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Abstract- Stacked microstrip patch antenna is used for enhance the bandwidth of standard antenna is explain in this paper. 

The design of  stacked antenna is used for WLAN application. The suggested stacked antenna has been checked out the 

antenna performance such as return loss, gain,  directivity using coaxial feed technique. The Stacked antenna are provide 

greater band width compare to conventional  antenna. The suggested antenna provide the estimate result a broad frequency 

from 1.66 GHz to 3 GHz . The finally band width achieved is 1.34 GHz or 57.51%. By this conventional antenna got return 

loss -25.016 at 2.12 GHz resonant frequency. When using parasitic patch then found return loss -47.088 at 2.35 GHz resonant 

frequency. The antenna imitated by  IE3D simulation technique and feeding by coaxial feed line. 

IndexTerms – Stacked microstrip antenna, coaxial feed, IE3D software, slot patch. 

I. INTRODUCTION 

The growing of satellite and wireless application gradually and this reason increases the demand of suggested antenna because of 

suggested antenna have the merits of low light weight, small size,  low capacity, fabrication cost very low, carry the  both circular and 

linear polarization, have the ability to dual and triple frequency performance[1]. Microstrip patch antenna are operate to many 

application such as aircraft and missile application, spacecraft, mobile radio, cellular phone, pagers,  satellite and wireless application 

due to ease of fabrication, low profile, low cost [2].  

The basic element of stacked antenna is patch, substrate, ground  and feeding line. Microstrip antenna contain the  sandwich of two collateral 

layers which is divide by a lone thin dielectric substrate. In antenna has used metal strip at upper side of  substrate and ground plane at bottom 

side . There are  Glass epoxy (FR4), Teflon used in substrate [3]. The patch could  be elliptical, triangular, square, rectangular, circular or other 

structure. There are different technique such as coaxial probe, microstrip line, proximity coupling and aperture coupling  are used for feeding 

the microstrip antenna.  

In probe feed, outmost conductor of the coax feed is joined to the bottom plane while the inmost conductor is linked to the patch.  

The standard patch antenna have the many disadvantages just as poor polarization, tapered bandwidth, small efficiency, Low gain, 

capacity of handling power is low. Many technique such as Shorted stacked patches, coax fed to stacked patch antenna, electrified thick 

substrate has been used for minimize the disadvantages of  low bandwidth and low gain. Volume of antenna is equivalent to the  patch antenna 

bandwidth[4].  

The drawback of standard patch antenna is overcome by induce the stacking  .  In Stacked antenna two layer are vertically stacked and builted 

such a several layer  that reason  It is know as  dual patch and multilayer antenna. The lower or  upper patch are treat as  the feeding and  

radiating patch  respectively [5]. However stacked antenna in which used multi layer for enhances the bandwidth of standard  antenna. Stacked  

antenna achieved the  broad bandwidth with two tuned resonance which are prompted by radiators on different layers. Shape of radiators are 

slotted rectangular. The prefer antenna are  simulated for unidirectional radiation in the aside . The  microstrip antenna are analyzed using 

software which is  IE3D on substrate and do the  experimental validation [6]. 

II. ANTENNA DESIGN 

The shape of the  stacked patch antenna is instance in the fig 1 (a). The antenna is invented using glass epoxy (FR4) material and  contains of 

two layers, two patch, two substrates and a coaxial feed linked to the bottom patch. The ground is having  length (Lg) and width (Wg) with  

size of 39.68 mm x 48.44 mm is used for proposed antenna. The length and width of parasitic  patch and lower patch with slot cut  is Lp And 

Wp respectively with size of 30.08 mm x 38.84 mm and is deposit on the substrate using dielectric constant 4.4 and breadth of  substrate (h1) 

1.6 , loss tangent (δ)  0.012 and 2.35 GHz .An airframe which has the dielectric constant 1 and depth (h2) 25 is deposit in between the substrate 

of  parasitic patch and feeding patch.  Coaxial feed is direct linked to the lower patch feed is placed at coordinates (-7.575, 10.42) . Gain of 

antenna has been increased by using Stacked technique. Gain of stacked antenna is 3.16 dBi achieved at 2.35 GHz. The airframe prompt in the 

antenna will extend physical rigidness to the antenna without any interference in the performance of antenna. The 3D geometry is instance in 
fig 1(b) 
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Fig 1 (a) Geometry of stacked antenna 

 

Fig 1 (b) 3 Dimensional geometry of suggest antenna 

Dimension of prefer antenna (Length and width ) are determined by these equations (1-6) 

The patch antenna width can be expressed as 

W = 
𝐶

2𝑓𝑟
√

2

εr+1
                       (1) 

C =  light velocity (3x10^8 m/s) 

fr = Resonant frequency 

εr= Dielectric constant 

The effective dielectric (εrref) constant is defined in equation  

εrref = 
𝜀𝑟+1

2
+

𝜀𝑟−1

2
√1 +

12ℎ

𝑤
             (2) 

h = height of the substrate 

w = Patch width 

The extension Length ∆L can be expressed as 
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∆L = 0.412 h 
(𝜀𝑟𝑒+0.3)(𝑊+0.26 ℎ)

(𝜀𝑟𝑒−0.258)(𝑊+0.8ℎ)
                           (3) 

 Antenna length is express by 

L = 
𝐶

2𝑓𝑟√𝜀𝑟𝑒𝑓
− 2∆𝐿               (4) 

The Dimension of ground (bottom) plane can be expressed as 

Lg = L+ 6h                (5) 

Wg = W + 6h               (6) 

III. ANTENNA GEOMETRY 

GEOMETRY I : The configuration of standard  antenna is instance in the fig 2 (a) and In the fig 2 (b) is a return loss graph. 

Conventional antenna is feeding  by coaxial feed technique.  The return loss occurs is -21dB at 1.5 GHz resonant frequency which is 

far away from 2.35 GHz. 

 

Fig 2(a) standard  patch antenna 

 

Fig 2(b) Return loss graph of  patch antenna 
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GEOMETRY II : The configuration of  one slot cut at upper side of patch  with the dimension (22 mm x 9 mm) where slot length 22 

mm and depth 9 mm is instance in the fig 3 (a) and return loss graph is instance in the fig 3(b). In this get return loss -36.975 at 1.66 

GHz resonant frequency. A broad band get from 1.54 GHz to 2.03 GHz and bandwidth percentage  is 27.45%.  

 

Fig 3(a) First slot cut in  patch antenna 

 

Fig 3(b) Return loss graph of  patch antenna due to first slot cut 

GEOMETRY III : This configuration get after cutting again slot cut within the side of slot s1 with the dimension 6 mm x 6mm 

which is instance in the fig 4 (a). With increase  in depth return loss peak shifted to high frequency. A broad band get from 1.66 GHz 

to 2.87 GHz and bandwidth percentage 53.42% which is increase compare to the previous slot cut 27.45%. The peak of return loss 

becomes sharp of antenna is -25.016 at 2.12 GHz resonant frequency which is show in fig 4(b). This slot reduces the return loss of 

conventional patch. 
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Fig 4(a) second slot cut in patch antenna 

 

Fig 4 (b) Return loss of   patch antenna due to second slot 

GEOMETRY IV : This is a final geometry  of stacked antenna which is achieve by induce a parasitic patch which is instance in the 

fig 5(a). In this, first slot  is cut at top side of the parasitic patch with the dimension (22 mm x 10 mm) where slot length 22 mm and depth 10 

mm. Then second  slot  is cut at the upper side of first slot and length of slot 6 mm, width of slot 6 mm. After that cut the third slot   at the right  

edge of  patch with 5 mm slot length  and slot width 10mm. Lastly cut the  fourth  slot  at the left  side edge of  patch with   5 mm slot length 

and slot width  10mm. By induce the parasitic patch obtained the bandwidth percentage is 57.51% which is 4.09% greater than 

conventional antenna  and frequency range is 1.66 GHz to 3 GHz. . The return loss of antenna is -47.088 which is shown in fig 5(b). 
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Fig 5(a) Final geometry of stacked antenna 

 

Fig 5(b) Return loss graph of  stacked antenna 

TABLE I. DIMENSIONS OF STACKED ANTENNA 

Parameters Dimension (mm) 

Lg 39.68 

Wg 48.44 

Lp 30.08 

Wp 38.84 

L1 5.5 

W1 9 

L2 11 

W2 14 

La 5.5 

Wa 10 

Lb 6 

Wb 6 

Lc, Ld 5 

Wc, Wd 10 
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 Comparison of different variable of suggest antenna such as bandwidth, return loss is instance in table 2. 

TABLE II. Comparison of different parameter of antenna 

Design Bandwidth Return loss 

Geometry I Below the 10% -21 

Geometry II 27.45 -37.975 

Geometry III 53.42 -25.016 

Geometry IV 57.51 -47.088 

 

Camparison of different variable of suggest  antenna S11 parameter  which is obtain after slot cutting  is analyzed  by IE3D software 

shown in the fig 6 

 

Fig 6 comparison of S11 parameter of different configuration 

IV. RESULT 

Zeeland IE3D simulator is provide the simulation of stacked antenna and having large bandwidth.  Network analyzer of stacked 

antenna is instance in the fig 15 and Hardware of stacked antenna is instance in the fig 16. Frequency ranging of suggested antenna 

between 2.75 GHz to 3.75 GHz. The return loss of antenna is -47.088 at 2.35 resonant frequency. According to analysis of return loss 

graph lower cut off frequency is 1.66 GHz and upper cut of frequency is 3 GHz. Large bandwidth has been obtained By using stacked 

antenna  is calculated as 57.51% at 2.35 GHz resonant frequency which is instance in fig 5(b) . Bandwidth percentage increase 4.09% 

compare to conventional patch antenna.   Gain of suggested antenna has been obtained 3.16 dBi and directivity 4.47 dBi  which is 

instance in the fig 7 and 8. Antenna efficiency and radiation efficiency get 73.92% and 73.94% respectively  by IE3D software which 

is display in fig 9 and 10. Graph of smith chart  is instance in fig 11. VSWR (dB) of stacked antenna is instance in fig 12. Radiation 

pattern of stacked antenna is illustrate in fig 13. Return loss graph of experimental fabricated stacked antenna is display in fig 14. The 

simulated and measured return loss of the standard antenna and suggested antenna is instance in fig 17. 
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Fig 7 Gain graph of stacked antenna 

 

Fig 8 Total Field Directivity of stacked antenna 

 

Fig 9 Antenna Efficiency of stacked antenna 
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Fig 10 Radiation Efficiency of stacked antenna 

 

Fig 11 Smith chart graph of  antenna 

 

Fig 12 VSWR (dB) of stacked antenna 
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Fig 13 Radiation pattern of stacked antenna 

 

Fig 14 Experimental return loss of fabricated stacked antenna 

 

 

Fig 15 Network analyser of stackec antenna 
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Fig 16 Hardware of stacked antenna 

 

 

Table Comparison between simulated and measured result 

 

 Resonant 

frequency 

GHz 

Bandwidth 

(%) 

Return 

loss 

Simulated 2.35 57.51 -47.088 

Measured 2.02 Below 10% -42.46 

 

 

Fig 17 Return loss of measured and simulated antenna 

 

V. CONCLUSION 

 The suggested antenna has been simulated in IE3D simulator. The stacked antenna fed by coaxial probe has been presented. The 

glass epoxy (FR4) substrate is apply to fabricate the proposed antenna.  The bandwidth of antenna has been enhanced by using 

parasitic patch . The Stacked antenna is used the airframe between ground patch and parasitic patch. Bandwidth percentage of antenna 

is increased by 4.09% compare to the standard patch antenna. The stacked antenna achieved the gain 3.16 dBi. The suggested antenna 

is used for wireless application, WLAN, IMT, Bluetooth. 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

JETIR1906W77 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 576 
 

REFERENCES 

[1] Md. Bappy Hossain, Sham Datto “Improvement of antenna performance using Stacked Microstrip patch Antenna” 2nd 

International Conference on Electrical, Computer & Telecommunication Engineering (ICECTE) Bangladesh 8-10 December, 

2016. 

[2] Zhixi Liang, Juhua Liu, Member, IEEE and Yuanxin Li, Member, IEEE, Yunliang Long, Senior Member,IEEE “A Dual-
frequency Board–Band Design of Coupled–Fed stacked Microstrip Monopolar Patch Antenna for WLAN Applications” IEEE 

Antenna and Wireless Propagation letter pp:1-4, 2015. 

[3] Amarveer Singh Dhillon, Akshay Kumar, Tejinder Kaur Gill, Ekambir Sidhu “Novel Dumble Shaped Microstrip Patch 

Antenna for Bluetooth/IMT/WLAN Applications” IEEE WiSPNET Conference pp: 1764-1767, 2016. 

[4] Zhenchao Yang, Student Member, IEEE, Kyle C. Browning and Karl F. Warnick, “High Efficiency Stacked Shorted  Annular 

Patch Antenna Feed for Ku Band Satellite Communications” IEEE Transaction on Antenna and Propagation pp. 1-4, 2016. 

[5] Tingqiang Wu, Hua Su, Liyun Gan, Huizhu Chen, Jingyao Huang, and Huaiwu Zhang “A Compact and Broadband Microstrip 

Stacked Patch Antenna With Circular Polarization for 2.45 GHz Mobile RFID Reader” IEEE Antenna and Wireless 

Propagation letter,  vol 12 pp: 623-626, 2013. 

[6]  Kirill Klionovski and Atif Shamim “Physically Connected Stacked Patch Antenna Design With 100% Bandwidth” IEEE 

Antenna and Wireless Propagation letter pp 1-4, 2017. 

[7] Sunkaraboina Sreenu, Vadde Seetharama Rao, Sekhar “Stacked Microstrip Antenna For Global Positioning System” IEEE 
International Conference on Computational Intelligence and Computing research, 2017. 

[8] Ankita Katyal , Student Member, IEEE and Ananjan Basu, Member, IEEE “Compact and Broadband Stacked Microstrip Patch 

Antenna for Target Scanning Application” IEEE Antenna and Wireless Propagation Letters. pp: 1436-1440, 2016. 

[9] Hamizan Yon, Aziati H. Awang, M. T. Ali , S. Subahir, S. N. Kamaruddin Antenna Research Group : “Comparative Analysis 
for Multilayer Stacked Substrates Microstrip Patch Antenna”  IEEE (APACE) pp: 34-37, 2016. 

[10] Deqiang Yang, Huiling Zeng, Yubo Wen and Mengfei Chen : “Analysis of dual polarized stacked patch antenna based on 

theory of characteristic modes”  IEEE (APCAP) pp.269-270, 2016. 

[11] Lie Ge, Member, IEEE, Mingjian Li, Member, IEEE, Jianpeng Wang, and Hui Gu “Unidirectional Dual – Band Stacked 

Patch Antenna with Independent Frequency Reconfiguration” IEEE Antenna and Wireless Propagation letter, pp: 1-4, 2016. 

[12] Philip Ayiku Dzagbletey and Young-  
Bae Jung, Member, IEEE “Stacked Microstrip Linear Array for Milimeter-Wave 5G Baseband Communication” IEEE 

Antenna and Wireless Propagation letter, pp: 1-4, 2018. 

[13] Vinay Sharma, Rajesh Kumar Vishwakarma “A Stacked Microstrip Antenna for  Multiband Application” IEEE International 

Conference on Computer , Communication and Control(IC4-2015), pp:1-6. 

[14] Laxmikant Minz, Rao Shahid Aziz, Muhammad Tayyab Azim, Seong Ook Park “Wideband Aperture-Coupled Stack-patch 
Antenna Design with Characteristic Mode Analysis” IEEE International Conference Electronics – Asia (ICCE-Asia), pp:1-4, 

2018. 

[15] V. P. Sarin, M. S. Nishamol, D. Tony, C. K. Aanandan, P. Mohanan and K. Vasudevan “A Wideband Stacked Offset 

Microstrip Antenna With Improved Gain and Low Cross Polarization” IEEE Transactions on Antenna and 

Propagation,VOL.59  pp: 1376-1379, April 2011. 

 

 

http://www.jetir.org/

