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1. INTRODUCTION

The rapid expansion and development of wireless communication technologies has supported a huge
increase in the demand for multiband and frequency reconfigurable patch antennas (FRPA) [1], [2].
Transceivers in today’s wireless communication systems must support many communication technologies at
the same time, such as long term evolution (LTE), wireless local-area network (WLAN), Bluetooth, and
worldwide interoperability for microwave access (WiMAX). Different frequencies are used by these
technologies. Utilizing a single antenna capable of working in various bands is more convenient and efficient
than using multiple antennas. A dynamical response will be provided by an antenna system that can operate
in different bands and has frequency reconfiguration capabilities [3]-[5]. The reconfigurable antennas have
advantages; reduces the number of antennas required, saves energy with reduced mutual interferences hence
reduce the interferences between the users, and reduces congestion [6].

The reconfigurable antennas find applications as presented in [7]-[9], such as Spectrum
re-allocation, multiple services in a single device, exclusion of filtering at front end. To improve out-of-band
removal, compact antennas reduce the mobile devices’ form factor, software defined radio, multiple input,
multiple output (MIMO) antenna systems, and cognitive radios. Reconfigurable antennas can be classified
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based on frequency, polarization, radiation pattern, bandwidth, and an amalgamation of any two of the
above [10]. Any of the approaches listed below can be used to develop frequency tunable antennas:
i) electrical method: the surface currents are redirected by use of generally accepted auditing standards
(GaAs) field-effect transistor (FETs), PIN diodes, varactor diodes or micro-electro-mechanical systems
(MEMs) devices [11]-[13]. GaAs FET is used with drain to source biasing current being zero has low power
consumption but exhibits higher loss with poor linearity. PIN diodes can be used with low cost and lower
losses but has an ON state direct current (DC), which reduces power efficiency. By using varactor diodes
continues reactive tuning can be achieved, but poor linearity is the major disadvantage; ii) optical method:
integration of an optical switch reconfigures the antenna structure. No need of complicated biasing lines so
there will be no distortion in the radiation pattern, losses and interferences [14], [15]. The photoconductive
material is switched ON or OFF by illuminating light from light amplification by stimulated emission of
radiation (LASER) diode. These exhibit linear property and does not produce inter-modulation products or
harmonics. But optical switches need complex activation and has losses; iii) physical method: the radiating
parts of the antenna are structurally modified by using some mechanical rotational mechanism such as a
motor [16]. It is possible to avoid the use of switching devices and biasing lines. However, due to its larger
construction, it is difficult to include into small and compact gadgets; and iv) material based method:
reconfigurablity properties of an antenna can be obtained by using special materials like meta-materials or
ferrites [17]. The relative permittivity or permeability of a ferrite material can be altered by applying an
electric or magnetic field, respectively. Under different voltage levels, the dielectric constant can be altered
by changing the direction of the liquid crystal molecules. From the above stated methods we can effectively
achieve frequency reconfiguration.

Table 1 presents the comparison of FRPA found in the recent literature. The mechanical method
presented in [18] does not suit for cognitive radio networks (CRN) applications. Khan et al. [19] have
presented FRPA using 4 PIN diodes, though the gain obtained is above 0 dBi but the dimensions suggest the
antenna is not compact, and the main disadvantage of such a radiating component is that it is not continuous
frequency reconfigurable. For CRN, we require antennas able to transmit at adjacent channels if it is found
vacant by sensing the spectrum. So is the case with the antennas proposed in [20]-[23]. Ahmad et al. [24]
proposed a very compact square patch antenna with a horizontal slot placed with a varactor diode standard
minute value (SMV) 1234. It is possible for tuning from 1 to 1.16 GHz by variation of applied bias from 0 to
7 V with a totable ratio of 1.15 which is very small. With a modification in varactor capacitance from 2.25 to
0.16 pF, Yoon et al. [25] built a reconfigurable antenna utilizing a varactor diode for LTE application in the
frequencies of 690-804 MHz and 1,704-2,268 MHz. But the antenna is very bulky with a profile thickness of
8 mm. In [26] Meng designed a wideband tunable patch antenna, the measured frequency varying from
1.47 to 1.84 GHz. By changing the reverse bias voltage of the diodes from 0 to 20 V, the measured frequency
agility was mentioned to be 24%. However, in order to achieve this quality, the layout used a great number of
varactor diodes and had a large footprint. The proposed antenna is reconfigurable for continuous frequencies
of minimum 20 MHz bandwidth and is tunable from 2.90 to 5.32 GHz in four bands.

Table 1. Comparison of FRPAs in recent literature and this work
Reference#  Reconfiguration method  Continuous freq.  Tunability ratio

[18] Mechanical NO 1.41
[19] 4 PIN Diodes NO 1.63
[20] PIN Diode NO 1.27
[21] PIN Diode NO 1.24
[22] PIN Diode NO 121
[23] PIN Diode NO 1.81
[24] Varactor Diode Yes 1.15
[25] Varactor Diode Yes 1.25
This Work Two Varactor Diodes Yes 1.93

The constant development of new wireless communication technologies has increased the demand
for frequency band. According to Federal Communications Commission (FCC) guidelines, a frequency
spectrum is assigned to licenced and unlicensed users. To meet the demand for bandwidth, an analysis of
spectrum occupancy is required. A large number of measurement campaigns were carried out around the
world to analyse spectrum occupancy [27]-[30]. It varies between 15% and 60% factors such as location and
time. This is useful for temporarily allowing secondary users to use the unused spectrum of licenced and
unlicensed primary users’ bands without interfering with them. This idea is used in cognitive radio, where an
intelligent cognitive engine detects spectrum behaviour and predicts the channel’s occupancy status.
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The main motto of this article is to design a communication antenna for application in CRN.
Chandhar and Pai [31], have identified the spectrum holes in the communication bands. Live spectrum
occupancy can be observed in [32], according to this, with occupancy threshold of 15 dB for outdoor
application, the channel occupancy is nil from 1.32 to 4.85 GHz and for except these frequencies the
occupancy is less than 50%. The total band occupancy from 0.00 Hz to 6.00 GHz is about 8.60% as
presented in Figure 1(a). The channel occupancy is 0 % in the frequency range 2.9 to 3.0 GHz measured for a
bandwidth of 100 MHz as presented in Figure 1(b), even with a threshold of 7 dB in outdoor. Similarly it is
observed that for a bandwidth of 120 MHz with centre frequency 2.96 GHz, the channel occupany is below
45%. With 4,650 MHz center frequency, 100 MHz bandwidth the spectrum occupancy is 0%, of threshold
12 dB in outdoor. It is also observed that with threshold values ranging from 0 to 13 dB, the average channel
occupancy in the 5 GHz band of 320 MHz width is 50%, while occupancy above 13 dB threshold is 0%. At
all locations, similar channel occupancy statistics are observed. These bands open up the spectrum for
secondary users (SU) to communicate at lower power levels in cognitive radio (CR) environment.

As a result, for CR applications, we must construct an antenna that is frequency reconfigurable in
the discovered spectrum holes for spectrum opportunistic SU. In subsection 2.1 design method is presented,
in subsection 2.2 the use of varactor diode and in section 3, the simulated results obtained are presented and
analysed to recognize the applied biasing voltage to the varactor diode to operate in the opportunistic
spectrum white spaces.
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Figure 1. Spectrum occupancy for outdoor CR application as in [32] (a) with threshold of 15 dB over 0 Hz to
6 GHz and (b) with threshold of 7 dB at 2.95 GHz over time

2. MICRO-STRIP RECTANGULAR PATCH ANTENNA

A rectangular patch antenna is extensively investigated because of the reasons mentioned in
subsection 2.1. This patch has a ground plane on one side and planar or non-planar radiating geometry on the
other side of the substrate material. The chosen substrate is FR4 of thickness 1.6 mm, the ground plane and
the radiating patch is copper of thickness negligible, a pec (perfect electrical conductor). The following
section presents the mathematical relations for designing a rectangular patch antenna at a resonant frequency.
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2.1. Method

A microstrip patch antenna is simple, low profile, compact, economical, light weight, flexible to flat
and non-flat surfaces and appropriate with monolithic microwave integrated circuits (MMIC) designs [33].
The basic shape of a microstrip patch antenna can be a rectangle, a square, an elliptical, a round, a triangle, a
loop, a polygon, or their complicated permutations to fulfill specific design needs [34]. Figure 2 presents a
basic and typical rectangular patch antenna with ground plane, substrate, radiating patch on the substrate in
Figure 2(a), and coaxial feed from bottom via ground and substrate and e-field distribution in Figure 2(b).
The effective relative dielectric constant is given by (1) [35]:

w
fOT' 7> 1
1
r+1 =1 h]l 2
Erepr = 0+ 2 1+ 122] 2 1)

where, L is length of the radiating patch, W is width, h is substrate height, and &; is substrate relative dielectric
constant. The effective relative dielectric constant is a constant value for lower frequencies. But as the
frequency increases, its value increases and reaches the actual value of & for further increase in frequency.

Fringing effect makes the patch electrically greater than its physical dimensions. Therefore an
approximate normalized extensions of the patch length is [36]:

8 _ o412 Eret +°'3)(¥T§'264) @)
h (erepr—0.258)(%+08)

Therefore, the total length considering length extension on both side of the patch by AL, is expressed as (3).

For good radiation efficiencies, the practical width of the patch is given by (4) [36]:

1 2 v [ 2
W= N / 4
2frMo€o N\ 1+er 2fr A 1+&r ( )

where, v, is equal to speed of light in vacuum and the actual length of the patch is, for frequency of
resonance f,1.

1
L=—————-2AL
2fr\Ereffy oo (5)

For f,=5.8 GHz, with the help of above from (1) through (5), the dimensions obtained for the rectangular
patch are length, L=11.74 mm, width, W=15.73 mm. The measurements for ground plane and the substrate
are calculated to be as 6h+L=21.34 mm, 6h+W=25.33 mm. Figure 3 presents the basic rectangular patch
antenna structure with patch and ground dimensions in Figure 3(a). Two slots of width 2 mm oriented at an
angle of 45 degrees are made in the radiating patch at the corners as shown in Figure 3(b).

Patch

Fringe Field

Ground Electric Field
h Substrate, £, Coax Feed
() (b)
Figure 2. A typical rectangular microstrip coax feed patch antenna (a) top view and (b) side view showing
coaxial feed
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Figure 3. Designed rectangular patch antenna with coax feed, (a) ground plane and (b) varactor diodes in
slots on radiating patch on top

2.2. Variable capacitor diode

Varactor diode is a not a simple p-n junction diode, but it is a variable capacitance diode, whose
internal capacitance can be changed continuously by changing the applied reverse bias voltage. Two varactor
diodes are inserted in the slots, one each in the two slots. The varicap diodes are implemented as resistance,
inductance, and capacitance (RLC) lumped boundary in high-frequency structure simulator (HFSS)
electromagnetic (EM) simulation tool. The equivalent circuit of a RF varactor diode with applied reverse
voltage is presented in Figure 4(a). By continuous changing the DC bias voltage to the varactor diodes, the
effective capacitance can be changed [37]-[39]; the variation of total capacitance with respect to reverse
voltage across varactor diode is tabulated in Figure 4(b) [40]. Skywork’s varactor diode SMV 1281 series, is a
surface mount, hyperabrupt varicap diodes which are made for high capacitance tuning ratios and low series
resistance for wideband applications [41]. When the applied DC voltage across the varactor diode varies from
0 to 20 volts, the total capacitance of the diode varies from 13.30 to 0.69 pF. Accordingly, the electrical
length of the patch radiator changes and results into frequency agility.

PORT
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port=1 14

12

10

RES

Capacitance (pF)
/

R= E: | EAP \
— CP= G 4 N
DIODE 2
Varactor_Diode
AREA =1
MODEL = Diode_Model 0
MODE = nonlinear 0 2 4 6 8 10 12 14 16 18 20
PORT
P_Cathode Reverse Voltage (V)
port=2
(@) (b)

Figure 4. Varactor diode (a) SPICE model and (b) variation of capacitance of varactor diode with applied
reverse voltage [40]

3. ANALYSIS OF RESULTS TO DETERMINE BIASING VOLTAGES

HFSS electromagnetic tool is used for simulating the designed patch antenna. Figure 5 presents the
implementation of the proposed rectangular patch antenna in Figure 5(a) and incorporating varactor diodes in
the slots in Figure 5(b) using HFSS. The substrate used is FR4 which is cheaply available in the market. The
standard thickness of FR4 substrate is h=1.6 mm. The thickness of patch and ground plane is considered to
be negligible because the material assignment is pec-perfect electrical conductor. The simulation is carried
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first with the two slots without the varactors. The return loss Si1 in Figure 6(a), VSWR in Figure 6(b),
two-dimensional radiation pattern in Figure 6(c), and three-dimensional radiation pattern in Figure 6(d) are
presented. The return loss is lowest at 4.4133 GHz frequency for the capacitance values of 0 pF both, at
which the VSWR is the lowest p=1.2683. Therefore, we can obtain very good radiation from the antenna
with high efficiency. At this frequency the maximum gain obtained is 2.7 dB. A broad side radiation pattern
is achieved, which is suitable for cognitive radio applications.

(@)

(b)

Figure 5. The suggested patch antenna implemented in HFSS (a) top view, and

(b) with varactor diodes in the slots
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Figure 6. HFSS executed results for the proposed patch antenna with capacitance values of 0 pF: (a) return
loss, (b) VSWR, (c) two-dimensional radiation pattern, and (d) three-dimensional radiation pattern
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Following that, simulation is performed with parametric sweep for various combinations of
capacitances for the two varactor diodes with values ranging from 0.69 to 13.3 pF as a result of biasing
voltages ranging from 20 to O V. Figure 7 depicts the obtained return loss. There are four bands obtained: one
at 3 GHz, one at 4.2 GHz, one at 4.6 GHz, and one at 5.2 GHz. These are the communication bands with
channel occupancy very less as identified earlier. The DC bias voltage across the varactors to obtain these
operating bands for the proposed antenna are listed in Table 2.
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Figure 7. Return loss obtained by tuning the capacitance of varactor diodes at various values as mentioned

Figure 8 depicts the two-dimensional radiation patterns for the E-plane and H-plane in the four
bands mentioned. For all of the resonant frequencies stated above, the radiation patterns have similar forms.
The direction of maximal gain radiation is around 0 degrees. As a result, the suggested antenna is
unidirectional, with a steady emission pattern over a large frequency range. The maximum gain obtained is
4.79 dB at 5.733 GHz resonant frequency. Gains at other tunable resonant frequencies are maintained above
2.59 dB. The proposed antenna can be tuned to these frequencies for transmission.

Table 2. The required biasing voltages for various frequencies

Band-1 Band-2 Band-3 Band-4
Frequency V1, V2 Frequency V1, V2 Frequency V1, V2 Frequency V1, V2
MHz) CEC20PR) o) mHz) T C2 PR ois)  (MHZ) G C2 PR (wois)  (Mbz). B C2 PR (oirs)

2.901 13.3,2 0,6 4141 133,1 0,11 4521 078,081 16,15 4881 133,86 0,1
2941 133,14 0,8 4161 133,094 0,12 4581 075094 17,12 4901 133,133 0,
2961 133,12 0,9 4181 133,089 0,13 4601 078,085 16,14 4961 133,63 0,
2981 133,11 0,10 4201 133,085 0,14 4641 078,073 16,18 5101 133,12 0
3001 133,10 0,11 4221 133,081 0,15 4661 078,069 16,20 5141 133,078 0
3.021 133,094 0,12 4241 133,078 0,16 4681 075069 17,20 5161 133,071 O

3041 07586 17,1 4261 133,073 0,18 5181 133,069 0
2.901 13.3,2 0,6 4141 13.3,1 0,11 4521 078,081 16,15 4881 133,86 0,1

o N O

’

N

6
9
0

The resonant frequency and radiation characteristics vary notably for varying DC biasing voltages.
This is because of changing E-field distribution. By varying the DC bias voltages from 0 to 20 volts, the
resonant frequency is altered between 2.901 to 5.321 GHz. With increasing bias voltage and decreasing
capacitance, the resonant frequency shifts toward a higher value. The capacitance of varicap diodes decreases
as the DC bias voltage rises, resulting in a shorter equivalent electrical length of antenna. As a result, the
resonant frequency increases.
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Figure 8. Two-dimensional radiation patterns obtained at the above mentioned frequencies with respect to the

values of capacitances shown in Figure 7

Figure 9 depict E-field distribution obtained in the band-1 in Figure 9(a), in the band-2 in
Figure 9(b), in the band-3 in Figure 9(c), and in the band-4 in Figure 9(d), of operation of the antenna. It is
noted that the E-field distributions are different at different frequency bands. For the mentioned tunable
frequencies, the return loss is below -10 dB. The comprehensive performance of the suggested antenna
complacent the requirements of cognitive radios. Performance of the antenna is compared with similar
previous work of other authors and is summarized in Table 3. The suggested antenna is compact in size, uses
only two varicap diodes, quite uncomplicated to fabricate and display wide tunable ranges of frequencies

between 2.901 and 5.321 GHz in four different bands.

Table 3. Comparison of performance of the suggested antenna with other works

Ref. Size (mm?®) No. of diodes  Range of frequencies  Gain (dB)
[42] 33.9x38x1.6 4 (5.35 t0 7.00) GHz 450
[43] 80x80x2.4 2 (3.50t03.90) GHz  3.80t0 6.00
[44] 70x70x2.0 2 (2.451t03.55) GHz  4.251t0 8.49
[45] 50x50x3.04 5 (1.98t03.59) GHz  0.20t0 4.80
This work ~ 25.34x25.33x1.6 2 (2.90 t0 5.32) GHz 2.591t04.79
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Figure 9. E-field distributions in (a) Band-1(b) Band-2 (c) Band-3, and (d) band-4

4. CONCLUSION

Sparse spectrum occupancy and spectrum holes are first investigated. This enables the SUs to utilize
the opportunities and transmit or receive their signals without interference with the primary users. A
frequency reconfigurable antenna is a need of the hour for wireless communication engineers. We have
designed a compact rectangular patch antenna at resonant frequency 5.8 GHz with coaxial feed for
transmission or reception in the spectrum holes. To realize the frequency agility function we have made two
slots at the corners of the patch and introduced two variable capacitance functionalities in HFSS for
varactors. This makes electrical length of the antenna to change. A stable unidirectional radiation pattern is
observed. The proposed antenna is simple, compact, easy to fabricate, have good tunability ratio, and
continuous frequency tuneable. There is a huge demand for such antennas in wireless communication and
cognitive radio applications to reduce the number of antennas.

REFERENCES

[1] Y. Chen, B. Ai, Y. Niu, R. He, Z. Zhong, and Z. Han, “Resource allocation for device-to-device communications in multi-cell
multi-band heterogeneous cellular networks,” IEEE Transactions on Vehicular Technology, vol. 68, no. 5, pp. 47604773, May
2019, doi: 10.1109/TVT.2019.2903858.

[2] B. Thors et al., “Radio frequency electromagnetic field compliance assessment of multi-band and MIMO equipped radio base
stations,” Bioelectromagnetics, vol. 35, no. 4, pp. 296-308, May 2014, doi: 10.1002/bem.21843.

[31 W. Tian, D. Wu, Q. Chao, Z. Chen, and Y. Wang, “Application of genetic algorithm in MxN reconfigurable antenna array based
on RF MEMS switches,” Modern Physics Letters B, vol. 32, no. 30, Oct. 2018, doi: 10.1142/S0217984918503657.

[4] A. Yadav, M. Tewari, and R. P. Yadav, “Pixel shape ground inspired frequency reconfigurable antenna,” Progress In
Electromagnetics Research C, vol. 89, pp. 75-85, 2019, doi: 10.2528/PIERC18082102.

[5] R. George, S. Kumar, S. A. Gangal, and M. Joshi, “Frequency reconfigurable pixel antenna with pin diodes,” Progress In
Electromagnetics Research Letters, vol. 86, pp. 59-65, 2019, doi: 10.2528/PIERL19051803.

[6] C. G. Christodoulou, Y. Tawk, S. A. Lane, and S. R. Erwin, “Reconfigurable antennas for wireless and space applications,”
Proceedings of the IEEE, vol. 100, no. 7, pp. 2250-2261, Jul. 2012, doi: 10.1109/JPROC.2012.2188249.

[71  G. H. Huff, J. Feng, S. Zhang, and J. T. Bernhard, “A novel radiation pattern and frequency reconfigurable single turn square
spiral microstrip antenna,” IEEE Microwave and Wireless Components Letters, vol. 13, no. 2, pp. 57-59, Feb. 2003, doi:
10.1109/LMWC.2003.808714.

Frequency reconfigurable rectangular patch antenna for ... (Manjunatha Kurugodu Hanumanthappa)




588

a ISSN: 2088-8708

(8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]
[36]

[37]
[38]

[39]

[40]

H. Singh, R. Kanwar, and M. Singh, “Steering wheel shaped frequency reconfigurable antenna for cognitive radio,” Journal of
Engineering Research and Applications, 2014.

G. H. Huff and J. T. Bernhard, “Integration of packaged RF MEMS switches with radiation pattern reconfigurable square spiral
microstrip antennas,” |EEE Transactions on Antennas and Propagation, vol. 54, no. 2, pp. 464-469, Feb. 2006, doi:
10.1109/TAP.2005.863409.

J. Costantine, Y. Tawk, and C. G. Christodoulou, “Reconfigurable antennas,” in Handbook of Antenna Technologies, Singapore:
Springer Singapore, 2016, pp. 1737-1772.

S.-S. Oh, Y.-B. Jung, Y.-R. Ju, and H.-D. Park, “Frequency-tunable open-ring microstrip antenna using varactor,” in 2010
International Conference on Electromagnetics in Advanced Applications, Sep. 2010, pp. 624-626, doi:
10.1109/ICEAA.2010.5652325.

R. L. Haupt, J. Flemish, and D. Aten, “Adaptive nulling using photoconductive attenuators,” IEEE Transactions on Antennas and
Propagation, vol. 59, no. 3, pp. 869-876, Mar. 2011, doi: 10.1109/TAP.2010.2103007.

K. Topalli, E. Erdil, O. A. Civi, S. Demir, S. Koc, and T. Akin, “Tunable dual-frequency RF MEMS rectangular slot ring
antenna,” Sensors and Actuators A: Physical, vol. 156, no. 2, pp. 373-380, Dec. 2009, doi: 10.1016/j.sna.2009.10.005.

R. N. Lavallee and B. A. Lail, “Optically-controlled reconfigurable microstrip patch antenna,” in 2008 IEEE Antennas and
Propagation Society International Symposium, Jul. 2008, pp. 1-4, doi: 10.1109/APS.2008.4618978.

A. C. S. Junior, L. Feliciano da Costa, L. T. Manera, and J. A. Diniz, “Optically controlled reconfigurable antenna array based on
e-shaped elements,” International Journal of Antennas and Propagation, pp. 1-8, 2014, doi: 10.1155/2014/750208.

P. Anumuthu et al., “Design of frequency reconfigurable patch antenna for sensing and tracking communications,” Applied
Computational Electromagnetics Society, vol. 35, no. 12, pp. 1532-1538, Feb. 2021, doi: 10.47037/2020.ACES.J.351212.

L. Liu and R. J. Langley, “Liquid crystal tunable microstrip patch antenna,” Electronics Letters, vol. 44, no. 20, 2008, doi:
10.1049/el:20081995.

X. Chen and Y. Zhao, “Dual-band polarization and frequency reconfigurable antenna using double layer metasurface,” AEU-
International Journal of Electronics and Communications, vol. 95, pp. 82-87, Oct. 2018, doi: 10.1016/j.aeue.2018.08.001.

T. Khan, M. Rahman, A. Akram, Y. Amin, and H. Tenhunen, “A low-cost CPW-fed multiband frequency reconfigurable antenna
for wireless applications,” Electronics, vol. 8, no. 8, Aug. 2019, doi: 10.3390/electronics8080900.

I. A. Shah et al., “Design and analysis of a hexa-band frequency reconfigurable antenna for wireless communication,” AEU-
International Journal of Electronics and Communications, vol. 98, pp. 80-88, Jan. 2019, doi: 10.1016/j.aeue.2018.10.012.

W. A. Awan et al., “Design and realization of a frequency reconfigurable antenna with wide, dual, and single-band operations for
compact sized wireless applications,” Electronics, vol. 10, no. 11, May 2021, doi: 10.3390/electronics10111321.

A. Ghaffar, X. J. Li, W. A. Awan, A. H. Nazeri, N. Hussain, and B.-C. Seet, “Compact multiband multimode frequency
reconfigurable antenna for heterogeneous wireless applications,” International Journal of RF and Microwave Computer-Aided
Engineering, vol. 31, no. 7, Jul. 2021, doi: 10.1002/mmce.22659.

N. Hussain, A. Ghaffar, S. I. Naqvi, A. Iftikhar, D. E. Anagnostou, and H. H. Tran, “A conformal frequency reconfigurable
antenna with multiband and wideband characteristics,” Sensors, vol. 22, no. 7, Mar. 2022, doi: 10.3390/s22072601.

M. Al Ahmad, S. Kabeer, A. A. Sanad, and L. J. A. Olule, “Compact single-varactor diode frequency-reconfigurable microstrip
patch antenna,” IET Microwaves, Antennas and Propagation, vol. 15, no. 9, pp. 1100-1107, Jul. 2021, doi: 10.1049/mia2.12117.
C. Yoon, S.-G. Hwang, G.-C. Lee, W.-S. Kim, H.-C. Lee, and H.-D. Park, “A reconfigurable antenna using varactor diode for
LTE MIMO applications,” Microwave and Optical Technology Letters, vol. 55, no. 5, pp. 1141-1145, May 2013, doi:
10.1002/mop.27479.

F. Meng, S. K. Sharma, and B. Babakhani, “A wideband frequency agile fork-shaped microstrip patch antenna with nearly
invariant radiation patterns,” International Journal of RF and Microwave Computer-Aided Engineering, vol. 26, no. 7,
pp. 623-632, Sep. 2016, doi: 10.1002/mmce.21010.

S. S. Shirgan and U. L. Bombale, “A wide axial ratio bandwidth circularly polarized antenna for spectrum occupancy
measurement campaign,” International Journal of Future Generation Communication and Networking, vol. 10, no. 9, pp. 49-56,
Sep. 2017, doi: 10.14257/ijfgcn.2017.10.9.05.

K. Patil, K. Skouby, A. Chandra, and R. Prasad, “Spectrum occupancy statistics in the context of cognitive radio,” in 2011 The
14th International Symposium on Wireless Personal Multimedia Communications (WPMC), 2011, pp. 1-5.

V. Valenta, R. Marsalek, G. Baudoin, M. Villegas, M. Suarez, and F. Robert, “Survey on spectrum utilization in Europe:
Measurements, analyses and observations,” in 5th International ICST Conference on Cognitive Radio Oriented Wireless Networks
and Communications, 2010, doi: 10.4108/ICST.CROWNCOM2010.9220.

M. Mehdawi, N. G. Riley, M. Ammar, A. Fanan, and M. Zolfaghari, “Spectrum occupancy measurements and lessons learned in
the context of cognitive radio,” in 2015 23rd Telecommunications Forum Telfor (TELFOR), Nov. 2015, pp. 196-199, doi:
10.1109/TELFOR.2015.7377446.

P. Chandhar and V. U. Pai, “On collaborative radio frequency observatory in India,” in 2020 IEEE International Conference on
Advanced Networks and Telecommunications Systems (ANTS), Dec. 2020, pp. 1-6, doi: 10.1109/ANTS50601.2020.9342793.

S. Rajendran et al., “Electrosense: open and big spectrum data,” IEEE Communications Magazine, vol. 56, no. 1, pp. 210-217,
Jan. 2018, doi: 10.1109/MCOM.2017.1700200.

K. Carver and J. Mink, “Microstrip antenna technology,” IEEE Transactions on Antennas and Propagation, vol. 29, no. 1,
pp. 2-24, Jan. 1981, doi: 10.1109/TAP.1981.1142523.

C. A. Balanis, Antenna theory: analysis and design, 3rd Editio. John Wiley and Sons, 2005.

C. A. Balanis, Advanced engineering electromagnetics. John Wiley and Sons, 1989.

E. O. Hammerstad, “Equations for microstrip circuit design,” in 1975 5th European Microwave Conference, Oct. 1975,
pp. 268-272, doi: 10.1109/EUMA.1975.332206.

1. J. Bahl, P. Bhartia, and P. Bhartia, Microstrip antennas. Artech House, 1980.

K. Buisman et al., “Varactor topologies for RF adaptivity with improved power handling and linearity,” in 2007 IEEE/MTT-S
International Microwave Symposium, Jun. 2007, pp. 319-322, doi: 10.1109/MWSY M.2007.380416.

M. Akaike, T. Ohira, K. Inagaki, and Q. Han, “An analysis of nonlinear terms in capacitance-voltage characteristic for anti-series-
connected varactor-diode pair,” International Journal of RF and Microwave Computer-Aided Engineering, vol. 14, no. 3,
pp. 274-282, May 2004, doi: 10.1002/mmce.20010.

B. Babakhani and S. K. Sharma, “Investigations on frequency agile microstrip patch antenna loaded with varactor diode,” in 2013
IEEE Antennas and Propagation Society International Symposium (APSURSI), Jul. 2013, pp. 664-665, doi:
10.1109/APS.2013.6710992.

Int J Elec & Comp Eng, Vol. 13, No. 1, February 2023: 579-589



IntJ Elec & Comp Eng ISSN: 2088-8708 a 589

[41]
[42]

[43]

[44]

[45]

Skywork, “SMV1281 series: Hyperabrupt junction tuning varactors,” Skyworks Solutions, Inc., pp. 1-7, 2015, Accessed:
Sept. 29, 2021. [Online]. Available: https://www.skyworksinc.com/-/media/B792936 D80E7477FA7TA08EB56F004FCB.pdf

C. Guo et al., “Variode enabled frequency-reconfigurable microstrip patch antenna with operation band covering S and C bands,”
Progress In Electromagnetics Research M, vol. 88, pp. 159-167, 2020, doi: 10.2528/PIERM19110204.

H. Tateno, S. Saito, and Y. Kimura, “A frequency-tunable varactor-loaded single-layer ring microstrip antenna with a bias circuit
on the backside of the ground plane,” in 2016 IEEE International Symposium on Antennas and Propagation (APSURSI), Jun.
2016, pp. 829-830, doi: 10.1109/APS.2016.7696123.

Y.-M. Cai, K. Li, Y. Yin, S. Gao, W. Hu, and L. Zhao, “A low-profile frequency reconfigurable grid-slotted patch antenna,” IEEE
Access, vol. 6, pp. 36305-36312, 2018, doi: 10.1109/ACCESS.2018.2850926.

H. A. Majid, M. K. A. Rahim, M. R. Hamid, N. A. Murad, and M. F. Ismail, “Frequency-reconfigurable microstrip patch-slot
antenna,” |EEE Antennas and Wireless Propagation Letters, vol. 12, pp. 218-220, 2013, doi: 10.1109/LAWP.2013.2245293.

BIOGRAPHIES OF AUTHORS

Manjunatha Kurugodu Hanumanthappa BB 2 s with Proudhadevaraya Institute of
Technology, Hosapete, Karnataka, Indiasince 2004. He received the B.E. degree in Electronics
and Communication Engineering in 2002. He got the M.Tech. degree in Digital Electronics
and Communication Systems MCE, Hassan from Visvesvaraya Technological University in
2008. He became an Assistant Professor in 2013.He is presently pursuing Ph.D. degree in
VTU, Belagavi. His research interests are communication systems, SDR, cognitive radio, and
antennas. He can be contacted at email: manjukh09@mail.com.

Shilpa Mehta RIEd pr. Shilpa Mehta completed her B.E. in Electronics Engineering in
1991 from Government Engineering College Ujjain affiliated to VVV Ujjain, where she
bagged the university Gold Medal as the University Merit List Topper. She completed M.E. in
Digital Techniques and Instrumentation Engineering from SGSITS under DAVV Indore. She
worked as a Lecturer in Electronics and Telecommunication Engineering Department in
SGSITS for 6 years and then moved to Hospet, Karnataka where she worked as a Lecturer for
7 years and later as Associate Professor for 8 years. She pursued her Ph.D. under JNTU during
this tenure. In 2013 she relocated to Bangalore where she worked as a Professor in RITM, and
SVCE. She worked as Professor in ECE department in the SOE of Presidency University.
Currently she is Dean Academics and Associate Dean, Office of Chancellor. Her research
experience has resulted in 36 papers published in international journals. She can be contacted
at email: shilpamehta@presidencyuniversity.in.

Frequency reconfigurable rectangular patch antenna for ... (Manjunatha Kurugodu Hanumanthappa)


https://orcid.org/0000-0001-9800-6475
https://scholar.google.com/citations?user=zVWKBh8AAAAJ&hl=en
https://orcid.org/0000-0002-9447-9897
https://scholar.google.com/citations?user=-vts27sAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57220776847

