
                                  © 2022 IJRTI | Volume 7, Issue 7 | ISSN: 2456-3315 

IJRTI2207019 International Journal for Research Trends and Innovation (www.ijrti.org) 121 
 

Design of MicroStrip Patch Antenna for 2.4GHz 

Application 
 

1Md.Mosharraf Equbal, 2Shabnam Ara 
 

1Student, 2Assistant Professor 

Department of Electronics and Communication 

Shivalik College of Engineering, Dehradun, India 

 

Abstract: The designed Antenna operates at a frequency of 2.4 GHz Using FR4 material as a substrate which has the 

dielectric constant of 4.4(𝒓).The designed Antenna can be used for WLAN application and ISM (industrial, scientific and 

medical). The antenna is designed using ANSYS HFSS V19 simulation software. The designed antenna has low profile, 

low cost, easy fabrication and good isolation. The designed antenna provide return loss less than -10dB. The parameters 

such as return loss, VSWR (voltage standing wave ratio), gain, radiation pattern has been simulated and analyzed. 

 

IndexTerms— Patch Antenna, Multi-Slot, Return Loss, gain, HFSS (High Frequency Structural Simulation). 
_____________________________________________________________________________________________________ 

I. INTRODUCTION  

In the past decade, the world has shifted from 2nd Generation to 5th Generation wireless mobile systems. As well the increase in 

the growth of mobile users, smartphones, internet of things connections, cellular video consumption, and network speed 

improvements are projected to increase the data traffic in 5 years by seven times. So there has been a need for a compact 

miniaturized antenna which can occupy lesser space with adequate performance[1]. The antenna that we need for this purpose 

must be lightweight and small in size with ease of fabrication. 

 

Microstrip Patch Antenna is an integral part of the reduced wireless system. These antennas are narrowband antennas in the order 

of 1-5%. Numerous techniques have been accomplished in the past three decades to enhance the bandwidth of the Microstrip 

Patch Antenna. These techniques can be frequency selective surface impedance matching networks, parasitic or multiple 

resonators, the modification geometry of the radiating element, and the use of a substrate of low dielectric constant or the increase 

in the thickness of the substrate. Microstrip Patch Antenna is currently used in nearly all wireless systems with every recent 

advancement in printed circuit technology as illustrated in Fig.1.A[2]. The motive of the Microstrip patch antenna is to radiate 

and receive electromagnetic energy in the microwave range and it plays a crucial role in a wireless communication application. 

The operation and performance of a Microstrip patch antenna are based on the geometry of the printed patch and the material 

characteristics of the substrate against which the antenna is printed. 

 
Fig.1 Antenna structure for Microstrip patch 

Microstrip patch antenna has a radiating patch on one face and a ground plane on the other of a dielectric material. For a 

representative performance in the analysis, the radiating patch's fundamental shapes are rectangular, square, circular, and 

triangular. Microstrip antennas are put to use in mobile and satellite communication, GPS, RFID, Wi-Max, Wi-Fi, medical 

applications, 5G applications, and even military applications such as rockets, radar, aircraft missiles, and so on. Because of its 

lighter weight, lower volume, conformal design, minimal cost, and simplicity of manufacture and integration.  Microstrip 

antennas are broadly used in today's wireless communication systems. As a result of these tempting qualities, microwave and 

wireless experts have increased their research on Microstrip antenna design. However, it has the drawback of having a low gain 

and a limited bandwidth. Researchers have centered their efforts on overcoming these drawbacks, proposing and investigating 

several viewpoints such as probe-fed antennas, patch antennas with thick substrates electrically, stacked shorted patches, and 

slotted patch antennas. Due to their ease of design, production, and analysis, Square, rectangular, and circle patches are the most 

common[3], [4].Their radiation properties, particularly for low cross-polarization radiation, are fascinating. 

By making the slots in the ground as well as on the patch with appropriate dimensions, the antenna may be reduced and the 

bandwidth enhanced[5], [6]. A compact Microstrip antenna design is also suggested in this study. The proposed antenna resonates 

at a frequency of 2.4 GHz with return loss of -33dB, Gain of about 6.7dB. Also, the suggested antenna’s radiation characteristics 

are evaluated using HFSS(High-Frequency Structure Software 19). 
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Section II depicts the proposed antenna's design, while Section III describes the simulation findings, including the reflection 

coefficient, VSWR, Radiation pattern, and Gain of the proposed model. In Section IV, the study's findings are compared to those 

of previous research, and the study's conclusion is provided in Section V. 

II. DESIGN PROCEDURE FOR ANTENNA 

The first part of creating a Microstrip antenna is to select an appropriate frequency and substrate. The proposed rectangular 

patch's resonance frequency (f) was chosen to be 2.4 GHz. A 50-microstrip wire is used to feed the designed RMA antenna. 

Analytical models for scaling antenna designs such as rectangular, circular, and triangular exist[7]. Several parameters such as 

dielectric constant (𝑟 = 4.4) resonant frequency (f=2.4 GHz), and substrate thickness (h=1.6 mm) are taken when developing the 

proposed RMA. The substrate selection is censorious in the design of the RMP antenna. Substrate parameters such as dielectric 

constant and thickness have an effect on the antenna's impedance bandwidth performance, as well as the resonant frequency and 

impedance matching[8], [9]. Because of its electrical properties, affordability, and availability, FR4 is employed as a substrate in 

the making of the proposed antenna. In this proposed concept, the ground plane is placed lower the substrate materials.A lumped 

port is used to excite the antenna in this proposed construction. Table 1 shows the substrates measurements. Table.2 indicates the 

exact parameters of the proposed patch antenna, and Fig. 2 shows the layout of the proposed antenna. 

 

TABLE I.FR4 SUBSTRATE PARAMETER 

 

S.No. FR4 substrate parameter Value 

1 Loss tangent(δ) 0.02 

2 Dielectric constant (𝑟) 4.4 

3 Dimensions (mm2) 55 x 55 x 1.6 

4 The thickness of the substrate (h) 1.6 

 

Using the transmission-line concept, we created a rectangular Microstrip patch antenna in the first section[10], [11]. The antenna 

dimension may be calculated using the provided formulae[12]–[14].  

A. The patch's height (h) is determined as follows: 

The formula is used to calculate the patch's height. 

 

                      ℎ =
0.3𝑐

2 𝑓√𝑟
  (1)     

 

The speed of light is denoted by C. which is 3.0 x 10^8 m/s, 

𝑟  is the dielectric substrate, which in this case is 4.4, 

and the height in millimeters (mm), which in this case is 1.6 mm. 

B. The patch's width (W) is calculated as follows: 

The formula is used to calculate the patch's width. 

 

𝑤 =  
𝑐

2𝑓
√(

2

∈𝑟+1
)                                       (2) 

 

W stands for width in millimeters (mm) 

C. The effective dielectric constant is calculated (𝒆𝒇𝒇)   

The effective dielectric constant is an elemental quantity to consider when making a rectangular-patch antenna. Because of the 

fringing effect, some waves traveling in the direction of the ground plane from the radiating patch penetrate the substrate. The 

value of dielectric materials differs depending on the medium. The value of the effective dielectric constant must be calculated 

when an electromagnetic wave travels. The effective dielectric constant is calculated using the equation below: 

 

eff =  
𝑟+1

2
+

𝑟−1

2
[1 + 12

ℎ

𝑤
]

−
1

2
                 (3)          

 

 

eff = The effective dielectric constant 

 h= Patch height, w= Patch width 

 

D. Extension of the patch length calculation (  L) 

Length add-on refers to the additional length at the patch's end caused by the fringing field running down its length. The formula 

for calculating it is as follows: 

 

L = 0.412
[𝑒𝑓𝑓+0.3][

𝑤

ℎ
+0.264] 

[𝑒𝑓𝑓−0.258][
𝑤

ℎ
+0.8] 

                        (4)         

 

Where L= Extension of the patch length in millimeters, 
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 h and w the patch's height and breadth,  

and 𝑒𝑓𝑓is effective dielectric constant of the given substrate which is unit less. 

E. Effective length of the patch (L eff). 

The provided formula is used to calculate the patch's effective length (L eff). 

 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓√𝑒𝑓𝑓
   (5) 

 

F. Calculation of the patch's real length (L); 

 The provided formula is used to calculate the actual length L of the patch. 

 

 𝐿 = 𝐿𝑒𝑓𝑓   − 2 L    (6)  

 

G. Calculation of the ground plane dimensions; 

The formula is used to get the actual length of the patch, 

 

             Lg= L + 6h(7) 

Wg=W+6h                                                       (8)             

 

L and W are the patch antenna's length and width, respectively. 

 

III. PROPOSED ANTENNA DESIGN AND PARAMETERS 

 

 
 

 

Fig.2 Suggested antenna design 

 

 

 

TABLE II.   ANTENNA DESIGN PARAMETERS 

 

S. No Proposed Antenna 

Dimensions 

Value (Unit mm) 

1 gw 55 

2 gl 55 

3 pw 29.4 

4 pl 36 

5 h 1.6 

6 fw 27.5 

7 fl 1.5 
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8 ffl 3 

9 cw 14.7 

10 cl 2.5 

11 ccw 9.6 

12 ccl 5 

13 pow 27.5 

14 py 3 

15 sw 55 

16 sl 55 

 

IV. SIMULATION RESULTS AND DISCUSSION 

The Ansoft HFSS version 19.0 simulator is used to create, simulate, and optimize the suggested structure. Return Loss Plot with 

Lumped Ports, VSWR, reflected power, and gain of the suggested microstrip patch antenna is shown in Figure. The antenna 

resonates in the defined x band reference range. As illustrated in Fig.3, a microstrip patch antenna resonates at 2.4GHz with a 

return loss of -33dB. Fig. 4 depicts the antenna's VSWR plot which values in the middle of 1 and 2 for every resonant frequency. 

The simulated return loss and VSWR findings support the suggested Microstrip patch antenna's high performance. 

A. Simulated Return Loss of Microstrip Patch Antenna 

How well the antennas are matched is determined by the amount of return loss. S11 provides the antenna insertion loss. Insertion 

loss is proportional to the antenna input power. Antennas radiate successfully over a restricted frequency range in general. At 

these frequencies, the radiated energy would virtually match the input capacity, resulting in an extremely low reflected power. 

The value of return loss less than -10dB serves as the criterion for selecting a frequency band. The recommended antenna 

resonates at 2.4 GHz with the return loss of -33 dB. 

 

 

 
Fig.3   Microstrip patch antenna Return loss (S11) 

 

B. Simulated Microstrip Patch Antenna VSWR 

In the case of antennas, the VSWR is generally positive. The lower the VSWR, the better the antenna matches the transmission 

line and gets more power. At the absolute least, the VSWR is set to 1.0. The antenna is not reflecting any power in this situation, 

which is perfect. In this study as indicated in Fig.4, the VSWR value is 0.3. 
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Fig.4 VSWR of the proposed Microstrip patch antenna 

 

C. Simulated Microstrip Patch Antenna 2D gain  

Gain is a decibel-based measurement. As a result, an anisotropic area's gain is defined as the entire amount of power provided to 

it. This antenna, as shown in Fig.5, has a gain of 6.7 dB at the resonance frequency of 2.2 GHz. 

 

 

 
 

Fig.5   Microstrip patch antenna Gain versus frequency 
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D.Proposed Microstrip Patch Antenna Radiation Pattern  

 

The patch antenna's 2D radiation pattern is shown. 

 

 
Fig.6   Microstrip patch antenna E-plane 2d gain 

 

 
Fig.7   Microstrip patch antenna H plane 2d gain 

 

 
Fig.8.   Microstrip patch antenna 3d gain 

 

V. COMPARISION OF RESULTS 

By comparing the suggested antenna results to the existing antenna, we can conclude that the proposed antenna is smaller and 

produces better results as shown in Table III. 
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TABLE.III: COMPARISON BETWEEN EXISTING METHODAND PROPOSED METHOD 

 

 

 

 

 

 

 

 

 

VI. CONCLUSION 

In this Article, a method for constructing a high gain rectangular Microstrip patch antenna for 2.4 GHz applications is provided. 

The antenna resonates at 2.4 GHz with a return loss of -33 dB and a VSWR of 0.3. The patch antenna recommended has a good 

radiation pattern and a gain of 6.7dB. The antenna's construction is relatively low profile, measuring 55x55x1.6 mm. 
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References Operating 

Frequency 

(in GHz) 

Return Loss(dB) Gain(dB) Dimension (in mm) 

[15] 2.4 -23 4.22 76 x 57.8 

Proposed Antenna 2.4 -33 6.7 55 x 55 
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