
(layer 1); Fig. 8(b) shows the ground layer with an aperture
slot and a transverse slot (layer 2). Figure 8(c) shows the
bottom view of the antenna, i.e. lower substrate with a

Fig. 6. (a) E (elevation) plane view of the radiation pattern at 3.6 GHz. (b) H (azimuthal) plane view of the radiation pattern at 3.6 GHz.
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feed line (layer 3) and Fig. 8(d) shows the assembled
antenna with two substrates having patch antenna on the
top of upper substrate, feed line on the bottom of lower sub-
strate and ground layer sandwiched between the two
substrates.

The results of testing the fabricated antenna’s return loss on
a VNA are shown in Figs 9(a) and 9(b). Figure 9(a) shows the
snapshot of VNA when prototype of the designed antenna’s
measurements are done for return loss and Fig. 9(b) shows
the comparison of simulated and measured results.

Figure 9(b) shows that the simulated and measured return
losses of the antenna are found to be in close approximation
with each other (showing about 80% of results matching);

this can be verified from Table 2. The resonant frequency at
3.6 GHz has only 0.3% of mismatch with respect to simulated
frequency of operation. There is 8% mismatch at 5.2 GHz in
terms of frequency of operation and a bandwidth mismatch
of 46% for the tested prototype of the designed antenna at
5.2 GHz.

The measured results are in good agreement with the fab-
ricated ones, but there is a little variation between the simu-
lated and measured results in terms of resonant frequencies
of operation and the bandwidth at these frequencies. The vari-
ation is mainly because of the errors that are introduced
during fabrication of the antenna and the soldering connec-
tions of feed cable and the connector.

Fig. 7. (a) Elevation plane view of the radiation at 5.3 GHz. (b) Azimuthal plane view of the pattern at 5.3 GHz.
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I V . P A R A M E T R I C A N A L Y S I S O F
T H E A N T E N N A

The designed MSA operates in the TE10 (dominant) mode of
operation; here a G-shaped slot-loaded antenna was used to
achieve dual wideband behavior of the MSA at WLAN
frequencies.

The main parameters that are responsible for the broad
band behavior of the MSA are the slot length and width and
its position. It is observed that the slot width should be
small relative to the slot length. The higher resonant mode
is sensitive to the length variation of the horizontal slot,
whereas the lower resonant mode strongly depends on the
perimeter of the G slot (the extended path of the G slot). It

Fig. 8. (a) Top view of the fabricated antenna. (b) View of the ground layer with slot. (c) Bottom view of the antenna with lower substrate and feed line. (d) Side
view of the antenna with two substrates and an SMA connector.

Table 2. Comparison of simulated with measured results.

Parameters Simulated results Measured results

Resonant Frequencies bands 3.432 GHz–3.739 GHz and 4.9 GHz 25.6 GHz 3.50-3.66 GHz and 5.33 GHz 25.768 GHz

Return loss (S11 in dB) 258 dB (at 3.6 GHz center freq.) 234.37 dB (at 3.588 GHz center freq.)
223.5 dB (at 5.5 GHz center freq.) 227.61 dB (at 5.5 GHz center freq.)

Impedance Bandwidth at both the bands
( for antenna matched to 50 ohms)

307 MHz (3.432 GHz–3.739 GHz) 160 MHz (3.50–3.66 GHz)
608 MHz (4.98–5.597 GHz) 438 MHz (5.33–5.768 GHz)

Wireless Applications covered by the
proposed antenna

WiMAX (at 3.6 GHz), WLAN
(5.1 GHz–5.3 GHz) and FCC unlicensed
National Information Infrastructure
(U-NII) bands (5.25–5.35 GHz)

WiMAX (at 3.6 GHz) and broad band Access
service at 3.5GHz

Wi-Fi (5.3 GHz–5.8 GHz)
unlicensed National Information Infrastructure

(U-NII) bands (5.25–5.35 GHz)
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was observed that by varying the lengths and widths of
different slots, which form the G-shaped slot in the MSA,
the resonance and impedance bandwidth gets changed.
Figures 10–15 show the effect of varying slot dimensions
W4, L1, W1, and L3 and the corresponding surface current
distribution on the patch at the two resonant frequencies of
3.6 and 5.3 GHz. It is observed that there is a decrease in
the resonant frequency and impedance bandwidth as the
antennas slot dimensions are increased.

The variation in the dimensions of slot L1 causes a change
in the return loss, hence affecting the impedance matching of
the antenna at the two bands of operation.

The broad band behavior of the antenna at 4.9–5.5 GHz is
affected by the variation in slot W1.

The slot W3 affects the resonant behavior of antenna at
5.2 GHz and the slot W4 in the patch is responsible for
showing the different resonant frequencies of operation and
the corresponding current distribution is shown at 3.6 GHz
in Fig. 14. The major part of the energy when the antenna
is energized is concentrated on the top of the patch where
the slots are cut and help in better radiation from the
antenna.

Figure 15 shows the surface current distribution at
5.3 GHz and Fig. 14 shows the surface current

Fig. 9. (a) Snap shot of VNA during measurement of antenna return loss (S11). (b) Simulated and measured results of the antenna’s return loss (S11 in dB).
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Fig. 10. Effect of changing the slot length W4.

Fig. 12. Effect of changing W1.

Fig. 11. Effect of changing L1.
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distribution at 3.6 GHz. It can be observed from Figs 14
and 15 that the slots W4, W3, and W2 are responsible
for showing a resonance at 3.6 GHz, whereas W1 and
W4 are responsible for the broad band behaviour of

antenna from 4.9 to 5.5 GHz. The antenna is linearly
polarized as the currents and the resultant E fields
follow either a horizontal or a vertical pattern (depend-
ing upon the current cycle).

Fig. 14. Surface current distribution of the MSA at 3.6 GHz.

Fig. 15. Surface current distribution of the MSA at 5.3 GHz.

Fig. 13. Effect of changing L3.
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V . C O N C L U S I O N S

A semi-spiral G-shaped MSA is simulated, analyzed, fabri-
cated, and tested for validation of results. The antenna was
designed using an aperture-coupled feeding mechanism and
cutting slots into the patch to give it a semi-spiral G shape.
The designed antenna has a compact structure having
overall dimensions of 35 × 29 × 3.25 mm3. The proposed
antenna has a great potential for wideband wireless applica-
tions such as WLAN and WiMAX, and U-NII bands offering
a good impedance bandwidth of about 8.5% at 3.36 GHz and
11.71% at 5.3 GHz as the center frequency. The use of slotted
geometry of the patch along with a parasitic feeding method,
i.e. aperture-coupled feeding is responsible for a dual wide-
band behavior of the antenna. It is observed that the length,
width, and the position of the G-shaped slots are optimized
to get the desired dual wideband behavior. The higher reson-
ant frequency of operation depends upon the length of hori-
zontal slot in the G shape and the lower resonant frequency
depends upon the perimeter of G slot.

The compact size of the antenna makes it suitable for inte-
gration with RF front-end circuits. The proposed antenna
achieved an impedance bandwidth (at VSWR , 2) of
163 MHz (at 3.6 GHz) and 428 MHz (at 5.5 GHz) and thus,
covers three wireless application bands for WLAN, WiMAX,
and U-NII band applications. The gain of this antenna, i.e.
4.5 dBi approximately at the three wireless application
bands, suits indoor wireless applications. A further stacking
of one more layer over this antenna can be done to obtain
ultrawideband and high Gain behavior for the same three
bands of WLAN, WiMAX, and U-NII bands operation.
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