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A T-shaped printed planar antenna on epoxy-resin
material for ISM/WiFi/Bluetooth/ WIMAX/WLAN
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This paper presents a printed planar antenna for numerous wireless communication applications. The antenna is comprised
of a T-shaped patch and partial ground plane and fabricated on epoxy-resin material. The antenna achieved a good
operating bandwidth of 1.54 GHz ranging from 2.02 to 3.56 GHz (55.2 %), an average gain of 3.09 dBi, and average
efficiency of 85 %. The measured results matched quite well to the simulated one and revealed that the studied antenna is
able to satisfy the bandwidth and gain requirements with stable radiation patterns for different wireless commutation
services including WiFi, ISM band, Bluetooth, WiMAX and WLAN.
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1. Introduction

The proliferation of wireless communications has
entered into a new era of wireless networking. Wireless
local area networks (WLANSs) and cellular phones are
undoubtedly the most popular wireless systems, but in the
recent years, there has been substantial growth in the use of
industrial, scientific and medical (ISM) frequency bands.
According to the code of federal regulations of the FCC [1]
and ITU regulations [2], the ISM bands are for the
operation of ‘equipment of appliances designed to generate
and use locally RF energy for industrial, scientific, medical,
domestic of similar purposes’. FCC allocates a number of
frequency bands for ISM applications and commonly used
bands are 433.05 — 434.79 MHz, 902 — 928 MHz, 2.4 - 2.5
GHz, 5.725 — 5.875 GHz [3]. Typical applications of ISM
bands are the production of physical, biological, or
chemical effects such as heating, ionization of gases,
mechanical vibrations, hair removal and acceleration of
charged particles. At the same time use of ISM frequency
band in WiFi, Bluetooth, WiMAX, Zigbee, wireless
telephones, are ongoing. WLANs under IEEE 802.11b
standard [4], is another most widespread standards that use
the 2.45 GHz ISM band for signal transception. Among
different frequency bands, the 2.45 GHz ISM band is the
most widely used band that lessens the system size.

Antenna plays a key role in transmitting and receiving
of signal in any wireless communication. In ISM band
applications, antennas should be small enough to be
implanted in the human body. At the same time, they
should have to be planar profile to be integrated in portable

devices. Since the ISM antenna operates with the other
wireless standard such as WiFi (2.4 GHz), Bluetooth (2.45
GHz), WIMAX (2.3, 2.5, 3.5 GHz) and WLAN (2.45
GHz), a wideband/multiband antenna that can cover all
these narrow-band services is therefore necessary.

Different techniques and attempt have been reported to
design wideband planar antennas [5-18]. For example, a
metamaterial inspired triple-band antenna was reported in
[5]. The resonant modes at 2.4 GHz, 3.5 GHz and 5 GHz
were achieved by using a rectangular slot and a
metamaterial inspired split ring structure. In [6], a planar
antenna was reported to operate at 2.4 GHz and 3.5 GHz
bands. To resonate at 2.4 GHz it uses microstrip line loaded
with dumbbell-shape defected structure while the higher
resonance was achieved by the use of two vias. In [7], a
textile PIFA antenna was presented for ISM band
applications. By embedding slots both in the patch and
ground plane, the designed antenna was attained dual
operating bands centred at 433 MHz and 2.4 GHz.
However, the antenna possesses a large size of 140 x 80
mmZ. A built-in monopole inverted-F antenna for GPS and
ISM operations was reported in [8]. For medical implant
communication service (MICS) and ISM band applications,
a dual-band stacked patch antenna was presented in [9].
The antenna consists of a two-stacked patch over a circular
ground plane. The upper and lower patches resonate in
MICS and ISM bands, respectively. However, it has a
larger 3D profile and not suitable to be integrated into
portable devices. In [10], a chip-type antenna that uses
advanced meander line technique was presented for ISM
band applications. The antenna is composed of small
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ceramic dielectric and TMM-4 substrate and is able
operates at 2.4 - 2.4835 GHz and 5.725 - 5.85 GHz bands.
For WLAN application, a dual-band antenna was presented
in [11]. This design adopts microstrip feedline, folded T-
shaped radiator and two symmetrical rectangular patches
and able to operate at dual frequency bands of 2.4 - 2.52
GHz and 4.5 - 7.5 GHz. A loop antenna with a band-stop
matching circuit was developed in [12]. With a volumetric
size of 14 x 55 x 0.8 mm?, the designed antenna is able to
operate at two wide operating bands of 704 - 960 MHz and
1710 - 2690 MHz. In [13], a multi-band planar antenna was
reported to operate over the 900 MHz GSM band, the 2.45
GHz ISM band, and the 3.5/5 GHz WLAN band. A double
band antenna operates over the LTE band was proposed in
[14]. The studied antenna consists of L-shaped branch and
meander lines and able to operate at 870 - 990 MHz (GSM
band) and 1.65 - 3.14 GHz bands. In [15], a U-shaped
open-end slot antenna was developed for handset
applications. With a volumetric size of 12 x 58 x 0.6 mm?,
the designed antenna is able to operate in LTE band 12,
DCS, PCS, UMTS, LTE band 40, ISM 2.45 GHz, LTE
Band 42 and LTE band 43. Despite the attainment of
wide/multiple operating bands, most of the above-
mentioned antennas possess complex structure, larger
dimension, 3D profile, low gain and low efficiency, which
require more investigation to get an appropriate wideband
antenna solution.

In this paper, a microstrip planar antenna is studied for
WiFi/ISM band/Bluetooth/ WiMAX/WLAN applications.
The studied antenna has a simple structure and is
prototyped on a low-cost epoxy-resin substrate material. It
is revealed from the experimental observation that the
presented antenna has an operating band of 2.02 - 3.56
GHz and able to cover the above mentioned multiple
wireless services.

2. Antenna design and optimization

The design of the studied antenna starts with the basic
equations for calculating the width (W) and length (L) of
the microstrip patch antenna using the transmission line
model. According to the transmission line model, the
width, W and length, L of the rectangular patch are [19]
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where f, is resonance frequency, c is the speed of light in
vacuum and g, is the relative permittivity. The effective
permittivity is given approximately by [20]
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where h is the height of the dielectric substrate.
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Fig. 1. Footprint of the proposed antenna

The antenna looks electrically larger than its physical
dimensions due to the adjoining field around the boundary
of the patch [20]. Considering this result Al, the extension
of length due to the fringing field effect is

(e, +0.3)(V:+o.264j

(e, —0.258)(Vr\]/+0.8j

The footprint of the studied antenna is displayed in
Fig. 1. It comprised of a rectangular patch and a partial
ground plane. The radiation element of dimensions Wp x
Ls is printed on the front side of 1.6 mm-high epoxy-resin
substrate material (FR4) with relative permittivity 4.6 and
dielectric loss of 0.02. Despite slightly higher loss tangent,
FR4 material is chosen for this design due to its low
fabrication cost for mass production. A microstrip line of
size W;s x L¢ is also etched on the front side of the substrate
to feed the antenna. The characteristics impedance of the
feedline is fixed at 50 Q. A ground plane of side length Lg
is etched on the backside of the substrate. The optimized
design parameters of the studied antenna are as follows: W
=79.8 mm, L =57.8 mm, Wp = 38 mm, Lp = 29.4 mm, Ws
=3.1mm, L¢=14.2 mm, Lg= 12.74 mm, g = 1.46 mm x =
20.9 mm, and y = 14.2 mm.

The radiation mechanism of the antenna can properly
understand by investigating the current distributions rather
than input impedance characteristics that only describe the
behaviour of the antenna as a lumped element at the end of
microstrip feedline. The surface current distributions of the
studied antenna at the first resonance frequency of 2.49
GHz is shown in Fig. 2(a) where the red colour indicates
the strongest current while the blue colour is the weakest
one. At this frequency, the surface current is mostly
concentrated on the edge of the patch, ground plane and
lower end of the feedline that implies that the fundamental

Al =0.412h

(4)
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resonance mode is associated with patch and ground plane.
At 3.2 GHz, shown in Fig. 2(b), the strongest current is
confined in the gap between patch and ground plane and in
the feedline which can be considered as the higher-order
mode of 2.49 GHz. The current distributions in Fig. 2
confirmed that the radiating patch matched well with the
partial ground plane results in the exhibition of wide
impedance band.
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Fig. 2. Surface current distribution at (a) 2.49 GHz, and
(b) 3.2 GHz (color online)

3. Results and discussion

To design the proposed wideband band antenna, a
comprehensive parametric study has been conducted
which helped to understand the effect of different
parameters on antenna performances. The ground plane
length, Lg is the first parameter to be optimized. In many
open literatures, the strong dependence of the operating
band of microstrip patch antenna on ground plane size has
been reported [21-22]. The variation of simulated S;; for
different values of Lg is displayed in Fig. 3(a), which
indicated that decreasing and increasing of Lg from its
final value demonstrates poor operating band with worst

S11. In this design a value of Lg = 12.74 mm is optimized
to exhibits widest bandwidth with best Sy; value of -35.72
dB at 2.49 GHz. The simulated Sy; for different values of
feedline width, W is shown in Fig. 3(b). As the W; adjusts
the 50 Q characteristics impedance of the feedline, it can
tune the operating band of the studied antenna. It can be
observed from the plot that a width of 3.1 mm can offer
the required operating band with best S;; value. Fig. 3(c)
demonstrates the simulated S;;with the different g, the gap
between the patch and the ground plane, while the other
parameters have remained unaltered.
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Fig. 3. Variation of Sy; with (a) Lg, (b) W, and (c) g
(color online)
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As the ground plane act as an impedance matching
circuit, the gap g can tune the input impedance of the
antenna, results in a variation in the operating band. It can
be seen from the plot that a gap of 1.46 mm can give a
better S;; value within the required impedance bandwidth.
The optimized structural parameters have been found after
a comprehensive parametric study. A set of the prototype
of the studied antenna has been fabricated using optimized
parameters for experimental validation. The fabricated
prototype of the proposed antenna is illustrated in Fig. 4.
The S-parameter of the fabricated antenna has been
measured using PNA N5227A Network Analyzer. The
measured and simulated S;; responses of the proposed
antenna are presented in Fig. 5. It is observed from the plot
that the prototype antenna achieved an impedance
bandwidth ranging from 2.02 — 3.56 GHz (S;; < -10 dB)
which covers the 2.45 GHz ISM band as well as WiFi 2.4
GHz, Bluetooth 2.45 GHz, WIMAX. 2.3 GHz, 2.5 GHz
3.5 GHz and WLAN 2.45 GHz. Slight discrepancies
between the two results may be due to the effect of the RF
feeding cable, which is used in the measurements but does
not consider during the simulation.
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Fig. 5. Simulated and measured S,; responses of the
proposed antenna (color online)

The gain, efficiency and radiation patterns of the
studied antenna are measured using the StarLab near-field
measurement system as shown in Fig. 6 [23]. The
measured peak gain of the studied antenna is shown in Fig.
7 from where it can be observed that the designed antenna
achieved an average gain of 3.09 dBi with a maximum of

3.84 dBi. The radiation efficiency of the studied antenna
presented in Fig. 8 displays that average measured
radiation efficiency in the operating band is 84.66 % with
a maximum efficiency of 92.38 %. The gain and efficiency
of the proposed antenna can be improved using a more
expensive microwave substrate rather than standard low-
cost epoxy-resin material.

The radiation patterns of the proposed antenna in E-
plane and H-plane planes are measured at the resonance
frequency of 2.49 GHz and 3.2 GHz. Fig. 9(a)
demonstrates the 2D radiation patterns at 2.45 GHz in
terms of co-polarized field (Eq) and cross-polarized filed
(E4) components while Fig. 9(b) present the patterns at 3.2
GHz. It can be observed from the plot that at both
frequencies the designed antenna exhibits typical dipole
like radiation characteristics.

Fig. 6. Radiation Characteristics measurement
set-up in StarLab

Gain(dBi)
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Fig. 7. Measured peak gain of the proposed antenna
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The simulated three-dimensional radiation pattern for
the total electric field (E) at 2.49 GHz is shown in Fig. 10.
In the pattern, the red colour indicates the strongest

o
oo

§0.6 radiated E-field while the blue colour is the weakest one.
2 From the 3D pattern, it is also revealed that the radiation
0.4 oo pattern is dipole like with nulls in bore-site directions.
Despite the nulls in the bore-site directions, the radiation
02 o patterns of the studied antenna are symmetric over the
' entire working band, which is a prime requisite for many

0 narrow-band wireless communication applications.
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Fig. 8. Measured efficiency of the proposed antenna

180
(a) E-plane at 2.49 GHz

180 180
(c) E-plane at 3.2 GHz (d) H-plane at 3.2 GHz

Fig. 9. Measured radiation patterns at different frequencies. In the plot, the solid black lines represent the co-polarized
components (E,) while the dotted red lines represent the cross-polarized components (E,) (color online)
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Fig. 10. Simulated 3D radiation pattern at 2.49 GHz
(color online)

4. Conclusions

In this paper, a low-profile T-shaped microstrip planar
antenna is presented. The studied antenna consists of a T-
shaped patch and a small ground plane and fabricated on
both sides of an epoxy-resin microwave substrate material.
Experimental and theoretical results demonstrate that the
radiating element coupled well with the ground plane and
the presented antenna able to achieve an operating band of
1.54 GHz (55.2 %) covering WiFi (2.4 GHz), ISM band
(2.45 GHz), Bluetooth (2.45 GHz), WiMAX (2.3 GHz, 2.5
GHz, and 3.5 GHz) and WLAN (2.45 GHz). The designed
antenna also has a good gain, efficiency and demonstrates
stable radiation patterns that make it a good candidate to
be used in numerous wireless communication applications.
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