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 

    Abstract: Selecting an appropriate substrate material for the 

design of microstrip patch antenna for various applications is a 

very important step in antenna design. This paper presents a work 

of various substrates materials used for the design of low cost inset 

feed rectangular microstrip antenna for WLAN, WiMax, LTE, 

C-band and X-band applications. The substrates used are FR-4 

epoxy, foam, polyethylene terephthalate (PET) and 

polydimethylsiloxane (PDMS). The antennas were designed, 

optimized and simulated using HFSS 15.0. Return loss, voltage 

standing wave ratio and gain analysis is carried out for these 

antennas. The measurement of reflection coefficient of the 

fabricated antennas is done using Agilent PNA-L series vector 

network analyzer. The simulated and measured results are well in 

agreement. The analysis show that antenna with foam substrate 

offers the lowest return loss of - 41.28 dB. Larger bandwidth and 

gain of 4.38 dB is observed with PET substrate.  

 
Index terms- Patch antenna, inset feed, substrates. 

I. INTRODUCTION 

In wireless communication system antenna design is one 

the important challenge. Recently, in many papers, low cost 

materials are been considered as more likely materials for the 

antennas to participate for improving the flexibility factor [1]. 

The expanding utilization of wireless communication 

frameworks requires the antenna for various frameworks with 

properties like multiple resonant frequencies, compact, 

flexible. Rectangular microstrip patch antenna with inset feed 

technique is proposed in this paper. Inset feed technique 

provides better impedance matching as compared to simple 

line transmission technique [2,3]. The patch and ground are 

made of conductive material and the substrate is in between 

these two layers. There are number of different substrates that 

can be utilized for design of an antenna. Before designing the 

antenna, the dielectric constant, frequency and height of the 

substrate should be well known. The dielectric constant of 

substrate is usually between range 2.2 ≤ Ԑr ≤ 12[4]. 

In the investigation of work, a tag antenna structured on a 

PET substrate and actualized by inkjet printing utilizing a 

conductive ink. It works in the whole UHF frequency band 

used for RFID (from 860 to 960 MHz). To achieve lager 

bandwidth the antenna is proposed without ground plane [5]. 

Next paper targets wearable application, a planar patch 
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antenna is considered more practical than other types of 

antennas. The design of the patch antenna is fairly simple and 

can be further simplify the measurement using a microstrip 

feed. Bending effect is also investigated as antenna bending is 

very common in most personal portable device applications. 

A flexible SU-8/PDMS-based antenna is presented in [6]. 

Another paper reports a planar four-element array of U-slot 

patches with its measured results. The patches are designed 

using proximity coupling by a microstrip line feed with 

ԓ-shaped stubs. Here, dielectric layer is of foam which is very 

light in weight [7]. The next paper targets a microstrip patch 

array antenna which is suitable for military application. To 

reduce mutual coupling defected ground structure is used for 

optimizing results [8].  

   The paper is further organized as follows, in section II 

Design method and parameter is discussed, simulated and 

measured results of antennas on different substrates is 

presented in section III, result and discussion is in section IV 

followed by conclusion in section V.  

II. DESIGN METHOD AND PARAMETER  

In this section the method of dielectric constant measurement, 

the antenna geometry and simulation methodology of the 

antenna is illustrated. 

A. Dielectric Constant Measurement  

As we are aiming for low-cost substrate material which 

can be used for various applications such as WLAN, WiMax 

LTE, C-band and X-band, the materials selected are FR-4 

epoxy, PET, PDMS and foam. These materials are easily 

available and also can be manufactured at low price. Here 

materials are developed in our laboratory and then its 

dielectric constant is measured. The properties of a patch 

antenna are largely determined by the properties of the 

substrate used for the design. Thus, for the design an antenna 

or the other planar circuits, the effective relative permittivity 

of the substrate must be known with a high degree of accuracy. 

The properties of a patch antenna are to a great extent 

determined by the properties of the substrate utilized for the 

design [9]. Dielectric constant is measured as the ratio of the 

capacitance C of an electric condenser filled with the 

dielectric to the capacitance Co of the evacuated condenser. 

The Fig.1 (a) below shows the setup of dielectric constant 

measurement and the Fig.1 (b) shows the gold-plated brass 

discs between which substrate material is placed. The discs 

are of two different sizes 75mm and 25mm depending upon 

the material. 
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                                     Fig.1: (a) 

          
                                      Fig.1: (b) 

Fig 1: (a) Dielectric constant kit. (b) Gold plated brass discs 

of electric condenser 

 

To know the exact dielectric constant of the material a 

dielectric constant kit has been used. The materials 

(FR4-epoxy, PET, PDMS and foam) dielectric constant is 

determined using this device. In this the substrate material is 

placed between the two conductive material plates. LC circuit 

is used to determine the capacitance of the dielectric cell and 

hence the dielectric constant. A couple of precautionary 

measures are taken like the substrate material surface must be 

with no roughness and no air gap is there in the middle and 

least pressure should be applied on materials. The measured 

dielectric constant of the materials is listed in the table 1. 

 

Sr. 

No. 

Materials Dielectric 

constant 

1. FR-4 epoxy 4.4 

2. Foam 1.31 

3. Polyethylene terephthalate (PET) 2.5 

4. Polydimethylsiloxane (PDMS) 3.11 

 

Table 1: Measured dielectric constant values 

 

Let us move to the next section in which the actual simulated 

design structure of the microstrip patch antenna is shown. 

B. Antenna Geometry  

Rectangular microstrip patch antenna with inset feed 

technique is easy to design and offer very good impedance 

matching and larger radiation efficiency compared to simple 

line transmission technique and coaxial feed technique. Fig 2 

(a), (b), (c) illustrates top view, bottom view and side view 

along with the dimensions used in simulation. Cut size (g) and 

depth of feed line (Yo) optimize the impedance matching for 

better performance of the antenna. 

       
                                 Fig.2: (a) Top View 

            
                                  Fig.2: (b) Back View 

 

              
                                    Fig.2: (c)Side View 

 

Fig 2: (a) Top view, (b) Back view & (c) Side view of the 

antenna 

 

Here the design structure of antenna is seen. In the next 

section the formulas used to calculate the dimensions are 

shown. 

C. Design Formulae 

Using following formulas, the dimensions of the antennas are 

calculated [10]. 

 

The length (L) and width (W) of the patch is calculated using 

equation (1) and (2). 

 

                          - (1) 

 

Where,  

  c= Speed of light in vacuum/free-space/air 

  fc = Resonating frequency 

  Ԑr = Dielectric constant of substrate material 

 

   - (2) 

Where,  

 h = Height of the substrate material 

  = Effective dielectric constant calculated as, 
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           - (3) 

 

For optimizing better results the dimensions of the ground 

plane are selected as, 

 

Lg = 2L                                                        -(4) 

 

Wg = 2W                                -(5) 

 

The transmission feed line width (wf) is calculated by the 

equation (6). 

 

                            -(6) 

 

Where, 

             ) 

 

Where,  

       Zo = Characteristic impedance of feed line 

 

The cutsize(g) is optimized according to [2] & [3]. By varying 

the cutsize dimension an exact point is selected where 

minimum reflection coefficient is obtained. The study shows 

that as the cutsize decreases the S11 parameter also decreases.  

III. SIMULATED AND MEASURED RESULTS OF 

ANTENNAS ON DIFFERENT SUBSTRATES 

In this section simulated and measured frequency response 

of antennas on different substrate materials are shown. S11 

plots are presented with the actual image of antenna design. 

As mentioned earlier testing is done with VNA. 

A. Design of rectangular microstrip antenna on 

FR4-epoxy substrate 

In this design FR-4 epoxy is used as a substrate material. 

The ground and patch are made of copper. FR-4 epoxy is a 

widely used and easily available substrate material. It is 

composed of woven fiberglass cloth with an epoxy resin that 

is flame resistant. This type of material is not flexible in nature 

therefore it cannot be used for wearable applications. A 

double-sided FR-4 sheet is selected with copper as a 

conducting material. Dielectric constant measured is Ԑr=4.4 

and substrate thickness h=1.59mm. The length (L), width (W) 

of the patch and other parameters are calculated using 

formulas mentioned in section II. For the inset feed length 

(Yo) variation in size of its length is done. By doing this better 

result are obtained. Yo= 8.95mm is selected and transmission 

line width 3.04mm is calculated. In general, the feed line and 

ground plane of the microstrip patch antenna fabricated on the 

printed circuit board (PCB) substrate are connected by 

soldering with an SMA connector in order to conduct the 

measurement. The actual fabricated antenna is shown in Fig. 3 

(a). The simulated and measured result is shown in Fig. 3 (b). 

Antenna with FR-4 epoxy substrate exhibits S11 of -17.01dB 

at frequency of 2.4 GHz and S11 of -23.50 dB at frequency of 

3.7 GHz. The simulated gain obtained is 3.73 dB. This 

antenna is suitable for WLAN, LTE and WiMax applications. 

          
                                         Fig.3: (a) 

 

        
                                        Fig.3: (b) 

Fig. 3: (a) Antenna on FR-4 epoxy substrate. (b) Simulated 

and measured result of FR-4 epoxy substrate 

B. Design of rectangular microstrip antenna on Foam 

substrate 

Foam have higher dimensional stability, low moisture 

absorption and higher strength. It is light in weight and of 

unbending structure. The height of substrate h=2.38mm, 

dielectric constant measured is Ԑr=1.31 and transmission 

feedline width is 10.75mm. Yo is optimized to 16mm for 

better impedance matching. Foam is coated with silver ink of 

thickness 0.035mm on patch and ground. The simulated gain 

is obtained to be 2.62dB. Fig. 4 (a) shows the fabricated 

antenna and the simulated and measured S11 parameter 

analysis is given in Fig 4(b). The measured S11 parameter of 

this antenna is -41.28dB at a frequency of 4.55GHz. 

Fabricated antenna is suitable for C-band applications with 

band width of 500MHz. 

 

         
                                            Fig.4:(a) 
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                                         Fig.4: (b) 

Fig 4: (a) Antenna on Foam substrate. (b) Simulated and 

measured result of Foam substrate 

 

C. Design of microstrip antenna on PET substrate 

PET is a rigid, lightweight, dimensionally stable and a 

moisture barrier material. But this material is not flexible in 

nature. Here a transparent PET sheet is used with a dielectric 

constant obtained to be 2.5. The height of the substrate is 

1.3mm, Yo= 10mm, transmission feedline width =3.7mm. 

Silver ink of thickness 0.035mm is coated on patch and 

ground as conducting material. The gain of this antenna is 

4.38dB. The actual image of fabricated antenna is shown in 

Fig.5 (a). The simulated and measured S11 parameter is 

plotted in Fig.5(b). The measured S11 parameter for PET 

substrate is -22.40 at frequency of 9.21 GHz. The simulated 

gain is 4.38 dB. This antenna has application in X-band with 

large bandwidth. 

 

           
                                         Fig.5: (a) 

           
                                        Fig.5: (b) 

Fig 5: (a) Antenna on PET substrate. (b) Simulated and 

measured result of PET substrate 

 

D. Design of microstrip antenna on PDMS substrate 

PDMS is transparent and flexible material can be used for 

on – body and off - body application. PDMS substrate of 

thickness 1.5mm. To make a flexible material 9.2 grams of 

silicon elastomer and 0.9 curing agent has been used. The 

PDMS substrate for the proposed antenna is prepared as per 

the procedure given in [11,12,13]. Dielectric constant is 

measured as described in section II and found to be 2.85, 

PDMS substrate is coated with silver ink of thickness 

0.035mm as patch and ground conductor, cut size = 1.5mm, 

feed line width= 3.68mm, Yo is optimized to 7 mm. The gain 

of this antenna is 1.66 dB. The simulated and measured S11 

parameter is shown in Fig.6 (b). The antenna gives S11 

parameter of -14.59dB at frequency of 10.37GHz. This 

antenna is suitable for X-band applications. 

 

         
                                          Fig.6: (a) 

         
                                        Fig.6: (b) 

Fig 6: (a) Antenna on PDMS substrate. (b) Simulated and 

measured result of PDMS substrate 

IV. RESULT AND DISCUSSION 

The Fig. 7 below shows a measured S11 result of all four 

different antennas using different substrate materials. The 

proposed designs show that amongst all the substrates, foam 

gives lowest return loss. Substrate materials used is prepared 

in our laboratory using low-cost techniques and its measured 

dielectric constant was taken. In this work S11 for FR-4, 

foam, PET, PDMS is -17.01 dB, -41.28 dB, -22.40 dB, -14.59 

dB respectively. Larger bandwidth and gain of 4.38 dB is 

observed with PET substrate. As PDMS is a flexible material 

more techniques can be studied to deposit conductive 

material.  
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Fig 7: Measured result of all antennas  

V. CONCLUSION 

This work presents design and development of inset feed 

microstrip patch antenna using various substrates for different 

applications. It is evident from the results obtained that the 

selection of substrate material in antenna design is very 

crucial and decide the performance of the antenna. The above 

antennas are useful for various applications such as WLAN, 

WiMax, LTE, C-band and X-band. The choice of substrates 

varies according to the applications like flexible PDMS 

substrate can be used for wearable and conformal 

applications. Further work can include detailed study of 

material properties as it puts a great impact on all result 

parameters. 
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