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Abstract—This letter presentsa miniaturized probe-fed elliptical microstrip patch antenna (PF-EMPA)
targeting the 8.50-10.55 GHz band for radiolocation applications. The proposed design is composed of an
eliptical patch inserted into an €liptical dot. In order to achieve our goals and control the impedance
matching, we adjusted the offset distance from the dlliptical patch to the side of the dlliptical dot. As
results, this work presents the characteristics of a new microstrip patch antenna operating at 9.845 GHz
(9.650 — 10.222 GH2z) providing higher gain value (more than 6 dBi), and an impedance matching
bandwidth of around 5.75%. The performance of the structureissimulated by electromagnetic simulator
CST Microwave Studio. Details of the obtained results are presented and discussed.
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I. INTRODUCTION

In rapidly expanding market for miniaturization of wireless devices, the antenna engineers have investigated
a flurry of interest in microstrip patch antennas. This is mainly due to the attractive features of microstrip
antennas, which are, namely, low in profile, easy for mass production, compact in structure, light in weight,
conformable to the hosting surfaces, and well suited for integration with the electronic system [1-3]. Microstrip
patch antenna consists of a very thin metallic strip etched on a grounded dielectric substrate [3]. To reduce the
size of the microstrip antenna and overcome its limitation of narrow impedance bandwidth, many methods have
been commonly proposed and investigated by using: cavities [4-5], irises [6], folded structures [7], and multi
layers [8-9].

In the structure presented in this letter, an elliptical patch inserted into an elliptical dot has been used to
design a miniaturized probe-fed elliptical microstrip patch antenna (PF-EMPA) targeting the 8.50 - 10.55 GHz
band for radiolocation applications. Details of the simulated results exhibiting the characteristics of the studied
antenna are presented and discussed.

II. DESCRIPTION OF ANTENNA

The schematic and dimensions of the proposed Probe-Fed Elliptical Microstrip Patch Antenna are shown in
Fig. 1. The developed prototypes are printed on a FR-4 dielectric substrate with a relative dielectric constant
& = 4.3 and a thickness of 1.575 mm (h). The bottom of the dielectric is completely covered by foil and
grounded. The ground plane dimensions are L mm by W mm and the metal cladding ist = 0.018. The x and y
axes of the elliptical patch are denoted with R; and L;, respectively, while R, and L, are the axes of the elliptical
dot.

The offset distance from the elliptical patch to the side of the elliptical slot is denoted as d. The patch is fed
by a 50 Q coaxial probe of a 0.9-mm diameter at the point (x = 0 mm, y = L;-L,+d). The studies carried out in
this paper have shown that the adjustment of the distance (d) can readily control the impedance matching. The
performance of the studied antennais rigorously simulated using CST Microwave Studio.
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Fig. 1. Design parameters for the proposed configuration

I1l. SSIMULATED RESULTS AND DISCUSSION

Several designs have been successfully implemented. Fig. 2 shows simulated return loss of the proposed
Probe-Fed Elliptical Microstrip Patch Antennawith d = 0 mm (denoted as prototype | here), 1 mm (prototype I1),
2 mm (prototype I11), 4 mm (prototype V), and 6 mm (prototype V) with the dimensions of the structure fixed
at L =40 mmand W= 35mm.
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Fig. 2. Simulated return loss of Prototypel, I, 111, 1V, and V; R, = 16 mm, L, =12 mm, R, =8 mm, L; = 6 mm.
Prototype |: d = 0 mm. Prototype I1: d = 1 mm. Prototype I11: d = 2 mm. Prototype IV: d = 4 mm. Prototype V: d = 6 mm.
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The corresponding performances are listed in Table |. It isfirst noted that the center operating frequency (fc),
defined here to be the frequency with minimum return loss in the operating bandwidth, is observed to be 9.845
GHz (prototype 1), 9.147 GHz (prototype 11), 9.127 GHz (prototype I11), and 9.067 GHz (prototype IV and V).
The simulated matching frequency band for -10 dB reflection coefficient and the maximum radiation gain are
9.650 — 10.222 GHz (6.278 dBi at 9.845 GHz) for prototype I, 9.068 — 9.238 GHz (6.559 dBi at 9.147 GHz) for
prototype 1, 9.042 — 9.194 GHz (6.975 dBi at 9.127 GHz) for prototype |11, 8.994 — 9.153 GHz (7.405 dBi at
9.067 GHz) for prototype IV, and 8.979 — 9.145 GHz (7.471 dBi at 9.067 GHz) for prototype V, respectively.

TABLEI
Performances of the Five Antenna Prototypes (I, I1, 111, 1V and V)
d (mm) fc (GHz) PF-EMPA bandwidth Antenna gain (dBi)
Prototype 0 9.845 5.75% 6.278
Prototypell 1 9.147 1.85% 6.559
Prototypelll 2 9.127 1.66% 6.975
Prototype IV 4 9.067 1.75% 7.405
PrototypeV 6 9.067 1.83% 7471
So, it can be seen that, while the developed prototypes (11, I11, 1V, and V) provide an impedance matching

bandwidth not exceeding 1.85%, the prototype | provides much wider impedance matching bandwidth of around
5.75% (9.650 to 10.222 GHz).

Moreover, it can aso be seen that, when the offset distance (d) from the élliptical patch to the side of the
elliptical dlot is decreased, the center operating frequency (f.) and the impedance matching bandwidth are both
increased, and the antenna gain is decreased. For the gain and efficiency enhancement of the present proposed
design, the technique of the multi-layered laminated conductors [9] can be applied.

Finally, the radiation patterns of the present design in the x-z and y-z planes are also simulated and plotted in
Figs. 3,4, 5, 6 and 7. From the results obtained, it is observed that the radiation patternsin the orthogonal planes
are dmost unidirectional for the five antenna prototypes.
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Fig. 3. Simulated radiation patterns of Prototype | at 9.845 GHz.
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Fig. 4. Simulated radiation patterns of Prototype Il at 9.147 GHz.
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Fig. 5. Simulated radiation patterns of Prototype Il at 9.127 GHz.
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Fig. 6. Simulated radiation patterns of Prototype IV at 9.067 GHz.
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Fig. 7. Simulated radiation patterns of PrototypeV at 9.067 GHz.

IV.CONCLUSION

In this paper, a novel miniaturized elliptical microstrip patch antenna having simple topology and excited by
acoaxial probe, for radiolocation (8.50 — 10.55 GHz) applications is proposed. The return losses coefficient and
the radiation patterns of the suggested antenna design are presented. As results, this antenna has an impedance
matching bandwidth of around 5.75% (between 9.650 and 10.222 GHz). The maximum radiation gain obtained
iS6.278 dBi at 9.845 GHz.

ACKNOWLEDGMENT

The authors acknowledge University of Abdelmalek Essaadi (UAE) and Laboratory of Information and
Telecommunications Systems (LITS) for providing grateful assistance for the work.

REFERENCES

0. Ozgun, S. Mutlu, M. I. Aksun, and L. Alatan, “Design of Dual-Frequency Probe-Fed Microstrip Antennas with Genetic Optimization
Algorithm,” |EEE Transactions on Antennas and Propagation, vol. 51, n°. 8, pp. 1947-1954, August 2003.

Chitra Singh and R. P. S. Gangwar, “Design and Simulation of Circularly Polarized Compact Microstrip Patch Antenna for C-Band
Applications,” International Journal on Computer Science and Engineering (IJCSE), vol. 3, n°. 3, pp. 1175-1182, March 2011.

C. A. Baanis, Antenna Theory: Analysis and Design, Wiley, pp. 722-783, 1997.

J. T. Aberle and F. Zavosh, “Analysis of Probe-Fed Circular Microstrip Patches Backed by Circular Cavities,” Electromagnetics, vol. 14,
n°. 2, pp. 239-258, 1994.

R. J. Mailloux, “On the Use of Metallized Cavities in Printed Slot Arrays with Dielectric Substrates,” |IEEE Transactions on Antennas
and Propagation, vol. AP-35, no. 5, pp. 477-487, 1987.

J.S. Seo and JM. Woo, “Miniaturisation of Microstrip AntennaUsing Irises,” Electronics Letters, vol. 40, n°. 12, pp. 718, 2004.

W.-L. Roh and J. Woo, “Miniaturization of microstrip antenna using folded structure with attaching plates for satellite communication
terminal,” |EEE Antennas and Propagation Society International Symposium, 2007, pp. 4709 —4712.

D. P. Korkontzila, E.G. Papafilippou, and D.B. Chrissoulidis, “Miniaturization of Microstrip Patch Antenna for Wireless Applications
by Use of Multilayered Electromagnetic Band Gap Substrate,” European Space Agency, (Special Publication) ESA SP, vol. 626 SP,
Nice, 2006.

S. |. Latif, L. Shafai, and C. Shafal, “ Gain and Efficiency Enhancement of Compact and Miniaturized Microstrip Antennas Using Multi-
layered Laminated Conductors,” IET Microwaves, Antennas & Propagation, vol. 5, no. 4, pp. 402, 2011.

ISSN : 0975-4024 Vol 4 No 5 Oct-Nov 2012 327



	Miniaturized Probe-Fed Elliptical MicrostripPatch Antenna for Radiolocation Applications
	Abstract
	Keyword
	I. INTRODUCTION
	II. DESCRIPTION OF ANTENNA
	III. SIMULATED RESULTS AND DISCUSSION
	IV.CONCLUSION
	ACKNOWLEDGMENT
	REFERENCES




