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A novel and compact frequency tunable patch antenna for Cognitive radio applications (4-8 GHz) oper-
ating on seven different frequencies is presented in this article. Essential characteristics of this antenna
are large tuning range and sufficient gain. Radiating patch of the antenna is a circular shaped structure
and ground plane is modified with different slotted structure for reconfiguration purpose and capacitors
are used to isolate the biasing terminals of the battery from RF power. The radiating patch divided into
four parts by cutting slots in required manner and PIN diodes are placed at the appropriate position to re-
configure the antenna. These RF switches vary the length of the slots and also change the resonant fre-
quencies. Frequencies generated by the antenna are 4.62 (4.55-4.68) and 6.68 (6.60-6.84) GHz, 5.33 (5.19-
5.47), 5.59 (5.44-5.74), 5.81 (5.70-5.92), 6.12 (5.99-6.26) and 6.96 (6.85-7.15) GHz. Total substrate size of
the antenna is 23x24 mm2 with thickness of 1.6 mm. Dielectric substrate material used is FR-4 having di-
electric constant of 4.4 and loss tangent 0.002 for simulation and fabrication purpose. Parameters of the
antenna are analyzed, and simulation and measured results shows an excellent agreement.
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1. INTRODUCTION

For any wireless communication system, antenna
plays a crucial role. Single band antennas are used for
a specific wireless service and thus for multiple services
more than one antenna required. Multiband antennas
are also used if a wireless communication system sup-
ports more than service. But interference between dif-
ferent wireless standards is also a problem occurred in
multiband antennas. To overcome these problems re-
configurable antennas can be implemented as the re-
configurable antennas are able to change the parame-
ters according to requirement. Reconfigurable antenna
can improve the system capacity, hardware complexity
and number of antennas used in a communication sys-
tem can also be reduced. Reconfigurable antennas can
be reconfigured to operate at different frequencies to
provide various functions [9]. For any antenna designer
it is a challenge to operate the antenna for a desired
function [10]. There are various techniques to convert
an antenna into a reconfigurable antenna. Basically the
reconfiguration techniques of the antenna can be cate-
gorized into four types: electrical, mechanical, material
change and optical. Researches preferred electrical re-
configuration method because this method is inexpen-
sive and easy to implement. PIN diodes, varactor di-
odes and RF-MEMS switches are used in this reconfig-
uration technique. These switches change the current
path and thus also the parameters like frequency, po-
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larization and pattern etc. frequency reconfigurable
antennas are designed using PIN diode and varactor
diode in [11] and [12]. Switching tuning and continuous
tuning type are main approaches to reconfigurable the
antennas. MEMS switches, Varactor diode, PIN diodes
and stepper motors etc. can be used as a switching de-
vice in reconfigurable antenna. PIN diode has a numer-
ous advantages over all these switching devices. It has
a small size, low cost and easy to operate. A triple band
antenna for WIMAX and WLAN applications with com-
pact size 18 x 18 mm? has tuning ranges 2.5 GHz,
3.47 GHz and 5.75 GHz proposed by Ali et al. in [5]. its
gain range is very low.

A lowprofile frequency-reconfigurable slot antenna
which can be tuned from 2.14 to 3.33 GHz with 43.51%
efficiency and gains varying from 1.10 to 2.42 dBi is
described in [2]. To obtain the continuous tuning two
varactor diodes are used as a switching device. Design
simulated in CST software. This antenna can be used
for only low frequency applications. In [8] A more com-
pressed unidirectional reconfigurable rectangular patch
antenna using coaxial feed with size
25.34 x 25.33 mm?2, which is tunable from 2.901 to
5.321 GHz for S band and C band for wireless commu-
nications achieved maximum gain 2.59 to 4.79 dB, de-
signed using F shaped and E shaped slots technique
and two varactor diodes used as a switching device for
achieved continuous frequency. Poor linearity is major
drawback of Varactor diode.
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In [3] A Microstrip Patch antenna, which operates on
three frequencies, 5.40 GHz, 6.76 GHz and 8.82 GHz
proposed. This hexagonal shaped antenna is of compact
size of 17 x 15 mm2. It is mainly used for WLAN, 5G
license band (5.2 to 5.7 GHz), TV satellite broadcasting
and also for radar applications. In this antenna design
gain increased with frequency. For eg.: If frequency
range increases from 5.38 GHz to 8.82 GHz, the gain
simultaneously increases from 2.42 dBi to 4.28 dBi. This
microstrip patch antenna can be reconfigured and fur-
ther there is an option to control the notch bands also.
PIN diode is used as a switching device and further
changing the configurations of PIN diode over C band (4-
8 GHz) for long distance radio telecommunications and X
bands (7.5-8.5 GHz) for Satellite communication. De-
signer can utilize it as a dual band or triple band. HFSS
Software has been used here for simulation.

In [7] Frequency reconfigurable antenna, which can
be tuned to different frequencies 4.9 GHz ,6.0 GHz,
6.6 GHz and 7.4 GHz for cognitive radio applications
introduced. Simulation is done in HFSS software.

In [4] For Wi-Fi, WiMAX and WLAN applications, a
defected ground plane antenna with size 83 X 56 mm2
using split Ring Resonators technique proposed. It res-
onates on three different frequencies 2.45 GHz,
3.55 GHz and 5.55 GHz with gain 3.88 dB, 3.87 dB and
3.83 dB respectively. it gives almost uniform gain on
these different frequencies. For wireless sensors appli-
cations, a triband flexible single antenna with two F
shaped resonators planar patch which operates at three
frequency bands, i.e., 1.8 GHz, 3.5 GHz, and 5.4 GHz
proposed in [6]. At 1.8 GHz, 3.5 GHz and 5.4 GHz Fre-
quencies the simulated peak gains of this antenna ob-
tained 2.34 dB, 5.2 dB, and 1.42 dB respectively. But
has a backdrop as the frequency range increases from
1.8 GHz to 5.4 GHz, its radiation efficiency degraded
from 73% to 59% simultaneously. A small size
22 x 26 mm? reconfigurable patch antenna for wireless
communication applications designed and can be tuned
in four different frequencies 3.6 GHz, 4.1 GHz, 6.6 GHz
and 8.8 GHz with 1.14 dBi, 0.58 dBi, 2.46 dBi, 2.95 dBi
gains respectively in [1].

2. ANTENNA DESIGN METHODOLOGY
2.1 Geometry of the Antenna

The presented antenna has two-layer geometry. Top
layer is a patch consists of a circular shaped radiator
with slotted structure fed with a microstrip line of re-
sistance 50 2. Antenna simulated and fabricated over
FR-4 substrate material having dimensions of
23 x 24 mm? with dielectric constant of 4.4 because it
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Fig. 1 — Geometry of the Antenna
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provide better insulating properties and can enhance
the effectiveness of antenna. Ground plane also modi-
fied to regulate the bandwidth. Total six PIN diodes are
integrated for the reconfiguration purpose. During the
simulation of the design lumped elements are used to
design PIN Diodes.

Dimensions of final design summarized in Table 1.

Table 1 — Optimized parameters of the suggested antenna

Parameter Value Parameter Value
(mm) (mm)
Lsub 24 Wesub 23
R 7.5 Ls 0.5
L1 4.5 R 12.5
Wi 3.5 Wy 0.75
Ls 12.5 Ly 5.75
Wh 3 Ly 3
Ln 1 W 5
L3 8 Ws 2
Ls 3.5 Ls 3

2.2 Design Process of the Antenna

Several modifications were made in the patch and
ground before obtaining the final antenna design and
different results obtained summarized in Table 2. Four
step design procedure is followed to obtain the final an-
tenna design and optimized the antenna to find the ap-
propriate position of the RF switches. Many elements
are generally required to design the reconfigurable an-
tenna such as cutting slots, creating sections and placing
parasitic strips. The major effect of these all is either
creation of new frequencies or the filtering of some unde-
sired frequencies i.e. introduction of notch. These ele-
ments are connected to antenna using switches such as
PIN diodes, metallic strips or RF-MEMS switch. As
mentioned in previous section that modifications were
made in the patch and ground. These modification re-
sults different operating frequencies and then antenna
tuned for several frequencies. Reconfigurability achieved
by introducing slots and integrating PIN diodes in both
ground and patch. BAR50-02V PIN diode from Infineon
technologies are used for reconfiguration purpose. An-
tenna continuously reconfigured from 4.46 GHz to
7.94 GHz so a wide range of reconfigurability achieved.

Table 2 — Operating frequency ranges for all design steps

Iteration Operating
No. Frequency
(GHz)
Iteration 1 5.44
Iteration 2 6.36
Iteration 3 7.78
Iteration 4 4.57

Equivalent circuit of the used PIN diode and pa-
rameter values BAR50-02V is shown in Fig. 2 and
Table 3 respectively.
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Fig. 2 — PIN diode equivalent diagrams (a) ON state (b) OFF state
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Table 3 — Element values of BAR50-02V

PIN Diode | State | La Cr Rp Rs
Model
BAR50-02V | OFF 0.15 pF | 3KQ

ON 0.6 nH 3Q

As DC supply is used to operate the PIN diodes so it
affects the RF current and provide and additional path
to flow the RF current. To stop the flow of RF current
to back to DC supply, RF inductors are used between
DC supply and PIN diodes. To stop AC current and to
pass the DC is the well-known property of inductor.
Impedance value of the inductor must be larger to stop
the flow of AC through the DC line. So XL is chosen to
be greater than 1.5 KQ. Inductor value is to be calcu-
lated using minimum operating frequency i.e. 4.6 GHz.
Inductive impedance of 3 KQ is used here to calculate
the inductor value.

XL>1.5 KQ
XL =2 ofL,
L =XL/2 uf
L =3000/2 x 3.14 x 4.6 x 109 H
L=103nH

The calculated value of inductor is 103 nH. Thus an
inductor of 100 nH is used in the biasing circuit. Also a
resistor has been inserted to limit the DC voltage
across the PIN diode. This biasing circuit also main-
tains the energy of main device. This effect sustains the
antenna key parameters during switching from one
state to another.
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Fig. 3 — Simulated Return Loss for different design steps
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3. RESULTS AND DISCUSSION.
3.1 Reflection Coefficient Results

To validate the antenna presented concept and simulat-
ed results, a prototype of the antenna fabricated and meas-
ured the reflection coefficient and radiation parameters.
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Fig. 4 — Reflection Coefficients of Proposed Antenna for Di-
odes configuration (a) 000000, (b) 001111, (c¢) 011111, (d)
101111, (e) 110000, (f) 111111

The solid line indicates simulated and dashed line
shows the measured reflection coefficient. There is
some mismatch between simulated and measured re-
sults which is due to some mechanical inaccuracies and
non-ideal conditions after fabrication. From Fig. 6 it is
evident that the antenna provides a tuning of frequen-
cy from 5.20 GHz to 6.26 GHz. so it is useful in cogni-
tive radio applications.

The fabricated prototype of the antenna is shown
in Fig. 5.

Fig. 5 — Fabricated Antenna
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The surface current distribution describes the oper-
ating phenomenon of the antenna for different modes
indicates that the effective electric length is reduced for
lower band of frequencies and increases for upper band
of frequency. Changes in electric field distribution with
changing in diode states for the radiating patch can be
seen clearly in the figure below.

3.2 Radiation and Gain Pattern

For all biasing arrangements and operating fre-
quencies, the simulated and measured radiation pat-
terns are shown in Fig. 7. The entire pattern observed
to be stable for all operating frequencies.
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Fig. 6 — Electric field distribution of Proposed Antenna for
Diodes configuration (a) 000000, (b) 001111, (c) 011111, (d)
101111, (e) 110000, () 111111
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Fig. 7 — Radiation Pattern of Proposed Antenna for Diodes
configuration (a) 000000, (b) 001111, (c¢) 011111, (d) 101111,
(e) 110000, (f) 111111
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Table 4 — Operating modes of the diodes

J. NANO- ELECTRON. PHYS. 16, 02006 (2024)

This DGS 23x24 | PIN 4.62, 3.27 85%
Work slotted 6.68,5.3 B
patch 3, 5.59,
5.81, 6.72
6.12,
6.96

Diode Configura- | O.F- S11 Maximum
tion Simulated | (Measured) | Gain
(D1D2D3D4DsDe) (Measured) (in dBi)
in GHz
000000 4.61 (4.54) -20.99 0.67
001111 5.41 (5.34) -31.86 4.0
011111 5.60 (5.62) -30.05 4.3
101111 5.9 (5.78) -18.01 3.2
110000 6.97 (6.88) -22.01 4.7
111111 6.22 (6.11) -20.23 3.7
Table 5 — Validation of proposed design with designs studied
in the literature.
Ref. Tech- Size Switch Fre- Gain Ef-
nique (mm?) Device quenci (dBi) fi-
es cien
(GHz) cy
5 F-shaped 18 x 18 Multi- 2.55, 0.2, NA
and band 3.417, 0.16,
Antenna 5.75 0.62
E-
shaped
slots
6 Ring 24 x 40 Varactor 2.14, 1.10 43.5
slotted 2.38, to 1%
and T- 2.73, 1.38,
shaped 3.33 ;2;’
feed line ’
7 F-shaped 25.34 x | Varactor 2.90 - 2.59 NA
and E 25.33 5.32 -4.79
shaped
slots
8 Hexago- 17x 15 PIN 5.4,6.7 2.42, 89.5
nal 6,8.82 2.46, T%
shaped 4.28
with two
inclined
strips
10 Split ring | 83 x 56 NA 2.47, 3.88, NA
reso- 3.55, 3.87,
nant(SR 5.55 3.83
R)
11 F-shaped 60 x 50 | Multi- 1.8, 2.22, 73%
Planar band 3.5,5.4 | 5.18,
patch Antenna 1.38
12 Inset 22 x 26 PIN 3.6,4.1, 1.14, NA
feed and 6.6,8.8 | 0.58,
slotted 2.46,
ground 2.95
13 Defected 35 x 35 PIN 2.4,3.5, 2.3- 79%
Ground 4.7,5.8 4.81
Structure
(DGS)

Simulated 3D plot of gain is also shown in figure 8.
Vertical and azimuth plane radiation pattern at
4.62 GHz, 6.68 GHz, 5.33 GHz, 5.59 GHz, 5.81 GHz,
6.12 GHz and 6.96 GHz are shown in Fig. 8 for simula-
tion and measurement values and this designed anten-
na yields maximum gain of 4 dB, 4.3 dB, 3.3 dB, 3.7 dB
and 4.7 dB. This antenna offers maximum gain of
4.8 dB at 4.96 GHz. We can also conclude that the re-
turn loss is less than —10 dB and VSWR value is less
than 1.2 in all the resonating frequencies. Due to good
impedance matching it provides better return loss of -
31.98 dB at 5.34 GHz. Good radiation efficiency is also
achieved for all the resonating frequency bands.

The proposed fabricated hepta band antenna is com-
pared with all mentioned previous designed antennas and
shown in Table 5. The comparison of all these antennas
are based on techniques of fabrication, overall size,
switches, resonant frequencies, bandwidth, gain and effi-
ciency. Proposed antenna in this paper has compact size
and sufficient bandwidth as compared to other antennas.

4. CONCLUSION

Compact seven-band frequency reconfigurable patch
antenna fractal shaped geometry of area 23mmx24mm
is presented in this paper. The presented antenna co-
vers the 4.62(4.55-4.68) and 6.68 (6.60-6.84) GHz, 5.33
(5.19-5.47), 5.59 (5.44-5.74), 5.81 (5.70-5.92), 6.12 (5.99-
6.26) and 6.96 (6.85-7.15) GHz bands. The bandwidth of
130 MHz, 240 MHz, 280 MHz, 300 MHz, 220 MHz,
270 MHz and 300 MHz respectively is provided by the
antenna. Six PIN diodes are inserted at the selected
locations to switch the antenna from one frequency to
another desired frequency. Thus, by changing the
states of PIN diodes, frequency reconfigurability can be
achieved. Acceptable gain and VSWR value have been
achieved for desired frequencies. A comparison of the
proposed antenna with some earlier designed struc-
tures validated the design. Due to its compact size, this
antenna can be easily integrated with communication
and various portable electronic devices. Thus, the an-
tenna is suitable to be used in Vehicle-to-Everything
communications, WLAN, C-band for satellite communi-
cation system, weather radar systems and multiband
communication systems.
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VY crarTi mIpecTaBIeHO HOBY T4 KOMIIAKTHY ITATY-aHTEHY 3 PEeryJIbOBAHOI YACTOTOI0 JIJIS JOJATKIB KOT-
H"iTuBHOrO pamio (4-8 I'T'm), o nparioe Ha cemu pisHUX yacTorax. OCHOBHUMY XapaKTEePUCTUKAMY AHTEHU €
BEJIUKUH 11amMa30H mepe0yIoBH 1 JOCTATHIM KOe(II[IEHT MOCHJIEHHSI. BUIIpoMiHOBaJIbHA JISHKA AHTEHH
sIBJIsie COD0I0 KPYIVIy CTPYKTYPY, a ILIOIIMHA 3a3eMJIeHHs MOOU(IKOBAaHA 1HINOK IMIJIMHHOI CTPYKTYPOIO 3
MeTo0 pexoH(iryparii. KongeHcaTopy BUKOPHCTOBYIOTHCS AJIsT 130JIAI11 KJIeM 3MilIeHHs barapel B pasio-
YaCTOTHOTO KUBJIEHHS. BUIPOMIHIOBAIBHA JIISAHKA PO3IiJIeHa HA YOTUPHU YACTUHU IIPOPi3aMu HEeOOXITHUM
umruoM, a PIN-giogu posMmiiesi y BIIIIOBIIHOMY HOJIOMKEHH] [JId 3MIiHA KoHQIrypairii aarenu. Jladi pamioda-
CTOTHI IepeMHUKaYl 3MIHIOIOTh JOBXKHHY CJIOTIB, 4 TAKOK 3MIHIOIOTH PE30HAHCHI YacTOTH. AHTEHOI0 TeHepy-
oTbesa yacroru 4,62 (4,55-4,68) 1 6,68 (6,60-6,84) I'T'u, 5,33 (5,19-5,47), 5,59 (5,44-5,74), 5,81 (5,70-5,92),
6,12 (5,99-6,26) 1 6,96 (6,85-7,15) I'T'1. BaranpHU Po3Mip HMAKIAOKH AHTEHW CTAHOBUTH (23X24) MMm2 mmpu
ToBuwHI 1,6 MM. J[yist MozieIIOBaHHSI Ta BUTOTOBJIEHHSI BUKOPUCTOBYBacsl MaTepiai migkiaanku FR-4 3 mie-
JIEKTPUYHOIO IIPOHUKHICTIO 4,4 1 TarTercoMm Brpat 0,002. I[TapamMerpn aHTeHH 1 pe3yIbTATH MOIEIIOBAHHS Ta
BHUMIPIOBAHHS TIOKA3aJIM BUCOKY Y3TOJIJKEHICTb.

Kmouori ciosa: Pexondiryposana anrena, PIN-mion, Kormitueue pamio, PerynboBana anrena, Bararomi-
ama3oHHA AHTEeHA
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