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Abstract
A reconfigurable inset-fed Microstrip Patch Antenna (MPA) for dual-band behavior and stable-radiation direction has
been demonstrated in this research. The suggested reconfigurable antenna has dimensions of 60×50 mm2 and is printed
on an FR4 substrate that is 1.5 mm thick and has a dielectric constant (εr) and loss tangent (tanδ ) equal to 4.3 and 0.02,
respectively. An inset-fed line with an impedance of 50Ω is used to feed the proposed antenna structure. The parasitic
capacitance is efficiently added to the proposed structure by using the slitline approach. The proposed antenna is tested
and simulated, where the result shows two resonant frequencies with S11 values less than -10 dB (S11 ≤−10). The first
resonant frequency is found at 2.45 GHz with a value equal to -30.5 dB, while the second resonant is found at 3.54 GHz
with a value equal to -32 dB. Moreover, the slits include two PIN diodes. After analyzing the antenna, two reconfigurable
bands are obtained for various uses with stable radiation direction. The suggested antenna is constructed and measured,
and the outputs of the simulation and the measurements show good agreement.
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I. INTRODUCTION

To accommodate the introduction of new standards, telecom-
munications systems must be able to integrate multiple stan-
dards into a single antenna [1]. Reconfigurable antennas are
among the possible solutions that meet the necessary specifi-
cations [2]. Because MPAs are lightweight, inexpensive, and
have a low profile, researchers typically use them to create
reconfigurable antennas [3]. Various categories of reconfig-
uration techniques exist, including electrical, mechanical or
physical, photoconductive or optical, and reconfiguration with
smart materials that are tunable [4, 5]. Through the electrical
reconfiguration approach, solid-state switching components
including varactors, RF-MEMS, and PIN diodes are integrated
into the antenna construction to modify the current distribu-
tion or field arrangement of the radiating element. The RF
PIN diode is the most advantageous of all due to its enormous

power handling capacity, quick switching speed, and cheap
cost [6, 7]. In addition, slot-loaded patch antennas with differ-
ent switches offer a wide reconfigurable frequency span [8, 9].
Several reconfigurable antennas have been proposed in the
past [10–12]. Most of the proposed sub-6 GHz antennas are
reconfigurable, using RF-PIN diodes for frequency reconfig-
urability to achieve single-band, dual-band, and multiple-band
reconfigurability [13–15]. Most of the previous works suffer
from unstable radiation direction when designing a reconfig-
urable frequency antenna.

In this article, a reconfigurable structure-based MPA for
dual bands with stable radiation direction applications is pro-
posed. The suggested antenna is characterized by a size of
60×50 mm2 and fed by an inset-fed microstrip line of 50Ω

impedance. Two PIN diodes are employed in the slit lines-
based antenna for reconfigurable behavior. The suggested
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antenna structure is designed and simulated using the CST
simulator. Finally, the proposed antenna structure is fabri-
cated and measured, and good agreement is shown between
the measurement and modeling results.

II. ANTENNA DESIGN METHODOLOGY

The aim is to achieve dual-band operation for the reconfig-
urable MPA. The antenna is designed to operate at two tar-
geted resonant frequencies; the resonant frequencies are tar-
geted at 2.45 GHz and 3.5 GHz, respectively. These resonant
frequencies are chosen based on the requirements of middle
band 5G applications, as mentioned in the title of the paper.
The structure of a reconfigurable MPA with two PIN diodes is
shown in Fig. 1 below. The proposed structure is mounted on
a 1.5 mm thick FR-4 substrate with a dielectric constant (εr)
and loss tangent (tanδ ) equal to 4.3 and 0.02, respectively.
The antenna is characterized by a total size of 60×50 mm2.
An inset-fed line with an impedance of 50Ω is used to feed the
proposed antenna structure. A slit-line technique is applied to
enhance the antenna performance with dual-band frequency
achievement. Moreover, such a technique increases the cur-
rent length and parasitic effect achievement. A typical MPA
with an inset-fed line is shown in Fig. 2(a). The rectangular
patch is characterized by dimensions of 20×26 mm2. Eq. (1),
(2), and (3) are employed to design the conventional antenna
structure [16–20].
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Where εeff is the effective dielectric constant, εr is the
relative permittivity, and C represents the speed of light. L
is the actual length, and W is the feedline width of the mi-
crostrip. Furthermore, a full ground plane is applied on the
other face of the substrate. A microstrip line fed with a 50Ω

inset is used to feed a conventional antenna. The width of the
inset-fed line is 2.868mm, the inset distance is 6.59mm, and
the inset gap is 1.43mm. The slit-line technique is applied
to achieve the parasitic-capacitance effect and miniaturize
the antenna size by manipulating the current path. Finally,
a reconfigurable design is presented, where two ideal elec-
tronic switches (PIN diodes) are inserted in the slit-lines to
manipulate the antenna’s frequency.

TABLE I. RECONFIGURABLE ANTENNA DESIGN
PARAMETERS (IN MM)

Parameters Value Parameters Value
Ws 50 Ls 60
Wp 26.08 Ld 20.03
Wf 2.87 Lf 19.5
A 13.44 B 1.43
C 4.94 D 143
E 7.74 F 1.43
H 6.59 G 1.43

Finally, the details of the geometrical antenna are pre-
sented in Table I, and the two PIN diodes are inserted in the
slit lines to manipulate the antenna’s frequency performance
by changing the current path and parasitic effects.

Fig. 1, shows a proposed of reconfigurable antenna struc-
ture (a) front view, (b) back view, and (c) PIN-Diode equiva-
lent circuit.

III. RESULTS AND DISCUSSIONS

Through the use of the CST software program, the slitline-
based antenna structure is investigated and analyzed. The
results so obtained are compared with the conventional design.
The S11 results are presented in Fig. 3 below. The result shows
that two resonant frequencies are generated with S11 values
less than −10 dB (S11 ≤−10). For the conventional design,
at 3.5 GHz, the first resonant frequency is detected with an
S11 value of −16 dB. On the other hand, the second resonance
is located at 5.45 GHz with a value equal to −17 dB. For the
slitline-based modified antenna, the first resonant frequency
is found at 2.45 GHz with an S11 value equal to −30.5 dB.
While the second resonance is found at 3.54 GHz with an S11
value equal to −32 dB.

The reconfigurable behavior is studied and the antenna per-
formance is introduced. The two PIN diodes are represented
by inserting a stripline in the slitlines where two states are
present, ON and OFF state. Four states explain the behavior
of these two switches as seen in Table II.

TABLE II. DIFFERENT STATES OF PIN DIODES

States PIN-D1 PIN-D2 fr (GHz)
State1 OFF OFF 2.45, 3.54
State2 OFF ON 2.71, 3.54
State3 ON OFF 2.71, 3.54
State4 ON ON 3.54

In Fig. 4, the reflection coefficient S11 ≤−10 dB for all
switch states is displayed. The effect of two switch states
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(a)

(b)

(c)
Fig. 1. Proposed reconfigurable antenna structure (a) front
view, (b) back view, and (c) PIN-Diode equivalent circuit.

on the generating frequency band is studied. In the state
where the two switches are off, the result shows two resonant
frequencies are generated with S11 values less than −10 dB
(S11 ≤ −10). The first resonant frequency is found at 2.45
GHz, with an amplitude value equal to −30.5 dB. While the
second resonant is found at 3.54 GHz with an amplitude equal

Fig. 2. shows the Microstrip antenna modifying steps; a)
Conventional antenna, b) Modified antenna.

Fig. 3. Reflection coefficient S11 of the suggested antenna
structure.

to −32 dB.
When Switch-1 is in the ON state and Switch-2 is in

the OFF state, two resonant frequencies are found: the first
resonant is found at 2.71 GHz with an S11 value of −12.43
dB, while the second resonant is found at 3.54 GHz with an
S11 value of −32.34 dB.

On the other hand, when Switch-1 is in the OFF state and
Switch-2 is in the ON state, two resonants are found. The first
resonant is found at 2.71 GHz with an S11 value of −12.43
dB, while the second resonant is found at 3.54 GHz with
an S11 value of −32.34 dB. The last case is related to both
ideal diodes in the ON state. A single resonant frequency is
produced at 3.54 GHz with an S11 value of −33.3 dB.

For all switching cases, the current behavior of the sug-
gested antenna is found and studied at different resonant fre-
quencies, as seen in Fig. 5. In the case where all switches
are in the off state, the current in the radiating layers is found
to take a long path of moving in the patch, around the slits,
and that leads to a reduction in antenna size due to large fring-
ing fields. While in other states, the current is found to take
the short path and cross the switch, which leads to low size
reduction. Fig. 6 and Fig. 7 show, respectively, the 3D and
2D radiation patterns of the proposed antenna. The suggested
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Fig. 4. S11 Simulation of the suggested reconfigurable
antenna for all diode states.

antenna showed a maximum gain of 3.07 dB at 3.54 GHz.
In Fig. 8, the modified antenna structure is manufactured

by employing the CNC-Machine type of LPKF Proto Mat
S100. Furthermore, the Vector Network Analyzer type of
Anritsu-MS4642A is used to test and measure the proposed
antenna structure. A strip connector is used instead of a pin-
diode in the case of the ON-state. The measurement result
is found and compared with those from the simulation, and
excellent agreement is observed with insignificant differences,
as seen in Fig. 9.In Table III the proposed antenna structure is
compared with other related works in the literature in terms of
size, operating frequency, and reconfigurable type. Compared
with the other research works, it is observed that the proposed
antenna shows good performance related to structure size.

Fig. 5. Current distribution of the reconfigurable antenna at
different cases and different resonant frequencies.

Fig. 6. The recommended antenna’s 3D radiation pattern at
3.54 GHz.

Fig. 7. Antenna’s 2D radiation pattern.

Fig. 8. Manufactured Antenna Structure Prototype.

IV. CONCLUSIONS

This paper introduced a reconfigurable microstrip patch based
on slitlines. By adjusting the current path, the slit-line tech-
nique was utilized in the antenna to produce the parasitic-
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Fig. 9. Measurement results compared with those from the
simulation.

TABLE III. COMPARATIVE OF THE PROPOSED STRUCTURE
WITH OTHER RELATED WORKS.

Ref. Size (mm2) fδ in GHz Reconf. Type
[21] 82 × 82 4.8, 6.9 and 7.7 Freq. Reconf.
[22] 60 × 60 5.194, 6.4 and 5.182 Freq. Reconf.
[23] 58 × 66 2.47, 3.8 and 5.36 Freq. Reconf.
[24] 50 × 50 3.4 Freq. Reconf.

This work 60 × 50 2.45, 2.71 and 3.54 Freq. Reconf.

capacitance effect and reduce the size of the antenna. In
addition, two PIN diodes that are placed in the slitlines and
have four states (visible-ON, OFF, and both) are used to con-
trol the antenna’s frequency and explain the behavior of the
two switches. Multi-operating frequencies are observed at
2.45 GHz, 2.71 GHz, and 3.54 GHz with a stable broadside
radiation and a maximum gain of 3.07 dB. The software pro-
gram Computer Simulation Technology (CST) was used for
the reconfigurable antenna’s design and analysis. Ultimately,
there was a strong agreement between the modeling and mea-
surement data.
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