
 

 

New Compact and Broadband Patch Antenna Configurations 
for Wireless Applications 

 
A. F. Almutairi, N. A. Aljuhaishi, and S. F. Mahmoud 

 
EE Dept., Kuwait University, P.O. Box 5969, Safat, 13060, Kuwait 

alialmut@eng.kuniv.edu.kw 
 

Abstract − We present new compact patch antenna 
configurations with broadband capabilities for wireless 
applications. Analytical, simulation, and experimental 
work is performed on semi-circular and quarter-circular 
patch antennas with a shorting pin. The resonant 
frequencies and radiation fields of the dominant cavity 
modes of the shorted patch are derived. For the shorted 
semi-circular patch, the broadband operation is based on 
the efficient excitation of two staggered modes of the 
patch. It is shown that a relative bandwidth of 58% is 
achieved with a patch area that is only 13.6% of the 
central wavelength squared. The shorted quarter circular 
patch with the same radius as the half circular one 
provides a relative bandwidth of about 30%. 
 
Keywords: Patch antennas, shorted patch, cavity modes, 
compact antennas, and wideband wireless 
communication. 

 
I. INTRODUCTION 

 
With the advancement of wireless communication 

services and networks, broadband operation and compact 
size have become essential parts of antenna design. Due 
to their many advantages, microstrip antennas are leading 
candidates for use in many fixed and portable wireless 
devices. Microstrip antennas are known for their low 
fabrication cost using printed circuit technology, light 
weight, low profile configuration, conformability to 
mounting host, and easy integration with microwave 
circuits on the same substrate [1-3]. Furthermore, they 
can easily produce linear polarization (LP) and circular 
polarization (CP) and they can be made in a compact 
form [4-6]. On the other hand, microstrip antennas suffer 
from some disadvantages such as low power handling 
capability. Therefore, they cannot be used in high power 
stages of radar and high power transmitters. However, 
they can be used in low power transmitters and wireless 
receivers in systems such as Bluetooth, Wi-Fi, Wi-Max, 
and ultrawideband (UWB). 

Increasing the bandwidth of microstrip antennas has 
been an active and attractive research goal in the field of 
antenna’s design. Efforts concentrating on broadening the 
bandwidth have been described in details in [7,8] and the 

references within. Reducing the size of microstrip antenna 
patch to be hosted in hand held wireless devices has also 
attracted many researchers lately. Effective ways of 
reducing the size of an antenna patch include patch 
loading by shorting posts [9,10] and/or introducing slots 
in the patch as has been detailed out in [11,12].  

Microstrip patch antennas are widely designed to 
operate in the broad range of frequency from few 
hundreds of MHz to several GHz [8]. Several designs of 
microstrip antennas have been proposed in the literature 
to operate as multiband or broadband antennas. For 
example, a multiband H-shaped microstrip antenna 
designed to support modes with resonance frequencies at 
2.2 GHz, 2.8 GHz, 3 GHz, and 5 GHz has been presented 
in [13]. Dual, triple, or quad band operations of the H-
antenna were possible by the proper location of the 
coaxial feed in order to excite the required modes. An E-
shaped wideband microstrip antenna design is proposed 
in [14] and a bandwidth of about 32.3% is achieved. The 
antenna is designed by incorporating two parallel slots 
into a square patch antenna to expand the bandwidth. In 
[15], a rectangular patch with a U-shaped slot is 
introduced as a broadband antenna with 27.5 % 
bandwidth referenced to the center frequency 1815 MHz. 
A compact polygonal patch antenna is achieved by 
designing a compact reactive ground plane made of a 
pattern of metallic patches [16]. A compact Y-shaped 
patch antenna that has two feeder ports and can be 
utilized in compact wireless devices to provide diversity 
signal or as a duplexer has been proposed in [17]. The 
effect of feed shape on the antenna bandwidth is studied 
in [18] where a rectangular microstrip antenna with an L- 
shaped probe is introduced. The L-shaped feed is shown 
to provide impedance matching over a broad band and a 
28% bandwidth is reported. A modified bow-tie patch 
antenna has been introduced by Eldek et al [19] to operate 
in the wide band 5.5-12.5 GHz covering the C- and X 
bands. A circular microstrip patch antenna with a shorting 
post has been proposed and analyzed [20]. The authors 
show analytically that for a given operating frequency, a 
considerable reduction of patch size is possible by 
exciting the dominant mode. The analysis has been also 
extended to a 2-pin loaded circular patch [21], which can 
then operate as a dual or triple band antenna. The same 

437

1054-4887 © 2009 ACES

ACES JOURNAL, VOL. 24, NO. 5, OCTOBER 2009



  
 

 

patch antenna can operate as a wideband antenna as 
shown in [22] where a bandwidth as high as 45% of the 
central frequency has been demonstrated.  

In this paper, we propose a pin-loaded half and 
quarter circular patch antenna designs. In addition to their 
reduced patch size, these designs have wideband 
characteristics and can be used in many wireless devices. 
First, theory of the cavity modes of the pin loaded half 
circular patch is presented. The theoretical results lead to 
universal design curves for multiband or broadband 
operation of the antenna, so that an initial selection of the 
patch dimensions can be made. Simulations are then used 
to refine the design for a broadband operation. Simulation 
and experimental results are presented here to show the 
characteristics of the half and quarter circular patch 
antenna designs. As will be shown in the next section, 
compact and broadband performance is achieved by the 
proposed designs. 

The rest of the paper is organized as follows: In 
section II, designs of broadband half and quarter circular 
patch antennas are outlined. In section III, computational 
results of selected antenna designs are presented. 
Experimental results for half and quarter circular antennas 
are shown, in section IV and concluding remarks are 
presented in section V. 

 
II. ANALYSIS OF A SEMICIRCULAR PATCH 

ANTENNA  
  

The purpose of this section is to find an analytical 
solution to the cavity modes on a half circular patch. As 
depicted in Fig. 1(a), a half circular patch of radius (a) 
lies on a grounded dielectric layer of thickness (h) and 
relative dielectric constant (εr). The patch is shorted at ( 
r=r0, φ =+α ) by a shorting pin of radius (b) which is 
assumed much less than the patch radius. For an 
electrically thin substrate (kh<<1), the modal fields are 
independent of the z-coordinate so that the dominant  
modes are TM to z modes where Ez is the only nonzero 
component of the electric field. Adopting the cavity 
model for the patch, the planar boundary (φ  = 0,π) and 
the circular cylindrical boundary r = a( 0 φ π≤ < ) are 
considered to behave as magnetic walls. To account for 
field fringing, we take (a) as an effective radius which is 
slightly greater than the physical radius and given by well 
known formulae [1]. 

Since the plane (φ = 0,π ) is considered as a magnetic 
wall, Ez being tangential to the plane will have a peak 
value on it. Hence, it is allowable to write ( , )zE r φ for a 
given cavity mode as, 
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for 

0r r a≤ ≤ , where rω is the cavity mode resonant 
frequency and r o r ok ω ε ε µ= . The functions Jn(x) and 
Yn(x) are the Bessel functions of first and second kind 
and the prime stands for differentiation with respect to the 
argument.  
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(b) 
Fig. 1. Geometry of the proposed antennas composed of a 
half and quarter circular patch of radius "a" that is loaded 
by a pin and fed by a coaxial line. The pin of radius ''b'' is 
located at ( r0 , α° ) and the feed position at  ( rf ,  β°). 
 

In equation (2), it is guaranteed that /zE r∂ ∂ is equal 
to zero at r = a which amounts to Hφ =0 on the magnetic 
wall. Next, we enforce the boundary condition at the pin 
position r = r0. These conditions require the continuity of 
Ez across r = r0 and the discontinuity of Hφ  by the pin 
current. Enforcing these two boundary conditions, we get, 
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where ( , )zJ r φ  is the pin current density and ‘I’ is the 
total pin current, assumed concentrated on its axis. since 
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where 1nχ =  for 1n ≥ , and 0 1/ 2χ =  for n =0 . 

Equating coefficient of  cos nφ  on both side of the 
above equation, we get,  
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using equations (2) and (5) , we get the coefficient nA and 

nB , 
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where we have used the Wronskian relation 

( ) ( ) ( ) ( ) 2 /n n n nJ x Y x J x Y x xπ′ ′− = . 
Finally, the modal equation for the resonant 

frequency rω  is obtained by imposing the boundary 
condition of vanishing Ez at the pin surface. Since the pin 
radius (b) is assumed very small relative to the field 
spatial variation, we are allowed to satisfy the vanishing 
of Ez at one line on the pin surface; say line (r = r0-b, 
φ = α). So, using equation (1) and enforcing 

( , )z oE r b φ− to be zero, after some manipulations we get: 
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which is the modal equation for the normalized resonant 
frequencies ka, where /r rka a cω ε= , with 1 2....r r rω ω ω= =  
being the modal resonant frequencies. The radiation fields 
of any particular cavity mode can be derived from the 
aperture E- field on the surface r=a as detailed in the 
Appendix.  
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Fig. 2. Normalized resonant frequency ka for first 3 TMn 
modes (in ascending order of ka) versus angle α. Here 
b/a=0.034 and r0/a=0.7. a is the effective patch radius 
accounting for field fringing. 
 

By solving the modal equation (7), we obtain 
Universal curves for the normalized resonant frequency 
ka  of the first three modes as a function of the pin angular 
position ‘α’ for fixed 

0 /r a and  b / a  in Fig. 2. At this 
point, it is important to note that the field of any of these 
modes is a weighted sum of azimuthal harmonics (cos nφ) 
of φ (see equations (1) and (2)). Thus one cannot identify 
modes as TMnm where n indicates a fixed φ- harmonic in 
the usual way. Instead modes are identified as TMm, 
m=1,2…., where each mode is characterized by a set of 
harmonic weights (An and Bn) as given by equation (6). 

The lowest order mode TM1 is the one having the 
lowest resonant frequency and therefore can provide a 
compact antenna design as demonstrated in [20] for the full 
circular patch with a shorting pin. For the parameters in 
Fig. 2, this mode resonates when ka is less than unity or 

/ 2a λ π≤ . However, operating in this mode will result in 
a narrowband operation [20]. Since in this paper we are 
interested in a broadband design, we will investigate this 
possibility by exciting the second and third order modes. 
This will be done in the next section.  

 
 

III. BROADBAND SEMICIRCULAR PATCH 
ANTENNA DESIGN 

 
 Referring to Fig. 2, it is possible to achieve 

broadband operation of the semi-circular patch by 
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efficiently exciting the second and third order modes TM2 
and TM3 and maintaining good matching between their 
resonant frequencies f2 and f3. This can be attained by a 
suitable choice of the feed position using the IE3D 
simulator as will be seen. Firstly we choose the patch 
radius 'a' and the pin angular position α  such as to place 
f2 and f3  within the frequency band of interest. The 
parameters r0/a and b/a are fixed at their values in Fig. 2 
although they can have other values.  

To start a broadband design, we choose a patch 
radius of 35.38 mm on a substrate of relative permittivity 
(εr) = 2.2 and thickness = 6.28 mm. The effective patch 
radius, accounting for field fringing, is 39.39 mm. The pin 
has a radius (b) = 1.35 mm and is positioned at (r0 , +α) = 
(27.57,+ 60° ).  Using Fig. 2, these choices fix the 
frequencies of the second and third TM2 and TM3 modes 
at 1.95 GHz and 2.91 GHz respectively. Now we need to 
optimize the feed size and position in order to excite these 
modes and achieve matching over a broadband 
encompassing the range of frequencies f2 to f3. To this 
end, we have performed numerous simulations with 
varied feed positions on the IE3D software in order to 
maximize the bandwidth over which the input SWR is 
less than 2. These simulations are presented and discussed 
in the next section.  
 

IV. SIMULATION RESULTS FOR THE SEMI-CIRCULAR 
PATCH 

 
A. Standing Wave Ratio (SWR)  

 The Zealand IE3D software is used to simulate the 
semi-circular patch antenna using the patch and substrate 
parameters stated above. Numerous simulations are 
attempted with different feed radii and positions. It was 
concluded that broadband matching is achieved for a feed 
radius of 1.35 mm and radial position rf=r0. The angular 
position ‘β’ was found to be detrimental in realizing 
broadband matching. The simulation results for the 
standing wave ratio are plotted in Fig. 3 for β = 00, 50,100, 
150 and 200. It is seen that the bandwidth, corresponding 
to SWR<2 depends on β. It is seen that maximum 
bandwidth occurs for β =100. A summary of the results on 
percentage bandwidth and center frequency versus β are 
tabulated in Table 1. Here the center frequency is defined 
as the arithmetic mean of the upper and lower frequencies 
corresponding to SWR=2. The percentage bandwidth is 
maximum for β =100 and equals 58 % around the center 
frequency 2.98 GHz (over the band 2.12-3.85 GHz). At 
this value of the feed angular position, the simulated 
complex input impedance is plotted against frequency in 
Fig. 4(a). The resistive component varies around 50 
Ohms; between 30 to 100 Ohms over the band 2.1-3.9 
GHz. Meanwhile the reactance oscillates slightly around 
zero Ohm. The Smith chart presentation of the complex 

impedance is given in Fig. 4(b). The circles around the 
center of the chart indicate a broadband operation. 
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Fig. 3. SWR for a pin loaded semicircular patch with 
parameters (in mm): a = 35.38, h = 6.28, b = bf = 1.35, 
ro= rf = 27.57, α=60 ° The feed angular position β = 0°, 
100,150, and 200. 
 
Table 1. Relative Bandwidth vs. Feed angular position. 

 

 
B. Directivity and Radiation Pattern  

The simulated directivity and gain versus frequency 
are shown in Fig. 5 for the two representative cases of β = 
00 and 100. It is seen that the directivity is quite flat with 
maximum deviation of ~0.5 dB around 8 dB over the 
band 1.6 GHz to 3.2 GHz for β = 00 and over the band 1.5 
GHz to 4.0 GHz for β = 100. Thus, the antenna is not only 
broadband in terms of reflection loss, but also broadband 
in terms of directivity. On the other hand, the simulated 
gain varies over the bandwidth between 1 dB to 4.5 dB. 
This is less than the gain of the full circular patch of the 
same radius [21] which reaches a maximum of about 6 
dB. This is not surprising and comes about as a 
consequence of size reduction.  

The simulated two dimensional radiation patterns (or 
gain pattern) for β =100 are given in Fig. 6(a) and (b) at 
the frequencies f=2.6 GHz and f=3.3 GHz. respectively. 
In these figures, the electric field components Eθ and Eφ 
are plotted in the E and H-planes. The radiation is mainly 
roadside and the crosspolar to copolar ratio is in the order 
of -8 dB. 

 Angle β Relative BW @Center Frequency 
1 0° 43% 2.61GHz 
2 5° 56% 2.96GHz 
3 10° 58% 2.98GHz 
4 15° 56% 3.10GHz 
5 20° 45% 2.71GHz 
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Fig. 4. (a) Real and Imaginary Parts of Z-Parameters for a 
pin loaded semi circular patch for β=100, (b) the Smith 
Chart for a pin loaded semicircular patch for β=100. 
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Fig. 5. Maximum directivity, gain versus frequency 
simulation results for a pin loaded, semicircular patch for 
β= 00, and 10°, the parameters are those given in Fig. 3. 
 

 
 

 
(a) f=2.6 GHz 

 
 
 
 

 
(b) f=3.3 GHz 

 
Fig. 6. The radiation pattern (2D) of Eθ and Eφ in the two 
principal planes φ=0 and 900 for a pin loaded semi 
circular patch at (a)  f = 2.6 GHz and (b) 3.3 GHz ( 
β=10°). 
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V. QUARTER CIRCULAR PATCH ANTENNA  
 

As a further reduction of the patch size, a quarter 
circular patch is considered. The quarter circular patch is 
shorted at ( r = r0, φ =+α ) by a shorting pin as shown in 
Figure 1(b) Again the feed is placed at ( rf =r0,β0). We 
have run several simulations with the same patch radius 
and same pin location as in the case of a half circular 
patch for easy comparison between the two 
configurations. The feed position is optimized for 
maximum impedance bandwidth.   
 
A.  Simulation Results for the Quarter-Circular Patch 

The Zealand IE3D simulator is used to plot the 
standing wave ratio for the pin shorted quarter circular 
patch in Fig. 7. The feed angular position β takes the 
values 0.10,15,20 and 250. From the simulation results, 
the percentage bandwidths corresponding to SWR<2 are 
summarized, along with the center frequency, in Table 2. 
It is seen that the relative bandwidth obtained when =100 
is about ~29% around the center frequency of 3.04 GHz. 
Note that the lowest frequency for which SWR=2 is 
higher for the quarter circular patch; being ~2.7 GHz 
compared to ~2.1 GHz for the semi-circular patch. A 
reduction for the lowest frequency end would dictate an 
increase of the quarter patch radius, which would offset 
the size reduction to a certain extent. The real and 
imaginary parts of the input impedance are plotted versus 
frequency in Fig. 8(a) and the Smith chart representation 
is given in Fig. 8(b). The resistive component varies 
between 40 and 100 Ohm and the reactive component 
varies between -30 and 15 Ohm in the frequency range 
2.7-3.7 GHz.  
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Fig. 7. SWR for a pin loaded quarter circular patch with 
parameters ( in mm ): a=35.38, h = 6.28, b = bf  =1.35,  
ro= rf =27.57 mm, α=60°. The feeder angular position β 
= 0°,100,150,200 and 250. 
 

 
(a) 

 

     
(b) 

Fig. 8. (a) Real and Imaginary Parts of input impedance 
for a pin loaded quarter circular patch for β=100, (b) 
Smith chart representation of the input impedance for a 
pin loaded quarter circular patch for β=100. 
  
 
B. Directivity, Gain and Radiation Pattern of the 
Quarter-Circular Patch Antenna 

Simulated directivity and gain versus frequency are 
shown in Fig. 9 for the representative cases of β=00 and 
β=100. It is seen that the directivity varies between ~6 dB 
to 8.3 dB over the band 2.1 to 3.5 GHz. This is a wide 
range of variation (~2.8 dB) compared to the half patch 
antenna (~0.5dB). The simulated gain varies between 0 
and 5.2 dB over the band 2.1 GHz to 3.5 GHz. Metal 
losses is expected to be higher for the quarter patch 
compared to the half circular patch and this accounts for 
the reduced gain at the lower frequency end. The two 
dimensional gain patterns at the frequencies GHz are 
plotted in Fig. 10. As is the case with the semi-circular 
patch, the radiation is mainly broadside with moderate 
crosspolar to copolar ratio         (-9dB). Low crosspolar 
radiation is not an important issue in wireless 
applications. 
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Fig. 9. Maximum directivity, gain versus frequency 
simulation results for a pin loaded quarter circular 
patch: β =00 and 100. 
 

VI. EXPERIMENTAL RESULTS 
 

In order to verify the above analytical and simulated 
designs, a prototype half and quarter circular patch 
antennas were built on a grounded dielectric substrate. 
The latter had a relative dielectric constant of 2.2 and 
thickness= 6.28 mm (made of four layers of 1.57 mm 
thickness each). The ground plane was a square of 
dimensions 15x15 cm. The patch geometry was chosen to 
match the simulated ones for direct comparison with 
simulation results. In the following, we present the 
experimental results on both patch geometries. 
 
A. Half Circular Patch Antenna 

To perform the measurements, the antenna is 
connected to the Vector Network Analyzer, Wiltron 
Model 360B. The measured SWR is shown in Fig. 11. 
The experimental results demonstrate the operation of the 
antenna in the range 2.0-4.1 GHz Compared with the 
simulation results (Fig. 3), a slight shift in the range of 
operation is noticed  (2.1-3.85 GHz in the simulations). 
This is attributed to several imperfections of connectors, 
cables substrate permittivity and thickness. 

 
B. Quarter Circular Patch Antenna 

The measured SWR for the quarter patch antenna is 
shown in Fig. 12. The experimental results demonstrate 
the operation of the antenna in the range 3.1-4.7 GHz 
compared to 2.75-3.6 GHz in the simulations (Fig. 6). 
The lowest operating frequency in the measurements is 
thus shifted to a higher value. However, if the acceptable 
SWR level can be relaxed to SWR<2.5 instead of 2, the 
lower frequency end will be shifted down to 1.7 GHz, 
giving a substantial increase of the useful bandwidth. 

 

 
(a) 

 

 
(b) 

Fig. 10. The radiation pattern (2D) of Eθ and Eφ in the two 
principal planes φ=0 and 900 for a pin loaded quarter 
circular patch for β =100, (a) at f = 2.6 GHz, (b) f = 3.2 
GHz. 
 

  

443ALMUTAIRI, ALJUHAISHI, MAHMOUD: COMPACT BROADBAND PATCH ANTENNA CONFIGURATIONS



  
 

 

1

2

3

4

1 2 3 4 5
frequency GHz

S
W

R

 
Fig. 11. Experimental result of SWR for semi- circular 
patch antenna. A broadband operation is achieved over 
the band 2.0<f <4.1GHz 
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Fig. 12. Experimental result of SWR for quarter circular 
patch antenna.A broadband operation is achieved over the 
band 3.1<f <4.7GHz. 

 
VII. DISCUSSIONS AND CONCLUSIONS 

 
In an attempt to reach a broadband and compact 

patch antenna for wireless applications, we have 
performed theoretical, simulation and experimental work 
on a pin-loaded half circular and quarter circular patch 
antennas. The cavity modes of the half circular patch are 
derived in terms of their resonant frequencies and an 
initial design of patch geometry for broadband operation 
is deduced. The design is based on operating the antenna 
in the band encompassing the resonant frequencies of the 
second and the third cavity modes. The first mode, having 
the lowest resonant frequency, can provide a compact, but 
a narrow band operation as demonstrated earlier in [20, 
22] for a full circular shorted patch. Simulation on the 
Commercial IE3D Zealand software is then used to 
optimize the feed radius and location for wide band 
operation.  

It is demonstrated that a 58% bandwidth around a 
center frequency of 2.98 GHz is achievable by using a pin 

loaded semicircular patch of radius 35.38 mm on an 
6.28mm thick substrate of εr=2.2. Note that the patch area 
is merely 13.6% of a free space wavelength squared at 2.5 
GHz. The simulated pin loaded quarter circular patch of 
the same radius gave a 29% bandwidth around the center 
frequency 3.04 GHz. The patch area is now only 10% of 
the center wavelength squared. These figures confirm that 
the broadband operation and antenna compactness are 
two contradictory requirements. Nevertheless, depending 
on the application, the attainment of broadband as well as 
compact antenna designs is possible. The measured 
results show reasonable agreement with simulated results. 
For comparison, a conventional circular patch loaded by a 
chip resistor in [8, p.59-60] is reported to have a 10dB 
reflection loss bandwidth of only 10.9% and a gain 
around 4 dBi. 

 
APPENDIX 

 
The aperture field Ez at r=a for a given cavity mode 

is obtained from equation (2) as,  
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where Bn is given by equation (7) and Ez above is valid 
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is equivalent to a φ-oriented magnetic current radiating in 
the outside air region. The radiation fields are obtained by 
following [20] to get, 
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In the above ( , , )R θ φ  are spherical coordinates with 

origin at the projection of the patch center on the ground 
plane.  
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