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Abstract - The U-shaped antenna is designed for a circularly polarized (CP) slot antenna that has a single metallic layer and 
is fed by a micro strip line feed. A U-shape antenna has been designed for Wireless local area networks and application. The 
circularly polarized antenna is able to communicate with all antennas. The micro strip line feed technique is applied for their 
relatively wide bandwidth and simplified configuration with a single metallic layer. Using the method proposed, the antenna 
size has been reduced. In this paper, the return loss, VSWR and radiation patterns are simulated and bandwidth is achieved. 
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I. INTRODUCTION 
 
A patch is typically wider than a strip and its shape 
and dimension are important features of the antenna. 
MPA are probably the most widely used antennas 
today due to their advantages such as light weight, 
low volume, low cost, compatibility with integrated 
circuits and easy installation on the rigid surface [1]. 
 
Initially microstrip patch antenna with U-slot was 
mainly used for bandwidth enhancement. However, 
subsequent researches revealed that wideband 
characteristic can be modified to multiband 
characteristic by intelligent placement of U-slot, 
thereby perturbing the surface current flow in the 
patch[ 9] [10.] [11]. A feeding technique is a way to 
supply radio waves into the antenna structure. 
Number of feeding technique is in use in the 
technologies, it can be contacting and Non 
contacting. Microstrip line and coaxial are contacting 
feeding technique whereas aperture and proximity is 
non contact feeding. 

 
Fig1. Microstrip rectangular patch antenna 

 
The two rectangles are shown in Fig 1, the lower 
rectangle is the ground plane which has the area Lg 
Wg whereas the upper rectangle is the patch which 
has the area L x W. The substrate is at height h from 
the ground. 
 
II. DESIGN CONSIDERATIONS 
 
Choosing a substrate is as crucial as the design itself. 
The substrate itself is part of the antenna and 
contributes significantly to its radiative properties [5] 

[6] [7]. Many different factors are considered in 
choosing a substrate such as dielectric constant, 
thickness, stiffness as well as loss tangent. The 
dielectric constant should be as low as possible to 
encourage fringing and hence radiation. A thicker 
substrate should also be chosen since it increases the 
impedance bandwidth. However, using a thick 
substrate would incur a loss in accuracy since most 
microstrip antenna models use a thin substrate 
approximation in the analysis. Substrates which are 
lossy at higher frequencies should not be used for 
obvious reasons. The choice of a stiff or soft board 
basically depends on the application. Design 
specifications for single element are shown in Table 
I. 
 
The three essential parameters for the design of a 
rectangular Microstrip Patch Antenna 
 
 Frequency of operation ( 0): The resonant 

frequency of the antenna must be selected 
appropriately. The resonant frequency selected 
for my design is 5.8 GHz. 

 Dielectric constant of the substrate ( ): The 
dielectric material selected is FR4 substrate 
which has a dielectric constant of 4.4. A 
substrate with a high dielectric constant has been 
selected since it reduces the dimensions of the 
antenna. 

 Height of dielectric substrate (h): For the 
microstrip patch antenna to be used in cellular 
phones. Hence, the height of the dielectric 
substrate is selected as 1mm. 
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TABLE I. DESIGN SPECIFICATIONS FOR SINGLE 
ELEMENT 

Hence, the essential parameters for the design are 0 = 
5.8 GHz 
= 4.4 
 
h = 1 mm 
 
III. RESULT AND DISCUSSION 
 
U Slot antenna consists of a single metallic layer and 
is fed by a microstrip line feed. The U-slot is 
consisted of two parallel vertical rectangular slots and 
an horizontal rectangular one. The parameters that 
affect the broadband performance of the patch 
antenna are the slot length and width and the position 
of the slot. Removing U shape patch from the 
metallic layer and the width of the feeding line is 
3.8mm. The U slot antenna design is shown in Fig 2. 
The air box is drawn for the measurement of radiation 
pattern in HFSS. 
 

 
Fig 2. U slot antenna 

 
A.   Return Loss 
The simulation results of the antenna are done using 
Ansoft HFSS software. Fig 3 shows the simulated 
return loss characteristics  of  the  proposed  antenna.  
Return  loss  is  the reflection of signal power from 
the insertion of a device in a transmission line. The 
return loss is another way of expressing mismatch.  It  
is  a  logarithmic  ratio  measured  in  dB  that 
compares the power reflected by the antenna to the 
power that is fed into the antenna from the 
transmission line. 
 
Operating frequency: 5.8GHz 
Value on return loss: -27.61db 
Peak point of operating frequency: 5.8 GHz 
 

 
Fig 3. Return Loss of U slot antenna 

 
B. VSWR  

VSWR stands for Voltage Standing Wave Ratio, and 
is also referred to as Standing Wave Ratio (SWR). 
VSWR is a function of the reflection coefficient, 
which describes the power reflected from the antenna. 
The VSWR is always a real and positive number for 
antennas. The VSWR of U slot antenna is shown in 
Fig 4 and it lies between 1 and 2. 
 

 
Fig 4. VSWR of U slot antenna 

 
C. Radiation Pattern 
The measured and simulated radiation patterns of 
Antenna I in xz-plane at 5.8 GHz is shown in Fig 5. 
The air box is used here for the measurement of 
radiation pattern in HFSS. Since a microstrip patch 
antenna radiates normal to its patch surface, the 
elevation pattern for φ = 0 and φ = 90 degrees would 
be important. Fig 7 below shows the gain of the 
antenna at 5.8 GHz for φ = 0 and φ = 90 degrees. 
Operating frequency: 5.8GHz 
 
Setup1: sweep1 
 
Peak point (m1) of operating frequency: 5.8 GHz Phi 
(in degree)-0 degree, phi (in degree) = 90 degree 

 

 
Fig 5. Radiation Pattern at 5.8GHz 

 

 
Fig 6. 3D Radiation Pattern at 5.8GHz 

 
D. Antenna Gain 
Antenna gain is a measure of directivity properties 
and the efficiency of the antenna. It is defined as the 
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ratio of the radiation intensity in the peak intensity 
direction to the intensity that would be obtained if the 
power accepted by the antenna were radiated 
isotropically. The antenna gain is shown in Fig 7. 
 
The Gain plot is shown in Fig 7 which gives the gain 
= 3.45 dB. The gain of the antenna in a particular 
direction is more as compared to isotropic antenna 
radiating in all directions which is very useful for 
WLAN applications providing a better performance. 
 
Operating Frequency: 5.8 GHz Value of Gain Total 
(in db):2.2 db 
Peak point (m1) of operating frequency: 5.8 GHz 
 

 
Fig 7. Antenna Gain at 5.8GHz 

 

 
 

Fig 8. 3D Antenna Gain at 5.8GHz 
 
E.  Directivity 
Directivity is the ability of an antenna to focus energy 
in a particular direction when transmitting, or to 
receive energy better from a particular direction when 
receiving. The directivity at 5.8GHz is shown in Fig 
9. Operating frequency: 5.8GHz 
 
Setup1:Sweep1 
 
Peak point (m1) of operating frequency: 5.7889GHz 
Phi (in degree) = 0 degree, phi (in degree) = 90 
degree 

 
Fig 9. Directivity of the antenna 

 
Fig 10. 3D Directivity at 5.8 GHz 

 
F. Fabrication and Testing Of Antenna 
The photograph of the fabricated antenna is shown in 
Fig 11. The feeding probe is connected to an SMA 
launcher that is mounted underneath the ground 
plane. The antenna is fabricated on a square FR-4 
substrate with dielectric constant of = 4.4, dielectric 
loss tangent= 0.002 and a thickness of 1 mm. A U-
shaped slot (with 1-mm width) is cut in the truncated 
patch. 

 
Fig 11. Fabricated U slot antenna 

 
G.  Measured Results 
S11 gives us the insertion loss of antennas. Insertion 
loss is proportional to the ratio of reflected to the 
input power of the antenna. Antennas generally 
radiate efficiently for particular range of frequencies. 
At these frequencies the radiated power should be 
almost equal to input power, i.e., reflected power 
should very small. So the expected plot of s11 for an 
antenna would be a flat line throughout the frequency 
scale with deep dip in the operating frequency range. 
The measured S11 parameter is shown in Fig 12. 
 

 
Fig 12. Measured S11 Parameter 
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H. Measured VSWR 
VSWR stands for Voltage Standing Wave Ratio, and 
is also referred to as Standing Wave Ratio (SWR). 
VSWR is a function of the reflection coefficient, 
which describes the power reflected from the antenna. 
The VSWR is always a real and positive number for 
antennas. The VSWR of U slot antenna is shown in 
Fig 13 and it lies between 1 and 2.Comparison 
between simulated results and fabricated results are 
shown in Table II. 

 
Fig 13. Measured VSWR 

 
Parameters Simulated Fabricated 

 Results Results 
   

Frequencies 5.8GHz 5.8GHz 

Covered   
   

Return loss -28.3dB -29.8dB 
   

Applications WLAN WLAN 

Covered   
   

 
TABLE COMPARISON BETWEEN SIMULATED RESULTS 

AND FABRICATED RESULTS 
 
CONCLUSION 
 
The U-shaped structure is introduced for CP slot 
antenna design. With the help of Ansoft HFSS, near 
optimum impedance and axial-ratio bandwidths at 
designated operating frequency are achieved with 
using trial-and-error method. By using the proposed 
structure and method, a U-slot antenna operating at 
5.8 GHz are implemented and measured to verify its 
feasibility. The obtained results demonstrate that both 
of the proposed antennas realize the design target, 
and they have a small frequency ratio of the upper 
band to the lower band. 
The S11 (input return loss) plot for U shape antenna 
is – 27.8dB at the operating frequency which means 
that the matching impedance is achieved. It is proved 
that the micro strip antenna with Meta material 
substrate can improve the size of the antenna. The 
return losses of a U slot antenna are - 27.8 dB. The 
achieved VSWR lies between 1 and 2. A gain of 3.69 
dBi and directivity of 5.56 dBi were obtained. Hence, 
this antenna can be used for the WLAN applications. 
The directivity and gain of the proposed antenna are 
fair enough to be used for the WLAN applications. 

The simulated antenna was fabricated and tested. The 
frequency range covered by simulated results is used 
for WLAN applications. The fabricated U slot 
antenna design was tested and the return losses -
29.8dB is achieved. 
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