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A miniaturized reconfigurable antenna with a hexagonal slot is presented. The motivation
of this study is to overcome the problem of switching band antenna with minimum electronic
components while designing a miniaturized antenna. The reconfigurable band property has
been obtained using only two PIN diodes. The suggested structure has successfully
permitted the reconfigurable ability up to three bands of 2.36-2.81 GHz, 3.20-4.23 GHz, and
3.13-5.92 GHz, which well suitable for the standard of the WLAN and WiMAX bands of
5.8/2.4/5.2 GHz and 5.5/2.5/3.5 GHz respectively. The peck gain and efficiency of the
reconfigurable antenna at resonant frequencies 2.58, 3.56, 3.58, and 5.63 GHz are 1.48, 1.69,

1.89, 3.44 dBi and 89.60, 87.14, 90.48, 81.57%. The suggested antenna has a compact
dimension of 31 x14.5 mm?2. This antenna has a better performance which makes it a good
candidate to use in a variety of multimode wireless devices.

1. INTRODUCTION

In the current filed of wireless technologies, it is very much
requested a single electronic module, which is supporting
multiple applications simultaneously. The reconfigurable
antennas have attracted attention in recent wireless devices;
the reconfigurability can be utilized to control the resonant
frequency, radiation pattern, or even on the polarization
depending on the application they’re used for [1, 2]. The
reconfigurability property has been suggested is to obtain the
ability to switch the antenna band for effectuating only the
interested frequency band [3]. In addition, the reconfiguration
mechanism can be realized by using the electronic components
such as RF switch, PIN diodes, micro electromechanical
switches (MEMs) or varactor diodes to control the current
distribution on the radiating element of the antenna or on the
feed line [4-6]. Three categories of antenna structures are
capable to adapt to frequency reconfiguration property; planar
antennas (PAs), planar inverted F antennas, and wire antennas.
The PAs are principally chosen over the other for their
advantages such as a planar structure, low cost and simple to
integrate into the circuit of wireless systems.

Several compact planar antennas with a slot have been
proposed in the literature; hexagon-slot, u-slot, and circular-
slot patch antennas have triple-band of operations [7, 8]; these
antennas have a miniature structure however are could not
reconfigurable to choose the operation band. Moreover,
various structures of the reconfigurable antenna are presented
in literature and a rectangular patch is a current structure. A
fractal planar antenna with the frequency reconfigurable
approach and the overall size of 30x30x3.2 mm? for multi-
band application has been suggested by Reddy and Sarma [9].
A planar antenna has a physical size of 70x70x0.8 mm? with
a reconfigurable frequency characteristic based on 16 PIN
diodes [10]. A triple-band reconfigurable coplanar waveguide
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antenna with an overall size of 45x30x1.5 mm?® and radiating
elements in form of a split ring resonator (SRR). These
reconfigurable antennas have a limitation such as, large size,
more PIN diodes which increase the complexity. Low coast
and compact dual-band antenna with a T-shaped slot has been
presented [11]. This designed T-shaped antenna is capable for
WI-FI and WLAN applications. A Rectangular planar antenna
consists of a switch across the T slot on the feed line cover the
resonant frequency 1.8 GHz, 2.3 GHz, and 2.4 GHz is
suggested by Sabapathy et al. [12]. A broadband G-shaped
antenna is proposed for WLAN applications [13]. The
designed patch antenna achieves two isolate impedance
bandwidths of 22.9% at 2.45 GHz and 50.9% at 5.60 GHz.

The slotted patch antenna is proposed by Rasool et al. [14],
which shows that the recent wireless devices need the
technique of reconfigurability and flexibility in the antenna
structure. In the changing switching states, the antenna
achieves the various, frequency modes. A slotted L-shaped
antenna with the pattern and frequency reconfigurable
techniques is presented, this antenna has a PIN diode switch to
pattern and frequency reconfigurability [15]. These antennas
are not small size and demand a large number of diodes to
achieve multi-band frequencies, which add more complexity
in terms of integration and cost.

However, the proposed antennas in the above-presented
papers have deficiency in either the resonant frequency,
bandwidth, gain, a large size, multi-band characteristics or a
complex configuration because of numbers of the diodes that
used.

In this paper, a miniaturized triple-band patch antenna with
a reconfigurable band for multi-band applications is
investigated. The band reconfigurable approach was obtained
by employing only two PIN diodes. The suggested patch
antenna is capable to achieve three bands of operation that
covers diverse standards of the wireless communication such
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as, 2.4/5.2/5.8 GHz WLAN band, and 2.5/3.5/5.5 GHz WLAN
band. In addition, the structure of this antenna is compact and
easy to integrate into wireless devices. The rest of the paper is
organized as follows; Section 2 presents the antenna geometry.
The design procedure of the proposed antenna is introduced in
Section 3. Switching mechanism has been carried out in
Section 4. The current distributions, radiation patterns, and
efficiency of the proposed antenna are given in Section 5.
Section 6 concludes the paper.

2. ANTENNA GEOMETRY

The structure of the suggested reconfigurable miniature
antenna is detailed in Figure 1(a). The antenna structure
composes of the hexagonal slot etched on a radiating element
which is printed on 1.6 mm-height FR4 substrate material
having a constant dielectric and loss tangent of 4.3 and 0.022
respectively. The radiating element is fed by a 50 Q coplanar
waveguide (CPW) which corresponds to a feed line width of
2.7 mm and a gap space of g=0.4 mm as seen in Figure 1(b).
Two diodes have been used on both ends of the hexagonal slot
to achieve the band reconfigurability. The suggested antenna
has small dimensions of 31x14.5x1.6 mm?, which gives it a
priority to use into compact multi-band devices. The optimal
dimensions of the suggested structure are listed in Table 1.
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(a) Front view (b) Side view
Figure 1. Structure of the suggested antenna

Table 1. Parameters of the suggested antenna

Parameter Dimension (mm)
Wsub 14.5
Wp 145
Wg 5.65
Wif 241
g 0.4
Ws 105
h 1.6
S 4.23
Lsub 31
Lp 20
Lgl 55
Lg2 8
Lf 12
Ls 3.5
F 4
t 0.035
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3. ANTENNA DESIGN PROCEDURE
3.1 Design equation

In order to design the suggested antenna, the design
parameters of the conventional antenna are calculated to use
the transmission line model theory (1)-(5) as shown below,
thereafter its structure and parameters are optimized by using
the design evolution and parametric study. The length (L,) and
the width (W) of the radiating element are calculated as [16]:

c
o = ()
e +1
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reff 2 2 VVp
L C
= 3
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where, AL and eref f are the length extension and the effective
dielectric constant and respectively. Feed width (W) and feed
length (L) are defined as [16]:

A
W= e (6)
5 _377(h +2) ;
T 7

The antenna should have a good impedance matching at the
desired resonant frequency for providing a better power
transfer between the antenna and the fed line.

For the antenna without hexagonal slot, the initial design is
constructed with L,=25 mm and W,=20 mm for which the
fundamental resonant frequency is 3.08 GHz. When the
antenna is feed, the efficiency increase resulting in the
decrease of the reflection coefficient S11, which is determined
mathematically as [17]:

Za_Zc
Z,+ 2,

S11 = 20 * log( ) (®)

where, Z, is the input impedance of the antenna and Z
represents the characteristic impedance of the feed line.

3.2 Design evolution

The design evolution of the suggested antenna is explained
in detail as follows; four steps are useful for more explain the
evolution of the suggested antenna as given in Figure 2. The
results of the reflection coefficient S, of antennas are depicted
in Figure 3. Antenna 1 is an initial structure, that composes of
a radiating element with a length (Lp) and a width (Wp).



Figure 3 denotes that the bandwidth of the antenna 1 is ranging
from 2.77 GHz to 3.52 GHz and the resonant frequency is
around the 3.08 GHz.

Antenna 2 is obtained by using a hexagonal slot which is
etching on the rectangular patch for extending the surface
current on the patch and creates the miniaturization ability.
The antenna 2 produces the bandwidth from 2.32 GHz to 2.87
GHz centered on 2.57 GHz.

Antenna 3 has been designed by inserting a rectangular
notch in the radiating element for archive another band. It can
be observed in Figure 3, that the antenna achieves a resonant
frequency around 3.41 GHz and the impedance bandwidth for
S11<-10 dB is ranging from 3.13 GHz to 3.74 GHz.
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Figure 2. The design evolution of the suggested antenna
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Figure 3. Reflection coefficients of antennas

Antenna 4 has two rectangular notches at the end of the
hexagonal slot; this structure offers two bands of operations
and two resonant frequencies of 3.2 GHz, 6.77 GHz.

Antenna 5 is the final step; an asymmetric ground plane has
been formed for enhancement of the upper bandwidth and get
a good impedance matching. It can be noted from Figure 3,
that a wide-band from 3 GHz to 6.46 GHz has been formed
due to an asymmetric ground plane.

4. SWITCHING MECHANISM

For covering triple-bands of operation with a single antenna,
two PIN diodes have been used as shown in Figure 4. The
Infineon bar PIN diode with a frequency range of 10 MHz to
6 GHz has been choices to integrate into the radiating element
of the antenna to achieve the band reconfigurability ability
[18]. According to ON/OFF states of diodes is can provide the
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switching operation bands. Both the ON/OFF states of the PIN
diode have a correspondence circuit mode are indicated in
Figure 4(a). The inductance value is L=1.8 nH for two OFF
and ON states.
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(a) ON and OFF states

(b) PIN diode modeling in CST

Figure 4. Equivalent circuit of the PIN diode
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Figure 5. Reflection coefficients of the frequency
reconfigurable patch antenna with a PIN diode in the ON and
OFF states

In case 1, the circuit model of the ON state of the PIN diode
is a series combination between the resistance R=3 Q and the
inductance L. While in case 2 the circuit model when the PIN
diode has the OFF state is a parallel composite of the



capacitance C=0.15 pF and the resistance R,=5 KQ which are
series between the inductance L. Moreover, the RLC circuit of
the OFF-ON state of the diodes is modeled in the CST
microwave studio software as shown in Figure 4(b). The
positions of the PIN diodes (D1 and D2) are optimized to
obtain the band reconfigurability and covering the
requirements of the WIMAX/WLAN bands applications. The
suggested antenna is simulated using the CST software and the
obtained results are valeted using HFSS software. The
suggested antenna is capable to operate in various modes that
are controlled by the state of diodes (D1-D2). When D1 and
D2 have the ON-state, and D1 has the ON-state and D1 has the
OFF-state, D1 and D2 have OFF-state the suggested antenna
is in the mode 1, mode 2, and mode 3 respectively. Figure 5
shows the reflection coefficient of the suggested antenna in
several modes. The obtained results from the CST and HFSS
software are agreed coherently.

In mode 1 the simulated impedance bandwidth for S;1<-10

dB is ranging from 2.36 GHz to 2.81 GHz with the resonant
frequency of 2.58 GHz. While in mode 2 the suggested
antenna offers the resonant frequency of 3.56 GHz and the
bandwidth of 3.20-4.23 GHz. Whereas, in mode 3 the antenna
archives a wide-band from 3.13 GHz to 5.92 GHz with two
resonant frequencies of 3.58 GHz and 5.63 GHz.
Depending on two states of diodes the designed antenna can
switch on three bands of operation which are covering the
demand of WLAN at 2.45/5.2/5.8 GHz and WiMAX at 3.5/5.5
GHz.

Table 2 presents the simulation results of the proposed
antenna in terms of bandwidth and resonant frequency for the
achieved modes provided by both PIN diodes. Equation (9)
was used in calculating the impedance bandwidth (BW.io
a8(%)), as given by [19]:

fmax — fmin)

fr

where, f;: resonant frequency, fmax: maximum frequency, fin:
minimum frequency, BW: Bandwidth.

BW = ( ©)

Table 2. The possible modes with their corresponding
operating bandwidths and frequencies

Configuration ~ BW-104B B‘?(f/;‘)" ®  f(GHz) f(GHz)
D1-D2 (%), CST HESS CST HFSS
Mode 1 ON-

ON 17 17.6 2.58 2.62
MOd%ZNOFF' 205 30.4 356 354
Mode 2 OFF- 3.58 3.51

OFF 60 61 563 556

5. CURRENT DISTRIBUTION AND RADIATION
PATTERNS

5.1 Current distribution

To explain the mechanism of the multi-band operation, the
vector current distribution of the suggested antenna in
different modes are presented in Figure 6. It can be noted that
the PIN diodes control the current distributions on the main
radiating element. these variations of the current distribution
produce a different electrical length hence generates different

resonance modes. At mode 1, the current flows towards a
longer path hence increase the electrical length as depicted in
Figure 6(a). In this case, the suggested antenna achieves a
resonant frequency of 2.58 GHz in the lower band. whereas in
mode 2, the current distribution is much stronger on the lower
radiating element as indicated in Figure 6(b). As a
consequence, the electrical length decreases, therefore the
antenna produces a second band. In mode 3 as shown in Figure
6(b) the current distribution with different towards has been
created on the radiator which archives different electrical
lengths and this combination can provide two resonant
frequencies of 3.58 GHz and 5.63 GHz.

Knowing that the optimized antenna offers three modes of
operating, their path lengths corresponding to each resonant
frequency (F=2.58 GHz, F,»-3.56 GHz, F,3-5.63 GHz) are
calculated from the surface current distributions for the given
frequency modes as follows:

Pery = (5 + 22+ Lp)=33.25 mm (10)
Pery = (5 + 22 +2=20.25 mm (11)
Pers =(5 +22) = 16 mm (12)

These paths resonant lengths (Pr- values) are calculated
from the surface current distributions for the given frequency
modes. These lengths are approximately equal to one-quarter
of the guided wavelength is determined based on the following
Eq. (13) [16].

Figure 6. Current surface distribution



5.2 Radiation patterns

In three modes, the radiation pattern of the suggested
structure is omnidirectional in H-plane while it is bidirectional
in E-plane as depicted in Figure 7. Besides that, this antenna
has symmetric patterns due to its symmetric radiating element
structure.
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Figure 7. Simulated radiation patterns at various modes

The simulated gain and efficiency of the antenna over the
band for the three switched states is observed in Figure 8. It
shows that the maximum gain and efficiency values obtained
at the resonant frequency in the mode 1, mode 2 and mode 3
are 1.48 dBi, 89.60%, 1.69 dBi, 87.14% and 1.89 dBi, 3.44
dBi, 90.48%, 81.57% respectively.

In addition, the size of the antenna is less than a half
wavelength at the lower operating frequency. As a result, gain
and efficiency affect.
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Figure 8. Simulated gain and radiation efficiency for various
modes

The performance of the suggested antenna is compared with
several reconfigurable antennas observed in literature, which
is tabulated in Table 3. It can be seen that the suggested
reconfigurable antenna achieves the band reconfigurability by
using only two switching PIN diodes, which minimize the
complexity of biasing circuits and hence the distortion
resulting from it. In addition, the suggested antenna has a
compact size, which make it a suitable candidate for miniature
wireless systems.

Table 3. Comparison of the suggested antenna performance

Ref Dimension No. No. of
) (mm?) Band  switches
[20] 80>80%<1.6  2-3 4
[21] 50560%1.6 1 2
[9] 48>4853.2 2 4
[22] 45540%1.6 4 10
[23] 40>40x1.6 3 1
[24] 39>37x1.6 3 1
[25] 35>40x1.6 3 1
[26] 30>26x1.6 3 4
The suggested antenna 31x14.5%1.6 3 2

6. CONCLUSIONS

A compact reconfigurable patch antenna has been suggested
and investigated in this letter. The antenna contains the
rectangular patch loaded with a hexagonal slot. Only two
diodes are employed to offer a band reconfigurable property.
According to the ON-OFF state of diodes, three bands are
achieved, 2.36-2.81 GHz and 3.20-4.23 GHz and 3.13-5.92
GHz. The obtained results from CST and HFSS have a good
agreement. In addition, suggested reconfigurable antenna has
other performance, such as good radiation patterns, simple
structure, small size which make it a capable candidate for
wireless communication in diverse applications.
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