
International Journal of Engineering Science and Computing, July 2016            1949                                                               http://ijesc.org/ 
 

           
ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       
 

 

 A Slotted Rectangular Microstrip Antenna for UWB Applications 

with Offset Feeding 
Sarinka Sethi

1
, Manish Mehta

2
 

Student
1
, Associate professor

2
 

J.C.D.M. College of Engineering, Sirsa, Haryana 

 

Abstract:  
In this paper an  Ultra Wideband (UWB) microstrip antenna consisting of a slotted rectangular patch with  offset feed line is 

proposed. The designed antenna consists of staircase slots on the upper and lower side of rectangular patch, a cross shaped s lot 

in the center of rectangular patch and truncated ground plane. The antenna is designed on a substrate having dimensions of 

28×29×1.6 mm
3  

and dielectric constant of 3.38. The results are simulated using HFSS simulator. Simulated results show that 

the antenna achieves an UWB impedance bandwidth (S11<-10dB) for the frequency range of 3.1-12.8 GHz with mult iband 

characteristics. The proposed antenna exhib its a good voltage standing wave ratio (VSWR) performance and its E– and H–

plane radiat ion patterns are stable over the UWB frequency range. These characteristics make the designed antenna suitable fo r 

various UWB applications. 
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I. INTRODUCTION 

The demand for UW B is increasing day by day due to larger 

bandwidth and higher data rates required for fast speed 

communicat ion systems. Communication systems are 

becoming compact in size and hence compact antennas with 

improved performance are required for these systems.  The 

word ‘ult ra-wideband’ (UW B) commonly refers to signals 

or systems that either have a large relative or a large 

absolute bandwidth. The Federal Communications 

Commission (FCC) approval of the frequency band in the 

range of 3.1 to 10.6 GHz in 2002 as the ultra wide band 

range [1]. Ultra wideband communication systems have 

recently received great attention in the wireless world. It is a  

widely used technology in radar and remote sensing 

applications.  

To design an Ultra wide band patch antenna, various 

researchers have proposed different techniques. These 

techniques included different shapes of patch and different  

feeding techniques.  In [2-9] authors have used different 

shapes of patch to design UWB antenna such as rectangular 

slot patch [2], printing patch shapes [3], stairs slot in patch 

[4], Rectangular ring shape patch [5], Beveled rectangular 

shape patch [6], Rectangular U-Shaped slot patch [7], 

Swastik slot patch [8] and irregular pentagon shape [9]. 

Some other authors proposed different feeding techniques to 

enhance the bandwidth of printed microstrip patch antennas. 

In [10-13] authors have proposed coplanar waveguide 

feeding technique to improve the performance and range of 

ultra wide band frequency. 

This paper presents a slotted rectangular patch antenna 

having a cross shaped slot with offset feed ing for ultra wide 

band applications. The simulated antenna have the return 

loss <- 10dB for the range of 3.1GHz to 12.8 GHz, which  

satisfied the requirements of ultra wide band antenna and 

can be used for radar and remote sensing applications. The 

overall size of the proposed antenna is 

28mm×29mm×1.6mm
3
. The proposed antenna is designed 

with partial ground plane in which two cross shaped slots 

have been cut for the enhancement the bandwidth of 

designed antenna. 

II. ANTENNA GEOMETRY 

The design and parameters of the proposed UWB antenna 

are shown in figure. Fig.1(a) shows the configuration of 

patch and fig.1(b) shows the configuration of part ial ground. 

The antenna is designed on the FR4 substrate having 

dimensions of 29×28×1.6 mm
3
 and dielectric constant of 

3.38. The shape of the patch is a slotted rectangular patch in  

which a cross shape slot has been cut. The width of the 

patch is 14mm and length is 10.5mm. On the upper and 

lower side of rectangular patch two successive slots have 

been cut to make stairs. On the other side of the substrate a 

partial ground plane has  been designed with length Lg and 

width Wg. Two cross shaped slots and a rectangular slot 

below the feed line have been cut in the ground plane. Left  

Offset feeding is used in the proposed antenna to change the 

current distribution and improve the return losses. The 

length of feed is Lf and width is W f. The value of all the 

parameters of the proposed antenna is shown in table 1.  

  

 
              Fig. 1(a) Geometry of Patch    
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                     Fig.1(b) Geometry of ground 

 
Table 1 Design Parameters of the proposed Microstrip 

patch antenna 
 

Parameter  Value 

(mm) 

Parameter Value 

(mm) 

W  28 Ls  1.5 

L 29 W1 4 

Wp 14 W2 3.5 

Lp 10.5 Lg 10.4 

Wf 3 Wg 3 

Lf 11.5 L1 6 

Wc 2 Lg1 7 

Lc  7 Wg1 1 

Ws 1.5 W3 10.6 

 
III. SIMULATED RES ULTS  

 

1.Return Loss 

The simulated return loss curve for the proposed UWB 

antenna is shown in figure 2. For practical applications, 

return loss should be below than -10dB [14] in the desired  

frequency range. According to the FCC, the frequency 

range from 3.1-10.6 GHz covers the UW B band [1]. The 

simulated return loss has a frequency range below -10dB 

from 3.1GHz to 12.8 GHz along with three frequency bands 

of (6.11-8.01)GHz, (8.81-10.06) GHz and (11.49 – 12.62) 

GHz covering the whole UW B frequency range. From the 

figure it  is clear that the proposed antenna resonates at three 

frequencies of 7.08 GHz, 9.63 GHz and 12.12 GHz has 

return losses of -37dB, -44dB and -46dB respectively. The 

frequency range of 3.1-12.8 GHz satisfies the ultra 

wideband bandwidth indoor commun ication applicat ion 

requirement. The proposed antenna also covers the part of S 

band (2-4GHz), C band (4-8GHz) and X band (8-12GHz) 

hence can be used for radar and satellite communicat ions. 

 
 

Fig.2.Simulated Return Loss against frequency for the 

proposed microstrip slotted Rectangular patch and 

truncated ground plane antenna with offset feeding for 

UWB range 

 

2. VSWR 

The VSW R (Voltage Standing Wave Ratio) curve for the 

proposed UWB antenna is shown in figure 3. Th is 

parameter calculates the matching between the source and 

the antenna and from maximum power transfer theorem it  

should be less than 2 [14]. From the graph it can be noticed 

that the VSWR for the frequency range of 3.1GHz to 12.8 

GHz is below 2. At the resonant frequencies of 7.08 GHz, 

9.63 GHz and 12.12 GHz it is nearly one which shows that 

the proposed antenna has good impedance matching.  

 
 

Fig 3. Simulated Voltage Standing Wave Ratio  against 

frequency for the proposed microstrip slotted 

Rectangular patch and truncated ground plane antenna 

with offset feeding for UWB range  

 

3. Radiation Pattern 

Fig. 4 shows the 2-D radiation patterns of proposed 

rectangular slotted UWB antenna at the resonant 

frequencies of 7.08GHz, 9.63GHz and 12.12GHz..For the 

proposed antenna E-plane is selected to present the 

radiation pattern. In the E-plane the value of azimuth angle 

phi (ø) of 0
0
 and 90

0
 is taken into consideration. The figure 

illustrate the co and cross radiation patterns in red and 

purple colours respectively in the plane at 7.08GHz, 

9.63GHz, and 12.12 GHz  of the proposed antenna, where 

the radiation patterns of the proposed design are bi-

directional due to the antenna’s asymmetrical structure. 

 
 

(a) The proposed antenna radiation pattern at 

frequency at 7.08 GHz 

 
(b)The proposed antenna radiation pattern at frequency 

9.63GHz 
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(c)The proposed antenna radiation pattern at frequency 

12.12GHz 

 

Fig.4 Radiation Pattern of proposed slotted Rectangular 

microstrip patch antenna with offset feeding (a) at 7.08 

GHz (b) at 9.63 GHz (c) at 12.12 GHz. 

 

4. Polar Plot 
Fig. 5 shows the 3 Dimensional polar p lot of proposed 

slotted rectangular microstrip patch antenna at resonant 

frequencies of 7.08GHz, 9.63GHz and 12.12GHz. In these 3 

dimensional patterns, red part  shows the maximum 

radiation and blue part shows the minimum radiation. From 

the plots it is clear that the proposed antenna has a donut 

shape at 7.08GHz showing omni-directional radiat ion 

pattern, whereas bi-directional radiat ion patterns at 

9.63GHz and 12.12GHz due to asymmetrical shapes. 

 
 

(a)          (b)                        (c) 
Fig.5 Polar plot of proposed slotted Rectangular 

microstrip patch antenna with offset feeding  (a) at 

7.08GHz  (b) at 9.63 GHz  (c) at 12.12GHz.  

 

IV. PARAMETRIC ANALYS IS  

1. Comparison of partial ground with and without 

slots 

 
   (a)Simple Partial Ground           (b)Partial ground with slots 

 

Fig. 6  Configuration of proposed slotted rectangular 

UWB antenna with simple and slotted partial ground  

 

Defected ground structure DGS has great impact  on the 

performance of an  antenna. In this part, the effect of DGS 

on the return losses has been studied. Figure 6(a)  shows the  

simple partial ground and figure 6(b) Shows the partial 

ground with cross shaped slots and U-shaped stub below the 

feedline.  The comparison of return losses for both the cases 

is shown in figure 7.  In case of simple partial ground, dual 

bands are coming with resonant frequency shifts towards 

the left for the first band. The maximum -ve return loss 

coming out in case of simple ground is -36dB whereas it is 

around -46dB in slotted ground. So, it  can be said that DGS 

has improved the performance of UW B antenna. 

 

 
Fig.7 Results of comparison between  partial ground 

with and without slots of proposed antenna 

 

2. Comparison of substrate material 
In this part the effect of different substrate materials on the 

performance of proposed antenna is studied. Three different 

substrate materials Duroid, Rogers RO 4350 and FR4 have 

been considered in the evaluation of antenna’s performance, 

which are g iven in  table 2.. The comparison of return losses 

for all the three materials is shown in figure 8. For material 

Rogers RO 4350 (green curve) the maximum –ve return  

loss coming is -42dB and also the middle band shifts 

towards slightly left. The performance of antenna for 

Duroid shown by the blue curve has completely degraded as 

bands become shortened and also maximum -ve return loss 

coming is -38 dB. From the figure it is clear that the best 

results in the form of minimum return loss are coming out 

for the material having a dielectric constant of 3.38 with the 

maximum negative return loss of -46dB. If we increase or 

decrease the dielectric constant, the results get worse. So  

Fr4 with d ielectric constant of 3.38 is considered as a 

suitable material for the proposed antenna. 

 

Table 2 List of Different Substrate Materials of 

proposed UWB antenna. 

 

 
Fig.8 Result of Comparison of di fferent substrate 

materials of proposed slotted Rectangular microstrip 

patch antenna with offset feeding  
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V. Conclusion 

In this paper, a compact slotted rectangular patch antenna 

with multiband characteristics has been proposed for UWB 

applications. The size of the antenna is 28×29×1.6 mm
3
. 

The proposed antenna covers the frequency band from 

3.1GHz to12.8 GHz with three resonant frequencies at 7.08 

GHz, 9.63 GHz and 12.12 GHz. In the rectangular patch, 

slots have been cut on the upper and lower side of the patch 

to make stairs like shape and a cross shaped slot has also 

been cut in the center of the patch. An extra resonance 

mode has been excited by cutting the two cross shaped slots 

and a U shaped stub in the partial ground. The radiation 

patterns of the proposed antenna are stable and 

omnid irectional. The simulated results show that the 

proposed antenna with compact size, wide impedance 

bandwidth and stable radiation patterns can be a good 

candidate for UWB applicat ions.  
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