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Abstract: Circular stacked microstrip proximity coupled feed antenna widely used in wider bandwidth applications. 
This paper presents the design of proximity coupled antenna at 6.5 GHz frequency with dielectric constant as 2.2 and 
having thickness of 1.2 mm for lower substrate and 1.2 mm for upper substrate assigned with material Rogers RT/
duroid 5870 (tm). Even though it gives wider bandwidth, in order to increase its gain, series fed array is used. 2X1 
and 3X1 series fed arrays are designed and simulated using High Frequency Structure Simulator software (HFSS). 
The important characteristics of an antenna are gain and directivity .Gain of about 8.7 dB and directivity of 8.669dB 
are achieved by using array as compared with single antenna which is about 5dB and directivity of5.66dB. Antenna 
parameters like S-parameters, directivity, radiation intensity, Voltage standing wave ratio (VSWR) etc., are all observed 
in simulated software and are agreed with required results
Keywords: S-parameters, stacked patch antenna, HFSS, proximity coupling, High gain.

INTroDuCTIoN1. 
In microwave signal communication, an antenna plays a major role for conversion of EM radiation to electrical 
energy and vice versa. It acts like a transducer and as an impedance matching device between free space and 
electrical network. The major problem in antenna communication system is bandwidth and gain of an antenna. 
Different types of antenna are available to provide high gain and large bandwidth. But the problem is size and 
compactness. Microstrip patch antenna is an antenna which is compactable, easy installation and miniature 
in size. To feed microstrip antenna different techniques are available like inset feed, coaxial feed, aperture 
coupled and proximity coupled etc. Each technique has its own advantages and disadvantages. Out of these 
feeding techniques, proximity feeding technique is the one which provides larger bandwidth and moderate 
gain.

This paper presents design procedure for proximity coupled microstrip feed antenna at 6.5 GHz frequency. A 
circular patch has been chosen to provide circular polarization. A single circular patch is designed and simulated 
using HFSS software. Return loss is observed at 6.5 GHz. But gain of the antenna is about 5 dB only.
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The gain requirement is about 7-9 dB in biomedical applications, wireless communication, PCS applications, 
microwave communication systems etc. As current fed to the antenna or dimension of the antenna is increased, 
gain also increases but its efficiency falls down. This is due to increasing the loss resistance and radiation 
resistance of antenna. The only way to increase the gain is to choose an array (collection of similar elements). 
A series feed technique is used for this array because only one feed is required rather than multiple feeds and 
makes fabrication process easy.

Figure 1: Top view of proposed antenna

Figure 2: Side view of proposed atnenna

Stacked type of dielectric material causes to increase in height of the antenna, which in turn improves 
wider bandwidth and mechanical support. Figure 1; Figure 2 represents top and side views of single patch. In 
this coupling technique a 50 ohm microstrip line is inserted between two dielectric materials of equal heights. 
When it is excited almost EM radiation takes place within stacked dielectric materials. In this feeding technique, 
patch plane is not physically connected to feed line but electrically connected by EM radiation. The designed 
antenna is simulated using High frequency Structure Simulated software and antenna parameters are observed. 
A 3X1 array antenna is designed and is represented in the fallowing in Figure 3.

Figure 3: Top view of a 3X1 array
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DESIGN oF ANTENNA2. 

Specifications
The proposed antenna is designed with the fallowing specifications

(i) Cut off frequency = 6.5 GHz

(ii) Dielectric constant = 2.2

(iii) Thickness of upper material = 1.2 mm

(iv) Thickness of lower material = 1.2 mm

(v) Characteristic impedance of feed line = 50 W

Single Element
Circular antenna is designed by using following formulae for the given above specifications and are
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The radius calculated by using above formula would not consider the fringing effects. By considering this 
effect the effective radius of the circular patch is

 ae = a h
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The resonant frequency of the circular patch for TM110 mode is

 ( fr)110 = 
1 8412
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3X1 Array Element
An array is a collection of similar elements which gives the higher gain and directivity. This paper presents 
designing of a uniform linear array of two elements and three elements with series fed type. The spacing 
between the elements is half wave length and are fed with inphase currents. The radiation patterns will 
be observed only in broadside array (i.e. ∆ = 90°). No radiation pattern in endfire direction because all 
elements are fed with inphase currents. If the phase between the elements is changed the beam pattern will 
change from broadside to endfire. Scanning can be achieved by using this process. But in this paper only 
the radiation pattern is observed in broadside direction. Table 1 gives the radiation patterns in three cases 
and is shown that for array narrow beamwidth is obtained. From this radiation patterns different radiation 
patterns are studied and are tabulated in Table 2. The array factor for n element array in general is given 
by
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where, Y = progressive phase shift = bd cos ∆ + d; Here d is the separation between elements and is 0.5l and 
d phase given to the elements.

Table 1 
radiation patterns

Single element Two element array Three element array

SIMuLATIoN uSING HFSS3. 
HFSS is a High Frequency Structural Simulator used to simulate passive and active microwave components, and 
antennas designed at microwave frequency. It is based on Finite Element Method (FEM). Using HFSS simulator 
tool a circular patch of single element, array elements i.e. 2X1, 3X1 are designed. A mesh frequency of about 
5 GHz is chosen to get accurate result. HFSS is user friendly and 3D modeling support to design components. Figure 4, 
Figure 5 and Figure 6 are shown below are the layout of single, 2X1, 3X1 array elements respectively.

Figure 4: Single circular patch simulation in HFSS

Figure 5: A 2X1 array patch simulation in HFSS
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Figure 6: A 3X1 circular patch simulation in HFSS

rESuLTS AND DISCuSSIoNS4. 
The designed circular patch antenna is simulated using HFSS and S parameters, VSWR, gain are observed. At 
6.5 GHz these values are -24.143 dB, 1.114 and 5.13 dB. Even it is achieving higher return loss at resonant 
frequency of 6.5 GHz, but gain is moderately low. To improve gain factor array are used. A series fed array is 
used because of simplicity of feeding with single microstrip line. A 2X1 array and 3X1 array are designed and 
S-parameters, gain are -15.192 dB, 6.716 and -20.66 dB, 8.66. Figure 7 shows the S11 parameter and VSWR 
values over a frequency range of 4.5 GHz to 8GHz. Observed high return loss at 6.55 GHz which is desirable. 
Similarly Figure 8 and Figure 9 shows S parameter and VSWR variations as of function of frequency. Table 2 and 
Table 3 gives complete observations in HFSS simulator for single and array elements. Figure 10 and Figure 11 
shows the radiation patterns of single element and array elements of 3X1 in HFSS simulator.

Figure 7: Simulated S11 parameter and VSWr results of single element
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Figure 8: Simulated S11 parameter and VSWr results of two element array
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Figure 9: Simulated S11 parameter and VSWr results of three element array

Figure 10: Simulated radiation Pattern of single circular patch element

Table 2 
radiation characteristics

Single element Two element array Three element array
Max u 0.0040415 0.051794 0.0068428
Peak directivity 5.125 6.7292 8.7539
Peak gain 5.1334 6.7116 8.6639
Radiated power 0.0099 0.0096725 0.0098232
Radiation efficiency 1.0007 0.99738 0.0099253
Front to back ratio 35.911 27.84 168.49
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Figure 11: Simulated radiation Pattern of 3X1 stacked array antenna

Table 3 
Simulated S Parameter Values

S parameter and VSWR Single element Two element array Three element array
S11 –24.143 –15.192 –20.66
VSWR 1.114 3.05 1.61

CoNCLuSIoN5. 
Primarily, the antenna is analyzed as single patch antenna with various circular patch radii and simultaneously the 
change in the feed line is being done. By changing these two parameters the functioning of the antenna is being 
analyzed and their related antenna parameters like s-parameters, directivity, radiation intensity, voltage standing 
wave ratio (vswr) etc., are observed accordingly. By considering the above antenna parameters parametric analysis 
is being done and this is extended to 2x1 circular patch array antenna to increase the gain comparatively. Finally 
3x1 circular patch array antenna is being designed at 6.5GHz frequency with best characteristics accordingly.

Acknowledgments
The author would like to thank ECE Dept of K.L. University for continuous support in using Antenna Laboratory, 
and very special thanks to ECE HOD, K.L. University for encouraging this project. Special greeting to all ECE 
faculty of K.L. University for their friendly support in completing this project work.

rEFErENCES
M.-J. Tsai, F. De Flaviis, O. Fordham, and N. G. Alexopoulos, “Modeling planar arbitrarily shaped microstrip elements in [1] 
multi-layered MIC/MMIC media,” IEEE Trans. Microwave Theory Tech., Vol. 45, pp. 330–337, Mar. 2009.

M.-J. Tsai and N. G. Alexopoulos, “Via hole and parasitically coupled microstrip antennas of arbitrary shape in multi-layered [2] 
substrates”, Electromagn., Vol. 16, No. 3, pp. 229–252, May/June 2008.



Design and Simulation of 3x1 Circular Stacked Proximity Coupled Microstrip Patch Array Antenna using HFSS at 6.5 GHz...

International Journal of Control Theory and Applications311

M.-J. Tsai, C. Chen, and N. G. Alexopoulos, “Sommerfeld integrals in modeling interconnects and microstrip elements in [3] 
layered media”, Electromagn. Special Issue—Centennial Sommerfeld’s Diffraction Problem, Vol. 18, No. 3, pp. 267–288, 
May/June 2012.

M. Haneishi, S. Yoshida, and N. Goto, “A broadband microstrip array composed of a single feed type circularly polarized [4] 
microstrip antenna,” in IEEE Antennas Propogat. Int. Symp. Dig., Albuquerque, NM, May 1982, pp. 160–163.

R. M. Sorbello and A. I. Zaghloul, “Wideband, high-efficiency, circularly polarized slot elements,” IEEE Antennas Propogat. [5] 
Int. Symp. Dig., Vol. 3, pp. 1473–1475, June 2007.

U. R. Kraft, “An experimental study on 2_2 sequential-rotation arrays with circularly polarized microstrip radiators,” IEEE [6] 
Trans. Antennas Propagat., Vol. 45, pp. 1459–1466, Oct. 2006.

D. R. Jackson and N. G. Alexopoulos, “Analysis of planar strip geometries in a substrate-superstrate configuration,” IEEE [7] 
Trans. Antennas Propagat., Vol. AP-34, pp. 1430–1438, Dec. 2013.

S. D. Targonski and D. M. Pozar, “Design of Wideband Circularly Polarized Aperture-Coupled Microstrip Antennas,” [8] 
IEEE Transactions on Antennas and Propagation, AP-41, 2, February 1993, pp. 214-219.

D. M. Pozar and D. H. Schaubert, Microstrip Antennas, the Analysis and Design of Microstrip Antennas and Arrays. [9] 
Piscataway, NJ, USA: IEEE Press, 2010.

S. C. Gao, Dual-Polarized Microstrip Antenna Elements and Arrays for Active Integration. Shanghai, China: Shanghai [10] 
Univ. Press,2004.

Pham, N.T, Gye-An Lee, De Flaviis, F, “Microstrip antenna array with beam forming network for WLAN applications,” [11] 
Antennas and Propagation Society International Symposium, Vol. 3A Page(s):267 – 270, 2009

S. Ghosh, S. K. Ghosh, and A. Chakrabarty, “Design of RF energy harvesting system for wireless sensor node using [12] 
circularly polarized monopole antenna: RF energy harvesting system for WSN node using circularly polarized antenna,” 
9th International Conference on Industrial and Information Systems (ICIIS), 2014.

R. A. Rahim, S. I. S. Hassan, F. Malek, J. M. Nordin, and H. F. Hassan, “Harmonics suppression single-fed dual-circularly [13] 
polarized microstrip patch antenna for future wireless power transmission,” International Journal of Engineering and 
Technology, Vol. 5, No. 5, pp. 4423–4430, Oct-Nov 2013

K. Agrwal, T. Mishra, M. F. Karim, Nasimuddin, L. C. Ong, Y. X. Guo, and S. K. Panda, “Highly efficient wireless energy [14] 
harvesting system using metamaterial based compact CP antenna,” International Microwave Symposium, pp. 1-4, June 
2013.

Kumar, G. and K.P. Ray, Broadband microstrip antennas. 2003, London: Artech House.[15] 

Nasimuddin, Z. N. Chen, and X. Qing, “Asymmetric-circular shaped slotted microstrip antennas for circular polarization [16] 
and RFID application,” IEEE Trans. Antennas and Propagation, Vol. 58, No. 12, pp. 3821–3828, Dec 2010




