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ABSTRACT: The rapid development of wireless technology has increased interest in multiband reconfigurable antennas, especially as
devices and satellites move toward miniaturization. Reconfigurable antennas must be capable of adapting to their environment by dy-
namically altering their operating frequency, polarization, and/or radiation pattern. The fifth generation (5G) of wireless communication
represents a significant advancement over 4G networks, aiming to meet the growing demand for data and connectivity in today’s digital
world. To achieve the performance required for supporting a wide range of use cases across both local and global markets, 5G must inte-
grate various existing communication technologies. This work presents a multiband double T shaped frequency reconfigurable antenna
for 5G wireless communication on a Rogers RT5880 substrate, designed and simulated using the CST Microwave Studio. In this antenna,
two MA4SPS402 PIN diodes are used to make the antenna reconfigurable. By using these PIN diodes, the antenna works on four different
modes based on both the diodes ON/OFF conditions. By using this configuration of the PIN diodes, the presented antenna operates at
five different operating frequencies 10.8 GHz, 16.47 GHz, 17.03 GHz, 17.07 GHz, and 21.2 GHz. The presented antenna provides the
best reflection coefficient |S|;| value which is —24.76 dB at 21.2 GHz, and peak gain is 7.81 dBi at 16.47 GHz. The measurements of
the fabricated antenna are done using a Vector Network Analyzer (VNA) and an anechoic chamber, confirming its reflection coefficient
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(|S11]) and gain, making it a reliable option for 5G applications.

1. INTRODUCTION

he fifth-generation New Radio (5G NR) communication
Tsystems demand high data rates, wide bandwidth, and re-
liable connectivity across the spectrum [1,2]. These require-
ments can be achieved through antenna systems that support
multiple frequency transformations and beam steering capabil-
ities. As a result, reconfigurability becomes a crucial feature,
enabling antennas to operate across multiple frequencies and di-
rections [3, 4]. A reconfigurable antenna (RA) is defined as an
antenna that can dynamically and reversibly change its operat-
ing frequency and radiation characteristics in a controlled man-
ner. Reconfigurable antennas have mainly three types based on
which parameters can be reconfigured like frequency, radiation
pattern, and polarization [5, 6].

Reconfigurable antennas have emerged as a promising so-
lution to address the evolving needs of modern wireless com-
munication systems, offering greater flexibility and improved
performance across a wide range of applications [7,8]. They
are specifically designed to adapt their characteristics, such as
frequency, radiation pattern, polarization, and impedance, via
mechanical adjustments, electrical tuning, or material modifi-
cations [9]. These antennas typically achieve reconfigurabil-
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ity through the use of tunable elements like varactor diodes,
MEMS (Micro-Electro-Mechanical Systems) switches, PIN
diodes, and advanced materials such as liquid crystals and smart
polymers. These elements allow precise control over the an-
tenna’s parameters, enabling it to adapt to changing environ-
ments and communication protocols [10, 11]. This ability to
reconfigure in real-time allows a single antenna to perform ef-
ficiently under varying conditions, thereby optimizing system
performance and resource usage [6].

One of the key advantages of reconfigurable antennas is their
capacity to support multiple functionalities within a compact
and lightweight form factor. This is especially important in en-
vironments where space and weight are limited, such as in mo-
bile devices, satellite communications, and military systems.
By replacing multiple fixed-function antennas with a single re-
configurable unit, overall system complexity and costs can be
significantly reduced [6, 7].

The reviewed literature from [12] to [24] highlights no-
table advancements in the development of frequency reconfig-
urable antennas tailored for diverse 5G and wireless commu-
nication applications. Various design techniques such as PIN
diode switching, MEMS integration, defected ground struc-
tures (DGSs), complementary split ring resonators (CSRRs),
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TABLE 1. Parameters values used in double T shaped reconfigurable antenna.

Parameter | L | W | L, | W, | L1 | L2 | L3 | L4 | L, | WI | W, | Ly | W, | L,

Value (mm) | 12 | 12 10 | 385 [ 285 | 2 | 0.8 | 0.6 1 5 3 0.2 8
and metamaterials have been employed to enable multiband, 2. PROPOSED ANTENNA DESIGN
wideband, and polarization reconfigurability. Early studies The proposed double T shaped antenna is designed using a
[12-14] focus on achieving multiband and band-notched func- Rogers RT5880 substrate, featuring a dielectric constant of 2.2,
tionalities using slot-based structures and diodes for applica- loss tangent (tan 8) of 0.0009, and thickness of 0.79 mm. The
tions like long term evolution (LTE), wireless local area net- proposed antenna is composed of a vertically aligned double T-
work (WLAN), and ultra-wideband (UWB). Subsequent works shaped structure, a 50 {2 microstrip feed, and a partial ground
[15,16] introduce performance enhancements using MEMS plane. For double T shaped elements and a partial ground
switches and circular polarization switching. Designs pre- plane of the proposed antenna configuration, copper is uti-
sented in [17-19] aim for compact, millimeter-wave, and multi- lized as a conducting material with a thickness of 0.035 mm.
mode capabilities suitable for modern 5G systems, although The proposed antenna configuration has an overall footprint of
some remain limited to simulation-based validation. From [20] LxW xh=12mm x 12mm x 0.79 mm.
onwards, the focus shifts to compact, practical designs with Optimized length of the 50-© microstrip feed line is fixed at
experimental verification, including multiple-input multiple- Ly = 3mm, and its width W; = 0.2mm is calculated using
output (MIMO) antennas with beam and frequency reconfig- the following expression [26].
uration, miniaturized antennas for Wi-Fi 6E/7 and C/X bands,
and structures offering omnidirectional or bidirectional radia- g W,
tion patterns. Notably, studies like [23] and [24] demonstrate W e2A—2 for - <2
high configurability with up to eight switching modes using Tf = % [B —1-In(2B-1)+ 65;1 1)
PIN diodes. Collectively, these works mark the transition from 0.6 Wy
theoretical models to application-ready, compact, and reconfig- {ln (B—1)+0.39 - e }] for 5= >2
urable antennas that support a wide range of communication
standards such as 5G, Wi-Fi, worldwide interoperability for _ Zo Je&r+1 & —1 (0 93 4+ 0.11>
microwave access (WiMAX), Industrial, Scientific, and Med- 60 2 €& +1\ €r
ical (ISM), military, radar, and satellite. They reflect ongoing
trends in achieving high gain, wideband efficiency, and reliable &5 — 37T @)
radiation performance within minimal form factors critical for 270/,
integration into next-generation portable and wireless systems.

In this work, a multiband double T-shaped frequency recon- For the reconfigurability purpose, two MA4SPS402 PIN diodes
figurable antenna is presented for 5G wireless communication, (D1 and D2) are used in the proposed antenna design. The an-
designed on a Rogers RT5880 substrate with a dielectric con- tenna configuration is optimized using the CST Microwave Stu-
stant of 2.2, a loss tangent (tand) of 0.0009, and a thickness dio software. The proposed double T shaped reconfigurable an-
of 0.79 mm. The overall dimensions of the proposed antenna tenna is shown in Figure 1, and the dimensions of the proposed
are 12 x 12 x 0.79mm?, and it operates across the frequency double T shaped antenna are summarized in Table 1.
range of 10 GHz to 22 GHz. The antenna incorporates two In the proposed double T-shaped reconfigurable antenna,
MAA4SPS402 PIN diodes [25] to enable frequency reconfigura- two diodes (D1 and D2) are employed. By controlling these
bility. By switching the diodes ON and OFF, the antenna op- two diodes, four possible configurations are achieved: (i) both
erates in four different modes, corresponding to various diode diodes ON, (ii) D1 ON and D2 OFF, (iii) D1 OFF and D2 ON,
states. This configuration enables the operation at five dis- and (iv) both diodes OFF. These diode configurations for the
tinct resonant frequencies: 10.8 GHz, 16.47 GHz, 17.03 GHz, double T-shaped antenna are illustrated in Figure 2. The corre-
17.07GHz, and 21.2 GHz. The antenna achieves a best re- sponding reflection coefficients for all four cases are presented
flection coefficient (|S1;|) of —24.76 dB at 21.2 GHz, with a in Figure 3.
peak gain of 7.81 dBi at 16.47 GHz. The design and simulation When both diodes are OFF, the antenna resonates at
were performed using Computer Simulation Technology (CST) 16.47 GHz with a reflection coefficient of —12.37 dB. When
Microwave Studio, demonstrating flexibility in S-parameters, one diode is ON (either D1 or D2) and the other OFF (D2
gain, and radiation pattern characteristics. To validate the sim- or D1), the antenna resonates at 17.07 GHz with a reflection
ulated results, the fabricated antenna was tested using a Vector coefficient of —24.85dB. When both diodes are ON, the
Network Analyzer (VNA) and measured in an anechoic cham- antenna resonates at three different frequencies: 10.8 GHz,
ber. The measured results for reflection coefficient (|S1;[) and 17.03GHz, and 21.2GHz, with reflection coefficients of
gain confirm the antenna’s performance, making it a reliable —16.39dB, —13.4dB, and —24.76 dB, respectively.
and effective solution for 5G wireless communication applica- The directivity gain of the proposed antenna at 16.47 GHz,
tions. when both diodes are OFF, is 7.81 dBi. When one diode is ON
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FIGURE 1. Proposed double T shaped reconfigurable antenna, (a) front view and (b) back view.

(a) (b)

© (d)

FIGURE 2. Proposed double T shaped reconfigurable antenna configuration (a) both diodes are off, (b) diode D1 is ON and D2 is OFF, (c) diode D1

is OFF and D2 is ON, (d) both diodes are ON.
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FIGURE 3. Simulated reflection coefficient (S11) of the proposed dou-
ble T shaped reconfigurable antenna in all the configurations of both
the diodes (D1 and D2).

(either D1 or D2) and the other diode OFF (D2 or D1), the direc-
tivity gain at 17.07 GHz is 5.37 dBi. When both diodes are ON,
the directivity gains at 10.8 GHz, 17.03 GHz, and 21.2 GHz
are 7.28 dBi, 4.37 dBi, and 6.53 dBi, respectively. The 3D far-
field radiation pattern of the proposed double T-shaped recon-
figurable antenna is illustrated in Figure 4.

The surface current of the presented double T-shaped recon-
figurable antenna in different configurations is shown in Fig-
ure 5. The gain vs frequency plot is shown in Figure 6. Ta-
ble 2 presents all the simulated results of the proposed double
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T-shaped reconfigurable antenna under different configurations
of the diodes (D1 and D2).

3. PROPOSED ANTENNA FABRICATION AND MEA-
SUREMENT

The proposed double T-shaped reconfigurable antenna is fab-
ricated on a Rogers RT/Duroid 5880 substrate with a thick-
ness of 0.79 mm. The fabricated prototype, equipped with a
50 2 SMA connector mounted to the microstrip feed and two
MAA4SPS402 PIN Diodes, is shown in Figure 7(a) (front view)
and Figure 7(b) (back view). After fabrication, the reflection
coefficient (]S1;]) of the antenna was measured using a cali-
brated 2-port N5247A PNA. The measurement setup is illus-
trated in Figure 7(c), and the diode used in the antenna for re-
configurability is powered by a DC biasing circuit through ra-
dio frequency (RF) chock inductor of 0.7V for forward bias
state that controls the PIN diodes switching. By applying DC
voltages, the diodes are turned ON, and unbiased diode keeps
it at OFF state, adjusting the antenna’s frequency and radiation.
This setup allows for efficient reconfiguration with low power
usage, with each diode controlled separately based on the mode.

The simulated and measured reflection coefficients (|.S};|)
for various configurations of diodes D1 and D2 are shown in
Figure 7(d) to Figure 7(f). Figure 7(d) shows the simulated and
measured reflection coefficients (|S1;|) when both diodes are
OFF; Figure 7(e) shows the simulated and measured reflection
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335
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FIGURE 4. 3D far field of the presented double T-shaped reconfigurable antenna in different configurations.

TABLE 2. Obtained simulated results of the proposed double T-shaped reconfigurable antenna in different configuration.

O ti Radiati Total
Diode Configurations perating IS11| (dB) | Gain (dBi) adiation om
Frequency (GHz) Efficiency (%) Efficiency (%)
Both Diodes OFF 16.47 —12.37 7.81 95.87 73.62
One Diode is ON and 17.07 —24.85 5.37 90.2 70.4
One Diode is OFF

10.8 —16.39 7.28 92.8 69.5

Both Diodes ON 17.03 —13.4 437 84.8 71.8
21.2 —24.76 6.53 90.2 67
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FIGURE 5. Surface current distribution of the Presented double T-shaped reconfigurable antenna in different configuration.
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FIGURE 6. Gain vs frequency plot of the presented double T-shaped
reconfigurable antenna in different configurations.

coefficients (|S11]) when one diode is ON, and the other diode
is OFF; and Figure 7(f) shows the simulated and measured re-
flection coefficients (|.S11|) when both diodes are ON.

A good agreement between the simulated and measured | S1|
values is observed, as depicted in Figure 7(d) to 7(f). When
both diodes (D1 and D2) are OFF, the measured resonant fre-
quency is 16.52 GHz with an |S};| of —11.51dB, while the
simulated result shows 16.47 GHz with —12.37 dB. When both
diodes are ON, the measured resonant frequencies are 11 GHz,
16.8 GHz, and 21.05 GHz with corresponding |S;| values of
—15.37dB, —12.2dB, and —18.6 dB. The simulated results for

73

this configuration indicate resonances at 10.8 GHz, 17.03 GHz,
and 21.2 GHz with |Sy;| values of —16.39dB, —13.4dB, and
—24.76 dB, respectively.

When one diode is ON (either D1 or D2), and the other is
OFF, the measured resonant frequency is 16.875 GHz with an
|S11] of —19.68 dB, while the simulated result shows a reso-
nance at 17.07 GHz with an |.S};| of —24.85 dB. These results
demonstrate excellent impedance matching across all configu-
rations.

The anechoic chamber measurement setup of the proposed
antenna in the X7 and Y Z planes, used to obtain the radiation
pattern, is shown in Figure 8. Figure 9 presents the simulated
and measured radiation patterns in the X Z and Y Z planes of
the proposed antenna for various diode configurations.

Figures 9(a)—(b) show the patterns when both diodes are OFF
at 16.52 GHz, where the radiation pattern (polar plot) is direc-
tional. Figures 9(c)—(d) correspond to the case when one diode
is ON, and the other is OFF at 16.87 GHz, resulting in an om-
nidirectional radiation pattern.

When both diodes are ON, the radiation patterns are il-
lustrated in Figures 9(e)—(f) at 11 GHz, Figures 9(g)—(h) at
16.8 GHz, and Figures 9(i)—(j) at 21.05GHz. The antenna
exhibits an omnidirectional radiation pattern at 11 GHz [Fig-
ures 9(e)—(f)] and at 16.8 GHz [Figures 9(g)—(h)], whereas a
directional pattern is observed at 21.05 GHz [Figures 9(1)—(j)].

The simulated and measured results of the proposed double
T-shaped reconfigurable antenna under different diode config-
urations are presented in Table 3.
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TABLE 3. Obtained simulated and measured results of the proposed double T-shaped reconfigurable antenna in different configurations.

(0] ting F Reflection Coefficient
perating Frequency eflection Coefficien Gain (dBi)
Diode Configurations (GHz) |S1| (dB)
Simulated Measured Simulated Measured Simulated | Measured
Both Diodes OFF 16.47 16.52 —12.37 —11.51 7.81 6.16
10.8 11 —16.39 —15.37 7.28 5.57
Both Diodes ON 17.03 16.8 —13.4 —12.2 4.37 4.36
21.2 21.05 —24.76 —18.6 6.53 6.57
One Diode is ON and
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FIGURE 7. Proposed fabricated double T-shaped reconfigurable antenna, (a) front view, (b) back view, (c) antenna measurement setup for reflection
coefficient (|S11]), (d) simulated and measured reflection coefficient (|S11]|) when both diodes are OFF, (e) simulated and measured reflection
coefficient (].S11|) when one diode is ON and another diode is OFF, (f) simulated and measured reflection coefficient (|S11|) when both diodes are

ON.
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TABLE 4. Comparative analysis of double T-shaped reconfigurable antenna work with existing works.

No. of Operating Best Reflection . Type of
L 3 . . . Peak Gain No. of L
Ref/Year Size (inmm”) | Operating Frequencies Cofficient |S11]| | . .. |Reconfigurable . Applications
. . (in dBi) . Switches
Frequency (in GHz) Value (in dB) Switch
24,5.8,3.3, —18dB at . .
[18]/2020 30 x 15 x 1.6 5 & . PIN Diode 3 Portable Devices
35,5 5.5GHz
26.3,27,27.2 —24dB at 4 dBi at 5G Wirel
[19)2021 | 30 x 23 x 1.6 5 el el a 'a PIN Diode 2 freless
27.8,28.7 27.2 GHz 27.8 GHz Communications
0.94, 3.95, 4.75, —38dBat |2.97dBiat , Sub-6 GHz 5G
[20/2022 |120 x 60 x 1.575| 6 y "% PIN Diode 2 Homm e
1.85,2.55,4.75 0.94 GHz 1.85GHz Mobile Terminal
3.16,3.19, 3.27,
3.3,7.57,7.61 40dBat |3.04dBiat 3G sub-6 GHz
[21)2024 | 22x 18 x 1.6 10 > 120 1O a2 b Diode 2 Wireless
7.84,7.79, 11.58GHz | 11.58 GHz o
Communication
10.55, 11.58
7.29,2.47,5.29, —33dBat |3.38dBiat . Wirel
[22)2024 | 15x 21 x 1.6 6 & '8 PIN Diode 2 freless:
7.2,3.2,542 7.2GHz 7.2GHz Communication
3.70,5.97, —37.5dBat |5.36dBiat . Wirel
[27)2025 | 40 x 70 x 1.6 4 & "3 PIN Diode 2 frefess
9.72,12.86 9.72 GHz 12.86 GHz Applications
double
T Shaped 10.8, 16.47,17.03,| —24.76dB at | 7.81dBi at X band, Ku band,
1 19 x 12 % 0.79 5 O A LT oEBat 1A EBE PIN Diode 2 K band and
reconfigurable 17.07,21.2 21.2GHz 16.47 GHz
5G bands
antenna
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FIGURE 9. Simulated and measured radiation patterns in X Z and Y Z planes of the proposed antenna (a)—(b) when both diodes are off at 16.52 GHZ,
(c)—(d) when one diode is ON and one diode is OFF at 16.87 GHz, when both diodes are ON (e)—(f) at 11 GHz, (g)—(h) at 16.8 GHz, (i)—(j) at 21.05.

The presented double T-shaped reconfigurable antenna
achieves five different operating frequencies through the func-
tionality of two PIN diodes. The antenna has a compact overall
dimension of 12 x 12 x 0.79mm?, making it smaller than
the previously reported designs in [18-22,27] as summarized
in Table 4. The antenna exhibits a peak gain of 7.81dBi at
16.47 GHz, which is a higher peak gain than the antennas
reported in [18-22,27]. While the number of operating
frequencies in the presented design is equal to or greater than
those reported in [18, 19,27], the designs in [20-22] do offer
a higher number of operating frequencies. However, those
antennas suffer from lower gain and larger overall size than the
proposed design. A comparative study of the proposed double
T-shaped reconfigurable antenna’s performance against various
related existing works from different researchers is presented
in Table 4, highlighting its advantages in terms of compact
size, high gain, and efficient frequency reconfigurability.

4. CONCLUSION

Reconfigurable antennas play a crucial role in modern wire-
less communication systems due to their ability to dynamically
adjust frequency, radiation patterns, and polarization, enabling
multiple functions within a single device. With the continuous
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growth of applications and user demands, the need for versatile
and multifunctional antennas has become increasingly impor-
tant. In this work, a compact double T-shaped frequency recon-
figurable antenna is presented for multiband 5G wireless com-
munication, featuring an overall size of 12 x 12 x 0.79 mm3.
The antenna was designed and simulated using CST Microwave
Studio software. To achieve frequency reconfigurability, two
MAA4SPS402 PIN diodes were integrated into the antenna de-
sign. By configuring these two PIN diodes in four different
switching states (ON/OFF combinations), the antenna success-
fully operates at five distinct frequencies across the 10 GHz to
22 GHz range effectively covering various wireless communi-
cation modes: X band, Ku band, K band, and 5G bands. The
proposed antenna achieves the best simulated reflection coef-
ficient (|.S)1]) of —24.76dB at 21.2 GHz and a peak gain of
7.81 dBiat 16.47 GHz. The fabricated prototype was measured
using a VNA and an anechoic chamber, with the measured | S |
and gain results closely matching the simulations, confirming
the antenna’s reliability and suitability for 5G applications.
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