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ABSTRACT: The proposed microstrip-feed antenna mainly consists of circular monopole antenna (CMA) with
defected ground structure for cognitive radio application is presented. The proposed antenna uses FR-4 substrate having
thickness of 1.6mm and dielectric constant of 4.4. This antenna achieves an enhanced impedance bandwidth of
2.98GHz. Most of the work in cognitive radio domain has been done in the frequency range of 3.1GHz to 10 GHz, but
this paper presents a CMA operating over frequency band of 0.6GHz t03.58GHz. The proposed antenna was designed
and analyzed by using software HFSS (Higher frequency simulation software) 13.0 which is suitable for cognitive
radio applications.
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I.INTRODCUTION

The rapid growth of communication systems and the increase demand for frequency bands have caused a shortage in
the available RF spectrum. Current spectrum allocations are highly underutilized where it is found that the spectrum
can be idle for 90% of the time [8]. Cognitive radio system based on software defined architecture aims to improve the
spectrum utilization by changing the transmitter parameters based on the interaction with the environment in which it
operates [8].For cognitive radio application, both, a Wideband antenna for channel sensing and a reconfigurable
antenna for communication are required .

The concept of reconfigurable antenna refers to a change in the frequency characteristics, radiation pattern, impedance
bandwidth and polarization of an antenna by changing its aperture dimensions or geometry through electrical or
mechanical means. An antenna with reconfigurable frequency response can either switch abruptly from one frequency
band to another or continuously perform this task. The frequency response reconfigurability is achieved by actively
controlling the effective electrical length of the antenna thus enabling the antenna to operate in different frequency
bands. This is usually done by adding or removing a part or parts of the antenna through electrical, mechanical, optical,
or other means.

Defected patch structure (slit or slot in patch) is used to reduce size of antenna. Defected patch structure is realized by
etching the conducting patch and defected ground structure is realized by etching the conducting ground plane of
microstrip antenna. This disturbs the shield current distribution in the plane which influences the input impedance and
current flow of the antenna. The geometry of defected patch structure can be one or few etched structure, which is
simpler and does not need a large area to implement it.

Antenna at different resonances, reveal their dependence on the antenna dimensions and shapes. Cognitive radio
antenna integrated with DMS-BSF and inverted 7 shaped slot has been designed to achieve notch band characteristic
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[1]. L-shaped and staircase defect on left side and staircase defect with bend on right side ground plane antenna has
been used to achieve two resonant modes with excellent impedance performance [2].

Spider Microstrip Antenna with New Defected Ground Structure. DGS shapes achieve a size reduction about 41%
compared to dumbbell shape [4].

Two separate antennas are suggested with one directional for communications and the other omni-directional for
sensing. Single antenna cognitive radio platforms have also been proposed. The antenna used both for sensing and
communication.[1] Frequency agile functionality is achieved using a tunable filter.[6] Instead of multiple antennas or a
single wideband antenna, reconfigurable antennas are likely to be useful by combining wide and narrowband
functionality and also allowing some additional pre-filtering, which are now considered to be potentially vital to
successful cognitive radio operation [1].A triple-band monopole antenna suitable for WLAN applications is
proposed.[2] An ultra-wideband printed monopole antenna with dual band-notched characteristics is designed for
avoiding interference with Worldwide Interoperability for Microwave Access ( Wi-Max) (3.4 -3.69 GHz) and Wireless
Local Area Networks (WLAN) (5.15- 5.825 GHz).[3] The proposed antenna is operated in the S-band and X-band with
three resonant frequencies. The antenna has two resonance in the X-band used in Satellite communications other in the
S-band at 4.98GHz frequency [5].

Il. DESIGN PROCEDURE OF ANTENNA

The proposed circular monopole antenna is shown in Fig. 1, and the design parameters were calculated using the
following steps:

A. Radius of patch (A)

According to, the size of CMA can be calculated via the following equations [6]:

c 7.2

W= = Gmare o
L=2A (1)

Where f =800MHz is the lower band-edge frequency, P is the length of the 50Q feed line in cm, which has been
optimized for this design to 1.8mm , and the approximated value of eff is given by[6]:

er+l
Eff =
2 @
8ff =2.7
k = VEFf
k=1.64 3)

For FR4 substrate with thickness of 1.6 mm eeff =2.7. L is length of CMA respectively. Using equation (1) with
P=1.8mm, f =800MHz we estimated A=4cm.To keep margin in f_ radius is chosen as 4.5cm (45mm).

B. Microstrip Line Width (WStrL)

The microstrip line width has been calculated from the following equation [10]

oo 87 |( 5.98h j

Where Z, is the characteristic impedance of the microstrip line, h is the substrate thickness which has been taken
1.6mm as a typical value, t is the metallization thickness which is 0.035mm, Wstrl is the microstrip feed line width and
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&rfor FR4 substrate is 4.4. Therefore according to equation (4), for the characteristic impedance of 50Q. Wstrl must be
equal to 3mm.

C. Ground Plane Length ( Lg)[6]

Lg=-=— 5)

Where K = /&gt

fL=800MHz , eeff =2.7, we calculated value Lg which is approximately equal to 50mm.The radiated patch occupied a
total volume of 110 x 160 x1.6 mm.

11l GEOMETRY OF AN ANTENNA AND SIMULATION RESULTS
A. Geometry of Circular Monopole Antenna and Simulation Results

The proposed circular monopole antenna can be designed by using partial ground plane which is shown in Fig.1. The
circular monopole antenna with radius 45 mm, a 50 Q microstrip feed line are printed on one side of the FR4 substrate.
The length and the width of the dielectric substrate are 160x110 mm. The width of the microstrip feed line is fixed at
3mm to achieve 50Q impedance.

11hmm

a. top view b. bottom view
Figure 1 Geometry of designed circular monopole antenna
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Figure .2 Reflection coefficients [dB] versus frequency [GHZ] Figure. 3 VSWR versus frequency [GHz]
From the simulated result, a wide impedance bandwidth of about 1.53 GHz (0.31-1.84 GHz) has been achieved.

Minimum return loss is equal to -58.58db at resonance frequency of 1.40GHz and vswr equal to 1.0091 which is shown
in fig 3.
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Figure.4 Real and imaginary impedance versus frequency [GHz] Figure.5. Smith chart
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Figure.7. Surface current disntributsinon at 1.4 GHz

Figure.6. 2D and 3D radiation pattern at 1.4 GHz

50.42 ohm impedance and 0.1422 mho reactance has achieved at resonance frequency 1.4GHz which nearly equal to
expected values 50chm and Omho respectively.. 3D pattern is approximately omnidirectional and 2D pattern shows
vertical pattern i.e 8 shaped at theta =90 degree , phi=90 degree and horizontal pattern at theta =90 degree , phi=90

degree.
B. Size Reduction of Patch Using Slit

By incorporating slit in patch we can reduced the patch size to some extent and broad bandwidth can be achieved. If slit
is added on upper side of patch then there is no substantial change in radiation pattern as minimum surface current
distribution is present on upper side of patch.

a. top view b. bottom view
Figure 8. Geometry of reduced circular monopole antenna
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Figure 9 .Reflection coefficients [dB] versus frequency [GHz] Figure 10. VSWR versus frequency [GHz]
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CMA operates in the frequency range of 0.31GHz to 1.84 GHz i.e bandwidth is equal to 1.53GHz. By incorporating slit
in patch bandwidth can be increases to 2.87GHz.
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Figure 11. Real arﬁ{gmimaginary impedance versus frequency [GHz]
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Figure 13. 2D andw3D radiation pattern

C. Geometry of Circular Monopole Antenna with Slit and Dgs

Defected patch structure (slit or slot in patch) is used to reduce size of antenna. Defected patch structure is realized by
etching the conducting patch and defected ground structure is realized by etching the conducting ground plane of
microstrip antenna. This disturbs the shield current distribution in the plane which influences the input impedance and
current flow of the antenna. The geometry of defected patch structure can be one or few etched structure, which is
simpler and does not need a large area to implement it.

Figure 15. Geometry of CMA with slit and dgs
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Figure 16. Reflection coefficient [dB] versus frequency [GHz] Figure 17. VSWR versus frequency [GHz]

The VSWR plot shows the impedance bandwidth from 0.32GHz to 3.57GHz and the lowest value of VSWR is found to
be 1.10 at the frequency of 0.9GHz .The impedance bandwidth is calculated by considering VSWR in between 1 to 2.
Impedance plot shows that the impedance value 54.43 at 0.9 GHz which is close to 50Q. An antenna behaves as an
ultra wideband sensing antenna which works in the frequency range of 0.32GHz to 3.57GHz. Thus the antenna shows a
wide bandwidth of about 3.25GHz .The impedance bandwidth is calculated by considering the range of frequencies
below -10dB.The maximum return loss for the antenna is found to be -28.2dB at 0.9 GHz.  The gain of the antenna is
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found to be 1.469e+001dB and the 3D radiation pattern shows almost Omni-directional radiation pattern and 2D
radiation pattern shows a pattern of eight in E plane while it shows almost circular pattern in H plane.
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Figure 18. Real and Figure 19.

The impedance bandwidth is calculated by considering the range of frequencies below -10dB.The maximum return loss
for the antenna is found to be -28.2dB at 0.9 GHz
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Figure20. 2D and 3D radiation pattern Figure.21 surface current distribution at 1.103GHz
The gain of the antenna is found to be 1.469e+001dB and the 3D radiation pattern shows almost Omni-directional
radiation pattern and 2D radiation pattern shows a pattern of eight in E plane while it shows almost circular pattern in H
plane.

Table 1 shows comparison of antenna at different stages . At every stage bandwidth will goes on increasing compared
to previous one and other parameters are within the standard range.

Tablel. Comparison of simulated results

Antenna CMA CMA with reduced | CMA with reduced | CMA with reduced patch
performance patch patch using slit and | with slit, dgs , stubs and four
parameters dgs switches in off position
Frequency 0.31GHz — | 0.53GHz - 3.4GHz 0.32GHz - 3.57GHz | 0.6GHz — 3.58GHz
range 1.84GHz
BW 1.53GHz or | 2.87GHz or 146.05% | 3.25GHz or 167.09% | 2.98GHz or118.75%
142.32%
VSWR 1.009 GHz at| 1.25at1.4GHz 1.103 at 0.91GHz 1.09 at 0.91GHz
1.4GHz
Return loss -58.28db at | -26.88db at 1.4 GHz | -28.2db at 0.91GHz -31.48db at 0.91GHz
1.4GHz,
Impedance 50.42Q at 1.4 | 50.42Q at 1.4 GHz 51.68Q at 0.91GHz 53.72Q at 0.91GHz
GHz
Gain (db) 6.8db at 1.4GHz 4.24 db at 1.4GHz 1.4e+001 db  at | 1.19e+001db at 0.91
0.91GHz
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D. Geometry of Circular Monopole Antenna with Slit, Dgs, Four Stubs and Switches
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This antenna is further modified by connecting stubs with the switches. By appropriate combination of
switches the antenna works as a reconfigurable antenna. The geometry is further modified by addition of switches. The
reconfigurable antenna with four switches sl, s2, s3, s4 shown in fig 22. By operating the switches in different on/off
positions, the responses are studied and their combined response is also shown fig 24. It clearly indicates that with
change in on/off position of switches, the operating frequency range of antenna changes

Figure 22. Geometry of CMA with slit, dgs and four stubs and switches

Figure 23. Reflection
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From the simulated result, a wide impedance bandwidth from 0.644 to 3.58GHz has been achieved.

Figure 24. Reflection coefficient [dB] versus frequency [GHz]
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In fig 24 green colour indicate switch s1 and s4 are on s2 s3 are off. For this case bandwidth ranges from1.08 t01.95
GHzi.e0.87GHz. Antenna performance parameter like return loss , VSWR, gain, impedance came out to be -25db,
1.12, 5.19db,45.13chm at 1.5GHz.Blue colour indicate s10ff, s2 s3 s4 are on.For this case bandwidth ranges from (2.16
t03.31) GHz i.e 1.15GHz. Antenna performance parameter like return loss VSWR , gain impedance came out to be -

31db,1.05, 6.7db, 49.53 ohm at 2.55GHz.

Table.2: Three switchable cases and corresponding frequency bands.

Case | Frequency bands | SW1 | SW2 | SW3 | SW4
(GHz)
1 0.6 to 3.57 GHz off Off off off
2 1.8 t01.95 GHz on Off off on
3 2.16t03.31GHz | off On on on
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IV. CONCLUSION AND FUTURE SCOPE

The antenna can be used in a cognitive radio application for sensing and communicating purposes. The reconfigurable
functions are obtained using four switches. By switching ON and OFF status of the four switches, antenna can work in
four cases for underlay mode applications. As a result, they can well meet the WB cognitive radio requirement and
effectively change the modes to prevent potential interference between secondary user and primary users. In the future,
we will investigate the real switches, such as PIN diodes or switch circuit networks.

In the future, other reconfiguration techniques can be used such as electrical, mechanical. Fabrication of antenna can be
done with PIN diodes, varactor diode, MEMS switches, photoconductive switches etc.

One can also discuss the implementation of an automatic antenna tuning unit system (ATU) for software-defined and
cognitive radio. In order to meet the needs of the fast developing wireless and mobile services, further design and
optimization of the ATU antenna system may be required to ensure high efficiency (low loss), low-power consumption,
low profile, high speed tuning, and spurious free radiation in a particular application.

REFERENCES

[1] Yingsong Li, Wenxing Li, and Qiubo Ye, “ A Reconfigurable Triple-Notch-Band Antenna Integrated with Defected Microstrip Structure
Band-Stop Filter for Ultra-Wideband Cognitive Radio Applications” Hindawi Publishing Corporation International Journal of Antennas and
Propagation, Volume 2013, Article ID 472645, 13 pages.

[2] Sakshi Kapoor , Davinder Parkash ,” Miniaturized Triple Band Microstrip Patch Antenna with Defected Ground Structure for Wireless
Communication Applications”, Journal of Computer Applications (0975 — 8887) Volume 57— No.7, November 2012.

[3] M. M. Sharma, Ashok Kumar, Sanjeev Yadav, Y. Ranga,” An Ultra-wideband Printed Monopole Antenna with Dual Band-Notched
Characteristics Using DGS and SRR”, 2nd International Conference on Communication, Computing & Security [ICCCS-2012].

[4] R.S.Ghoname, M. A. Mohamed, A. EL. Hennawy ,”Reconfigurable Compact Spider Microstrip Antenna with New Defected Ground Structure
“, International Journal of Computer Applications (0975 — 8887) Volume 54— No.5, September 2012.

[5] Pavan Kumar Sharma, Veerendra Singh Jadaun ,” Multi-Band Rectangular Microstrip Patch Antenna with Defected Ground Structure and a
Metallic Strip”, international Journal of Technological Exploration and Learning (IJTEL) Volume 1 Issue 1 (August 2012).

[6] Khalil H. Sayidmarie, Yasser A. Fadhel,” Design Aspects of UWB Printed Elliptical Monopole Antenna with Impedance Matching”, 2012
Loughborough Antennas & Propagation Conference 12-13 November 2012, Loughborough, UK.

[71 Mohammed Al-Husseini, Ali Ramadan, Youssef Tawky, Christos Christodoulouy, Karim Kabalan, Ali El-Hajj,” A Planar Ultrawideband
Antenna with Multiple Controllable Band Notches for UWB Cognitive Radio Applications”, Proceedings of the 5th European Conference on
Antennas and Propagation (EUCAP).

[8] Y. Tawk, S. Hemmady, C. G, Christodoulou, J. Costantine, G. Balakrishnan ,” A Cognitive Radio Antenna Design Based on Optically Pumped
Reconfigurable Antenna System (OPRAS)”, 2011 IEEE

[9] Youssef Tawk, Joseph Costantine, Sameer Hemmady, Ganesh Balakrishnan, Keith Avery, and Christos G. Christodoulou,” Demonstration of a
Cognitive Radio Front End Using an Optically Pumped Reconfigurable Antenna System (OPRAS)”, IEEE Transactions on Antennas and
Propagation, Vol. 60, no. 2, February 2012.

[10] Khalil H. Sayidmarie, Yasser A. Fadhel,” Design Aspects of UWB Printed Elliptical Monopole Antenna with Impedance Matching”, 2012
Loughborough Antennas & Propagation Conference 12-13 November 2012, Loughborough, UK.

[11] Y. Tawk, S. Hemmady, C. G, Christodoulou, J. Costantine ,G. Balakrishnan ,” A Cognitive Radio Antenna Design Based on Optically Pumped
Reconfigurable Antenna System (OPRAS)”, 2011 IEEE

[12] C.A. Balanis, Antenna Theory: Analysis and Design, New York, John Wiley &Sons, 1997.

[13] J. Mitola , “Cognitive radio: An integrated agent architecture for software defined radio,” PhD thesis, Royal Institute of Technology (KTH),
Stockholm, Sweden, 2000.

[14] Manoj Joseph ,”Microstrip-Fed Compact Dual Band Planar Antenna”, PhD thesis, Cochin University Of Science And Technology,Cochin-22,
India, October 2010.

[15] M. Al-Husseini, Y. Tawk, C. G. Christodoulou, K. Y. Kabalan, and A. El-Hajj ,” Design of an Antenna with Reconfigurable Band Rejection
for UWB Cognitive Radio” PIERS Proceedings, Marrakesh, MOROCCO, March 20, 2011

[16] Mohammed Al-Husseini, Karim Y. Kabalan, Ali El-Hajj and Christos G. Christodoulou, “Reconfigurable Microstrip Antennas for Cognitive
Radio”, Intech, open science, open minds, 2013.

[17] Y. Tawk, and C. G. Christodoulou,” A New Reconfigurable Antenna Design for Cognitive Radio”, 2009 IEEE.

Copyright to JAREEIE WWW.ijareeie.com 8675



