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A small size multi-wideband patch antenna with seven-segment slots is
presented. The multi-wideband operation and size reduction are
manipulated through the use of the slot loading technique. Etching seven-
segment slots into the conventional patch antenna enhances its
performance for multi-wideband applications. The geometry that is
constructed by the slots controls the resonance frequencies and their
bandwidths, of the antenna. The software IE3D is employed to analyze
and simulate the proposed antenna. Some of the results are confirmed
using the HFSS software. The results illustrate that the proposed antenna
is capable to achieve return loss (RL) less than -10 dB and voltage
standing wave ratio (VSWR) < 2 in up to eight frequency bands, in the
frequency range 2 - 8 GHz.

1. INTRODUCTION

Microstrip patch antennas are widely used in wireless communication systems because
they can provide low profile, medium efficiency, and mechanical reliability [1-3].
However patch antennas, especially in a compact form, have a narrow bandwidth.
Enhancement of the antenna performance to cover the demanding bandwidth is
necessary.

A few approaches can be applied to improve the microstrip patch antenna
bandwidth. These include increasing the substrate thickness, introducing parasitic
elements either in a coplanar or a stack configuration, and modifying the shape of a
common radiator patch by incorporating slots. The last approach is particularly
attractive because it can provide excellent bandwidth improvement and maintain a
single-layer radiating structure to preserve the antenna’s thin profile characteristic.
Most of the previous studies in the literature focused on the microstrip patch antenna
with a thick substrate (even over ~ 12 % working wavelength [1, 4]). Some work was
done to enhance the operation bandwidth of the patch antenna with a thin substrate of
less than ~ 1 % of the working wavelength [5]. However, the bandwidth of microstrip
antenna may be increased using air substrate [6]. Also a dielectric substrate can be used
for compact antenna with wide bandwidths operations [7]. Several approaches based
on the slot loading technique are proposed for more bandwidth enhancement such as
ultralow-profile patch antenna [1], patch antenna with switched slots [8], ground-
slotted patch antenna using PIN diode switching [9], microstrip antenna with loaded
slots and capacitances [10, 11], E-shaped patch antennas [12,13], H-shaped patch
antennas [14, 15], U-slot patch antenna [16], V-slot patch antenna [17]. The main
benefit with introducing the slot loading technique is that the multi-wideband
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performance can be enhanced with a smaller antenna volume compared to the
conventional antenna.

In this paper seven segment slots constructing different shapes are introduced
into the patch to control the resonance frequencies of the compact microstrip patch
antenna. These shapes provide multi-wideband operations in the frequency range 2-8
GHz. The main idea of the proposed design is based on the slot loading technique.
Here, we will study the influence of the geometry change of the slots on the resonance
frequencies and on the performances of the antenna. The 3-D full wave method of
moments (MoM) software package (IE3D) coded by zeland software [18] is applied to
analyze and simulate the proposed antenna. Also some of the results are recomputed
using the HFSS software which is based on the high-frequency finite-element
simulation method to confirm our simulation. The description of the antenna design,
analysis and simulation, and computed results are outlined in the following sections.

2. ANTENNA GEOMETRY AND DESIGN:

The geometry of the proposed antenna is shown in Figure 1. It consists of a
conventional patch antenna which consists of a patch, substrate, and a ground plane.
The dimensions of these elements as well as the thickness of the substrate and its
relative permittivity are computed at central operated frequency of 2.4 GHz [19]. The
computed dimensions of the ground plane and the patch are 50.95x59 mm? and
41.35x49.41 mm?, respectively. The dimensions are measured such that the length is in
the x-direction and the width is in the y-direction. The substrate between the patch and
the ground plane is considered from the dielectric material RT/ Duroid 5880 with

relative permittivity &, =2.2 which gives better efficiency and larger bandwidth. The

thickness of the substrate is 1.6 mm. The antenna is fed by a 50-Q coaxial feeding
probe of radius 3.0 mm. The inner conductor is connected to the top surface of the
patch antenna while the outer conductor is connected to the ground plane. The
coordinate of the feeding point is (-6.35,0.0). In general, when this conventional patch
antenna is simulated, a single resonant frequency band of 2.4GHz is obtained, this
single band can only cover one of the required applications. By utilizing the slot
loading other bands of resonant frequencies can be introduced for multi-wideband
operation. Therefore the patch antenna with loaded slots can be used for different
applications.

To yield the aim of the multi-wideband operation seven-segment slots are
introduced into the patch to give flexibility to construct various shapes of numbers and
letters. The slots A, D, and G as in Fig. 1, have a dimension of 39.35x2.00 mm?. The
slots B, C, E, and F have a dimension of 2.00x15.71 mm? A 1.0 mm strip is made
between the top, left, and right edges of the patch and the nearest slot. The y-dimension
between the bottom edge of the patch and the slot D is 10.99 mm. The positions and
dimensions of the slots are optimized by trial and error to yield the maximum number
of resonance frequencies, wide bandwidths, and high gain. Specific slots are taken into
consideration to construct a certain shape of a number or a letter. Some examples of
these shapes and corresponding slots are illustrated in Table 1.
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Figure 1. Geometry and parameters of the proposed antenna.

Since the resonance frequencies can be determined by the mean current path,
any disturbance of the path by introducing slots can affect strongly the resonance
frequencies. These resonance frequencies can be tuned by varying the length of the
slots. Increasing the current path with the same physical length causes a downward
shift in the resonant frequencies. This means that for an antenna with the same resonant
frequency, the overall surface dimension can be decreased to a great amount. Various
configurations of the slots create unequal lengths for different separated current paths.
These current paths correspond to hybrid operating modes which result in wideband
characteristics [19].

Table 1. Examples of specific slots and the corresponding shapes of
some numbers and letters constructed by the slots.

Parameters Corresponding Parameters Corresponding
shape slots shape slots
0 A B,C,D,E,andF. 1 F, and E.
2 A F, G, C,and D. 3 A, F, G, E, and D.
8 A B,C, D, E, F, andG. 9 G,B,A F E,and D.
A A B,C, E, F, and G. b B, C, D, E, and G.
C A, B, C,and D. d C,D,E ,F,and G

3. SIMULATION RESULTS AND DISCUSSIONS

The simulation of the proposed antenna is carried out using IE3D software [18]. The
initial design of the antenna does not contain slots on the patch. For that case the

optimum position of the feeding point was located at ( X,,Y,) = (-6.35, 0). The

computed result of the return loss, RL, as a function of frequency for that conventional
antenna is shown in Fig. 2. When the slots are inserted to the patch more resonant
frequencies become pronounced with RL less than —10 dB in the frequency range of 2
— 8 GHz. Those resonant frequencies depend on the configuration of the slots. For
example the arrangement and specified dimensions for the state at which the slots
construct letter C (consider only slots A, B, C, and D) are shown in Fig. 3. This
construction corresponds to a pair of inverted L-shaped spaced with 2.0 mm. The first
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L-shaped is constructed from the slots A, and B, and the second is formed from the
slots C and D. The computed results of the RL as a function of frequency for some
arrangements of slots forming shapes of numbers 0, 1, 2, 3, and letters A, b, C are
shown in Fig. 4. As illustrated in Fig. 4(d) for the shape of letter C there are eight
resonance frequencies at 2.41, 2.81, 3.21, 6.1, 6.8, 7.11, and 7.68 GHz with RL less

than -10 dB.
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Figure 4. Return loss as a function of frequency for the proposed antenna when the
arrangement of the slots construct the shape of (a) numbers 0,1; (b) numbers 2,3; (c)
letters A, b; (d) letter C.

To check that the presented results are correct the return loss is recalculated
using the HFSS software for the cases of slots configurations corresponding to the
shapes of O and C. That software is designed by Ansoft Corporation. The results are
presented in Fig. 5. There are good agreements for the results computed by the two
softwares up 7 GHz. There are some differences in the upper frequency range > 7 GHz.
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Fig. 5. Return loss for two cases of slots constructions using HFSS Software; (a)
number O shape, (b) letter C shape
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The current distributions are calculated at the resonant frequencies for the state
of slots arrangement constructing the shape of the letter C (as that specified in Fig. 3).
The calculated results are shown in Fig. 6. The results show that the current
concentrates on the strip around the slots that satisfying the boundary condition.

(9) (h)

Figure 6. Surface current distributions for an arrangement of the slots that construct
the shape of letter C at the resonant frequencies () f, = 2.41GHz, (b) f,= 2.81GHz, (c)
f.=3.21GHz, (d) f= 6.10GHz, (e) f,= 6.21GHz, (f) f,= 6.80GHz, (g) f,.= 7.11GHz, and

(h) f,=7.68 GHz.

Figure 7 shows the simulated radiation patterns of the electric field E in the ¢
= 0° and ¢ = 90° planes at different resonant frequencies for the same state as that in
Fig. 3. The results illustrate that at some resonance frequencies wide variations of the
radiation pattern with small back radiation are obtained. The advantage of reducing
radiation to the back is that minimizing the electromagnetic power radiated back to the
heads of the headsets users if the antenna is used in the mobile communication.
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Figure 7. Simulated Radiation pattern of E-fields in the ¢ = 0° and ¢ = 90° planes at
different resonant frequencies for an arrangement of the slots that construct the shape
of letter C, (a) ;= 2.41GHz, (b) £,= 2.81GHz, (c) f,= 3.21GHz, (d) f= 6.10GHz, (e) £,

=6.21GHz, (f) £,= 6.80GHz, (g) f,= 7.11GHz, (h) f,= 7.68GHz.
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The simulated gain of the antenna at the resonant frequencies for the state of
the slots constructing letter C is given in Figure 8. It is clear that the gain has peak
values of 4.5, 4, 2,6, 6,6, 7, and 7.5 dBi at the corresponding frequencies 2.41, 2.81,
3.21,6.1,6.21, 6.8, 7.11, and 7.68 GHz respectively. The behaviors of the antenna and
radiation efficiencies are presented in Figure 9. The computed results in Figures 8 and
9 illustrate that the proposed antenna for the slots arrangement constructing the letter C
provides a high gain. Its radiation efficiency is higher than 98 % over the operating
frequency range. The radiation efficiency is high because there are no high dielectric
losses and small surface wave losses. The high gain and radiation efficiency make the
antenna suitable for wireless communication systems. Moreover, the antenna provides
more enhancements of multi-wideband operation.
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Figure 8. Simulated gain as a function of frequency for the antenna for an arrangement
of the slots that construct the shape of the letter C.
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Figure 9. Simulated antenna and radiation efficiencies of the antenna as a function of
frequency for an arrangement of the slots that construct the shape of the letter C.

5. CONCLUSION

In this paper a suggested design of a compact patch antenna for multi-wideband
applications is presented. The antenna is designed to operate at frequency range 2-8
GHz. The antenna contains seven segments slots introduced into the patch to define
number of the resonant frequencies and to enhance the bandwidths. Some of these slots
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can be taken into consideration to construct a certain shape of a number or a letter.
Number of the resonant frequencies and their locations are dependent on the shape of
the constructed slotted patch model. It is found that the resonance frequencies can be
controlled through choosing the positions and dimensions of the slots. For example if
the slots are chosen such that the shape of the letter C is constructed the antenna will
provide up to eight widebands resonance frequencies. These multi-wideband
resonances make the same antenna applicable for different applications. Also the
designed antenna model gives higher gain and radiation efficiency than the traditional
one.
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