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Abstract— Due to the existence of growth in development of 

low cost, less weight, highly reliable, minimal profile 

antennas for wireless devices, it poses a new challenge for 

the design of antenna in wireless communications. This 

paper describes the design and analysis of an inset fed 

rectangular microstrip patch antenna operating at 2.4GHz. 

All the designs have the substrate having dielectric constant 

(εr) 2.5, substrate thickness of 1.58 mm and loss tangent of 

0.0018. This paper is focused on the designing of an inset 

fed patch antenna which has been carried out by using CST 

studio suite. The aim of this paper is on the measurement of 

return loss, VSWR and bandwidth of designed patch 

antenna and also to show the effect of varying gap between 

feed and patch antenna. 
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I. INTRODUCTION 

An antenna is the essential component utilized for 

emanating or accepting electromagnetic wave. In spite of the 

fact that antennas may appear to be accessible in various 

distinctive shapes and sizes, they all function according to 

the same fundamental standards of electromagnetic. There 

are numerous types of portable electronic gadgets, such as 

cellular phones, GPS receivers, Wi-Fi, palm electronic 

devices, pagers, laptop, and telemetric unit in vehicles, need 

an efficient and effective antenna for communicating 

wirelessly with other fixed or portable mobile units[1].  

Today microstrip patch antenna are preferred over 

the other antennas because they are better compatibility is to 

be fit in Mobile, Aircraft, Satellites owing to very small 

sizes than the other commercial antenna which are available 

in  present world scenario[4]. Hence design and 

development of superior and cost effective microstrip patch 

antenna has become an attractive research area. 

The micro strip patch antenna is composed of 

dielectric substrate on one side with ground plane on other 

side. The rectangular micro strip antenna is the most 

commonly used one, which has a one-half wavelength long 

section along the transmission line. The antenna generally 

has two slots. 

When the antenna substrate is air, the rectangular 

micro strip antenna has one-half of a free space wavelength. 

When the substrate is loaded with dielectric, the length of 

the antenna decreases as the relative dielectric constant of 

the substrate increases. The rectangular micro strip antenna 

has a virtual shorting plane along its centre, which can also 

be replaced with a physical shorting plane to create a quarter 

wavelength micro strip antenna, which is sometimes called 

half patch. The resonant length of the antenna is short 

(slightly) because of extended electric fringing fields. It is 

the fringing fields that are responsible for radiation. The 

fringing fields near the surface of the patch antenna are both 

in +y direction, thus they add up in phase and produce the 

radiation of the antenna. The raise in radiation from the 

fringing fields is due to the advantage in voltage 

distribution. Because, the current adds up in phase and also 

there is an equal current but with opposite direction in 

ground plane which cancels the radiation. 

 
Fig. 1 & 2: Micro Strip Patch Antenna and Electric Field 

Lines, Basic from of Patch antenna 

In a rectangular microstrip patch antenna, the length L of the 

patch is usually 0.3333 λ0 < L < 0.5 λ0, where λ0 is the 

wavelength in free-space. The patch is selected to be very 

thin such that t << λ0 (where t is the thickness of patch). The 

height h of the dielectric substrate is usually chooses in the 

range 0.003 λ0 ≤ h ≤ 0.05 λ0.The dielectric constant of the 

substrate (εr) is typically in the range 2.2 ≤ εr ≤ 12. 

Microstrip patch antennas radiate primarily because of the 

fringing fields between the patch edge and the ground plane.  

 In order to design a compact microstrip patch 

antenna, substrates with higher dielectric constants must be 

used which are less efficient and result in narrower 

bandwidth. Hence a trade-off must be realized between the 

antenna dimensions and antenna performance. 

II. TRANSMISSION LINE MODEL 

Transmission line model depicts the microstrip antenna by 

two slots of width W and height h separated by transmission 

line of length L. The microstrip is a non homogeneous of 

two dielectrics, typically, substrate and the air .Most of the 

electric field lines reside some part in the air and rest in the 

substrate. This results that transmission line does not support 

transverse electric-magnetic (TEM) mode of transmission, 

as phase velocities would be different in substrate and in the 

air. So, dominant mode of propagation will be the quasi-

TEM mode[4]. An effective dielectric constant (𝜖reff) must 

be obtained to account for wave propagation in the line and 
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fringing. The value of 𝜖reff must be smaller than 𝜖r, as 

fringing fields across patch periphery was not totally 

included in the substrate ,it also spread in the air as shown in 

Figure 2. 

To design the patch antenna, following things has to be 

determined  

𝜖reff= Effective dielectric constant  

𝜖r = Dielectric constant of substrate  

h = Height of dielectric substrate  

W = Width of the patch  

L = Length of the patch 

III. DESIGN CONSIDERATION 

We have designed an array of rectangular patch antenna of 

the center frequency 2.4 GHz, sweeping between 1.68- 3.12 

GHz. Gain obtained as 7.9dBi. We have employed a 

rectangular microstrip structure where we are using Arlon 

AD 250 (lossy) as a substrate. The three essential 

parameters for the design of microstrip patch antenna are: 1) 

Frequency of operation (f0): The resonant frequency of the 

antenna must be selected appropriately. 2) Dielectric 

constant of the substrate (𝜖 r) [5]. 3) Height of dielectric 

substrate (H): For the microstrip patch antenna the height of 

the dielectric substrate is critical since the antenna should 

not be bulky. The transmission line model will be used to 

design the antenna. The edge type feed is used in this 

design. 

IV. DESIGN CALCULATIONS 

1) STEP 1: Calculation of the Width of the patch (W): 

 

2) STEP 2: Calculation of Effective dielectric 

constant (εreff): 

 

3) STEP 3: Calculation of the extended length ∆L 

 
4) STEP 4: Effective length (Leff) 

 
5) STEP 5: Calculation of the actual length of the 

patch L:  

 
6) STEP 6: Determination of Inset feed depth (y0):  

 
Where, 

 

 
Where, 

 
And  

 
7) STEP 7: Calculation of the length and width of the 

feedline (Lf and Wf):  

 
8) STEP 8: Calculation of the ground plane 

dimensions (Lg and Wg):  

Lg = 6h + L 

Wg = 6h + W 

 
Table 1: Dimensions of the Patch Antenna 

V. SOFTWARE TOOL 

The software used to model and simulate the Microstrip 

patch antenna is CST studio suite. CST studio suite is a full-

wave electromagnetic simulator based on the method of 

moments. It analyzes 3D and multilayer structures of 

general shapes. It has been widely used in the design of 

MICs, RFICs, patch antennas, wire antennas, and other 

RF/wireless antennas. It can be used to calculate and plot the 

S11 parameters, VSWR, current distributions as well as the 

radiation patterns. 

VI. SIMULATION RESULTS 

The inset feed used is designed to have an inset depth of 

13.7294 mm, feed-line width of 4.484 mm and feed path 

length of 38.8674 mm. A frequency range of 1.68- 3.12 
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GHz is selected and 2.3669 GHz frequency points are 

selected over this range to obtain accurate results. 

 

Fig. 3: Return Loss of the Designed Microstrip Patch 

Antenna 

The center frequency is chosen as the one at which 

the return loss is least. The bandwidth can be figured from 

the return loss (RL) plot. The bandwidth of the antenna can 

be said to be those scope of frequencies over which the RL 

is more than -9.5 dB (-9.5 dB relates to a VSWR of 2 which 

is the acceptable figure). Utilizing the ideal feed depth is 

discovered to be at y0 = 13.7294 mm where a RL of -

37.782137 dB is acquired. 

The bandwidth of the antenna for this feed point 

location has been calculated as shown below in Figure 7. In 

this design the inset feed microstrip patch antenna having 

fc1=2.3474 and fc2=2.3871 therefore the designed antenna 

having the bandwidth MHz at the center frequency of 

2.3669 GHz. The result which is obtained is very close to 

the desired design frequency 2.4 GHz of an inset feed 

microstrip patch antenna. 

 
Fig. 4: Bandwidth Of Designed Microstrip Patch Antenna 

 
Fig. 5: Elevation Pattern For Φ = 90 Degrees 

VII. SIMULATION ANALYSIS 

 
Table 2: Summarization of Simulated Result 

 
Fig. 6: VSWR of Designed Microstrip Patch Antenna 

VIII. CONCLUSION 

The work in this thesis focused on the design of an inset 

feed microstrip patch antenna operated at the centre 

frequency 2.4 GHz. The proposed patch antenna is having 

maximum value of return loss at frequency 2.3669 GHz 

which is much closer to the selected centre frequency. The 

proposed antennas have achieved good impedance 

matching, stable radiation patterns, and high gain at 

frequency 2.3669 GHz. 
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