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Abstract 
The development of wireless communication technologies widely using microstrip antenna , has attracted much attention in recent 

years.   In wireless communication, Microstrip antenna is important device for communication above 1 GHz. It is used in mobile 

communication, aircraft and satellite communication applications. Microstrip antenna has advantage of Low Profile, easy to 

fabricate, easy to feed, incorporate with other array elements and other microstrip elements. In this paper a rectangular microstrip 

antenna ( RMSA ) is designed for 4 GHz resonating frequency. The Substrate height is doubled so that effective dielectric constant is 

changed. As a result of this, it enhances the bandwidth of RMSA. 

 

RMSA is simulated using HFSS , using epoxy substrate of  relative permitivity Er=4.4  and thickness of 1.6mm and 3.2. Results 

describes that bandwidth enhancement can be obtained by increasing the height  of substrate. 

 

Keywords:  HFSS, Wireless communication 
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1. INTRODUCTION 

Antenna is a device or piece of conductor which converts 

electrical signal into electromagnetic waves & vice versa.  There 

are different types of Antennas working at different frequencies. 

The microstrip antenna was invented by Bob Munson in 1972. 

Microstrip antenna is very simple to fabricate & has main 

applications in frequencies above 1 GHz. [1] Microstrip antenna 

contains two metal layers on both sides of a dielectric material. 

The bottom layer patch having larger area is called ground plane 

and top metal layer of suitable shape is called a patch. [2] It is 

also called as patch antenna and Patch can be of any shapes. Most 

commonly used shapes are Rectangular & circular. 

 

The Microstrip Antenna works on the cavity resonating principle. 

The patch acts approximately as cavity. The top and bottom patch 

acts as a short circuited walls and open circuited at the sides. In 

the cavity only certain modes are allowed to exist at different 

resonant frequencies. If the antenna is excited at resonant 

frequency, a strong field is set up, inside the cavity and strong 

current in the bottom patch plane surface. This produces a 

significant radiation and works as a good antenna. 

 

Microstrip Antenna is low profile, compact, small in size, less 

weight. It is Easy to fabricate using Photo lithography and etching 

techniques. It is easy to feed simple methods such as coaxial 

cable, microstrip line etc. Microstrip Antenna is easy to use in 

array or include with other microstrip circuit elements.  The 

Major characteristics of Microstrip  antenna are also makes 

it suitable for  application in wireless mobile 

communication , aircraft and satellite communication. The 

radiation pattern is somewhat hemispherical and moderate 

directivity. 

 

The disadvantages of Microstrip antenna are low bandwidth. 

The bandwidth can be increased by a number of techniques.  

Lot of research is going on this area and many research 

groups are working towards increasing the bandwidth of 

Microstrip Antenna. [3] The bandwidth can be varied by 

changing different substrate materials , having various 

values of relative permittivity Er [5] The bandwidth can also 

varied by changing values of Design dimensions[6]. An egg 

shaped slot antenna is designed to increase the impedance 

Bandwidth [7] by varying Design parameters. The egg 

shaped curve is introduced by  introducing egg shaped 

parameter in the standard elliptic curve equation. To 

validate the theoretical value, egg curved slot antenna was 

designed , which gives better bandwidth (164%) for S11 

above -10dB and also gives improvement in gain. Antenna 

miniaturization and bandwidth enhancement is achieved by 

reactive impedance surface (RIS) . The reactive impedance 

substance as a substrate [8] for a printed antenna provides 

both miniaturization., significant bandwidth improvement. It 

is demonstrated that RIS can perform superior to PMC , 

when used as a substrate of the antenna. The RIS is 

designed using two dimensional periodic pointed metallic 
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patches on a baked high dielectric material. It provides a better 

performance antenna than designed with PEC & PMC dielectric 

.It gives Bandwidth, gain and radiation efficiency  better than that 

of PEC and PMC substrate materials .  Bandwidth of a wide slot 

antenna is also improved by using parasitic patch [9]. Another 

disadvantage of microstrip is efficiency is less than other 

antennas. The efficiency is limited by conductor and dielectric 

losses.[4] There is a scope for improvement in this area also. 

 

In this paper, Rectangular microstrip Antenna has been designed 

at 4GHZ. The Antenna has been designed with substrate height of 

1.6mm and then increased the height of 3.2mm to increase the 

Bandwidth. The B.W of  1.6mm is compared with  B.W of 

increased  height of substrate. The antenna has  been designed 

with substrate height of 1.6mm  with epoxy dielectric having 

Er=4.4. The Paper is organized as follows.  Design method and 

analysis is explained in section II. Simulation results  and 

comparison of results are explained in section III.  Conclusion & 

Future work remarks is given in section IV. Acknowledgment is 

given section V. 

 

2. DESIGN OF PROPOSED RMSA 4GHZ ANTENNA 

The microstrip antenna is constructed on a very thin dielectric 

substrate using different etching techniques. In general , dual 

copper coated Teflon fiberglass is most commonly used so that 

the microstrip can be easily curved to the shape of  mounting 

surface. For patch  mostly conducting materials such as copper or 

gold is used. In almost all the antennas the fed lines are photo 

etched on the substrate along the patch. 

 

 
 

 
 

In Microstrip Antenna the Length, Width & height are Design 

parameters. Length is the resonating parameter. The width is 

designed such that it is larger than L. Generally W=1.5L is 

selected in typical cases.  Length , Width and  feeder dimensions 

are Design parameters that are calculated as explained below. 

Calculating Length & Width of Antenna 

A Rectangular microstrip patch antenna for resonating 

frequency of 4GHz with FR 4 material of thickness of 

1.6mm is designed by steps of following algorithm. The 

length and width calculations are given below. 

 

The width is calculated using formula 

 

𝑊 =
𝐶

2𝑓𝑟 2
(

1

𝐸𝑟 + 1
) 

 

Where C is speed of light 

Fr is resonating frequency 

Er is the dielectric constant of FR 4 

 

The effective dielectric dielectric constant is calculated     by 

 

𝐸𝑒𝑓𝑓 =  
𝐸𝑟 + 1

2
+
𝐸𝑟 − 1

2
 ∗ 1/ (1 + 12ℎ

𝑤
) 

 

The extended length is  calculated by 

 

▲▲▲L = 0.412*h [( Eeff +0.3 ) ( W/h + 0.264 ) / 

( Eeff +0.3 ) ( W/h + 0.6 ) ] 

 

The Length L is calculated by 

 

𝐿 =  
𝐸𝑟

2𝑓𝑟 𝐸𝑅
 − 2▲L 

 

After calculation the length is found to be  16.6mm and 

width  is 22.6mm. 

 

2.2 Calculate Feed Point & Feeder Dimensions. 

The feeder is located at distance and feeder dimensions are 

calculated by using formulas given in [4] 

 

3. SIMULATION AND TESTING 

The Rectangular Microstrip  is designed and simulated 

using HFSS using Epoxy substrate Er = 4.4 and  first 

thickness of 1.6mm and it is found the antenna is resonating 

with  narrow bandwidth of 85.5MHz. Then we increased the 

thickness to 3.2 mm ,  the dimensions are readjusted.  The 

antenna is simulated  and bandwidth found be improved to 

170.8 MHz. 
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Fig 1 : RMSA Ground plane view 

 

 
 

Fig 2 : RMSA Patch area view 

 

The RMSA 4GHz is simulated using HFSS with 1.6mm substrate 

thickness and then modified to 3.2mm . Figure 1 shows the 

Ground plane view of RMSA and Figure 2 shows Patch area of 

simulated RMSA. Table 1 gives the dimension of RMSA 4 GHZ 

1.6mm dielectric substrate  thickness. 

 

Table 1 : RMSA 4GHz dimensions 

Sl. No. Description Dimension  mm 

1 Width 22.6 

2 Length 16.6 

3 Distance of feed point 5.0058 

 

 
Fig 3: S11 characteristics w.r.t frequency . 

 
Fig 4: VSWR characteristics w.r.t frequency 

 

Reflection Coefficient  (S11) and VSWR are of  RMSA 

shown in Figure 3 & VSWR in Figure 4.  Reflection 

coefficient S11 characteristics of w.r.t frequency.  

Maximum value of -21dB is achieved. It provides a very 

good isolation. Figure 4 gives   VSWR characteristics w.r.t 

frequency and a value of 30 and minimum of 1 is obtained.  

Which meets  the requirement. 

 

 
Fig 5: Modified RMSA S11 Characteristics w.r.t frequency 

 

 
Fig 6: Modified RMSA VSWR characteristics w.r.t 

frequency . 
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Figure 5 gives S11 characteristics of modified antenna and a 

maximum -16dB, which  provides good isolation and meets the 

requirements. Figure 6 gives modified antenna VSWR 

characteristics w.r.t frequency. A maximum of 35 and minimum 

of 2 is meeting the requirements of wireless communication 

application. 

 

Table 2: RMSA 4GHz comparison of  parameters 

Sl. No. Parameter  

description 

RMSA 4 

GHZ 

Antenna 

RMSA  4 

GHZ 

modified 

Antenna 

1 S11 

maximum 

  -21 dB -16 dB 

2 VSWR    

maximum 

     30    35 

 

3 VSWR 

minimum   

       1     2 

 

The Table 2 gives the comparison of S11 and VSWR of RMSA 4 

GHZ and modified RMSA. The S11 > - 10dB and it provides a 

good isolation. 

 

 
Fig 7: Radiation pattern 1 of RMSA 

 

 
Fig 8: Radiation pattern 2 of RMSA 

 

The Radiation pattern are also simulated for RMSA 4GHz. Figure 

7 and 8 shows the radiation pattern 1 &  Radiation pattern 2 of 

RMSA 4 GHz. From simulation pattern , it is found to be meeting 

the application requirement. 

4. CONCLUSION & FUTURE WORK 

Rectangular microstrip antenna is designed and bandwidth 

enhancement of 85.3 MHz ( from 85.5MHz to 170.8MHz ) 

is achieved by increasing height of dielectric substrate . 

Further improvement of bandwidth can be carried oout by 

incorporating other techniques like DGS, U-slot.  

Ssimulation  results can be further improved and ccompared 

with fabricated  antenna  measured results. 
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