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Abstract - This paper proposed a frequency reconfigurable fan
beam antenna array for C-band applications. The 1x4 antenna
array is designed on a Roger 4003C substrate with a size of
60%130x0.8 mm?>. The antenna can automatically switch between
two frequency bands at the center frequencies of 4.2 GHz and
4.5 GHz by utilizing PIN diodes. The antenna obtains high peak
gains in two states, 7.89 dBi at 4.2 GHz and 7.19 dBi at 4.5 GHz.
The radiation efficiency of the antenna is 87 % and 89 % in states
1 and 2, respectively. Moreover, the antenna produces a narrow
fan beam in the azimuth plane with 3 dB angular widths of 24°
and 24.8°, and a broad fan beam in the elevation plane with a
3 dB angular width of 228° in two different states. With this fan
beam characteristic, the antenna can be a suitable candidate for
mobile networks and fixed mobile, radar, and monitoring
applications in the C-band.
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1. Introduction

Recently, transceivers have utilized multiple-band
antennas, or ultra-wideband antennas, to meet various
standards of different applications. One antenna can operate at
various frequency bands to save costs and reduce device size.
Nevertheless, the drawback of these antenna types is that
interference between adjacent frequency bands could be
increased. To address this issue, the filter requirements for the
devices become more complex. Frequency-reconfigurable
antennas can automatically switch between  their
configurations to meet different frequency standards [1]. The
antenna only operates in one state simultaneously, minimizing
interference between bands. Therefore, reconfigurable
antennas have received significant attention from researchers.
There are a lot of works on frequency reconfigurable antennas
for various applications with many advantages, such as small
size, high efficiency, and flexible configuration [2]-[5].
However, improving their performance, including antenna
gain, is a requirement of wireless communication systems.
The reconfigurable antenna array is one of the solutions for
enhancing gain. In [6], a frequency-reconfigurable antenna
array with two elements can switch between two states by
using copper tracks, which are considered RF switches. The
operating frequency range covers the 7.1-7.6 GHz and 6.9-7.5
GHz bands with simulated gains of 9 and 8.4 dBi,
respectively. Similarly, a proposed array antenna in [7] can
work in multi-bands ranging from 5.1 to 7.3 GHz using copper
tapes as diodes on the bottom layer. The suggested array in [8]
has two states at 27 and 35 GHz by switching diodes. The ON
and OFF states are achieved by connecting or disconnecting
the slots with a line, which is not done automatically. Another

dual-band reconfigurable antenna array is present in [9]. By
switching four PIN diodes, the center resonant frequency
changes between 12.2 and 13.5 GHz. However, it is
impossible to design bias circuits of these antenna structures
in [6]-[8] to supply DC voltage to RF switches. The 2x2
antenna array in [10] obtains a continuous adjusting frequency
band from 3.6 to 4 GHz with high gain from 6 to 10 dBi. The
authors in [11] propose a reconfigurable dual-band antenna
array covering bands from 1.9 to 3.1 GHz and 13.6 to 18.6
GHz. The antenna in [10], [11] integrates four varactors for
frequency tunability, which requires a complicated DC bias
voltage supply. Several frequency reconfigurable antenna
arrays in [ 12], [13] obtain high performance, but they integrate
many RF switches, leading to complicated structures. Besides
the reconfigurable characteristic of the antenna, handheld
devices use fan beam antennas for sector coverage in
applications such as positioning [15], imaging [18], [19], radar
systems [20], and 5G mobile systems [21]. A fan beam
antenna is a type of directional antenna that produces a narrow
beamwidth in one plane while maintaining a broader
beamwidth in the perpendicular plane [14]. There have been
works on fan beam antennas with a narrow 3 dB angular width
[15], [20], [22]-[27] but reconfigurable fan beam antennas
have not been extensively researched.

This paper proposes a frequency-reconfigurable fan
beam antenna array for the C-band. The antenna array
comprises four elements with PIN diodes for switching
antenna states. By switching the diodes, the antenna can
operate at two frequency configurations, at the center
frequencies of 4.2 and 4.5 GHz, with high gains of 7.89 and
7.19 dBi, respectively. In two states, the antenna obtains a
narrow fan beam with a 3 dB angular width of 24° and 24.8°
in the azimuth plane and a wide 3 dB angular width of
approximately 228° in the elevation plane. The main
strengths of the proposed antenna include its compact size,
high gain, and a fan-shaped beam that has a widespread and
narrow-angle at the perpendicular in both configurations.

2. Antenna Design
2.1. Antenna Element structure

Firstly, a microstrip dipole antenna element based on
our previous work [15] is designed on a Roger 4003C
substrate with an electric constant of 3.55 and a thickness
hs of 0.8 mm, as shown in Fig.1. The antenna operates as a
full-wave microstrip dipole. The length of the arm, Ly,

is calculated according to the equation below [16].
Cc
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where c is light velocity, f is the operating frequency
(Hz), and &, is relative permittivity. The single dipole
antenna is fed by a U-shaped integrated-balun at the bottom
side opposite the radiator. This solution is designed for
wideband impedance matching, making it suitable for two
nearly identical frequency configurations. Specifically, the
resonant frequencies of the two states discussed in this
work are closely aligned. The U-shaped balun design is
similar to a quarter-waveguide wavelength coaxial balun,
so the electric length of the balun is approximately a
quarter wavelength at 4.2 GHz. The technique to calculate
the width of the transmission line with an input impedance
Zin of 50 W and detailed dimensions of the balun is
presented in [17]. The width of the transmission line is also
calculated approximately according to equation (2) [16].

120
Zin = = (2)

\/E—Q[V’:—f+1.393+0.667 ln(:—5f+1.4-4-4-)]

g, effective permittivity of transmission line given
approximately by:

1
e+l | &1 12hg\ 2
e=T+T(1+w_f) (3)

The detailed dimensions of the element are then
optimized by CST Studio software and presented in Table
1. The antenna operates at the center resonant frequency of
4.2 GHz with a bandwidth of 39 MHz, a peak gain of 5.97
dBi, and an efficiency of 94 %. The antenna achieves a
narrow 3 dB angular width of 69.9° in the XY plane. Figs.
2 and 3 show the antenna element’s simulated S-parameter
and simulated radiation pattern.

Table 1. Antenna dimensions of the antenna element

Dimension | Value (mm) | Dimension | Value (mm)
w 37 L 333
Ip 6.8 Wp 16.4
hp 3.2 0.6
h 10 u 2
hg 8.2 wf 2.2
w ;
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Figure 1. Antenna element structure
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Figure 2. Simulated return loss of the antenna element

Farfield Gain Abs (Phi=90)

0 — farfield (f=4.2) [YZ Plane]

Phi=90 30 _—T—_30  phi=270
2 RGN

<. \\ "

’,/'/ 12Prequen::y =4.2 GHz

Main lobe magnitude =  5.97 dBi
180 Main lobe direction = 94.0 deg.
Angular width (3 dB) = 145.5 deg.
Side lobe level = -16.9 dB

60 /

Theta / deg vs. dBi
(a) Radiation pattern in YZ plane
Farfield Gain Abs (Theta=50)

0 — farfield (f=4.2) [XY Plane
30— 330
60 L | AL N\ 300
/ E A ) | g ‘\‘
90 - 3270
ioh 701
\ T .‘F
\ w f
120 N o ' 2‘"}requency = 4.2 GHz
150\\__//- 510 Main lobe magnitude =  3.97
18I

0 Main lobe direction = 87.0 deg.
Angular width (3 dB) = 69.9 deg.
Phi / deg Side lobe level = -16.1 dB
(b) Radiation pattern in XY plane
Figure 3. Radiation pattern of the single antenna

2.2. Reconfiguration antenna array with PIN diode
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Figure 4. The structure of reconfigurable antenna array
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Based on the antenna element mentioned in section 1.1,
a reconfigurable array of four elements is designed on a
substrate. The T-shaped power divider network is used for
the antenna array as shown in Figure 4b. For the antenna
array, a T-shaped power divider network is employed. The
input impedance Zin of the antenna is chosen as 50 Q, and
the impedance of the quarter-wave impedance transformer
1s 35 Q. The widths of the transmission lines, which are 50
Q and 35 Q), are calculated according to equation (2). The
PIN diodes are integrated into the slots on the top of the
antenna to adjust the antenna radiator’s electricity length.
A biasing circuit is designed to supply DC voltage to
control diode states. By switching the PIN diodes, the
antenna can operate at two frequency band configurations.
These diodes are supplied with a DC voltage via a bias line
circuit. Figs. 4 and 5 show the reconfigurable antenna array
and the equivalent circuit of the PIN diode, respectively.
The component values in the equivalent circuit depend on
the diode types used. The diodes used in our design are
MACOM-MA4AGBLP912 with L = 0.5 nH, Rs =4.9 Q,
Rp =10 kQ, and Cp =22 {F. Table 2 presents the detailed
dimensions of the antenna.

In state 1, when all diodes are biased by a positive DC
voltage, they are in the ON state, and the radiators of each
antenna element become electrically connected, allowing
lengthened radiating elements. Therefore, the antenna can
operate at a lower center frequency of 4.2 GHz.

Table 2. Detailed dimensions of the reconfigurable antenna array

Dimension | Value (mm) | Dimension | Value (mm)
X 133.9 Y 60
Ig 25.06 1b 10.9
Ip 17 h 7
u 3.7 u 4.9
ws 31.1 df 16.77
hg 12.38 If 11.3
ds 34.15

(b) State 2 at 4.5 GHz

Figure 6. The current distribution of the antenna in two states

Conversely, in state 2, all the diodes are not connected
to the positive DC voltage; the diodes are in the OFF state,
so the length of the radiators is shorter than in state 1. The
antenna resonates at a higher center frequency of 4.5 GHz.
This effect is further explained by the current distribution
of the antenna in two states, as shown in Figure 6. The
figure indicates that the surface current on extra parts
connected to the diodes appears when the diodes are in
state 1, which makes the electric length of the antenna
lengthen. In state 2, the surface current disappears on these
extra parts.

3. Results and Discussion

This section presents the simulated results of the
reconfigurable antenna’s current distribution, return loss,
and radiation pattern. Figure 7 shows the return loss
parameter of the antenna in two states. It can be seen that
in state 1, all the diodes are on, and the antenna achieves a
center resonant frequency at 4.2 GHz with a bandwidth
from 4.08 to 4.28 GHz. In state 2, all the diodes are off,
the center resonant frequency shifts to 4.5 GHz, and the
antenna obtains a bandwidth from 4.42 to 4.59 GHz.
Figures 8 (a, b) show the radiation patterns of the
reconfigurable antenna in two states. The figures show
that the radiation patterns are almost unchanged between
the two states. The antenna obtains a high gain of 7.89 dBi
and 7.19 dBi at 4.2 GHz and 4.5 GHz, respectively. It can
be seen that there is a similarity in the radiation pattern in
states 1 and 2. Moreover, the antenna obtains a higher gain
than a single antenna presented in section 2.1. The
radiation efficiency of the antenna is 87 % and 89 % in
states 1 and 2, respectively. Besides, the antenna achieves
a favorable direction with a narrow angular width of 240
and 24.80 in the XY plane and a wide coverage with a 3
dB angular width of 2280 in the YZ plane in two states. It
is an advantage of the proposed antenna for applications

that require interference reduction in wireless
communication.
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Figure 7. Return loss of the reconfigurable antenna in two states

The impact of the PIN diodes and bias circuit on
radiation efficiency is evaluated by simulating the antenna
with and without the bias circuit and PIN diodes. The
antenna without a bias circuit and PIN diodes are simulated
at two states. In state 1, when PIN diodes are ON, these
diodes are replaced by copper pads. In state 2, PIN diodes
are removed from the antenna radiation, as diodes are in
the OFF state. Figure 9 shows the result of simulated return
loss in the case with and without both diodes and the bias
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circuit. It can be seen that the bias circuit impacts the
resonant frequency of the antenna in two states. The center
frequencies shift from 4.2 GHz to 4.12 GHz in state 1 and
from 4.5 GHz to 4.55 GHz in state 2. This is because the
bias circuit also functions as the radiator. Therefore,
removing the bias circuit, which causes changes in the
electric length of the antenna radiator, leads to changes in
the operating frequency.

Figure 10 presents the impact of diodes and bias circuits
on radiation efficiency. When using PIN diodes, antenna
gain and efficiency decrease from 8.41 dBi to 7.88 dBi and
from 89 % to 87 % in state 1, and from 7.73 dBi to 7.19
dBi and from 91 % to 89 % in state 2. The reason is that

Farfield Gain Abs (Theta=90)

0
30 330

Farfield Gain Abs (Phi=90)

diodes are electric components, which lead to energy
consumption. This is a trade-off when using electric
components to obtain antenna reconfigurations.

Table 3 presents a comparison of the parameters
between the proposed antenna and those from existing
publications. The table shows that the proposed antenna
supports frequency reconfiguration between two bands,
which the others do not achieve. Moreover, the antenna has
a compact size compared to the other antennas, while it
achieves a narrow beamwidth of about 240 in the azimuth
plane and a wide beamwidth of 2280 in the elevation plane,
significantly enhancing coverage. Therefore, the antenna is
suitable for radar and monitoring applications.
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Figure 8. Radiation pattern of the reconfigurable antenna in two states
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Figure 9. Evaluating the bias circuit and PIN diodes on return loss
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dBi
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Figure 10. Radiation pattern of the reconfigurable antenna without diodes and bias circuit in two states

Table 3. Comparison between the parameters of our antenna and existing antennas

Ref. [15] [20] [23] [24] [25] [26] [27] Our Work
Operating Frequency [GHz] 2.4 33&3.5 3.5 5.8 28 3-4 5.8 4.2,4.5
Antenna size (wavelength) | 1.81%2.14 |1.924x0.351|4.594x0.714|0.60A%x0.324 | 15A%71 - 10Ax104 | 0.84x1.94
Peak gain (dBi) 9.1t09.8 11 10.91 - 7to11.16 13.6 10.3 7.19&7.89
HPBW Azimuth (%) 24.5 26 23.8 85 - 32 20 24&24.8
HPBW Elevation () 90 79 85.4 168 256.7 145 129 228
Antenna Type Planar Planar Not Planar Planar Planar |Not Planar| Planar Planar
Element Number 4 4 4 1 8 5 1 4
Frequency Reconfiguration No No No No No No No Yes
4. Conclusion (ICICICT), Kannur, India, 2022, pp. 751-755, doi:
This paper presents a compact frequency 10.1109/ICICICT54557.2022.9917604.

reconfigurable fan beam antenna array using PIN diodes
for C-band applications with an antenna size of
60x130%0.8 mm3. By switching the PIN diodes, the
antenna can operate in two states with the center
frequencies of 4.2 GHz and 4.5 GHz. The antenna achieves
a high peak gain of 7.89 dBi and 7.19 dBi and radiation
efficiency of 87 % and 89 % in states 1 and 2. Additionally,
its radiation pattern is a fan shape with a narrow 3 dB
angular width of 240 and 24.80 in the azimuth plane and
approximately 2280 in the elevation plane in two different
states. In future work, a prototype will be fabricated, and
its parameters will be measured to verify the simulated
results. The proposed antenna is suitable for wireless
applications in the C bands, such as mobile networks,
fixed-mobile, radar, and monitoring.

Acknowledgment: This research work was funded by the
Electric Power University through a school-level scientific
research project in 2023 (code: DTKHCN.13 2023).

REFERENCES

[11] C. G. Christodoulou, Y. Tawk, S. A. Lane, and S. R. Erwin,
“Reconfigurable Antennas for Wireless and Space Applications”, in
Proceedings of the IEEE, vol. 100, no. 7, pp. 2250-2261, 2012, doi:
10.1109/JPROC.2012.2188249.

[2] P. Nikam, J. Kumar, A. Baidya, and S. Hake, ““S” shape Defected
Ground Structure four-band frequency reconfigurable antenna with
PIN diode integration”, 2022 Third International Conference on
Intelligent Computing Instrumentation and Control Technologies

[3]

(4]

(3]

[l

(7

(8]

]

B. Mekimah, T. Djerafi, A. Messai, and A. Belhedri, “A
Reconfigurable Antenna in Frequency Band and Radiation Using
Active Frequency Selective Surfaces on the Basis of PIN Diodes”,
2021 IEEE Microwave Theory and Techniques in Wireless
Communications (MTTW), Riga, Latvia, 2021, pp. 238-242, doi:
10.1109/MTTW53539.2021.9607103.

J. Li, B. Wu, J. Zhou, C. Fan, and Y. Liu, “Impedance Regulation of
Graphene-Loaded Branch for Frequency-Reconfigurable Antenna
With Enhanced Radiation Efficiency”, IEEE Antennas and Wireless
Propagation Letters, vol. 23, no. 3, pp. 1065-1069, 2024, doi:
10.1109/LAWP.2023.3344107.

Z. Chen, H. -Z. Li, H. Wong, W. He, J. Ren, and T. Yuan, “A
Frequency-Reconfigurable Dielectric Resonator Antenna With a
Water Layer”, IEEE Antennas and Wireless Propagation Letters,
vol. 22, no. 6, pp- 1456-1460, 2023, doi:
10.1109/LAWP.2023.3246110.

K. S. Ahmad, M. Z. A. A. Aziz, and N. B. Abdullah, “A Dual-Band
Frequency Reconfigurable Antenna Array Based on Reconfigurable
Defected Ground Structure”, 2020 IEEE International RF and
Microwave Conference (RFM), Kuala Lumpur, Malaysia, 2020, pp.
1-4, doi: 10.1109/RFM50841.2020.9344790.

K. S. Ahmad and M. Z. A. A. Aziz, “Frequency Reconfigurable
Array Antenna with Modified Circular Slot”, 2022 IEEE
International RF and Microwave Conference (RFM), Kuala
Lumpur, Malaysia, 2022, pp- 1-4, doi:
10.1109/RFM56185.2022.10064819.

O. J.Famoriji et al. , “Design of a simple circularly polarised dual
frequency reconfigurable microstrip patch antenna array for
millimetre-wave applications”, [ET Microwaves, Antennas &
Propagation, vol. 13, no. 10, pp. 1671-1677, 2023, doi: 10.1049/iet-
map.2018.5973.

S. P. Pan, Y. Feng, L. Qi, P. Chen, J. W. Li, and G. S. Li, “Design
of Dual-band Frequency Reconfigurable Microstrip Antenna
Array”, 2020 Cross Strait Radio Science & Wireless Technology



Hoang Thi Phuong Thao

Conference (CSRSWTC), Fuzhou, China, 2020, pp. 1-3, doi:
10.1109/CSRSWTC50769.2020.9372521.

M. lIkram, N. T. Nghia, and A. Abbosh, “A Simple Single-Layered
Continuous Frequency and Polarization-Reconfigurable Patch
Antenna Array”, In IEEE Transactions on Antennas and
Propagation, vol. 68, no. 6, pp. 4991-4996, 2020, doi:
10.1109/TAP.2019.2952461.

1. El Mustapha, S. Das, B. Seddik, F. Jaouad, M. D. Belrhiti, and N.
Jebbor, “Reconfigurable Dual Band Microstrip Array Antenna”,
2022 2nd International Conference on Innovative Research in
Applied Science, Engineering and Technology (IRASET), Meknes,
Morocco, 2022, Pp- 1-6, doi:
10.1109/IRASET52964.2022.9738364.

X. Deng, Y. Li, Z. Ding, Y. Tian, L. Bao, and X. Li, “Integrated
design of large and mediumsized low profilefrequency
reconfigurable antenna array”, Int J RF Microw Comput Aided Eng.,
vol. 31, no. 7, pp. 1-9, 2021, doi: 10.1002/mmce.22633

[13] N. Haider, A. G. Yarovoy, and Antoine G. Roederer, “L/S-Band
Frequency Reconfigurable Multiscale Phased Array Antenna With
Wide Angle Scanning”, [EEE Transactions on Antennas and
Propagation,

[14] Z. Chen, “Handbook of Antenna Technologies”,
Springer, 2020.

[15] D. B. Thi and T. H. T. Phuong, “A Narrow Beam Steering Antenna
Array for Indoor Positioning Systems Based on Wireless Sensor
Network”, IEEE Access, vol. 10, pp. 89022- 89030, 2022, doi:
10.1109/ACCESS.2022.3200594.

[16] C. A. Balanis, “Antenna Theory Analysis and Design”, 2nd Edition,
John Wiley & Sons, Inc., New York, 1997.

[17] R. Li, T. Wu, B. Pan, K. Lim, J. Laskar, and M. M. Tentzeris,
“Equivalent-Circuit Analysis of a Broadband Printed Dipole With
Adjusted Integrated Balun and an Array for Base Station
Applications”, IEEE Transactions on Antennas and Propagation,
vol. 57, no. 7, pp- 2180-2184, 2009, doi:
10.1109/TAP.2009.2021967.

[18] S. Gu, C. Li, X. Gao, Z. Sun, and G. Fang, “Terahertz aperture
synthesized imaging with fan-beam scanning for personnel
screening”, [EEE Trans. Microw. Theory Techn., vol. 60, no. 12, pp.
3877-3885, 2012.

[10

=

[1

—

[12

—

Singapore:

[19] S. G. Hay, J. W. Archer, G. P. Timms, and S. L. Smith, “A beam-
scanning dual-polarized fan-beam antenna suitable for millimeter
wavelengths”, IEEE Trans. Antennas Propag., vol. 53, no. 8, pp.
2516-2524, 2005.

[20] H. Madani, Y. Zehforoosh, and T. Sedghi, “Compact Patch Antenna
Array With Fan-Beam Characteristics for Radar Application”, in
IEEE  Access, vol. 10, pp. 93534-93541, 2022, doi:
10.1109/ACCESS.2022.3203393.

[21] M. A. Saada, T. Skaik, and R. Alhalabi, “Design of efficient
microstrip linear antenna array for 5G communications systems”, in
Proc. Int. Conf. 294 Promising Electron. Technol. (ICPET), 2017,
pp. 43-47.

[22] X. -f. Li, “A design of narrow beam printed planar logperiodic dipole
antenna”, 2017 Sixth Asia-Pacific Conference on Antennas and
Propagation (APCAP), Xi’an, China, 2017, pp. 1-3, doi:
10.1109/APCAP.2017.8420437.

[23] S. H. Madani, Y. Zehforoosh and T. Sedghi, “Compact Patch
Antenna Array With Fan-Beam Characteristics for Radar
Application”, in IEEE Access, vol. 10, pp. 93534-93541, 2022, doi:
10.1109/ACCESS.2022.3203393

[24] M. Ye, X. R. Li, and Q. X. Chu, “Single-Layer Circularly Polarized
Antenna With Fan-Beam Endfire Radiation”, in IEEE Antennas and
Wireless Propagation Letters, vol. 16, pp. 20-23, 2017, doi:
10.1109/LAWP.2016.2552490.

[25] S. Kim and J. Choi, “1x8 Slotted Array Antenna with Fan-Beam
Characteristics for 28 GHz 5G Mobile Applications”, 2020
International Symposium on Antennas and Propagation (ISAP),
Osaka, Japan, 2021, pp- 13-14, doi:
10.23919/ISAP47053.2021.9391404.

[26] Z. Liu, S. Lin, P. Li, Y. Wang, X. Zhang, and X. Zhang, “A
Miniaturized Fan Beam Antenna Based on Spherical Luneburg
Lens”, 2023 IEEE 11th Asia-Pacific Conference on Antennas and
Propagation (APCAP), Guangzhou, China, 2023, pp. 1-2, doi:
10.1109/APCAP59480.2023.10470135.

[27] H. Cho, S. Lim, S. Kim, J. -I. Oh, C. Lee, and J. W. Yu, “SeriesFed
Slit Ring Resonator Antenna Array with Wide Fan-Beam and High
Gain”, 2022 International Symposium on Antennas and Propagation
(ISAP), Sydney, Australia, 2022, pp. 157-158, doi:
10.1109/ISAP53582.2022.9998786.



