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I. INTRODUCTION:
The Microstrip patch antenna is a basic key builder to wireless communication. 
They are light weight, affordable, easy to manufacture and can easily be used in 
hand-held devices like mobile phone..,. In the Design of patch antenna, they are 
lot of parameters are must be considered. From this, the substrate material and 
lower dimension are very important for miniaturized design for various hand 
held usages. Since the “O” shape Microstrip patch antenna are selected for reduc-
ing the dimension for better radiation and Gain.

Particularly, there are five substrates that can be used for the design of MPAs and 
their dielectric constants are usually in the range of 2.2 ≤ εr ≤ 12. There are Honey 
comb(εr = 1.07), Duroid(εr = 2.2), Quartz(εr = 3.8), FR4(εr = 4.4) & Alumina(εr 
= 10). The RT-Duroid (εr = 2.2) with thickness 0.5inches have selected as a sub-
strate for design of patch antenna. The meta materials are synthesized by using 
Sol-Route method. In this method provides the quality material without any lose 
of Characterization at very low temperature. And also these materials prepara-
tion cost is very low with short period. After the Synthesized process, the materi-
als have taken to Characterization by using X-RD, SEM. The radiation increases 
with frequency increase and using thicker substrates with lower permittivity. 
Since our selected material has lower permittivity (εr = 2.2) and 2.45GHz as a res-
onance frequency and also have a lower porosity (minimum vacuum).  The 
dielectric constant is the ratio between the stored amount of electrical energy in a 
material and to that stored by a vacuum. The better lower £r of material works as 
an insulator, and the better an insulator, As better it resists electrons from being 
absorbed in the dielectric material, it will be creating less loss. So, automatically, 
the dimension of Patch gets reduced. It will very helpful to decrease the Return 
loss and ringing fields". 

II. DESIGING PROCESS:
The Geometry design of “O” shape Microstrip patch antenna is designed in real 
time as well as Simulation with the different simulation software. The corre-
sponding designing parameters are length and width both are calculated by 
Microstrip patch calculator and EM Talk calculator.

Figure 1- “O” Shape MSP Antenna

The dimensions are calculated with help of resonating frequency and 
permittivity. The Following table shows the parameter for designing process.

III. CHARACTERIZATION  STUDIES:
X-RD:
The X-ray diffraction is most extensively used technique for the characterization 
of the materials .This technique used for gathering information regarding crystal-
line nature of a material and grain size.

Figure 2- X-RD pattern for MCYF(x=0.03,y=0.06)

The crystal size was evaluated by measuring the FWHM of the most intense peak 
(311) from XRD Figure 2. 

The size of the crystal was determined by using the Debye Scherer's formula, 
given as Scherer's formula 

Here λ was 1.5406Å.    
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Resonance Frequency 2.45GHz

Dielectric constant 2.2

Height of the Substrate 1.5mm

Patch Width 47.5mm

Patch length 39mm

W1 & W2(O shape) 6mm & 8mm

Ground plane dimensions Lg and Wg 48mm and 56.5mm



From the report, the particle size is very small Hence it proved by the higher 
peaks in the pattern. Thus it confirms the application of this as prepared material 
will be useful for micro strip patch antenna construction.

SEM:
The scanning electron microscopy is used to analyze the surface of the solid 
objects, producing higher resolution images than optical microscopy. Scanning 
electron microscope (SEM; S3000-H, Hitachi, Japan) was used to obtain the 
SEM microscopic of as-prepared nano ferrite materials to determine the particle 
size of MgFe O  specimen; the SEM monograph shows the presence of a 2 4

monophasic homogenous microstructure.  

Figure 3-  MCYF(x=0.03,y=0.06)

IV. HFSS VII SIMULATOR:
HFSS is a high-performance full-wave electromagnetic(EM) field simulator for 
arbitrary 3D volumetric passive device modeling that takes advantage of the 
familiar Microsoft Windows graphical user interface. It integrates simulation, 
visualization, solid modeling, and automation in an easy-to-learn environment 
where solutions to your 3D EM problems are quickly and accurately obtained. 
Ansoft HFSS can be used to calculate parameters such as Gain, Resonant Fre-
quency, and Radiation pattern. In this proposed work were implement by using 
HFSS v11.

SMULATION OUTPUT 

Figure 4- “O” shape MSP using HFSS V11

Figure 5- Return Loss

Figure 6- Gain

Figure 7- Radiation Pattern

V. ADS 2009 SIMULATOR:
In ADS 2009, “O” shape MSP design has been design with the following dimen-
sions. The permittivity of the substrate material (RT-Duroid) has 2. 2. The dielec-
tric height of the material is 1.5 mm, which will be helpful to reduce the surface 
wave loss. The mesh frequency of the design is 3 GHZ. The designed antenna has 
been simulated for 25 samples. From this simulation the Return loss and Smith 
chart for 50 ohm impedance.  The animated output and the antenna parameters 
are fetching from this simulator. This software is easy to get the output efficiently 
with short duration. 

SMULATION OUTPUT 

Figure 8- (a) “O” shape MSP using ADS 2009

Figure 8- (b) Radiation Pattern
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Figure 9- (a) Return Loss

Figure 9- (b) Gain
VI. REAL TIME WORK:
In the Real time work, the “O” shape Microstrip patch antenna has designed. Ini-
tially, the RT-Duroid plates are cleaned. With help of the Microstrip patch calcu-
lator and Em-talk the patch width, length, “O” dimensions and ground plate 
dimensions were calculated. The calculations have drawn perfectly with these 
dimensions. 

Material preparation: 
The Nano ceramic Meta materials (MCYF) are taken with correct ratio. The 
Materials measurement takes by using Denver instrument. To mix the distilled 
water with that material upto reach 250 Ml. Then, these mixtures have taken to 
Stirrering process. Our substrate material adjusts the PH value as 7 with help add-
ing ammonia. At 100°C the material gets heated. The liquid gets changed  to jell 
format. Then the heating process will be continued upto ash formation. Then 
final product has grained. Finally, the material sintered at 800°C. The substrate 
material is ready to apply in the substrate part.

The RT-Duoid plates are dipped in the ferric solution. That helps to remove the 
copper coating in the undefined part in the plates. Then edge feed method are 
implemented for input session. Now, the “O” shape antenna has designed. 
After that the outputs are taken with help of aronia spectrum analyzer.

Figure 10 – Return loss

Output Comparison:

VII. CONCLUSION:
Thus the design and simulation of “O” shape Microstrip patch antenna was suc-
cessfully designed and analyzed using Ansoft HFSSV11 & ADS 2009 with Real 
time Work. The Gain, resonating frequency & return loss are analyzed. With help 
of manual calculation the real time Gain will be 6.284db with RL=-86.85dBm. 
Hence these high gain and low return loss proved as the proposed design “O” 
shape patch provides high efficiency and superior radiation with miniaturization 
design. 

VIII. REFERENCE: 
1. Jia-Yi Sze and Kin-Lu Wong, “Slotted rectangular microstrip antenna for bandwidth 

enhancement,” IEEE Trans. On Antennas and Propag., vol. 48, no. 8, pp. 1149–1152, 
2000.

2. Kai Fang Lee, Shing Lung Steven Yang, Ahmed A. Kishk, and Kwai Man luk, “The ver-
satile u-slot patch antenna,” IEEE Antennas and Propagation Magazine, vol. 52, no. 1, 
February 2010GHz.

3. RKarli and H.Ammor, “Design of microstrip patch antenna for 3.6 GHz WIMAX 
application,” European Journal of Scientific Research. Lett.88, no. 4, pp.541-
549,October 2012.

4. Gauthier, Gildas P., Alan Courtay, and Gabriel M. Rebeiz. "Microstrip antennas on syn-
thesized low dielectric-constant substrates." Antennas and Propagation, IEEE Transac-
tions on volume 45, issue 8, pp 1310-1314, Aug 1997.

5. Modern Antenna Design by Thomas Milligan (2nd edn – Thomas Wiley and Sons). 
International Journal of Future Generation  Communication and Networking Vol. 6, 
No. 3, June, 2013.

6. Lydia Chioukh, et.al, “Dual-Band Linear Antenna Array for Harmonic Sensing Appli-
cations” IEEE 2016. 

7. Liling Sun, et.al, “A Butterfly-Shaped Wideband Microstrip Patch Antenna for Wire-
less Communication”, International Journal of Antennas and Propagation,Vol 2 Article 
ID 328208, 8 pages 2016.

8. Jaydeep Sadashiv, et.al, “Design of Flexible Microstrip Antenna for Wearable Applica-
tion”, International Journal For Research In Emerging Science And Technology, Vol-
ume-2, Issue-6, Jun-2015.

9. M. Ravi Kishore et.al,  “Design & Simulation Of Dual Band T-Shaped Slot Micro Strip 
Antenna For C-Band Applications”, Volume: 04 Issue: 09, September 2015.

10. Nitish Tiwari, et.al, “Design of U-Shape Microstrip Patch Antenna for Bluetooth 
Application At 2.4GHz”, International Journal of Innovation and Scientific Research 
ISSN 2351-8014 Vol. 6 No. 1, pp. 92-96, Aug. 2014.

11. Abhay Singh Kushwaha, et.al, “Design and Simulation of Rectangular and U Shap 
Microstrip Patch Antenna Using IE3D Software”, International Journal Of Innovative 
Research In Electrical, Electronics, Instrumentation And Control Engineering Vol. 2, 
Issue 8, August 2014.

12. Bhambhani, et.al, “Microstrip Patch Antenna Design For Gps Application Using Ads 
Software”, Journal Of Information, Knowledge And Research In Electronics And Com-
munication Engineering , Volume – 02, Issue - 02 Page 475, Nov 12 To Oct 13.

13. Gahan samy, et.al, “Tri-band microstrip antenna design for wireless communication       
applications”, Volume – 02, Issue - 01, Pages 39–44, June 2013.

14. Neşem Keskin, Umut Saka,and Taha Imeci “U-Shaped Microstrip Patch Antenna” 
April 10-14, 2012 - Columbus, Ohio 2012 ACES.

15. Ahmed Khidre, Kai Fang Lee, Fan Yang, and Ate' Eisherbeni Wideband Circularly 
Polarized E-Shaped Patch Antenna for Wireless Applications IEEE Antennas and Prop-
agation Magazine,Vol. 52, No.5, October 2010.

69International Educational Scientific Research Journal [IESRJ]

Research Paper E-ISSN No : 2455-295X | Volume : 2 | Issue : 8 | August 2016

Parameters
HFSS V11 
simulation 

Result

ADS 2009 
simulation 

Result

Real time design 
with manual 

calculation result

Resonating 
frequency

2.45 2.5 2.58

Gain 2.1962 5.0140 6.284

Return loss -32db -17db -86.85dBm
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