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ABSTRACT 
 

In this paper, a new quad-band small size microstrip handset antenna covering global system for mobile 
communication (GSM900), global poisoning system (GPS1500), digital communication system 
(DCS1800), and wireless local area network (WLAN2450) bands is presented. The antenna has a single 
feed and a shorting pin to reduce its size. The design is simulated and optimized for two different dielectric 
substrates. Details of the antenna are discussed along with simulated results. Simulation results are obtained 
using the HFSS commercial software which is based on the finite element method and compared to 
measured results and good results are obtained.  
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1. INTRODUCTION  
 

Microstrip antennas are very popular compact 
antennas with conformal nature. They are very well 
suited for applications such as wireless 
communications system, cellular phones, pagers, 
radar systems, and satellite communications 
systems due to their low cost, light weight, 
conformality and compactness. 

Recently, many antennas have been designed to 
satisfy the requirements of wireless communication 
systems, such as: global systems for mobile 
communication (GSM; 890-960 MHz), global 
positioning system (GPS; 1575 MHz), digital 
communication system (DCS; 1710-1880 MHz), 
personal communication system (PCS; 1850-1990 
MHz), and wireless local area network systems 
(WLAN; 2400-2484 MHz and 5150-5350 MHz).  
The design of compact multiple band microstrip 
antennas for wireless applications has recently 
received much attention [1]-[7]. Size 
miniaturization of the microstrip patch antenna has 
been accomplished using different methods such as 
the use of high dielectric constant substrates, 
modification of the basic patch shapes, use of short 
circuits, shorting-pins or shorting-posts; or a 
combination of the above techniques [8]-[9]. Using 
high dielectric constant substrates is a simple 
solution, but it exhibits narrow bandwidth, high loss 

and poor efficiency due to surface wave excitation 
[10].  

Also, several planar inverted-F antennas (PIFA) 
configurations have been suggested for different 
bands in recent publications. Compact dual band 
(PIFA) have been reported in [11, 12], and are 
achieved with etched slots in the radiating element.  
In [13], triple band small size composite-resonator 
microstrip antenna configurations for wireless 
communications were presented. Theses antennas 
were built of three resonant elements. Two types of 
compact short-circuited resonators were used; 
stepped impedance and quarter-wave resonators.  

In this paper, a quad-band small size microstrip 
handset antenna is designed. The antenna has a 
single feed and a shorting pin to reduce its size. The 
design is simulated and optimized for two different 
dielectric substrates. Details of the antenna are 
discussed along with simulated results. In 
simulation, the Ansoft HFSS commercial software 
is used [14]. The proposed antenna geometry will 
be shown in Section II, the results and discussion 
will be studied in Section III, surface current 
densities at the four resonant frequencies will be 
shown in section IV, and the conclusion of this 
paper will be in Section V. 
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2. ANTENNA GEOMETRY 
 

The geometry of the proposed antenna and the 
coordinate system are shown in Figure 1. Two 
designs with different substrate materials will be 
analyzed and optimized. The substrate material 
used in the first design is the Duroid 5880 with a 
dielectric constant of 2.2 and thickness of 1.57 mm, 
while for the second design it is the Duriod 6010 (εr 
= 10.2) with thickness 0.635 mm. The Geometry 
consists of four short-circuited stepped impedance 
resonators; section one operates at 2450 MHz, 
section 2 at 1800MHz, section 3 at 1500 MHz, and 
section 4 at 900 MHz. 

 

 
(a) 

 
(b) 

Figure 1: (a) Configuration of the Proposed Antenna. 
(The Blue Rectangle and Circle Represent the Feeding 
Probe and Shorting Post, Respectively). (b) Fabricated 
Antenna. 

 
Using the theory in [13], the computed values of 

all dimensions are listed in Table 1. The analysis 
and design of the stepped impedances resonators 
can be achieved by using transmission line theory 
and their equivalent lumped element circuits. 

It can be seen from the table that the overall 
antenna dimension for substrate 1 is 34 x 31.2 mm, 
while for substrate 2 it is 14.5 x 14 mm only. 

 
Table 1: Calculated Dimensions Using Theory in [13] 

(mm) 
L1 = 14 L2 = 16.2 L3 = 9 L4 = 21.9 
W1 = 6 W2 = 14 W3 = 10 W4 = 15 
S1 = 4 S2 =3 S3 = 21.2 S4 =16.0 
d1 = 5 d2 = 4 d3 = 2.5 d4 = 2.5 

 S0 = 7  
(a) Substrate 1 

 
L1 = 7.3 L2 = 7.5 L3 = 4.25 L4 = 12.2 
W1 = 3.5 W2 = 6 W3 = 3.5 W4 = 7 

S1 = 1 S2 = 1 S3 = 10.1 S4 = 7 
d1 = 2 d2 = 1 d3 = 1.25 d4 = 1.25 

 S0 = 3  
(b) Substrate 2 

 

3. RESULTS AND DISCUSSION 
 

The antenna with parameters in Table 1 is 
simulated using HFSS. The reflection coefficient of 
the antenna is shown in Figure 2. 
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Figure 2: Simulated Reflection Coefficient of the 
Designed Antenna (a) Substrate 1 and (b) Substrate 2. 

 



Journal of Theoretical and Applied Information Technology 
 10th February 2014. Vol. 60 No.1 

© 2005 - 2014 JATIT & LLS. All rights reserved.  

 
ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
108 

 

It can be noticed from Figure 2(a) that the four 
resonant frequencies are 0.8090, 1.439, 1.579, and 
2.410 GHz. The corresponding reflection 
coefficients at these frequencies are -19.65, -18.07, 
-1.12, and -16.84 dB respectively. While for 
substrate 2, shown in Figure 2(b), the frequencies 
are: 0.7430, 1.4070, 1.5870, and 2.3010 GHz. The 
corresponding reflection coefficients are -21.91, -
10.66, -0.41, and -13.91 dB. It can be seen from the 
figures that matching is very poor at the third 
resonant frequency, and there is a shift in the 
resonant frequencies. To improve the design the 
optimization capabilities in HFSS commercial 
software is used. All the parameters in Figure 1 are 
optimizes. The optimized dimensions are shown in 
Table 2. 

Table 2 : Optimized dimensions (in mm) 
L1 = 13.8 L2 = 11.3 L3 = 9 L4 = 18.4 
W1 = 6 W2 = 13.25 W3 = 9.4 W4 = 14.7 
S1 = 4 S2 =3 S3 = 21.4 S4 =16.1 
d1 = 5 d2 = 3.4 d3 = 2.5 d4 = 2.5 

 S0 = 7  
(a) Substrate 1 

 
L1 = 6.65 L2 = 5.5 L3 = 4.25 L4 = 8.25 
W1 = 3.5 W2 = 6 W3 = 3.5 W4 = 7 

S1 = 1 S2 = 1 S3 = 10.5 S4 = 7 
d1 = 2 d2 = 1 d3 = 1.25 d4 = 1.25 

 S0 = 3  
(b) Substrate 2 

 
The simulated reflection coefficients for both 

antennas are shown in Figure 3. It can be noticed 
from the figure that the four resonant frequencies 
are 0.895, 1.49, 1.806, and 2.45 GHz. The 
corresponding reflection coefficients at these 
frequencies are -12.85, -20.47, -19.5, and -22.24 dB 
respectively. While for substrate 2 the frequencies 
are: 0.9040, 1.501, 1.806, and 2.453 GHz. The 
corresponding reflection coefficients are -11.89, -
19.79, -24.12, and -15.35 dB. After optimization, it 
can be seen that the matching is very good at all 
resonant frequencies for both designs. The 
measured results of the antenna (substrate 1) are 
shown in Figure 3 (a). It can be seen that there is a 
slight shift in the resonant frequency for the first 
two bands and the matching is bad for the two 
upper bands, this may be due to the via position; it 
is very close to the excitation probe which makes it 
very difficult to solder, and it needs some facilities 
which are not available in our laboratory. 
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Figure 3: Reflection Coefficient of the Optimized Antenna 
(a) Substrate 1 and (b) Substrate 2. 

  

4. SURFACE CURRENT DENSITIES AND 
RADIATION CHARACTERISTICS 

 
To understand the quad band operation, Figure 4 

shows the surface current densities on the antenna 
at the four resonant frequencies. It can be seen from 
the figure that at the first resonance, the longest 
patch has a high current density, and this patch 
resonates at 900 MHz. Also, the shortest patch 
resonates at the higher frequency (2450 MHz). It’s 
clear from these plots that the proposed antenna 
operates at quad bands of frequencies, and the 
longer strip resonates at the lower frequency as 
expected. 

The radiation patterns for the antenna at the four 
resonant frequencies are shown in Figures 5, 6 and 
7. Figures 5 and 6 show the simulated and 
measured electric field Eθ  in the x-z plane (φ =0ο) 

and in the y-z plane (φ =90ο) at the four resonant 
frequencies. It can be shown from the figure that 
the four radiations patterns at the four bands are 
almost similar to each other, which is appropriate 
for mobile handset applications. The radiation 
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patterns for the other antenna (substrate 2) are very 
similar to that shown above. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4: Surface current densities on the proposed 
antenna at (a) 900 MHz, (b) 1500 MHz, (c) 1800 MHz 
and (d) 2450 MHz. 
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(d) 

Figure 5: Radiation pattern ( Eθ  at φ =0ο) of the 

proposed antenna at (a) 900 MHz, (b) 1500 MHz, (c) 
1800 MHz and (d) 2450 MHz. 
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(d) 

Figure 6: Radiation pattern ( Eθ  at φ =90ο) of the 

proposed antenna at (a) 900 MHz, (b) 1500 MHz, (c) 
1800 MHz and (d) 2450 MHz. 

The patterns in the x-y plane (θ =90ο) are shown 
in Figure 7. It is noticed from the figure that the 
patterns are omnidirectional at all resonant 
frequencies and there is a good agreement between 
simulated and measured results. 
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(d) 

Figure 7: Radiation pattern ( Eθ at θ =90ο)  of the 

proposed antenna at (a) 900 MHz, (b) 1500 MHz, (c) 
1800 MHz and (d) 2450 MHz. 
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5. CONCLUSION 
 

A new quad-band small size microstrip handset 
antenna is designed and simulated for the GSM 
900, GPS1500, DCS1800, and WLAN2450 
frequency bands. Two different substrate materials 
are used. The overall antenna dimension for 
substrate 1 is 34 x 31.2 mm, while for substrate 2 it 
is 14.5 x 14 mm only. The antenna parameters are 
optimized to improve the matching at the four 
frequency bands. The antennas are simulated using 
HFSS software. Good results for the reflection 
coefficient are obtained. The surface current 
densities and radiation patterns at the four resonant 
frequencies are also shown to understand the 
operation of the antenna. 
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