
Abstract
In this paper, a novel rectangular patch antenna is proposed 
to have Zeroth Order Resonance (ZOR) generated based on 
the Right- and Left-Handed (CRLH) structure. Making the in-
phase electric field over the entire antenna other than a half-
wavelength as the fundamental resonance mode of a standard 
microstrip patch or its positive multiple, the metallic patch is 
suggested to be capacitive coupled with only one surrounding 
rectangular ring, The performance of the proposed antenna 
is simulated by a 3D field solver that inputs the sizes of the 
physical structure corresponding to the equivalent circuit 
designed to have ZOR at 12.686GHz. The gain of the microstrip 
patch antenna is increased by inserting a surface mounted 
horn antenna by 3.5dBi without affecting its bandwidth. This 
antenna structure has gain 11dB, its 10 dB return bandwidth 
of nearly 6% (745MHz.) and efficiency 96 % has been achieved 
from this configuration. Total height of the fabricated structure 
is only 2.923mm. The cross-polarization level of the antenna 
is -8dBi in both E-and H- Planes. The antenna presented is 
suitable for use in planar and conformal arrays. It could find 
applications in KU frequency bands.
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I. Introduction
In the recent years microstrip antenna and arrays are the 
most developing area in the antenna field, exploiting their 
advantage such as inexpensive, easily manufactured,  low 
weight, low volume , conformal configuration, and compatibility 
with integrated circuits and so on  [1]. However the microstrip 
antenna inherently has low gain and narrow bandwidth. The 
impedance bandwidth of the patch antenna is proportional to 
the antenna volume.
There have been many successful attempts to increase the 
gain of the Microstrip patch antenna. These methods include 
the use of single superstrate and multi superstrate [2, 3], 
cavity-backed microstrip antenna with superstrate [4]. However 
these methods may adversely affect the antenna performance 
characteristics, if superstrate parameters are not adequately 
chosen, and the structure becomes very bulky. Islam et al. [5] 
have experimentally examined wideband probe fed inverted 
multiple slot microstrip patch antenna to obtain 12.53dBi 
gain. This structure is very large in size. Recently nandgaonkar 
et al. [6] proposed a square ring single fed microstrip patch 
antenna having gain of 9.4 dB. Quasi-planar surface mounted 
short horn both circularly polarized [7] and linearly polarized 
[8] microstrip antenna have also been proposed to enhance 
the gain of microstrip patch antenna about 4.5dB. The slant 
length of the horn is only λo/4 and it is made of silver clad 
plastic sheet.
In this paper we report a novel square microstrip antenna 

element Capacitive Coupled To a Square Ring with Surface 
Mounted Conical Horn. The designs adopt contemporary 
techniques; probe feeding, square patch, surrounded ring 
and surface mounted conical; horn. The composite effect of 
integrating these techniques and introducing conical horn, offer 
a low profile, high gain and compact antenna element. The slant 
length of the horn is only λo/8 to achieve high gain ie 11.16dBi.
the structure has been simulated on a 3-D EM simulator, CST-
Studio-08 to achieve high gain and hence directivity.

II. Experimental Investigation
Our reported structure is shown in the Fig.1. At the first, we 
attempt to design a coaxial feed square patch antenna and 
optimized it for desired performance. After that, we have tried 
to optimize the size of the conical horn and its placement 
with respect to the microstrip patch antenna in order to 
achieve maximum possible gain. A coaxial feed microstrip 
patch antenna, with dimensions 7mmx7mm is designed on 
the substrate of size, 30mmx30mmx1mm. A conical horn of 
slant length 3 mm is selected for this purpose. We know that 
the practical waveguide have larger dimension greater than a 
half wavelength, to allow wave propagation, but smaller than 
a wavelength, to suppress higher order modes which can 
interfere with low loss transmission. For more gain a larger 
aperture is desirable, but a larger waveguide is not. However, 
if the waveguide size is slowly expended, or tapered in to a 
larger aperture, than more gain is achieved while preventing 
undesired modes from reaching the waveguide. 
In this structure we used patch antenna as a radiator and also a 
feed to the conical horn improves the electric fields distribution 
over the aperture along the H-plane thus becomes relatively 
uniform which improves the directivity.       

Fig. 1

III. Experimental Results
The configuration of the reported antenna with conical horn is 
shown in the Fig. 1. Antenna used RT duriod 5880 substrate 
with permittivity 2.2 with thickness of 1 mm and total height of 
the antenna is 3 mm. the antenna is feed by 50 ohm coaxial 
cable. 
The surface mounted horn antenna improves the gain of the 
patch antenna from 7.7 dBi to 11.2dBi. Thus surface mounted 
horn enhances the gain of the antenna by 3.5dBi as shown 
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in Fig. 2. 

Fig. 2: Gain of the antennas

The resonance frequency of the patch without the embedded 
horn is 12.77GHz with 5% impedance bandwidth. The embedded 
horn bring down the resonance frequency to 12.74GHz and also 
bring down the impedance bandwidth marginally, 4.8%, it also 
reduces the return loss from 23.5dB to 19.2 dB. The result of the 
return loss with and without horn is shown in Fig. 3. Finally, we 
Insert a square ring around patch of width 2.43(equivalent of 50 
ohm Microstrip ring) which create capacitive effect with patch 
which enhance the return loss as well as impedance bandwidth. 
Fig. 4 shows the radiation pattern of all three  antennas in both 
the E-and H-planes. There is considerable improvement in the 
side lobe level of the antenna. The performance of the antenna 
is summaries in table I

Table I: Performance of the antenna

Parameter Without 
Horn

With 
Horn

Surrounded with 
ring & mounted 
Horn

S11  23.2dB 19dB 42.57dB
Bandwidth 5% 4.8% 6%
Resonance 
freq.

12.77GHz 12.74GHz 12.68GHz

Gain 7.7dBi 11.2dBi 11dBi

           Fig. 3: Return loss of the antennas

 Fig. 4: E- & H-Plane field of the antennas

IV. Conclusion
In this paper we have reported Microstrip Antenna Capacitively 
Coupled To a Square Ring with Surface Mounted Conical Horn for 
the linearly polarized microstrip antenna with 3.5 dBi improved 
gain, i.e., 11 dBi gain with enhanced  VSWR bandwidth of the 
patch antenna. The horn is made of the copper material of light 
weight of very small hight to realize as a planner structure.

References
[1] Girish Kumar and K. P. Ray, “Broad Band Microstrip 

Antenna”, Artech House publisher.
[2] D. Jackson and N. Alexoponlos, “Gain Enhancement 

Methods for Printed Circuit Antennas,” IEEE  Transactions 
on Antennas and Propagalion, vol. Ap-33, no. 9, pp. 976-
987, Sep. 1985.

[3] H. Yang and N. Alexopoulos, ”Gain Enhancement Methods 
for Printed Circuit Antennas Through   Multiple Superstrates”, 
IEEE Transacfions on Antenna and Propagation, vol. AP-35, 
no. 7, pp. 860-863, July1987.

 [4] F. Zavosh and James T. Aherle, “Design of high gain 
microstrip antenna”, Microwave Journal, vol. 42, No. 9, 
pp.138-148, Sept. 1999.

[5] Islam Mohammad Tariqul, Shakib Mohammed Nazmus, 
Misran  Norbahiah,  “High Gain  Microstrip Patch Antenna”, 
European journal of scientific research, Vol. 32, No. 2 
(2009). PP. 187-193. 

[6] Nandgaonkar A B and Deosarkar S B  “Successful design of 
singly fed and high gain Microstrip antenna”, IETE Journal 
of research, Vol. 55 , Issue 6, Nov-Dec 2009.

[7] Nasimuddin, Esselle Karu & Verma, A. K., “High Gain 
Compact Circularly Polarized Microstrip  Antenna”, TENCON 
2005 IEEE, PP. 1-4, 21-24 Nov. 2005.

[8] Rahman, A. Abdel, Verma A. K. and Omar A. S, “ High Gain 
Wideband Compact Microstrip Antenna with Quasi-Planner 
Surface Mount Horn”, IEE MTT-S Digest, pp. 571-574.

8 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 1, IssuE 1, DECEmbEr 2010 I S S N  :  2 2 3 0 - 7 1 0 9 ( O n l i n e )

w w w . i j e c t . o r g



Pramod Kumar received his M. Tech 
degree in Microwave Electronics from 
University of Delhi South Campus, New 
Delhi, India, in year 2008 and B.Tech 
degree from Sant Longwal institute of 
engineering and technology, Longwal, 
Punjab, India.He is currently as 
Assistant professor with the department 
of electronics & communication 

engineering, Inderprastha Engineering 
college (IPEC), Ghaziabad,U. P., India. His research interest 
includes Antenna Design, Characterization and application of 
periodic structure and microwave wireless communication. 
He has done various projects in SAMEER-CEM; Chennai under 
Antenna division. He has published more than 50 research 
papers in international and National Journal & Conferences 
proceeding papers, guided eighteen  M. Tech Projects and 
provided consultancy services. Currently he works in the area of 
Electromagnetic and Antenna. He established Bose Research 
Cell with collaboration of Galgotias College of Engineering & 
Technology, Gr. Noida,India

A. K. SHRIVASTAV received his M.S. 
and Ph.D. Degree from Anna University, 
Chennai, India and is working with 
SAMEER-CEM, Chennai India as a scientist 
F. Prior to this he was working with ISRO, 
INSAT Master Control Facility HASSAN and 
Doordarshan. 
He has   worked in area of T.V. broadcasting 
Satellite Technology, Satellite Telemetry, 

Telecommanding and Ranging for Geostationary satellite. 
Currently he works in the area of Electromagnetic and Antenna. 
He takes guest lectures on antenna for M. Tech Course.
         He is a fellow of I.E.T.E., I.E., Chartered Engineer I.E.T.E., 
Life member of E.M.C. Society of India.

 InternatIonal Journal of electronIcs & communIcatIon technology 9

IJECT Vol. 1, IssuE 1, DECEmbEr 2010I S S N  :  2 2 3 0 - 7 1 0 9 ( O n l i n e )

w w w . i j e c t . o r g


