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 Abstract-  

A min iaturized, high bandwidth microstrip patch antenna using slots is proposed in this paper. Low profile, conformal nature, ease 

of integration and light weight microstrip patch antenna has been a choice for several applications including satellites, military  and 

so on. A single layer, coaxial fed microstrip patch antenna is designed by etching polygon, rectangular and square shaped slots on 

the radiating patch and ground plane for min iaturization and bandwidth improvement. The Ansoft High Frequency Structure 

Simulator software is used for simulating and analyzing proposed design.  Performance of proposed antenna is demonstrated in 

terms of size reduction of patch, bandwidth, VSWR, return loss, gain and radiation efficiency. Proposed antenna resonates in S 

band of the electromagnetic spectrum and provides low VSWR of 1.01. Radiating patch size has been reduced approximately by 

37.8 % as compared to conventional patch antenna and an impedance bandwidth of 260 MHz is also achieved.  Effect of the 

rectangular slot made on the ground results in change in resonance frequency, gain and bandwidth. The dimensions of radiating 

patch of proposed microstrip patch antenna design are 17 mm × 22mm. 
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I. INTRO DUCTION 

Antenna has been an indispensable part of any wireless 

communicat ion. These are the structures used to transmit and 

receive electromagnetic waves. In other words , it is a 

transitional structure between free space and guiding medium 

[1]. In order to transfer maximum power, antenna must be well 

matched to transmission line otherwise reflection losses will 

occur. Antenna can be of various types like conducting wire, 

aperture, microstrip patch, array depending upon the specific 

requirement. 

The future trend in the field of communicat ion is towards 

compact equipment and devices for data transmission and 

navigation. Hence, there is a definite need for min iaturization  

of antenna so as to easily integrate within these devices. This 

has opened large interest in the development of compact  

antenna and its miniaturization techniques. The biggest 

challenge is to maintain optimum performance of parameters 

associated with antenna while miniaturization. 

Various systems operating at different radio frequencies are 

developed for numerous communication purposes. The 

microwave frequency ranges from 3 to 30 GHz. In this paper, 

microstrip patch antenna is designed to work in S band of the 

electromagnetic spectrum. It covers radio frequency from 2 to 4 

GHz as specified by IEEE standard. S band has been a choice 

for several applications like  WiMAX standard devices, wireless 

network equipments [2], weather radar, surface ship radars and 

satellite communication [3]etc. Due to its low profile, 

conformability to planar and non planar surfaces, ease of 

integration and light weight, microstrip patch antenna has been 

foremost choice for various applications. But this antenna 

suffers from low bandwidth generally 3-5 % of center 

frequency and has low gain.  

Small antenna performance is often limited by various 

parameters like size, bandwidth, quality factor and gain. As 

antenna size is reduced, there is a decrease in  bandwidth, gain  

and radiation efficiency. Various miniaturization techniques are 

available for the size reduction. They can be broadly classified  

in to two categories . First methodology is based on altering 

topology of radiat ing element while second make use 

electromagnetic materials  as substrate. Some approaches 

concerning miniaturization are self similar and space filling  

fractal geometries [4], defected ground structure [5], slots and 

notches [6], reactive impedance surfaces [7], short circuits to 

ground plane, loading antenna with lumped elements etc. 

Single or combination of above techniques can be utilized for 

size reduction. 

In this paper, microstrip patch antenna is min iaturized using 

slotting technique over radiating patch and ground plane. Its 

performance is compared with respect to conventional antenna 

in S band. The paper is organized in to following sections. 

Section I gives introduction of the paper, Section II discusses 

the proposed antenna design, Section III deals with the analyses 

of the results, and Section IV presents the conclusion of the 

proposed work. 

II. ANTENNA DESIGN 

The transmission line model is used for designing conventional 

patch antenna. Microstrip patch antenna contain three layer, 

these are radiat ing patch on the top, ground plane on the bottom 

and substrate sandwiched between patch and ground plane. The 

length (L) and width (W) are calcu lated from the fo llowing  

equations as given in [1], provides that resonate frequency ‘fr’, 

relative permitt ivity ‘ϵr’, height of substrate ‘h’ are known: 
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Due to finite dimension of the patch, field at the patch edge 

undergoes fringing. Effective dielectric constant (ϵreff) is 

introduced to account for fringing. Because of fringing, patch 

looks greater than its physical dimension and gets extended by 

∆L on non radiating edges. 

High Frequency Structure Simulator (HFSS) is used for 

designing, optimizing and simulat ing microstrip patch antenna. 

HFSS is high frequency software based on Maxwell's 

equations. The length (L) and width (W) of the conventional 

patch antenna are optimized to 21.5 mm and 28 mm 

respectively for resonance frequency of 3.13 GHz in S band as 

calculated.  FR4 is used as substrate having 1.6 mm height, 

relative permittivity of 4.4 and loss tangent of 0.02. Coaxial 

probe feed is used to provide input to the antenna as shown in 

fig. 1. The feed is provided at a distance of 5 mm from the 

center. Transmission line model is based on assumption of 

infinite ground plane. But, from practical point of view it has 

fin ite dimension. The length and width of the ground plane are 

Ls and Ws optimized for dimension of 35 mm and 40 mm 

respectively. 

 
FIGURE 1 Conventional microstrip patch antenna 

 
FIGURE 2 Top view of proposed patch antenna 

 

 
FIGURE 3 Bottom view of proposed patch antenna 

 

Slotting technique is adopted for miniaturization of proposed 

antenna. Polygon and rectangular shaped slots are made on the 

radiating patch where, rectangular slots connect polygon slots 

to the edge of the patch as shown in fig. 2. Defects in the form 

of square shaped slot are also etched from the ground plane for 

the purpose of miniaturization and bandwidth improvement as 

shown in fig. 3. Rad iating patch has a size of 17 mm × 22 mm 

while size of the antenna is 32 mm × 38 mm. Table 1 

summarizes the dimension of proposed antenna. 

 

TABLE I Dimension of proposed antenna 

 

Parameter Value 

(mm) 

Parameter Value 

(mm) 

Parameter Value 

(mm) 

Ls1  32 L2  5.5 L4  4 

Ws1  38 W2  5 W4  15 

L1  17 L3  1 L5  8 

W1  22 W3  2 W5  8 

a 2   h 1.6 

 

III. RESULTS AND DISCUSSION 

Conventional patch antenna is designed first and simulated in  

HFSS. It resonates at 3.16 GHz in S band having return loss of 

-26.78 dB and impedance bandwidth of 110 MHz from 3.10 to  

3.21 GHz. It has gain of 4.44 dB and VSW R of 1.69. 

Polygon and rectangular shaped slots are made on the radiating 

patch as shown in fig 2. These slots increases the electrical 

length of patch and results in frequency shift to lower side of 

the spectrum. Hence, provides miniaturizat ion of patch. As size 

is reduced further, bandwidth decreases. So, a single square 

shaped slot is etched from the ground as shown in fig 3. This 

slot perturbs the shielded current distribution on the ground. 

Thus, create additional effect ive inductance in the structure. 

This not only provides miniaturizat ion but also enhances the 

bandwidth of the structure. The effect of different slot size on 

the proposed antenna in terms of return loss, frequency shift 
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and bandwidth and shown in fig. 4 and the results are 

summarized in table 2.  

 

TABLE II Comparison of different square slot size on proposed 

antenna 

 

Slot Size 

(mm × mm) 

Resonant 

Frequency 

(GHz) 

Bandwidth 

(MHz) 

Gain 

(dB) 

6 × 6 3.13 170 2.67 

7 × 7 3.05 240 2.52 

8 × 8 3.01 260 2.36 

9 × 9 3.00 270 2.38 

 

 
 

FIGURE 4 Effect of square shaped slot on proposed antenna 

 

From the obtained results , as the size of square slot increases , 

frequency shifts to left side with increase in bandwidth and 

decrease in gain. 

Hence, proposed antenna with dimension of radiating patch as 

17 mm × 22 mm and overall d imension of 32 mm × 38 mm is 

designed, optimized and simulated using HFSS. 8 × 8 slot is 

etched from the ground. Proposed antenna resonates at 3.01 

GHz with return loss of -43 dB and -10 dB return loss 

bandwidth of 260 MHz from 2.93 to 3.19 GHz as shown in fig  

5.  

 

 
 

FIGURE 5 Simulated return loss of proposed and conventional 

antenna 

Proposed antenna has a VSWR of 1.01 which indicates good 

impedance matching and lesser reflection losses as shown in fig  

6. It has gain of 2.36 dB as shown in 3 D polar plot in fig 7. Far 

field rad iation pattern of the conventional and proposed antenna 

is shown in fig 8. Tab le 3 summarises the comparison of results 

of proposed antenna with that of conventional antenna in terms 

of return loss, bandwidth, gain, patch size and patch area. 

 

 
 

FIGURE 6 Simulated VSWR of proposed and conventional 

antenna 

.  

  
 
 
 

hhhghgv 
FIGURE 7 Simulated gain of proposed antenna 

 

 

 
 

FIGURE 8 Simulated far field rad iation pattern of the 

conventional and proposed antenna 
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TABLE III Comparison of conventional and proposed 

microstrip patch antenna 

 
Parameters Conventional 

(Simulated) 
Proposed 

 (Simulated) 

Resonant 

frequency (GHz) 

3.16 3.01 

Return Loss -26.78 dB -43 dB 
 

Bandwidth (MHz) 110 260 

VSWR 

 

1.69 1.01 

Gain (dB) 3.83 2.36 
 

Patch dimension 

(L × W) 

21.5 mm × 28 mm 17 mm × 22 mm 

Patch area 

 

602 mm2  374 mm2  

IV. CONCLUSION 

In this paper, a miniaturized microstrip patch antenna on 

FR4 substrate has been designed and simulated for S band of 

the electromagnetic spectrum. The size of the patch of 

microstrip patch antenna is reduced by 37. 8 % by 

incorporating slots as compared to conventional microstrip  

patch antenna. Slots in the form of polygon, rectangular and 

square shape are employed for size reduction. The bandwidth 

of slotted antenna increased from 110 MHz to 260 MHz and  

VSW R also improves from 1.69 to 1.01 with respect to that of 

conventional non slotted antenna.  

ACKNOWLEDGMENT 

Author would like to thank Director of National 

Institute of Technical Teachers Training and Research,  

Chandigarh for providing opportunity to work in well equipped 

laboratories. 

 

REFERENCES  

[1] Constantine A. Balanis, “Antenna Theory, Analysis and     

Design”, Second Edition, John Wiley & Sons, pp. 1-23,724-

726, 2009.  

 [2] Sheng Tu, Yong-Chang Jiao, Zheng Zhang, Yue Song, and 

Shun-Man Ning, “Small Internal 2.4-GHz/UWB Antenna for 

Wireless Dongle Application”, IEEE Antennas and Wireless 

Propagation Letters, Vol. 9, pp.  284-287, 2010.  

[3] M. T. Islam, Mengu Cho, M. Samsuzzaman and S. Kibria, 

“Compact antenna for small satellite applications”, IEEE 

Antennas and Propagation Magazine, Vol. 57, No. 2, pp. 30-36, 

2015. 

[4] Sika Shrestha, Jung-Jin Park, Sun-Kuk Noh and Dong-You 

Choi, “Design of 2.45 GHz Sierpinski Fractal Based 

Miniaturized Microstrip Patch Antenna”, 18
th

 Asia Pacific 

Conference on Communications, pp. 36-41, 2012. 

[5] M. I. Sabran, S. K. A. Rahim, M. F. M. Yusof, A. A. Eteng, 

M. Z. M. Nor and I. M. Ibrah im, “Miniaturized Proximity  

Coupled Antenna with Slot Ring as Defected Ground 

Structure”, IEEE Symposium on Wireless Technology and 

Application, pp. 81-85, 2014.    

[6] Hung Tien Nguyen, Sima Noghanian and Lot Shafai, 

“Microstrip patch miniaturization by slots loading”, IEEE 

International Symposium of Antennas and Propagation Society, 

Vol. 1B, pp. 215-218, 2005.  

[7] Tong Cai, Guang-Ming Wang, Xiao-Fei Zhang, and Jun-

Peng Shi, “Low-Profile Compact Circularly-Polarized Antenna 

Based on Fractal Metasurface and Fractal Resonator”, IEEE 

Antennas And Wireless Propagation Letters, Vol. 14, pp. 1072-

1076, 2015. 

[8] B. R. Sanjeeva Reddy and D. Vakula, “Compact Zigzag -

Shaped-Slit Microstrip Antenna with Circular Defected Ground 

Structure for Wireless Applications”, IEEE Antennas and 

Wireless Propagation Letters, Vol. 14, pp. 678-681, 2015. 

[9] Wen-Chung Liu, Chao-Ming Wu and Yang Dai, “Design of 

Trip le- Frequency Microstrip-Fed Monopole Antenna Using 

Defected Ground Structure”, IEEE Transactions on Antennas 

and Propagation , Vol. 59, pp. 2457-2463,2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


