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Abstract: Microstrip patch antenna is for both domestic and commercial 

applications, popularly for mobile as it is light weight, simple to build 

and low cost. The proposed antenna consists of six dipoles on a single 

common feed. FR-4 Epoxy whose proportionate permittivity is 4.4 and 

destruction tangent is 0.02 is used for proposed design. The dimensions 

for the substrate are 15.1794mm x 18.25mm x 1.5mm.It is intended to be 

operated in 1GHz – 75GHz i.e., from L band to V band with a maximum 

Return loss of -43.67dB and with a maximum Gain of 5.72dB. For the 

same design, Rogers whose approximate permittivity is 2.2 and casualty 

tangent is 0.0009 and Arlon whose contingent permittivity is 6.15 and 

catastrophe tangent is 0.03 used as substrate materials for the optimal 

characteristics. Patch aerial potential characteristics are in same manner 

with resonant frequencies, return loss, gain, bandwidth, VSWR, 

directivity are taken into account for the analysis of proposed antenna. In 

Rogers material, maximum Return loss of - 23.51dB with a maximum 

Gain of 8.66dB and in Arlon material, maximum Return loss of – 

34.64dB with a maximum Gain of 9.82dB are measured from HFSS 

software. The newly generated antenna can therefore, be helpful for 

multiple wide band utilization depending on the particular substrate 

material. 

Keywords: Microstrip patch antenna, Gain, Return loss and VSWR. 

 

1. Introduction 
 

In advanced version of communication system wireless is the highest 

priority in modern era. Wireless communication system is one in which the 

system can transfer the data without not depend as on physical medium1-4. 
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This makes to transmit and receive the data with effective manner by radio 

signal. For the future technology, a low-profile antenna is required for cellular 

phones, aircraft, satellite utilization5-6. Properties of patch antenna are 

inconspicuousness, convenient to planar and non-homogenous surfaces and 

dirt-cheap to manufacture using technology of silkscreened printing circuit6-

11. Occasionally, the micro strip patch antenna operates at a single frequency 

based on the specifications of the design. In modern era basically conversation 

perform at many number of frequencies with multiple antenna at the same 

time and these results are contrive in same chip12-14. Patch antenna contains 

three layers radiating patch, substrate and bottom layer which is fabricated at 

top, middle and bottom layer. In between the top and bottom layer a dielectric 

medium is used15. 

The dimensions of micro strip antenna depend on the material of the 

substrate and performance of the antenna confide in only on the dielectric 

constant of that particular material. The dielectric constant regulates the speed 

at which a signal travels through a feed line. The speed can be finely tuned by 

the manufacturers with proper choice of materials with different dielectric 

constants. The other relevant factor is the dissipation factor, which contributed 

to the amount of signal power which is dissipated because it travels through 

a feed line. A photo-lithographic process is used to construct the micro strip 

patch antenna. Photo- lithographic technique produces exceptionally definite 

etched pattern for the  micro strip patch16-17. 

 

2. Design Of Microstrip Patch Antenna 
 

Micro strip Patch antenna is simulated in High Frequency Structural 

Simulator (HFSS). In proposed antenna consists six dipoles and in between 

the common feed line whose input impedance is 50Ω. The substrate materials 

taken here are FR4 Epoxy, Rogers, Arlon. These three substrate materials are 

taken to compare FR4 Epoxy with the other two materials in Table1. 

Table 1. Specifications for Microstrip Patch Areial 

Parameters Description Optimal Value 

Ls Length of the substrate 15.1794 m 

Ws Width of the substrate 18.25 mm 

H Height of the substrate 1.5 mm 

Lg Length of the ground 15.1794 m 

Wg Width of the ground 18.25 mm 

Ld1 Length of the Patch 1 13.1794 m 
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Ld2 Length of the Patch 2 11.1794 m 

Ld3 Length of the Patch 3 9.1794 mm 

Ld4 Length of the Patch 4 7.1794 mm 

Ld5 Length of the Patch 5 5.1794 mm 

Ld6 Length of the Patch 6 3.1794 mm 

Wde Width of each Patch 1 mm 

Lf Length of the feed line 2 mm 

Wf Width of the feed line 17.75 mm 

 

3. Results and Discussions  
 

 The frequency ranges from 4GHz to 7GHz and resonant frequency is 

4.60GHz spread over X band. In spherical co-ordinate system, the value of 

theta (θ) and phi (ϕ) lies between 0-360 and 0-180 degrees respectively. This 

aerial model simulated and diversified specification like S-parameters (S11), 

bandwidth, VSWR, gain, directivity and efficiency  at  different  resonant 

frequencies for differential substrate material are measured. In Figure. 2 and 

3 shown S-Parameter and VSWR for FR-4 EPOXY Substrate material. 
 

 
Figure 1: Design of Proposed Microstrip Patch Antenna 

 The frequency ranges from1GHz to 75GHz with FR-4 Epoxy as substrate 

material with return loss less than -10dB at seven different resonant 

frequencies i.e., 5.80GHz, 12.90GHz, 16.30GHz, 23.30GHz, 27.70GHz, 

34.40GHz and 39.80GHz,spread over C, Ku, K and Ka Bands. For 

optimization, two different substrate materials are taken into consideration. 

They are Rogers and Arlon. With the same frequency range, Rogers 

RT/duroid 5880 as a substrate material is taken with a return loss underneath 

- 10dB at eight different frequency resonant i.e., 4.80GHz, 17.60GHz, 

22.20GHz, 37.60GHz, 48.20GHz, 59.50GHz, 65GHz, 70.60GHz where the 
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range spreads over C, Ku, Ka, V bands. Similarly, with the same frequency 

range, Arlon AD600 as a substrate material is taken with a return loss less 

than -11dB at thirteen different resonant frequencies i.e., 4.90GHz, 

13.60GHz, 16.40GHz, 19.50GHz, 23.10GHz, 27.90GHz, 35.20GHz, 

39.30GHz, 49.10GHz, 52.70GHz, 60.40GHz, 63.80GHz, 66.90GHz where 

the range spreads over C, Ku, Ka, V bands respectively.  

Figure 2 illustrate that the maximum gain at resonant frequency of 23.30 

Ghz and similarly Figure 3 mention 34.40 Ghz and Figure 4 indicates the 

minimum gain at 5.80 Ghz for FR-4 Epoxy substrate material in proposed 

microstrip patch antenna design.  
 

 

 
 

Fig 2 GAIN= 5.72dB at 

fr=23.30 GHz 

 

 
 

Fig 3 GAIN= 3.87dB at 

fr=34.40 GHz 

 

 
 

Fig 4 GAIN= 1.63dB at 

fr=5.80GHz 

 

 
Fig. 5 GAIN= 8.66dB 

at fr=59.50GHz 

 

 
Fig 6. GAIN= 6.17dB at 

fr=48.20GHz 

 

 
Fig. 7 GAIN= 3.54dB at 

fr=22.20GHz 

 

 
 

Fig 8 GAIN= 9.82dB at 

fr=60.40GHz 

 

 
 

Fig 9: GAIN= 5.66dB at 

fr=39.30GHz 

 

 
 

Fi  g 10:GAIN= 1.38dB at 

fr=4.90GHz 

Figure 5 illustrate that is 59.50 Ghz, Figure 6 shown mediate gain of 48.20 

Ghz and Figure 7 show the minimum gain fr at 22.20 Ghz for Rogers substrate 

material in proposed microstrip patch antenna design. Figure 8 shows that the 
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maximum gain at 60.40 Ghz, Figure 9 shows medium aerial gain of 39.30 

Ghz and Figure 10 shows the minimum gain at 4.90 Ghz for Arlon substrate 

material in proposed microstrip patch antenna design. 

Figure 11 shows that S-Parameter for three different substrate materials 

for input as resonant frequency and output as return loss and Figure 12 

illustrates the VSWR for three different substrate materials. 
 

 
Figure 11: S-Parameters for Three Substrate Materials 

 

 
Figure 12: VSWR for Three Substrate Materials 

 

4. Conclusion  
 

 The proposed design can be operated at multiple wide bands by changing 

the substrate material. The design is simulated with different materials such 

as FR-4 epoxy, Rogers rt/duroid 5880 and Arlon AD600 with relativity 

permittivity’s of 4.4, 2.2 and 6.15 respectively. Micro strip patch antenna with 
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FR-4 Epoxy as a substrate material is operated in C, Ku, K and Ka bands. In 

FR-4 Epoxy, having wide band resonating at 34.40GHz with bandwidth of 

11.28GHz respectively, and with a maximum gain of  5.72dB which is 

operated at Ka- band antenna in Figure 2. In Rogers substrate material having 

wide band resonating at 15.83GHz with bandwidth of 48.20GHz respectively, 

and with a maximum gain of 8.66dB which is operated at V-band antenna in 

Figure 5. 

 In Arlon substrate material having wide band resonating at 49.10GHz 

with bandwidth of 8.07GHz and with a maximum gain of 9.82dB which is 

operated as a V-band antenna in fig 8. So, on optimization, the best material 

with the highest gain is Arlon AD600(9.82dB) at resonating frequency 

60.40GHz and it has wide band in the substrate material Rogers RT/duroid 

5880(15.23GHz). Hence, this antenna works for high gain and multiple wide 

band applications. The final conclusion of the proposed design of Antenna for 

Arlon substrate material finds out paramount gain and directivity correlated 

with other substrate materials. 
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