
 
Copyright © 2018Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (2.8) (2018) 450-452 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET 

 

Research Paper  

 

 

 

Design and analysis of a wide band rectangular  

slot loaded planer microstrip antenna 

 

Raj Gaurav Mishra *, Ranjan Mishra, PiyushKuchhal 

 
School of Engineering, University of Petroleum and Energy Studies, CoES, P.O. Bidholi, Via Prem Nagar, 

Dehradun-248007, Uttarakhand, India 

*Corresponding author E-mail: 1rgmishra@ddn.upes.ac.in 
 

 
Abstract 

 
This paper presents design and analysis of a rectangular planar microstrip antenna for high bandwidth. The proposed antenna is rectangu-

lar in shape with a rectangular slot on the center of patch. The antenna is designed and fabricated with FR4 epoxy substrate. The simulat-

ed and experimental results are giving a wide bandwidth of in excess of 4.5 GHz. The measured result also validate the simulate design. 

A simple analysis is also carried out and impedance is calculated. 
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1. Introduction 

Microstrip antenna found its use in many of wireless systems now 

a day’s operating in high frequency [1]. The prime function of any 

antenna is to transmit and receive electromagnetic signal in wire-

less environment. An antenna is a significant identity in all wire-

less application. The radiation from the antenna happens when a 

sources connected to it is fed with microwave source in high fre-

quency applications. 

Antenna is one of the chief components of the wireless system. 

Low cost and compact antennas are the need of the hour for vari-

ous wireless applications. The quality of microstrip patch antenna 

lies in its small weight and size, [2] so it fit well in to device. Mi-

crostrip antenna shows a drawback for being narrow bandwidth, 

but recently many researchers [3-6] introduced new means of 

increasing its bandwidth. 

In the present study, a simple design of a rectangular patch mi-

crostrip antenna with one slot and four notches at the corner is 

presented. This antenna is centrally loaded with a rectangular slot 

and feed with the microstrip line. The -10 dB bandwidth [7] of the 

antenna covers 3.8 GHz to 9 GHz of the UWB band. The outline 

of this paper is as follows. In the section 2, the dimension and 

geometry of the proposed antenna is presented. The analysis of the 

simulation and experimental results are done in Section 3. The 

comparison with the theoretical and measured impedance using 

transmission line analysis is in section 4, whereas the conclusion 

is finalized in section 5.  

2. Antenna Geometry 

The geometry of the antenna is planer and rectangular. The di-

mension of the two sides is found using following sets of equa-

tions [8]: 
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The rectangular slot is cut at the middle and it very near to edges. 

The feed is by microstrip line etched on the same material. In our 

case it is 50 ohm line. The substrate is FR4 of dielectric constant 

4.4. Its main feature for choosing is easy availability, cost effec-

tiveness and low loss tangent which is useful. Substrate height 

used for fabrication is (h) 1.58 mm and copper as material is used 

for main radiating element and ground plane for this antenna. 

The slot length and width are found by slot line analysis [9]. The 

above equations show that the antenna and its content dimensions 

are a function of substrate parameter (height and dielectric con-

stant) along with the operating frequency. The operating frequen-

cy ‘f’ is taken to be around 6 GHz. Slight optimization is utilized 

in the simulation process by HFSS software on these dimensions 

to get the desired results and also to keep the dimension feasible 

for the fabrication.   

All dimension of the antenna is tabulated in table 1.  
 

Table 1: Dimension of Antenna 

 

Parameter Size 

Length of the Antenna  11.5 mm 

Width of the Antenna 14 mm 

Length of feed line 10.5 mm 
Width of feed line 3.6 mm 

Length of slot 12 mm 

Width of slot 0.75 mm 
Length of Ground plane 11.0mm 
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3. Simulation and Experimental Results  

Figure 1 shows the planer geometry of the antenna along with the 

fabricated antenna.  

 

 
 

Fig. 1: Theplane geometry and the fabricated microstrip antenna. 

 
The simulation is done on HFSS antenna design software. The 

best result is obtained with centrally placed slot.  It is observed 

from the HFSS result that the high Wide Band performance has 

been reached.  

The simulated result shows a -10 dB bandwidth ranging from 3.2 

to 8.7 GHz. the proper validation of the simulation result is 

checked by testing on vector network analyzer. The measured 

values of the return loss are recorded at frequencies range of 3 

GHz to 10 GHz and they are plotted along with simulation result. 

The plot of the simulation and measured result is shown in figure 

3.  

 

 
 

Fig. 2: Return loss of the simulated and measured antenna. 

 
The plot of the two results, as shown in figure 3, is very close to 

each other. The software simulation result covers the -10dB 

bandwidth from 3.2 to 8.7 GHz, whereas the measured result is 4 

GHz to 8.7 GHz. thus the antenna is showing resonance over a 

wide frequency of 4.7 GHz. The maximum value of the return loss 

in simulation is -19.85 dB at 5 GHz and for measured it is also at 

5 GHz with a return loss of -17.24 dB. The peak return loss and 

frequency of the simulated and measured are almost close. The 

result pattern of the measured is very much same as that of the 

simulation results. This validates a good result. 

Radiation efficiency is plotted as shown in figure 3 and it in be-

tween 82% to 94% throughout operating wide band frequency 

range. Thus gain and directivity of the microstrip designed anten-

na is close to each other. 

 

 
 

Fig. 3: Radiation efficiency of the antenna. 

4. Modeling and Impedance Calculation 

Transmission line modeling is done for the calculation of imped-

ance. The equivalent circuit is shown in figure 4.  The microstrip 

rectangular antenna is represented as a transmission line that con-

nects two slots of width W and height h.  

 

 
 

Fig. 4: Equivalent circuits of antenna 

 

Let, 
( , )u x t

and 
( , )i x t

be the voltage and current at any point 

and any time on microstrip antenna. Also let G, C and L repre-

sents the conductance, capacitance and inductance of it.  

The drop in voltage along the inductor is: v = −L
di

dt
  

The drop in voltage along the capacitor is:  v =
1

c
∫ idt  

In figure 4, voltage at point B is difference of voltage at point A 

and AB, and is given as:   

v(x + dt, t) − v(x, t) =  −[−Ldx]
di

dt
 

Taking as dx → 0and partially differentiating, we have: 
∂v

∂x
= L

∂i

∂t
 

Current at B is the difference of current at A and current flow 

through conductance and capacitance, and it is therefore given as: 
∂i

∂x
=  −Gv − IL − IC 

Current passing along the capacitor is:IC = C
∂v

∂t
 

The voltage through the inductor is given as: 
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Differentiating this partially with respect to (t), we get: 
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This is 1-D partial differential equation for micro strip antenna.  

The input impedance is:Zin =  
1

1

R
+jωC+

1

jωL
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So, Zin =  
R(ωL)2

(ωL)2+R2(ω2LC−1)2
− j

R2ωL(ω2LC−1)

(ωL)2+R2(ω2LC−1)2
       (7) 

 

In the case of microstrip line feed antenna, I1 = I2 = 0 and L1 = 0. 

Therefore from equation (1), the value of the antenna input admit-

tance is given as: 

Yin =  
Yc

2+ Ys
2− Ym

2 +2 YsYc coth(γL)−2YmYc cshh(γL)

Ys+ Yc coth(γL)
   

Taking into account the parasitic effect of the feed line,  

 

Yin = (1 −
Wm

W
) Ys +  

Yc
2− Ym

2 +2 YsYc coth(γL)−2YmYc cshh(γL)

Ys+ Yc coth(γL)
  

 

The line parameter is connected with the input admittance. A gen-

eralized solution of this equation is given as:  

 

Zin =  Zc |
Yc+jYL tan (βL)

YL+jYc tan (βL)
|                         (8) 

 

For a normalized value of βL = π, Zin = ZL. That means both the 

line impedance and the input impedance are of the same value at 

this extreme case of optimization. Solving this and putting the 

different value of antenna parameter, the normalized value of the 

characteristic impedance is given as: 

 

Zc =  
120π/ √εeff

W

h
+1.393+0.667 ln (

W

h
+1.444)

                        (9) 

 

Putting the values, Zc comes to be 46 ohm which is close to the 

impedance of feed line of 50 Ω. 

5. Conclusion  

A simple rectangular planer microstrip antenna is designed, fabri-

cated and analyzed. The measured result shows good validation 

with the simulated one and covers a frequency ranging from 4 to 

8.5 GHz. Due to its simplicity and wide bandwidth, the antenna is 

a good choice for effective wide band applications. 
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