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Abstract 

In this article, a novel design of multiband microstrip patch antenna has been presented for multiband applications. 

The Shirt shape antenna is designed on FR-4 substrate and is fed through 50 ohm microstrip feed line. Two l-shape 

slots are introduced in antenna for size reduction and to provide multiband characteristics while DGS (defected 

ground structure) is used to achieve bandwidth enhancement. The simulated results show that the antenna operates 

in three different frequency bands having resonance frequencies at 4.4GHz, 6.2GHz and 8.5GHz. The antenna 

exhibits good return loss of -21.1dB @4.4Ghz, -15dB @6.2GHz and -30.5dB @8.5GHz. The proposed antenna has 

stable radiation patterns and gain values which are 5.3db at 4.4GHz, 5.03dB at 6.2GHz, 5.27 at 8.5GHz. The VSWR is 

also less than 2 and has good efficiency values at the operating bands 62%, 89% and 93% respectively. The Shirt shape 

antenna finds its applications in commercial WLAN, Wi-MAX and in Radar application.  
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1. Introduction

In modern era of wireless communication, the need of 

compact and miniaturized multi-band antenna is 

flourishing rapidly. To meet this requirement a microstrip 

patch antenna is the available possible solution. 

Microstrip patch antenna has patch mounted on substrate 

and ground plane on the other side. Microstrip patch 

antenna can be used in mobile and aerospace applications 

due to light weight and low power consumption during 

transmission and reception [1].Although microstrip patch 

antenna has some limitations like narrow bandwidth and 

low gain but it has several advantages [2] like low profile, 

light weight, compact size, financial feasibility and 

characteristics of covering multi bands with single 

structure. To overcome these nominated problems various 

techniques like increasing height of dielectric substrate, 

decreasing dielectric constant [3] and using parasitic 

patches [4] have been used to enhance the BW of the 

planar antennas.  

Antennas play a vital role in communication system 

design in terms of operational frequencies, cost, weight 

and size. Allocating a single antenna for every 

communication frequency band would make the whole 

design of mobile terminal bulky not only in terms of size 

but also in terms of its weight. This would also pose 

questions on the financial feasibility of the system 

design.The best possible solution to  
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this problem is to design a single microstrip antenna with 

compact size for various communication bands at the 

same time [5]. 

Categories of Multiband Antennas 

The research study of multiband antenna can be 

categorized into: PIFAs, wire Antennas and defected 

patch and ground antennas [6].Authors of [7,8] have put 

forward few designs for PIFA with multi communication 

bands. Introduction of parasitic patches to the 

conventional microstrip patch antenna is also one of the 

technique for getting multiband characteristics, where in 

the main radiating patch works at lower frequency band 

while the parasitic patches are introduced to work at 

higher frequencies [9].Authors of [10] have achieved 

quadruple bands is single planer monopole radiator with 

low substrate height achieving four communication 

frequencies and that of [11] have proposed a loop 

structure mixed with monopole to achieve multi bands for 

communications.  

1.2 Defected Ground Structure (DGS) 

Defected Ground Structures (DGS) was introduced to 

microstrip patch antennas for bandwidth enhancement, 

multi-band features and size reduction. Many researchers 

have design microstrip patch antenna with DGS to 

achieve multiband applications such as U-slot, Double U-

slot, E-Slot, H-slot and other structures [12]. 

1.3 Related work 

Looking at simple microstrip patch antenna for single 

band operation, Numerous microstrip patch antennas have 

been proposed by various authors in this literature review. 

In [13] microstrip patch antenna has been presented which 

has a peak gain of 3.5db with return loss -30db while in 

[14] the proposed patch antenna has a gain value of 1.4dB 

and in return loss of -25dB and in [15] the peak achieved 

gain is 3.4db   

In this article a novel design of triple band microstrip 

shirt-shape patch antenna has been presented in which the 

main radiating structure is mounted on FR-4 substrate 

having dielectric permittivity εr=4.3.Two L-shape slots 

are etched in the rectangular patch which increases the 

inductance of the patch, resultantly increasing the 

electrical length of the antenna which produces multi-

band characteristic. So the intent behind this work is to 

produce a new shirt shape design for the patch antenna 

having the capabilities of covering multi bands of wireless 

and radar applications. The proposed shirt shape 

microstrip patch antenna in this work provides multiband 

characteristics with small size and wide bandwidth 

(VSWR < 2). The operating frequencies find its 

application in C and X Bands. 

The presented antenna design is also compared with some 

other works in term if their sizes, frequency bands, return 

loss and gain values and the results are tabulated in Table 

1.  

Table 1. Comparison with literature 

2 Antenna Design And Theory 

As shown in Figure 1, the rectangular patch of dimensions 

Lp×Wp is mounted on FR-4 𝜀𝑟 = 4.3 and loss tangent of 

0.025. Height of substrate is ℎ = 1.6𝑚𝑚. The length and 

width of substrate (Ls×Ws) is 48mm × 50mm. 

Dimensions of the truncated ground plane (Lg×Wg) is 

48mm×25mm also Defected Ground Structure (DGS) that 

is circular slot is applied on the ground plane of radius 

R1=6mm. The shirt-shape antenna is excited using a 50Ω 

microstrip feed line.  

 The radiating patch has a dimensions of 31mm×38mm. 

Two L-shaped flipped slots are etched in both side of the 

patch. Adding slots increase the electrical length of the 

antenna by adding inductive elements and thereby 

produces multi-band characteristics.  

 The dimensions of antenna are calculated from well-

known transmission line theory. 

The equation used is the design of rectangular patch 

antenna is listed below:  

 Step 1st: Determining the width of patch using: 

     W= 𝑐 𝑓0√ 2 𝜀𝑟+1 

(1)  

 Step 2nd: Determining the length of the patch using:  

  L= 𝐿𝑒𝑓𝑓-2∆𝐿(2) 

  Where ‘Leff’ can determine by the formula: 

        L𝑒𝑓𝑓=  𝑐 2𝑓0√𝜀𝑟𝑒𝑓𝑓 

(3) 

  Where  

    C: velocity of light  =  3×108m/s  

    εr:Dielectric constant of substrate 

  𝜀𝑟𝑒𝑓𝑓=𝜀𝑟+1 2 + 𝜀𝑟−1 2 × √(1+(12ℎ 𝑤 

))(4) 
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 Step 3rd :Extension length of the ΔL can be determine by 

the equation: 

a

b

c
Fig. 1.  The proposed antenna design (a) Prospective view (b) Front 

view and (c) Back view 

Methodology used for proposed work is depicted in Figure 2. 

Fig. 2. Flowchart of presented work 

The parameters of the patch, substrate and truncated ground 

plane are given in Table II. 

Table 2. Parameter Values of Proposed Antenna 

3 Simulation Results 

For performance evaluation purpose the investigated 

antenna is designed and simulated in CST a 3D simulation 

design tool. The performance of the proposed antenna is 

studied in terms of Return loss, impedance matching 

bandwidth, gain, efficiency, and radiation patterns. 

3.1 Return Loss 

The depiction in Figure 3 shows that the investigated 

antenna operates in triple band having resonance 

frequencies of4.4GHZ, 6.2GHz and 8.5GHz. The 

minimum achieved reflection coefficient is-30.5 dB at 

8.5GHz, 4.4GHz has -21.1dB, while the minimum value 

is -15dB at 6.2GHz respectively. 

Fig. 1. .S11 (dB) of the proposed antenna 
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3.2 VSWR 

The voltage standing wave ratio describe impedance 

matching of transmission line.In Figure 4, the VSWR <2 

at resonance frequencies. At 4.4GHz frequency, the 

VSWR is 1.1, at 6.2GHzfrequency, VSWR is1.4 and at 

8.5GHz frequency, theVSWR value is 1.06. 

This is the body text with indent. This is the body text 

with indent. This is the body text with indent. This is the 

body text with indent. This is the body text with indent. 

This is the body text with indent. This is the body text 

with indent. This is the body text with indent. This is the 

body text with indent. This is the body text with indent. 

This is the body text with indent. 

Fig. 4. VSWR of proposed antenna 

The characteristic parameters of proposed antenna in 

terms of operating frequencies, return loss, gain, 

directivity, bandwidth and efficiency is tabulated in Table 

3. 

Table 3. Characteristics Parameters of Proposed Antenna 

3.3 Gain Pots 

a)

b)

c) 

Fig. 5. Gain Polar Plot at (a) 4.4GHz (b) 6.2GHz and (c) 

8.5GHz 

At 4.4GHz, the surface current is dense at the bottom and 

side arms which mainly contribute to the radiation of the 

4.4GHz of the antenna. Moreover, at 6.2GHz surface 

currents are dense at bottom and feed line and at 8.5GHz 

the surface currents are dense at the main radiating patch 

and side arm. The results of current distributions are given 

in Figure 6 

a)
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b) 

c) 
Fig. 6. Surface Currents at (a) 4.4GHz, (b) 6.2GHz and 

(c) 8.5GHz 

3.5 E-Fields Distribution 

At 4.4GHz, E-Field is distributed around the corners and 

microstrip feed line. At 6.2 GHz E-Field distribution is 

dense at the arms of the patch while at 8.5GHz E-Field is 

relatively distributed around the arms and microstrip feed 

line. The results of E-Field distribution are given in 

Figure 7 and results of 3D radiations patterns are shown 

in Figure 8. 

a)

b) 

c) 

Fig. 7. E-Field Distribution at (a) 4.4GHz, (b) 6.2GHz 

and (c) 8.5GHz 

Fig. 8. 3D Radiation Pattern at (a) 4.4GHz, (b) 6.2GHz and (c) 

8.5GHz 
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4. Conclusion

This article presents a novel shirt-shaped microstrip patch 

antenna using defected ground structure using single feed. 

The simulated results show that antenna operates in triple 

band having return loss < -10dB and better gain values. 

The return losses are -21.1dB, -15dB, -30.5dB at the 

frequency 4.4GHz, 6.2GHz and 8.5GHz  

respectively. The gain of investigated antenna is 5.3dB, 

5.02dB and 5.26dB at the operating resonance frequency. 

The proposed antenna finds its applications in commercial 

WLAN, WiMAX for wireless communications and X-

band Radar applications. 
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