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Abstract – This paper presents a compact reconfigurable printed monopole antenna, operating in 
three different frequency bands (2.45 GHz, 3 GHz and 5.2 GHz), depending upon the state of the 
lumped element switch. The proposed multiband reconfigurable antenna is designed and fabricated on 
a 1.6 mm thicker FR-4 substrate having a relative permittivity of 4.4. When the switch is turned ON, 
the antenna operates in a dual band frequency mode, i.e. WiFi at 2.45 GHz (2.06-3.14 GHz) and 
WLAN at 5.4 GHz (5.11-5.66 GHz). When the switch is turned OFF, it operates only at 3 GHz (2.44-
3.66 GHz). The antenna radiates omni-directionally in these bands with an adequate, bandwidth (>10 
%), efficiency (>90 %), gain (>1.2 dB), directivity (>1.7 dBi) and VSWR (<2). The fabricated antenna 
is tested in the laboratory to validate the simulated results. The antenna, due to its reasonably compact 
size (39 x 37 mm2), can be used in portable devices such as laptops and iPads. 
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1. Introduction 
 
The drastic increase in the wireless technologies and 

their useful applications in recent years increased the 
demand for a single device that supports almost all wireless 
services and applications. The utmost requirement that this 
device must have a single antenna which is capable to be 
operated at different frequency bands required for these 
services and applications. The commonly used wireless 
services and applications in the present world comprise of 
IEEE802.11 WiFi/WLAN(2.4GHz(2.4-2.48 GHz)/5.2GHz 
(5.15-5.35 GHz)/5.8GHz(5.725-5.825 GHz)), Global System 
for Mobile Communication(GSM-900, 890-960/1710-2170 
MHz), Universal Mobile Telecommunications System 
(UMTS, 1920-2170 MHz), Digital Communication System 
(DCS/GSM-1800, 1710-1880 MHz), IEEE802.16 Worldwide 
Interoperability for Microwave Access {WiMAX, 2.5GHz 
(2.5-2.69 GHz) /3.5GHz (3.3-3.8 GHz) /5.5GHz (5.25-5.85 
GHz)}, [1]. In order to avoid interference between various 
wireless services (or applications) supported by a given 
device, unique and multiple standard frequency bands are 
dedicated for each service. The drawback of multi-band 
antenna approach is that irrespective of the fact that a given 
service (or application) is required or not, the antenna 

receive/transmit waves, when the device is turned ON. In 
other words, the conventional multi-band antennas operate 
in multiple frequencies, which are fixed, pre-modelled in 
the radiating structure of the antenna and cannot be 
modified according to the user demands. Another approach 
is to use a wideband antenna which radiates in a wider 
frequency range and can cover multiple wireless applica-
tions per device. Both of these approaches are extensively 
used in portable devices due to the fact that the concerned 
antennas are easy to design and operate. The aforementioned 
approaches have the limitation of causing co-channel 
interference with other devices working in identical 
frequency bands. Though antennas are passive devices, 
but if they are designed for fixed multi frequency 
applications, they will overload the battery in portable 
devices, if all the applications are not desired at a time. 
In such scenarios frequency reconfigurable antennas are 
appropriate candidates, as they have the capability to turn 
on or shutdown a given frequency band (or application) 
according to user demands and hence saves battery power 
in these devices. 

Reconfigurable or tunable antennas are well-known 
because of their important applications in wireless com-
munications due to their unique characteristics of selectivity 
in frequency, bandwidth, and polarization. These antennas 
are helpful for decreasing the antagonistic impacts of co-
channel interference and jamming [2]. Multiband tunable 
microstrip antennas can add an extra advantage of 
frequency reuse which increases the system capacity [3]. 
Numerous switching techniques are used in order to 
make an antenna reconfigurable i.e. photo conductive 
switches [4], pin diodes [5], lumped elements, varactor 
diodes [6] and Micro-electro-mechanical switches [7].  
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Many researchers have worked on frequency tunable 
printed monopoles antennas for wireless services. These 
antennas connect most of the mobile users in this 
technologically advanced world which has turned into a 
global village. A linearly polarized spiral antenna has 
also been proposed for frequency and pattern configurability 
in [8]. Switchable apertures for achieving left and right hand 
circular polarization diversity and frequency configurability 
are also utilized in planar antenna technology [9]. Due to 
the prominent features of being wideband, compact in size, 
low cost, ease of fabrication/integration, Omni directional 
pattern and good radiation efficiency, frequency reconfigure-
able antennas are attractive candidates for modern wireless 
devices [10]. Various alphabetical shapes such as F [11], 
B [12], H [13], G [14], T [15], M [16], and loop-shape 
[17], have been used to design multiband and frequency 
reconfigurable antennas. Multiband and dual polarized 
microstrip patch antennas are reported in [18] and [19]. 

This paper presents a reasonably compact frequency 
reconfigurable printed monopole antenna for portable 
wireless communication devices. The radiating part of the 
antenna is a unique and modified T-shape patch with a 1 
mm slot being reserved for the lumped element switch. 
The lumped element switches are preferred as a proof of 
concept, compared to PIN and varactor diodes due to 
their ease of modelling and integration within the antenna 
structure. The proposed antenna is compared in terms of 
size, bandwidth and resonant frequency bands with multi-
band antennas designed in the past [11-19]. This antenna 
gives higher bandwidth as compared to the reference 
antennas. The size of the proposed antenna (39 mm x 37 
mm) is comparable to those presented in [12] and [14]. It is 
compact relative to the multi-band antennas discussed in 
[11, 13, 15-19]. Table 1 illustrates comparative summary of 

the proposed antenna with the existing antennas [11-19] 
for similar applications. Beside these, metamaterial-based 
techniques have been proposed for the size reduction of 
planar antennas [20]. 

The rest of the paper is organized as follows: Design and 
parametric analysis of the antenna is presented in section 
2. In section 3, the simulated and measured results are 
discussed. Section 4 concludes this research work. 

 
 

2. Design and Parametric Analysis of the Antenna 
 
This section explains the design procedure of the 

modified T-shape antenna, using the standard transmission 
line theory [21]. The parametric analysis of the antenna by 
varying the length of various sections of the radiating 
structure is also conducted in this section. 

 
2.1 Design procedure 

 
The dimensions and geometry of the proposed frequency 

reconfigurable monopole antenna is shown in Fig. 1. The 
substrate used for the design of the antenna is FR-4 (εr =4.4 
and h =1.6 mm). The top layer is a metallic and modified T-
shape patch of copper material. A slot of 1 mm width is 
reserved for the installation of the lumped element switch. 

Table 1. Performance comparison of the proposed antenna 
with existing antennas 

Performance matrices 
Ref. Bands 

(GHz) 
Size 

(mm2) Bandwidth (MHz) 
@ GHz 

Operating bands 
(GHz) 

[11] 2.4, 5.2  45 x 80 84 @ 2.4, 200  
@ 5.2 

2.4-2.484 and  
5.15-5.35 

[12] 2.43, 5.24  30 x 38 850 @ 2.43 and 
1960 @ 5.24 

2.14-2.99 and  
4.40 -6.36  

[13] 1.575, 2.5, 
5.2  60 x 60 20@ 1.575, 300 @ 

2.5 and 60@ 5.2 
1.55-1.57, 2.39-2.69 

and 4.97-5.93 

[14] 2.4, 5.8  30 x 48 2350 @ 2.4 and 
1940 @ 5.8 

2.33-4.68 and  
4.7-6.64 

[15] 2.4, 5.2, 5.8 70 x 75 84 @ 2.4, 200 @  
5.2 and127 @ 5.8 Not specified 

[16] 2.4, 3.5, 5.8 64 x 62 110 @ 2.4, 140@ 
3.5 and 630 @ 5.8 

2.38-2.49, 3.49-3.63, 
5.57-6.20 

[17] 2.1, 5.3  58 x 62 540 @ 2.1 and 1200 
@ 5.3 1.92-2.52, 5.0-6.2 

[18] 2.06, 56, 5.2 40 x 50 250@ 2.06, 300 @ 
3.5 and 200 @ 5.2 

1.92-2.17, 3.3-3.6 and 
5.1-5.3 

[19] 2.4, 3.8, 7.1 40 x 40 220@ 2.4, 230@  
3.8 and 2580 @7.1 

2.28-2.5 , 3.68-3.91 
and 5.67-8.25 

This 
work 2.4, 5.4, 3  39 x 37 1080@ 2.45, 550 

@5.4 and 1220 @ 3 
2.06-3.14, 5.11-5.66 

and 2.44-3.66 

 
(a) 

 
(b) 

Fig. 1. Geometry of the proposed antenna: (a) Top view; 
(b) Rear view 
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The radiating patch is fed via a microstrip transmission line 
of width ‘W_strip’, calculated using the standard theory 
[21]. For better bandwidth and radiation efficiency, a 
truncated ground plane is used as shown in Fig. 1(b). A 
small stub of length, p and width, Wg is used in 
conjunction with the truncated ground plane for the 
purpose of driving point impedance matching of the 
proposed antenna. 

Length ‘L’ and width ‘W’ of substrate are 37 mm and 39 
mm respectively. Table 2 tabulates different parameters of 
proposed antenna. Transmission line width ‘w_strip’ is 
adjusted to 3 mm to have 50 Ω impedance matching. 

The effective resonant length of the monopole antenna 
for a given resonant frequency, fr, is calculated using the 
following equations [21]. 

 

 4rf
r eff

cL
f ε

=                      (1) 

 
0.5

r r
eff

1 1
1 12

2 2 w
hε εε

−+ − ⎛ ⎞= + +⎜ ⎟
⎝ ⎠

 (2) 

 
Where c is speed of light in free space, εeff, εr and h are 

the effective permittivity, relative permittivity and 
thickness of the substrate, respectively. 

 
2.2 Parametric analysis and characterization  

 
The proposed antenna is excited via a waveguide port 

assigned to the microstrip feed line. The antenna operates 
in single and dual band modes for the OFF and ON status 
of the lumped element switch, respectively (Fig. 2). In the 
single band mode (switch=OFF), the antenna resonates in 
the S-band (3 GHz) which can be used in communication 
satellites weather and surface ship radar applications. In the 
dual band mode, the antenna operates in the 2.45 GHz and 
5.4 GHz frequency bands. The antenna is modelled and 
simulated in the 2-7 GHz frequency range, using the High 
Frequency System Simulator (HFSS), using open free 
space boundary conditions. 

When antenna operates in the dual band frequency mode 
(i.e. switch=ON), the upper frequency band fails to lie in 
the standard Wireless Local Area Network (WLAN) range, 
which is 5.15-5.725 GHz (Europe) and 5.250-5.725 GHz 
(US). Owing to this fact, a parametric analysis is done to 
show the effect of varying the widths W1 and W4 on the 
resonant frequencies and bandwidth of the proposed 
antenna. Fig. 3 and 4 shows the parametric analysis of the 

antenna by varying the width W4 and W1, respectively. It 
is evident from Fig. 3 that impact of the width, W4, is very 
effective for fine tuning and impedance matching of the 
higher frequency band (WLAN). From Fig. 4, it is worth 
noticing that variations in the width, W1, only control the 
tuning of the higher frequency band to lie within the 
standard range defined for IEEE 802 11b/a WLAN 
application [22]. This parametric analysis has little or 
negligible impact on the matching and tuning of the lower 
frequency band (WiFi). The analysis shows that the most 
appropriate values of W1=5.05 mm and W4=12 mm, gives 
the desired frequency band of 5.11-5.66 GHz which is 
suitable for WLAN applications. 

Table 2. Summary of dimensions of the proposed antenna 

Dim Value (mm) Dim Value (mm) Dim Value (mm)
L 39 L3 1 Lg 7 
W 37 L4 2 p 1 

W_strip 13 W1 5.05 Wg 4 
W_strip 3 W2 3 L2 6 

L1 4 W3 7 W4 12 
 

 
Fig. 2. S11 of the proposed antenna for OFF and ON states 

of the switch 

 
Fig. 3. S11 for various values of W4 

 

Fig. 4. S11 for various values of W1 
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Fig. 5. Surface currents: (a) 5.4 GHz; (b) 3 GHz; (c) 2.45 

GHz 
 
The snap shots of the surface current show the encircled 

effective resonant length of the proposed antenna at the 
desired frequency bands (Fig. 5). It is evident from these 
plots that resonant length is inversely related to the 
frequency. The current density is maximum along the 
microstrip feed line and the lower part (T-shape section) of 
the antenna for the upper frequency band (Fig. 5(a)), which 
contribute in radiating at 5.4 GHz. Maximum current 
density is concentrated along the feed line and the region 
below the switch position (cross-shape segment) which 
results in the intermediate frequency band (3 GHz) as 
shown in Fig. 5(b). The current density is maximum 
through the upper as well as lower parts of the antenna (Fig. 
5(c)) which helps in generating the lower frequency band 
(2.4 GHz). 

 
 

3. Results and Discussions 
 
In order to validate the simulation results the antenna is 

fabricated (Fig. 6) on the commercially available FR-4 
substrate, having a dielectric constant of 4.4, loss tangent 
of 0.02 and thickness of 1.6 mm. The antenna is excited 
using an SMA coaxial port. The reflection coefficient (S11), 
VSWR and gain of the proposed antenna are measured and 
analyzed. 

The measurements are conducted using Agilent Vector 
Network Analyzer (VNA) in open air conditions. The 
snapshots of the VNA taken during measurement is shown 
in Fig. 7. For pattern measurement the proposed antenna 
is fixed on the positioner or turntable (Fig. 8). A 6 dB 
broadband log periodic antenna is used as a probe or 
reference antenna (Fig. 9). The distance between the 
proposed antenna and probe antenna is adjusted to 8 meters 

  
 (a)                  (b) 

 
(c) 

Fig. 6. Prototype of the proposed antenna in switch=OFF 
state: (a) Top view; (b) Rear view; (c) Top view 
(switch ON state) 

 

 
Fig. 7. Setup for S11 measurement (in switch OFF state)
 

 
Fig. 8. Proposed antenna (in switch ON state) fixed on the 

positioner for pattern measurement 



Amjad Iqbal, Sadiq Ullah, Umair Naeem, Abdul Basir and Usman Ali 

 http://www.jeet.or.kr │ 1615

for the purpose of far-field pattern measurements.  
Reflection coefficient (S11) shows the fraction of power 

being reflected backwards from the antenna input to the 
excitation port. It is measured in decibel (dB) and is given 
by: 

 

 0
11 10

0

Z Z
20log

Z Z
in

in
S

−
= −

+
 (3) 

 
where, Zin is the driving point impedance of the proposed 
antenna and Z0 is the characteristic impedance of the 50 Ω 
SMA port. The simulated and measured results of 
reflection coefficient for ON and OFF states of the switch, 
are shown in Fig. 10 and Fig. 11, respectively. A good 
agreement between the simulated and measured values is 
observed.  

In the dual band mode, the simulated and measured -10 
dB bandwidth is 44.08 % and 40 % respectively at 2.45 
GHz, and 10.2 % and 11.6 %, respectively at 5.4 GHz. In 
the single band mode, the simulated and measured 
bandwidth is 40.7 % and 33.7 % respectively at 3 GHz. It 
is worth noticing that a good isolation between the various 
frequency bands is obtained. 

VSWR is the ratio of the maximum to minimum voltage 

(or electric fields) along the transmission feed line of the 
proposed antenna. Fig. 12 compares the simulated and 
measured values of the VSWR of the antenna for both the 
ON and OFF states of the switch. It is evident from the 
graph that the VSWR<2 for the three frequency bands of 
2.45, 3 and 5.4 GHz for both measured and simulated 
results. This shows that the antenna is reasonably matched 
in these bands. 

Fig. 13 illustrates the comparison of the simulated and 
measured gain pattern of the antenna in the vertical (E) and 
horizontal (H) planes, for the three frequency bands. The 
simulated and measured peak gain of the antenna at 3 GHz 
is 1.50 dB and 1.27 dB, in the E-plane and 1.52 dB and 
1.31 dB in the H-plane respectively. At the upper 5.4 GHz 
band, the simulated and measured peak gain is 1.53 dB and 
1.32 dB in the E-pane and 3.81 dB and 2.32 dB in the H-
plane, alternatively. 

It is worth noticing that the proposed antenna radiates 
predominantly, Omni-directionally in the horizontal or H-
plane and as a ‘figure of eight’ in the vertical or E plane for 
all the frequency bands. The antenna radiates highly 
efficiently in the three frequency bands with a simulated 
radiation efficiency>90 %. 

 
Fig. 9. The 6 dB Log periodic probe or reference antenna 

used in pattern measurement 
 

 
Fig. 10. Comparison of simulated and measured S11 (switch 

ON) 

 
Fig. 11. Comparison of simulated and measured S11 (switch 

OFF) 
 

Fig. 12. Comparison of simulated and measured VSWR
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(a) 

 
(b) 

 
(c) 

Fig. 13. Comparison of simulated and measured gain 
pattern: (a) 3 GHz; (b) 5.4 GHz; (c) 2.45GHz 

 
 

4. Conclusion 
 
In this paper frequency reconfigurable multi band 

monopole antenna for Wi-Fi (2.45 GHz), WLAN (5.4 
GHz), weather radar and satellite (3 GHz) application has 
been modelled, fabricated and validated. A unique and 
modified T-shape structure is used as a radiating structure 
with a 1 mm slot being reserved for installing the lumped 

element switch. The switch has been used to reconfigure 
the antenna in the single band (3 GHz) and dual band 
(2.45 GHz & 5.4 GHz) modes, when it is turned ON and 
OFF respectively. The simulated results demonstrate good 
agreement with measured results. The proposed monopole 
antenna radiates omni-directionally and efficiently (>90 %), 
with an adequate gain (>1.2 dB) and directivity (>1.7dBi) 
in the given frequency bands. Furthermore, the proposed 
antenna offers a reasonable bandwidth (10-44%) in these 
frequency bands. 

Apart from being highly efficient, the antenna is 
compact in size (39 mm x 37 mm x 1.6 mm), therefore it 
can be used in portable devices. The gain and directivity of 
this antenna can be enhanced by replacing the conventional 
truncated ground plane by a metamaterial based artificial 
ground plane. 
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