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Abstract
Since the inception of rectangular patch antenna constant 
efforts are being made to modify the overall performance 
of this class of antenna has some of shortcoming till date 
such as low gain, narrow operating bandwidth, poor radiation 
efficiency, yet it has been one the most suitable candidate for 
wireless communication technology. In the present work a new 
reduced size two half-U slots cut on stub-loaded Rectangular 
Patch Antenna. This antenna resonates at four closely spaced 
frequencies i.e. .65GHz, .87 GHz, 1.04 GHz and 1.33 GHz.

Key words
Microstrip antenna, Miniaturization, Narrow half- U slots, stub 
loaded rectangular microstrip antenna, multi band rectangular 
microstrip antenna. 

I. Introduction
Due to growing of wireless communication market, future 
system is expected to provide multimedia, high data rate as well 
as communication services. Many application such as imaging, 
radar communication measurement system required integrated 
antenna of small size, low cost, low profile with very broadband 
performance. The advancement of wireless communication 
has led to the development of several wireless communication 
applications. To integrate more than one communication 
services in a wireless device, multiband antenna should be 
used because the radiation of using different antennas for 
different frequency bands causes a limited space problem. It 
has been discovered that microstrip patch antenna radiates 
electromagnetic energy well. These modified antennas are 
originates from conventional regular shape patch antenna 
structure [1]. Introducing slot or slit in radiating patch is simple 
and efficient method for obtaining the desired compactness, 
multiband and broadband properties. Since these shapes 
radiates electromagnetic energy efficiently [1, 2]. Using new 
techniques on similar concept, a new Two Half – U - Slots Cut 
into a Stub-Loaded Rectangular microstrip patch Antenna [3] 
is proposed and carefully examined.

II. Proposed antenna configuration
A new configuration is proposed for a four –band antenna. 
The proposed antenna is modified conventional microstrip 
rectangular patch antenna. A conventional rectangular 
microstrip patch having dimensions: Length L= 50 mm and 
Width W= 80 mm. and this modified proposed shape has same 
dimensions and have two half-U-slots on stub loaded patch as 
shown in fig. 1.

Fig. 1: Two Half-U-Slot Cut on Stub loaded Patch. 

Antenna structure as shown in fig. 2 is on software window used 
glass- epoxy (FR-4) as substrate having relative permittivity 
ɛr=4.3, height h= 1.59 mm and loss tangent = 0.02. HFSS 
simulation software is taken as electromagnetic simulation and 
simulated results are presented sequentially. Ground plane 
dimension is derived by formula:
      Length of Ground plane = 6h+L
      Width of Ground Plane = 6h+W

Fig. 2 : Proposed Antenna Structure.

For the four –band frequency response, two half-U-slots of 
different dimensions were cut on each of the non radiating 
edges of the stub loaded rectangular microstrip antenna 
[3]. Compare to the U-slot, a better approximation of the 
resonant length for the half-U-slot was obtained by equating 
the summation of the outer and inner half-U-slot length to half 
the guided wavelength at the required slot frequency. In this 
case, the horizontal slot length was also taken to be more 
than vertical half U-slot lengths, was calculated based on the 
formulas reported in [4]. Further more, the stub dimensions 
were calculated by using this resonance frequency of the slotted 
rectangular microstrip antenna. 

III. Results and Discussion
Some parameters are studied for this proposed antenna 
geometry like:

A. Return loss
This is the best and convenient method to calculate the input 
and output of the signal sources. It can be said that when the 
load is mismatched the whole power is not delivered to the 
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load. There is a return of the power and that is called loss and 
this loss that is returned is called the “Returned Loss”. This is 
determined in dB as follows
         RL = -20log |Г| (dB) 
         Where Г= reflection coefficient
The return loss can be also expressed as:

Where Z1= impedance toward the source
Z2= impedance toward the load

Fig. 3 : Return loss (S11) of proposed Antenna.

From fig. 3 it is shown that the resonant frequencies is .65 
GHz, .88GHz, 1.04 GHz, and 1.33 GHz having return loss -14 
dB,  -17.84 dB, -27.43 dB and -13.02 dB respectively. At these 
frequencies this value of return loss is less than -10 dBi. Which 
is required condition to be an antenna.

B. The VSWR of the antenna
For an antenna to radiate at its optimum power level, it must be 
correctly matched to its feeding transmission line. To achieve 
maximum power transfer, the impedance of the antenna 
should be the complex conjugate of the impedance of the 
transmission line (maximum power transfer theorem). If the 
condition maximum power transfer isn’t satisfied, then some 
power will be reflected back down the line. The reflected wave 
creates a standing wave with the incident wave, and this is 
known as the standing wave ratio (SWR or VSWR). 

Fig. 4 : Simulated variation of VSWR Vs frequency of the 
Proposed Antenna.

Fig. 4 shows that VSWR values at these resonant frequencies 
lies between 1 and 2 which is required.
The SWR will be 1 if there is a matched load. This is given by 
equation.

      
Where S11= forward reflection Coefficient. 
Most wireless system operates at 50 ohm impedance. Hence 
antenna must be designed with impedance as close to 50 ohm 
possible. A VSWR of one indicates an antenna impedance of 
exactly 50 ohms. Mostly the ratio of VSWR > 1.5:1 is needed 
for efficient functioning of an antenna.

C. Radiation patterns
2D Radiation Patterns of proposed antenna at resonance 
frequencies i.e. .65 GHz, .88 GHz, 1.04 GHz and 1.33 GHz is 
shown respectively in fig.s respectively.

    
Fig. 5 : Radiation pattern at .65 GHz.

Fig. 6 : Radiation pattern at .88 GHz.
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Fig. 7 : Radiation pattern at 1.04 GHz.

Fig. 8: Radiation Pattern at 1.33 GHz.

The radiation patterns of an antenna provide the information 
that describes how the antenna directs the energy it radiates. 
Radiation patterns also show the gain of the antenna.

IV. Conclusion
Two Unequal–length half-U-slots cut into a stub loaded 
rectangular microstrip antenna for a four –band response has 
been also been proposed. Microstrip feed line has been used to 
excite the antenna. Theoretically the use of microstrip feed line 
may impact on the cross polarization performance of antenna 
since high modes are generated by connection of the feed 
line that produce spurious radiation. The narrow un-equal half 
U-slots etched on patch shifted the first resonance toward lower 
side of frequency as well as improve the bandwidth. Wide band 
or multiband operation has been realized by cutting a U-slot, a 
half-U-slot, or a pair of rectangular slots inside microstrip patch 
[5, 6]. Same approach is used in this antenna geometry. But this 
proposed geometry has gain lower than that of desired one. So 
further modification is must with the help of other techniques 
to achieve higher gain. This is suitable for modern wireless 
communication systems because of its multiband.

References 
[1]  K. L Wong, “Compact and Broadband microstrip Antennas”, 

John Wiley and sons 2003.

[2]  C.Z.C Ghani, M.H.A wahab, N.Abdullah, S.A Hamzh, 
A Ubin, S.H Dahlan, A.K Knuar ,K.N.Ramli, M.F Alwi, 
“Design Sierpinski Gasket Antenna for WLAN Application”, 
Proceedings of Asia-Pacific Microwave Conference, 
Bangkok, Dec. 2007.

[3]  Deshmukh et. al., “Multiband Configurations of stub- 
Loaded slotted Rectangular Microstrip Antenna”, IEEE 
Antennas and Propagation Magazine, Vol. 52, No.1 
2010.

[4]  Deshmukh et. al., “Formulation of Resonant Frequency or 
Compact Rectangular Microstrip Antennas” Microwave and 
Optical Technology Letters, 49,2, 2007, pp. 498-501.

[5]  T.huynh et.al., “single –layer Single- patch wideband 
Microstrip Antenna,” Electronic Letters, 31,61, 1995, PP. 
1310-1312.

[6]  Lee et. al., “Miniature Wideband Half U-slot and half –E 
patch Antennas,” IEEE Transaction on Antennas and 
Propagation, 52,8, 2005, PP.2645-2652.

[7]  Nurulrodziah BT abdul Ghafar, “Design of a Compact 
Microstrip Antenna at 2-4 GHz” M.Sc. thesis, Department 
of Electrical- Electronics and telecommunications, Faculity 
of Electrical Engineering, University Teknologi, Malaysia, 
2005.

[8]  Pratibha Seklra et. al., “Rectangular Patch Antenna 
with Orthogonal Crossed Slits”, Applied Electromagnetic 
Conference (AEMC), pp. 1-5, 2009.

3D Radiation patterns of proposed antenna geometry at 
their respective resonant frequencies are shown as in fig.s 
respectively: i.e. .65 GHz, .88GHz, 1.04 GHz, and 1.33 GHz.

Fig. 9 : 3D radiation pattern at .65 GHz.

Fig. 10 : 3D Radiation Pattern at .88 GHz.
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Fig. 11 : 3D Radiation pattern at 1.04 GHz.

Fig.12 : 3D Radiation Pattern at 1.33 GHz.
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