
 

280 | P a g e  

Design of Microstrip Patch Antenna with Tooth-Like slot 

for WLAN Applications 

Lilly Kumari
1
, Upendra Prasad

2 

Department of Electrical Engineering, B.I.T Sindri, Dhanbad, India 

 

 

Abstract: This paper presents the design and 

analysis of rectangular microstrip patch antenna 

with tooth-like slot patch. This patch is 

electromagnetically coupled by a microstrip feed 

line. In addition to the easy feeding, the proposed 

structure possesses the advantages of being wide 

bandwidth, high gain, and good return loss. The 

proposed antenna shows good impedance 

bandwidth at the centre frequency 5.28 GHz with 

good impedance matching. 

Keywords :  Gain, return loss, VSWR, tooth-

like-slot microstrip patch. 

1. Introduction: An antenna maybe defined as a 

transition device between a guided wave and a free 

space wave or vice-versa. Antenna is a transducer 

designed to transmit or receive electromagnetic 

waves. Antennas radiate electromagnetic energy in 

the desired direction. While choosing an antenna 

many electrical, structural and mechanical aspects 

are to be taken into account like radiation pattern, 

gain, efficiency, impedance frequency 

characteristics, shape, size, weight, etc.  

The main goal is to design antenna for wireless 

communication applications where the space value 

of the antenna is quite limited while it reserves the 

characteristics of multiband, light weight and low 

cost. Microstrip antennas are the most rapidly 

developing field in the last twenty years. Currently 

these antennas have a large number of applications 

in mobile radio systems, integrated antennas, 

satellite navigation receivers, satellite 

communications, direct broadcast radio, television 

etc. are reported in [1]. Wideband microstrip 

antennas with tooth like slot on patch are 

introduced in [3]-[6]. In wireless communication 

applications, the demand for low profile compact 

size planar antennas is increasing day by day. In 

reference [3]-[6], the main drawback is the large 

size of Antenna Design.The geometry of proposed 

antenna is shown in Fig.1.The design of proposed 

antenna follows the described guidelines followed 

by the optimization with software HFSS. In the 

design, the antenna is printed on a 1.574mm thick 

FR4 substrate. 

2. Design procedure 

The following design procedure is used to design 

this antenna with good radiation characteristics. 

Specify:   εr, ƒr (in ghz), and h(in mm) 

Here       ƒr   is the resonance frequency                   

          εr   is the dielectric constant         

               h   is the thickness of  substrate 
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Determine: width and length of patch and slot 

2.1 Decide the initial width of the patch according 

to the specified central frequency for a practical 

application. We use the following approximate 

equation: 

Where  

 

Decide the initial length of the patch as L≈1.5W 

2.2 Design the slot. The tooth-like slot is composed 

of several paralleled vertical rectangular slots and a 

horizontal rectangular slot. It is a symmetry 

structure both in the vertical and horizontal planes. 

Tooth-like slots play an important role to control 

the wide band behaviour of the coupled patch 

antenna. There are three parameters to   

characterize the slots, namely slot length, slot 

position, and slot width. During the process of the 

optimization, we can properly increase the numbers 

of slot pair s in order to get the best impedance 

bandwidth. In fact, patch with more tooth-like slots 

in permitted physical area can exhibit a wider 

bandwidth; 

2.3 Implement the optimization of the whole patch 

element using the genetic algorithm (GA) 

optimization function of the HFSS software. 

 

Fig.1: Patch with radiation box 

Geometry of Proposed Antenna 

 

Fig 2 

Dimension of antenna in tabular form 

Geometry 
Position 

(mm) 

Length 

(mm) 

Width 

(mm) 

patch 4,11,3.16 25.5 41.5 

Feed line  30 3.17 

Vertical 

slot 
   

Strip_3 9,21,3.16 8 3 

Strip_4 15,22,3.16 6 1 

Strip_5 
18.5,19.5,3.1

6 
11 1.5 

Strip_6 21.5,21,3.16 8 1 

Strip_7 25,21,3.16 8 1 

Strip_8 
27.5,19.5,3.1

6 
11 1.5 

Strip_9 31.5,22,3.16 8 3 

Strip_10 35.5,21,3.16 8 3 
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Horizontal      

slot 
   

S_2 12,24,3.16 2 3 

S_3 16,24,3.16 2 2.5 

S_4 20,24,3.16 2 1.5 

S_5 22.5,24,3.16 2 2.5 

S_6 26,24,3.16 2 1.5 

S_7 29,24,3.16 2 2.5 

S_8 32.5,24.3.16 2 3 

Table.1 

Geometry Comparison of conventional antenna and 

tooth like slot antenna 

Parameter 
Reference 

antenna 

Proposed 

antenna 

Operating 

frequency 

 

(4.4-6.1)Ghz 

 

(4.94-

5.54)Ghz 

Ground plane 

Dimension(mm
2
) 

50x50 50x50 

Patch dimension 

(mm
2
) 

28x42 25.5x38 

Dielectric constant 2.33 4.4 

Dielectric material 
ArlonDiClad

87 
FR4 

Dielectric height 

(mm) 
1.524 1.66 

Volume(mm
3
) 28x42x5.048 

25.5x38x4.8

2 

Table.2 

3. Results 

3.1 Results of RMPA with Single Layer Dielectric 

and without slot: 

Return loss: 

Return loss is the difference between forward and 

reflected power in dB, the return loss should be as 

large a negative number as possible. 

 

Fig.3: Return loss Vs Frequency 

Here Simulated Return loss -25.13db obtained at 

5.28GHz. 

 

Bandwidth: 

The bandwidth of an antenna refers to the range of 

frequencies over which the antenna satisfied a 

particular parameter specification. The parameters 

generally specified are gain, radiation pattern, the 

VSWR. The parameters generally specified are 

gain, radiation pattern, the VSWR. 

BW = 100 x  

Here, 

FH = Highest frequency in band 

FL=    Lower frequency in band 

FC=   Centre frequency 

 

Fig.4: Bandwidth 
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From above return loss plot we observed that -10 

db return loss obtained in frequency band  

(4.94-5.53)GHz. 

BW = 100X  

= 2.84% 

VSWR: 

 

Fig.5: VSWR Vs Frequency 

Here simulated VSWR = 1.24 obtained at 5.28GHz 

 

3.2 Results of RMPA with tooth like slots 

In the proposed antenna, The centre frequencies 

5.28GHz are obtained by variation of length width 

of patch, feed line slots. After optimization of 

length and width of patch we observed good return 

loss -51.84dB at centre frequency. 

Length (mm) Return loss(dB) 

36.00 -19.32 

36.25 -24.04 

36.50 -25.50 

36.75 -21.68 

37.00 -28.68 

37.25 -38.24 

37.50 -34.69 

37.75 -51.84 

38.00 -33.42 

38.25 -33.34 

38.50 -30.10 

38.75 -29.68 

39.00 -26.12 

39.25 -26.91 

39.50 -26.91 

39.75 -23.66 

40.00 -22.82 

40.25 -21.30 

40.50 -19.83 

40.75 -19.78 

41.00 -19.62 

41.25 -19.17 

41.50 -20.53 

41.75 -19.75 

Table.3 

From the above simulated result desired value of 

return loss and VSWR obtained within freq band 

(5.25-5.85) GHz. 

Return Loss 

For maximum power transfer the return loss should 

be as small as possible. 

 

Fig.6: Return loss Vs Frequency 

 

VSWR 

For better performance of antenna VSWR≤2 .Thus 

here VSWR ≤ 2 is obtained after optimization of 

length and width of microstrip patch. 
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Fig.7: VSWR Vs Frequency 

Here VSWR= 1.07 observed at resonance 

frequency. 

Gain: 

 

Fig.8: Gain Vs Frequency 

From above Gain Vs Frequency plot we observed 

that gain of the antenna obtained 8.67dB at 5.28 

GHz. As compare to the RMPA without slot gain 

of RMPA with slot increases from 2.34 dB to 

8.67dB. 

Bandwidth calculation: 

 

Fig.9 

From above return loss plot we observed that -10 

db return loss obtained in frequency band (4.94-

5.53)GHz. 

BW =  

= 11.17% 

Radiation pattern: 

A radiation pattern defines the variation of the 

power radiated by an antenna as a function of the 

direction away from the antenna. 

When ϕ=0
0
 

 

Fig.10: 3D-Radiation Pattern 

When ϕ=90
0
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Fig11: 3d-polar Plot 

 

Result Comparison Table 

 

Antenna 

parameter 

Conventional 

microstrip patch 

antenna 

Microstrip patch 

antenna with 

tooth like slot 

Return 

loss 

-25.13dB -51.84dB 

VSWR   1.24 1.07 

Gain 2.34 dB 8.67dB 

Bandwidth 2.84% 11.17% 

Table.4 

4. Conclusion  

We have design rectangular microstrip patch 

antenna having single layer dielectric without slots. 

It gives low gain, low bandwidth at resonance 

frequency. For increasing gain we used rectangular 

patch antenna with air gap within two dielectric 

layers, tooth like slots are made on the top of patch. 

The characteristics of proposed antennas have been 

investigated through different parametric studies 

using HFSS simulation software. The proposed 

antennas have achieved good impedance matching, 

stable radiation patterns, and high gain. 

In this case gain of the antenna increased 

simultaneously improvement in bandwidth has 

been observed. Higher gain means more directive 

antenna means less no of side lobes present in 

radiation pattern. After comparing the simulated 

results of radiation pattern, gain, VSWR, 

bandwidth it has been found that patch antenna 

with tooth like slots are better option than 

conventional rectangular patch antenna. The tooth 

like slot antenna antenna can be used for Wireless 

LAN application in the frequency range 4.94 to 

5.54 GHz.   
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