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Abstract— This project addresses the design of stacked 

microstrip patch antenna for wireless application. The 

proposed microstrip stack antenna has the operating 

frequency at 4GHz. The antenna is designed with FR-4 

material as substrate that as the relative permittivity of 4.4 and 

loss tangent 0.02. The feeding technique used is microstrip 

feeding. The stacked microstrip antenna overcomes the 

limitations of normally narrowband microstrip antenna 

without altering the ground plane, which helps the antenna to 

achieve a unidirectional radiation pattern along with large 

bandwidth. The proposed antenna is suitable for various 

wireless applications. The proposed antenna is designed and 

simulated using HFSS (High Frequency Structural Simulator) 

software. 
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I. INTRODUCTION 

Although a microstrip antenna has practical advantages, such 

as low profile and light weight, a single patch antenna has low 

gain (5–8dBi) and a narrow bandwidth. It is well known that 

a multilayer structure is a useful method to improve these 

problems. By stacking a parasitic patch on a fed patch, an 

antenna with high gain or wide bandwidth can be realized [8]. 

These characteristics of the stacked microstrip antenna 

depend on the distance between the fed patch and the parasitic 

patch. The microstrip antenna stacking a parasitic patch close 

to a fed patch has wide bandwidth, whereas the antenna 

stacking the parasitic patch at a spacing of approximately half 

a wavelength has high gain. Experimental studies [9–12] and 

theoretical studies [13–16] for the wide bandwidth approach 

have been reported. The Hankel transform [13, 14] and the 

spectrum domain method [15, 16] were applied to the stacked 

antennas. It has been reported that a stacked antenna with two 

patches spaced approximately half a wavelength apart has a 

high gain using numerical analysis with the wire grid model 

[17]. It has also been reported that an aperture-stacked patch 

microstrip antenna has a relative bandwidth of about 70%. 

The behavior of the antenna was explained in [18, 19]. 

Experimental investigation has shown that a stacked 

microstrip antenna has a high gain when the distance between 

the fed patch and the parasitic patch is 0.3–0.5l [20–22]. 

However, these studies are investigations into wide 

bandwidth or gain enhancement and are limited to the 

analysis of the resonant frequency, impedance and far field. 

This paper describes the design and performance of 

a single-feed stacked arrangement of rectangular patches on 

a glass epoxy FR-4 substrate. The proposed antenna will 

radiate at three frequencies. A much improvement in gain has 

been achieved. 

II. ANTENNA DESIGN & RESULTS 

A. Design Concept of Rectangular Microstrip Patch 

Antenna 

 
Fig. 1: Structure of Microstrip Patchb Antenna 

Width of Rectangular Patch is calculated using equation 
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𝑊 - Width of the patch 

c0-Speed of light 

εr-substrate dielectric constant 

fr- Frequency of Resonance 

Length of Rectangular Patch is calculated using equation 

Effective dielectric constant εreff      

               (1.2) 

Fringing effect of patch ∆L 

      (1.3) 

Effective length Leff 

                               (1.4) 

Rectangular Patch length 

                              (1.5) 

εr-substrate dielectric constant 

h- Thickness of substrate material 

fr- Frequency of Resonance 

B. Single-Layer Rectangular Microstrip Antenna 

First, we have considered a single-layer rectangular patch 

antenna. This antenna is designed on a glass epoxy FR-4 

substrate. The antenna is fed through a microstrip 

transmission line feed as shown in the fig 1(a). The 

dimensions of the antenna are listed in the table below. The 

simulation analysis of this antenna is carried out by HFSS 

(High Frequency Simulation Software).  The fig 1(b) shows 

the return loss characteristics of the antenna. The proposed 

antenna resonates at 4GHz and gain of -2.69 is achieved as 

shown in the fig 1(c). Radiation pattern and VSWR also 

stimulated as shown in fig 1(d) and fig 1(e) respectively. The 

proposed antenna has the VSWR value as 2.5. 

 



Development & Design of Stacked Microstrip Patch Antenna for Wireless Application 

 (IJSRD/Vol. 6/Issue 01/2018/283) 

 

 All rights reserved by www.ijsrd.com 1050 

 
Fig. 2(a): Microstrip Patch Antenna with Single Layer 

Parameters Value(mm) 

Substrate length Ls1 24 

Substrate width Ws1 29 

Patch length L1 16 

Patch width W2 21 

Height h 1 

Dielectric constant ℇ r1 4.4 

Table 1: Parameters & Dimensions of Single Stack Antenna 

 
Fig. 2(b): Return Loss 

 
Fig. 2(c): Gain 

 

 
Fig. 2(d): Radiation Pattern 

 
Fig. 2(e): VSWR 

C. Double-Layer Rectangular Microstrip Antenna 

We have considered a double-layer rectangular patch 

antenna. The antenna consists of two layers, one with driven 

patch (were the feed is given) and other with the parasitic 

patch placed above driven patch at a distance d=1mm. This 

antenna is designed on a glass epoxy FR-4 for both the 

substrate. The antenna is fed through a microstrip 

transmission line feed for the driven patch as shown in the fig 

2(a). The dimensions of the antenna are listed in the table 

below. The simulation analysis of this antenna is carried out 

by HFSS (High Frequency Simulation Software).  The fig 

2(b) shows the return loss characteristics of the antenna. The 

proposed antenna resonates at 4.1GHz, 6.5GHz & 8.25GHz 

and gain of 4.66 is achieved as shown in the fig 2(c). 

Radiation pattern and VSWR also stimulated as shown in fig 

2(d) and fig 2(e) respectively. The proposed antenna has the 

VSWR value as 0.39. 
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Fig. 3(a): Double Layer Microstrip Stack Antenna. 

 
Fig. 3(b): Return Loss 

Parameters Value(mm) 

Ls2 24 

Ws2 29 

L2 16 

W2 21 

h2 1 

ℇ r2 4.4 

d 1 
Table 2: Parameters & Dimensions of Double Stack 

Antenna 

 
Fig. 3(c): Gain 

 

 
Fig. 3(d): Radiation Pattern 

 
Fig. 3(e): VSWR 

Parameter Single layer Double layer 

S11(dB) -16.82 -32.80 

Gain(dB) -2.69 4.66 

VSWR 2.5 0.39 

Peak directivity 1.55 1.40 

Radiated power(w) 0.0047 0.0077 

Radiation efficiency 60.05% 74.43% 

Front to Back ratio 74.91 75.08 
Table 3: Comparison Between Single & Double Layer Stack 

Antenna 

III. CONCLUSION 

This letter presents the design and performance of a single-

feed stacked arrangement of rectangular patches on a glass 

epoxy FR-4 substrate. The designed antenna presents much 

improved impedance and bandwidths and larger gain than a 

single-layer antenna. These improved parameters are 

achieved without much increase in the thickness of the 

structure. The significant improvement in the bandwidth is 

the main achievement of the proposed work. 

REFERENCES 

[1] Katyal et.al, “Broadband Reconfigurable Stacked 

Microstrip Antenna at X-band”, International 

symposium on antennas and propagation (ISAP)-2014. 



Development & Design of Stacked Microstrip Patch Antenna for Wireless Application 

 (IJSRD/Vol. 6/Issue 01/2018/283) 

 

 All rights reserved by www.ijsrd.com 1052 

[2] Dr. P.A. Harsha Vardhini et.al,” Patch Antenna Design 

with FR-4 Epoxy substrate for  Wireless 

Communications using CST Microwave Studio ”,   

International Conference on Electrical, Electronics, and 

Optimization Techniques (ICEEOT) – 2016. 

[3] V.P. Sarin et.al,”A Wideband stacked offset microstrip 

antenna with improved gain and low cross 

polarisation“,IEEE Transactions Antennas Propaation.-

2011. 

[4] Kumar Mohita,et.al,” Comparative study of different 

feeding mechanisms on thermally stable resonator 

antenna”,SPACES-2015, Dept of ECE, KL 

UNIVERSITY. 

[5] S.Shekhawat et.al,”Stacked arrangement of rectangular 

microstrip patches for circularly polarised broadband 

performance”, IEEE Antennas Wireless Propagation 

Letter-2010. 

[6] Amit Kumar et.al,“Performance Analysis of Different 

Feeding Techniques“,International Journal of Emerging 

Technology and Advanced Engineering-2013. 

[7] Anzar Khan et.al,” Analysis of Five Different Dielectric 

Substrates on Microstrip Patch Antenna”, International 

Journal of Computer Applications, October-2012. 

[8] Egashira, S., and Nishiyama, E.: “Stacked microstrip 

antenna with wide bandwidth and high gain”, IEEE 

Trans. Antennas Propag., 1996, 44, (11), pp. 1533–1534. 

[9] Long, S.A., and Walton, M.D.: “A dual-frequency 

stacked circulardisk antenna”, IEEE Trans. Antennas 

Propag., 1979, 27, (3), pp. 270–273. 

[10] Hall, P.S., Wood, C., and Garrett, C.: “Wide bandwidth 

microstrip antennas for circuit integration”, Electron. 

Lett., 1979, 15, (15), pp. 458–460 

[11] Sabban, A.: “A new broadband stacked two-layer 

microstrip antenna”. Int. IEEE/AP-S Symp. Dig., June 

1983, pp. 63–66 

[12] Chen, C.H., Tulintseff, A., and Sorbello, R.M.: 

“Broadband two-layer microstrip antenna”. Int. 

IEEE/AP-S Symp. Dig., June 1984, pp. 251–254 

[13] Araki, K., Ueda, H., and Masayuki, T.: “Numerical 

analysis of circular disk microstrip antenna with parasitic 

elements”, IEEE Trans. Antennas Propag., 1986, 34, 

(12), pp. 1390–1394 

[14] Fan, Z., and Lee, K.F.: “Hankel transform domain 

analysis of dual frequency stacked circular-disk and 

annular-ring microstrip antennas”, IEEE Trans. 

Antennas Propag., 1991, 39, (6), pp. 867–870 

[15] Tulintseff, A., Ali, S.M., and Kong, J.A.: “Input 

impedance of a probe-fed stacked circular microstrip 

antenna”, IEEE Trans. Antenna Propag., 1991, 39, (3), 

pp. 381–390 

[16] Kastner, R., Heyman, E., and Sabban, A.: “Spectral 

domain interactive analysis of single- and double-layered 

microstrip antennas using the conjugate gradient 

algorithm”, IEEE Trans. Antennas Propag., 1988, 36, 

(9), pp. 1204–1212 

[17] Hasebe, N., Hiramatsu, R., and Masuda, N.: “A disk 

coupled resonant antenna excited by a circular patch”. 

Int. IEEE/AP-S Symp. Dig., 1985, pp. 122–125 

[18] Targonski, S.D., Waterhouse, R.B., and Pozar, D.M.: 

“Design of wide-band aperture-stacked patch microstrip 

antennas”, IEEE Trans. Antennas Propag., 1998, 46, (9), 

pp. 1245–1251 

[19] Garg, R., Bhartia, P., Bahl, I., and Ittipiboon, A.: 

“Microstrip antenna design handbook” (Artech House, 

Boston, 2001) 

[20] Yang, H.Y., and Alexopoulos, H.G.: “Gain enhancement 

methods for printed circuit antennas through multiple 

superstrates”, IEEE Trans. Antennas Propag., 1987, 35, 

(8), pp. 860–863 

[21] Lee, R.Q., and Lee, K.F.: “Experimental study of two-

layer electromagnetically coupled rectangular patch 

antenna”, IEEE Trans. Antennas Propag., 1990, 38, (8), 

pp. 1298–1302 

[22] Assailly, S., Terret, C., and Daniel, J.P.: “Some results 

on broad-band microstrip antenna with low cross polar 

and high gain”, IEEE Trans. Antennas and Propag., 

1991, 39, (3), pp. 413–415 


