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Abstract- in this paper an rectangular patch whose top corner has been cut and I shape slot, L shape slot along with stub is 
introduced. The substrate Duroide is used for the designed antenna with dielectric constant 2.2 and thickness of 1.6mm. The 
overall dimension of the antenna is 18.9×26×1.6mm3.This antenna is fed by a microstrip feeding line. In this paper the effects of 
different antenna parameters like gain, return loss, VSWR and radiation pattern has been discussed. The antenna is designed 
using HFSS13.0 software. The VSWR obtained for all the designed antenna is less than 2. 
Keywords- microstrip patch antenna, parasitic stubs, slot antenna, multiband. 

I. INTRODUCTION 
Wireless communication industry has seen incredible advancements in last decade. Frequency allocation spectrum is getting dense 
day by day with the amount of research going on in recent times. Printed microstrip antennas have been very popular because they 
can be easily integrated in complex circuitries [1]. A microstrip patch antenna is used to process ultra high frequency signals. 
Microstrip patch antenna is a wideband, narrow beam, occupy less space antenna placed over an insulating material such as FR4, 
glass, ceramic etc whose dielectric constant lies between 2.2≤ εr≤12 The microstrip antenna mainly consist of Ground , Substrate , 
patch and feed line. The base of the antenna is known as ground plane. Just above the ground with the same dimension a substrate is 
placed.  

 
Fig. 1 Rectangular Microstrip Antenna 

The patch in the antenna is made of a conducting material CU (copper) or Au (gold) Microstrip antennas are widely used in several 
applications where reduced size, weight and cost, high performance and easily fabricated and installed antennas are required such as 
airborne, space borne commercial and military applications and mobile and wireless technologies. Microstrip patch can be of 
different shapes such as rectangular, square or disk patches. They can provide linear, dual or circular polarization by appropriate 
feeding [4]. Because of the fast growing demand in wireless communication, mobile communication, radar applications and any 
other application coplanar waveguide fed antennas have invited much interest due to light weight, low profile, small size, and ease 
of fabrication [12]. Dual-band microstrip antennas (MSA) are realized by using techniques such as stub loading, cutting a resonant 
slot inside the patch, or by placing a shorting post at an appropriate position inside the patch [1-15]. When placed on the radiating 
edges of a rectangular microstrip antenna (RMSA), an open-circuit quarter wavelength stub or a short-circuit half-wavelength stub 
offers capacitive or inductive impedance around the resonance frequency of the rectangular microstrip antenna. Dual-band 
characteristics are thereby realized for the antenna [8]. 
The dielectric constant plays an important role in deciding performance of antenna. If we want to minimize the size of microstrip 
antenna we have to use substrate of high dielectric constant, but it cause narrow bandwidth high loss and poor efficiency due to 
surface wave excitation. As dielectric constant increases, the resonance frequency decreases. FR-4 epoxy and Rogers RT Duroide 
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5880 are two different substrates that are used mostly in microstrip antenna design. FR-4 substrate has dielectric constant of 4.4 and 
loss tangent of 0.02 whereas Duroide (tm) has dielectric constant of 2.2 and loss tangent of 0.0009. In proposed design FR-4 has 
been used as substrate because it reduces size of antenna and has good efficiency and bandwidth. 
 

II. ANTENNA DESIGN AND IMPLEMENTATION 
An edge tapered I shape microstrip patch antenna with slits on the patch has been designed. I shape microstrip patch antenna has 
been designed by taking a rectangular patch of 9.3×16 mm2. Upper corner of the patch has been cut , parasitic stub and I shape slot 
is inserted on the patch as shown in the figure 3.1. The effect of change of height of substrate has been studied. All the simulations 
has been simulated in HFSS software. The configuration of the antenna are having FR4 substrate with relative permittivity €sub=4.4 
and thickness t=1.6mm having dimensions L× W=18.9 mm×26mm. The 50Ω CPW feed line is designed to have a center conductor 
with of s=8mm and a gap with of .5 mm. The antenna has been designed by using transmission line model which is most accurate 
method. 

 
     (a)   (b) 

 
(c) 

Fig 2: fig(a) 2D view of simple patch, fig(b) edge tapered with slot and I shape antenna and fig(c) I shape by adding stub. 
TABLE 1 

DESIGN PARAMETER AND CORRESPONDING VALUES 
Subject Dimensions 
Ground Size 18.9×26 mm 

Patch Size 9.3×16.4 mm 

Loss Tangent .02 

Feed line size 8×.5 mm 

Substrate Used FR4 

Thickness 1.6 mm 

Feed line Technique Microstrip line feed. 

Feed point (9.2,0,1.635) 
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A. Return loss 
For better antenna performance return loss of antenna should be more negative the value that we will consider is below -10 dB. 

 
Fig 3: input reflection coefficient of I shape with parasitic stub using one slit rectangular patch antenna for FR4 and Duroide 

substrate 
 

TABLE 2  
SIMULATED RESULTS OF I SHAPE PARASITIC STUB WITH ONE SLIT PATCH ANTENNA USING DUROIDE  AND FR4 

SUBSTRATE 
substrate Frequency(GHz) 

 
Return 
loss(dB) 

Gain(dB) Bandwidth(MHz) 

 
Duroide 

5.31 -10.28 6.99 100 

7.78 -14.23 6.51 100 

9.79 -21.46 8.44 120 

 
FR4 

4 -22.23 4.32 80 

4.28 -35.31 3.17 130 

5.97 -18.05 6.71 80 

7.33 -25.2 4.80 120 

 
 
B. Gain 

 
   (a)                                               (b) 



www.ijraset.com                                                                                                                  Volume 4 Issue VII, July 2016 
IC Value: 13.98                                                                                                         ISSN: 2321-9653 

International Journal for Research in Applied Science & Engineering 
Technology (IJRASET) 

©IJRASET: All Rights are Reserved 
202 

 
 

(c) 
Fig 4: Gain of I shape with parasitic stub using one slit rectangular patch antenna fig(a)5.31GHz fig(b)7.78GHz fig(c)9.79GHz  

Radiation pattern 

 
      (a)    (b) 

 
(c) 

Fig 5: Radiation pattern of I shape with parasitic stub using one slit rectangular patch antenna using Duroide substrate fig (a) for 
f=5.31 GHz fig (b) f=7.78 GHz fig(c) f=9.79 GHz  

 
C. VSWR 
VSWR obtained for the I shape using stub and one slit rectangular patch antenna is 1 at all three resonant frequencies. 

 
Fig 6: VSWR of I shape with parasitic stub with one slit rectangular patch antenna using Duroide substrate 
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III. RESULTS AND DISCUSSION 
From table 2 it has been concluded that when Duroide issued as a substrate antenna will resonate at 3 frequencies whereas for FR4 
substrate antenna will resonate at four frequencies. When return losses are compared for Duroide antenna has return losses of -
10.28dB,-14,23 dB and -21.46 dB and for FR4 substrate return losses obtained are-22.23,-35.31,-18.05 and -25.2 dB. The gain and 
bandwidth obtained for Duroide substrate is more than the Fr4 substrate. From figure 2 it is concluded than for Duroide substrate  
resonance frequencies of antenna get shifted towards right side that is toward 10 GHz. 
 

IV. CONCLUSIONS 
In this paper antenna with I slot ,L slot on patch and also the top corner of the patch has been cut by adding a stub in the right side of 
the patch.By inserting slot and cutting the edges the size of the antenna get reduced. Effect of using substrate is shown in this paper 
as FR4 and Duroide both are the most commonly used substrate material. Fr4 is used because it is cheap and easily available in the 
market having 4 as relative dielectric constant.When Duroide is used as substrate then after fabrication you get rough  surface 
between patch and substrate.The total size of the antenna is 18.9×26×1.6mm3.The proposed antenna shows an average gain of 7.31 
dB which is better than FR4 substrate which is4.75 dB. The proposed antenna finds application in wireless local area network 
(WLAN), worldwide interoperability for microwave access (WIMAX), RADAR and satellite. 
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