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Abstract. This paper presents a printed patch antenna
design to achieve frequency and bandwidth reconfigura-
bility. Two RF PIN diodes are simultaneously operated to
achieve the multi-reconfigurability operation. The patch is
inspired from a circular loop design. The basic structure of
a loop is altered, and PIN diodes are integrated into the
patch. The antenna operates in dual band configuration at
3.42 and 8.02 GHz in the diodes ‘OFF’ state, whereas the
antenna switches to triple band operation at 2.21, 4.85,
and 10.19 GHz in the diodes ‘ON’ state. Moreover, the
antenna also exhibits an increased bandwidth from 7.54 to
12 GHz in the diodes ‘ON’ state, as compared to a narrow
bandwidth from 7.71 to 8.48 GHz in the diodes ‘OFF’
state. The proposed antenna structure is implemented and
fabricated using FR4 epoxy substrate of relative permittiv-
ity 4.4, and thickness 1.6 mm. Implemented design exhibits
measured gains of 3.06 dBi, 2.81 dBi, and 2.92 dBi at 2.21,
4.85, and 10.19 GHz in the PIN diodes ‘ON’ state, respec-
tively, while in the PIN diodes ‘OFF’ state, at 3.42 GHz
the gain is 3.03 dBi and at 8.02 GHz the gain is 3.37 dBi.
Overall, simulation results agree well with the measured
results.
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1. Introduction

Multiband printed and frequency reconfigurable an-
tennas have gained much attention in last few decades due
to congestion of the electromagnetic spectrum. The recon-
figurable antennas operating on multiple bands can serve to
reduce the complexity of hardware components as they
provide multiple functionalities in one compact design.
Multiband reconfigurable antennas have appeared as po-
tential candidates for modern fourth and fifth generation
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(4G, 5G) wireless communication applications, as they
improve performance of a communication system by re-
ducing size, complexity, and cost of the antenna structure.
Different techniques have been presented in the literature
for achieving multiband reconfigurability. Many of these
techniques focus on altering the current flow on the an-
tenna structure and creation of different current paths by
using stacked structures, elongated arms, and strips in the
antenna design. However, many such techniques result in
an increased structural complexity as larger ground plane is
involved in the designs [1]. Another technique to achieve
multiband reconfigurability operation is LC (inductor-ca-
pacitor) resonator loading. The basic principle of LC reso-
nator loading focuses on embedding the printed antenna
structure with different sets of LC elements, as a result the
antenna structure resonates at different frequencies [2].
Techniques focusing on defected ground structures have
also been explored for achieving multiband reconfigurabil-
ity in printed antennas [3]. In addition, circular loops and
ring structures have also been investigated to achieve fre-
quency reconfigurability [4]. Printed antennas can be de-
signed to perform the reconfigurability operation, not only
concerning the resonant frequency, but also concerning
certain other antenna parameters like bandwidth, polariza-
tion, and radiation pattern. Number of reconfigurability
operations offered by the antenna generally depends upon
number of active elements employed in the design [5], [6].
The reconfigurability operation can be achieved by either
mechanical switching (reed switches) or electronic
switching (PIN diodes). Radio Frequency (RF) microelec-
tromechanical systems (MEMS) switches and varactor
diodes are another possible option to design multiband
reconfigurable antennas [7], [8]. RF MEMS switches usu-
ally offer a low switching speed of 1 to 200 psec for most
applications [7]. PIN diodes on the other hand, provide fast
switching speeds of 1 to 100 nsec [9]. Mechanical switches
result in complex and bulky structures whereas PIN diodes
can easily be integrated on antenna substrates, thereby
making them potentially suitable candidates for multiband
reconfigurability operations.

ELECTROMAGNETICS
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Fig. 1. Detailed layout of the proposed antenna, radiating
patch (left) and modified ground (right). Dimensions
(mm) are: Ls=55 Ws=50, a=28, b=15.75,
c=8.02, d=1.5, e=525 f=8.19, g=17, h=1,
i=10,Lg=28and Wg=22.

Researchers have explored the idea of using PIN di-
odes to obtain frequency reconfigurability, polarization
reconfigurability [10], [11], and radiation pattern reconfig-
urability [12]. In [13], an antenna exhibiting bandwidth
reconfigurability, for WLAN (Wireless Local Area Net-
work) and WiIMAX (Worldwide Interoperability for Mi-
crowave Access) operations is presented. Researchers have
also investigated the use of slots, slit structures, parasitic
patches, and modified ground planes with PIN diodes to
achieve multi-reconfigurability operation targeting both
frequency and bandwidth switching [14], [15].

Wireless communication in recent times has seen tre-
mendous growth from first generation (1G) to fourth gen-
eration (4G), and today the world is moving towards de-
ployment of fifth generation (5G) technologies. 2 GHz to
8 GHz frequencies have been used for 4G communication
[16], whereas the frequency bands for 5G technologies are
broadly classified as the low frequency band from
600 MHz to 6 GHz (the sub-6 GHz band), and the high
frequency band from 24 GHz to 71 GHz (the mm wave
band) [17]. Mobile communication services, high speed
internet, data intensive interactive user services, telemedi-
cine, and high definition video are some popular applica-
tions of 4G and 5G communication technologies [18]. In
addition, frequency range from 8 GHz to 12 GHz (gener-
ally known as the X-band) is popularly used in radars and
satellite communication systems [19]. Many services of 5G
in initial deployment phase will be offered using the al-
ready existing Long Term Evolution (LTE) frequency
bands [20]. Antenna designs that offer switching between
4G and 5G frequencies as per demand is a popular research
topic today [21].

This paper explores the switching phenomenon be-
tween different frequencies of 4G, 5G and X-band, not
only in terms of frequency reconfigurability but also in
terms of bandwidth reconfigurability. The proposed design
consists of a circular loop inspired structure which has
been modified to accommodate two PIN diodes, as shown
in Fig. 1. The diodes placement allows them to be turned
‘ON’ or ‘OFF’ simultaneously. Triple band operation (at
2.21, 4.85, and 10.19 GHz) is achieved when both diodes

are turned ‘ON’ whereas dual band operation (at 3.54 and
8.02 GHz) is achieved when both diodes are turned ‘OFF’.
In addition, bandwidth switching, from narrowband to
wideband, is also observed in the diodes ‘ON’ state. Reso-
nant frequencies of the proposed design target not only the
pure 4G, 5G, and X-band frequencies, but also the shared
frequency bands between existing 4G and 5G communica-
tion services. The proposed antenna can find applications
in devices involved in 4G Advanced Wireless Services
(AWS — from 2180 to 2200 MHz [22]), WIMAX services
(3400 to 3600 MHz [23]), n48 (3550 to 3700 MHz), and
n78 (3300 to 3800 MHz) bands in 5G new radio (NR)
services [24]. The proposed antenna can also be used in
modern devices utilizing the licensed bands of 5G in China
(3300 to 3600 MHz and 4800 to 5000 MHz) and in Europe
(3400 to 3800 MHz) [17], as well as fixed and mobile sat-
ellite services in the X-band (8 GHz to 12 GHz) [19].

2. Antenna Structure Design

The presented antenna design comprises of a compact
structure inspired from a circular loop [25] and includes
a modified partial ground plane. The antenna is designed
using High Frequency Structure Simulator (HFSS), a full
wave 3D electromagnetic software. Circular loop and ring-
shaped patch structures can be effectively used to design
a multiband antenna [26]. Initially, a conventional loop an-
tenna with radius » of 10 mm and strip width d of 1.5 mm
was designed. The strip width is converted into wire radius
using the following expression, given in [27]:

wr=— (1)
4

where d is the strip width of the printed antenna and wr is
the wire radius. With known wire and loop radius, another
parameter called the thickness factor is computed. Thick-
ness factor classifies any loop antenna as thick or thin.
Thin antennas can effectively resonate at multiple frequen-
cies [27]. The thickness factor, denoted by 7F is given in
[28]:

TF =2In (2’”) @)
wr

where r denotes the loop radius. The thickness factor TF
for the initially designed circular loop antenna comes out to
be 10.24, making it a thin loop antenna (7F > 9) [28]. The
design is realized on a 50 x 55 mm® FR4 epoxy substrate
with a thickness of 1.6 mm. Figure 1 depicts the complete
layout and detailed dimensions of final antenna design. As
shown in Fig. 1, the design consists of a ring-shaped patch
inspired from the conventional circular loop structure.
An arc of length e has been removed from the circular loop
structure, and a rectangular strip of width 4 and length g
has been added, to obtain the final antenna design. A 50 Q
microstrip line feed structure has also been incorporated to
excite the proposed antenna design.
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Fig.2. Antenna design evolution steps (top and bottom):
(A) Design A, (B) Design B, (C) Design C, and

(D) Design D.
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Fig. 3. |Reflection Coefficient| (dB) for antenna design

evolution steps.

It was observed during the design process that arc re-
moval from circular loop [25] along with addition of mid-
dle rectangular strip [29] and partial ground structure [30]
not only aid in achieving multi-band operation but these
modifications also serve to increase the operational band-
width of the antenna. A small rectangular strip placed at
a distance of 0.5 mm from the partial ground plane further
helped in enhancing the bandwidth and efficiency of the
design.

2.1 Design Evolution

The major design steps involved in evolution of
antenna structure are represented in Fig. 2. For each design
in Fig. 2, [Reflection Coefficient| (dB) is plotted in Fig. 3,
to observe the impedance matching characteristics. The
evolution of the proposed antenna structure started with
asimple circular patch and a rectangle shaped partial
ground labelled as Design A in Fig. 2. The results in Fig. 3
reveal that Design A was able to cover major portion of the
X-band. The structure was then modified into a circular
loop design, labelled as Design B in Fig. 2, to achieve
multiband operation. Results for Design B, in Fig. 3 con-
firm that circular loop resulted in a multiband operation.
Next step was to modify the operating frequencies and
bandwidth of the X-band. A rectangular middle strip of
17 mm was then added in the center [29]. This modifica-
tion is labelled as Design C in Fig. 2, whereas the corre-
sponding results are shown in Fig. 3. Results indicate that
incorporation of middle rectangular strip enabled the
antenna to cover the entire X-band. Finally, an arc of
5.25 mm was removed from the circular loop [25] and
an additional rectangular strip was added on the bottom

side [30] to achieve the desired triband operation. This
design is labelled as Design D in Fig. 2 and corresponding
results are plotted in Fig. 3.

2.2 Parametric Analysis

A detailed parametric analysis on various geometrical
parameters of the proposed design was performed to better
understand the contribution of radiating structures. The
removed arc length e was varied from 1.25 mm to
7.75 mm. The |Reflection Coefficient| (dB) results of each
variation are presented in Fig. 4. It can be observed that the
resonant frequency of the first band shifts by changing the
removed arc length. The desired frequency of 2.21 GHz is
achieved when the removed arc length e equals 5.25 mm.

Next parametric analysis was performed on length g
of the middle rectangular strip of the patch. The middle
rectangular strip was kept connected to the right side of the
loop and its length was varied from 5 mm to 17 mm. Fig-
ure 5 presents the |Reflection Coefficient| (dB) results of
the analysis. It can be observed that the middle strip length
not only controls frequency of the second band, but it also
contributes towards increasing the bandwidth of third band
(X-band). The variation of the middle strip length particu-
larly helped in selection of PIN diode position 1 for fre-
quency agility. Desired optimum results are obtained when
g equals 17 mm and is completely connected to the circular
loop from both sides.

The importance of strip width d as stressed previ-
ously, while calculating the thickness factor, can be ob-
served through the parametric analysis represented by
Fig. 6. The strip width d was varied from 1.5 mm to
4.5 mm. It can be observed that a thin antenna is able to
resonate at multiple frequencies. The optimized strip width
for the implemented design is 1.5 mm. An increase in the
strip width vanished the second frequency band, as ob-
served in Fig. 6. The effect of partial ground variation on
resonant frequencies was also observed and is depicted in
Fig. 7. The variation of strip length W, from 10 mm to
22 mm greatly affected the resonant frequencies. Desired
triband results are obtained when W, is equal to 22 mm.
The finalized triband antenna with optimized parameters
depicted in Fig. 1 resonates from (2.16-2.27) GHz, (4.3 to
5.3) GHz, and (7.54-12) GHz. The overall dimensions of
the final triband antenna were 22 x 30 mm®. However, the
substrate size was increased later to accommodate DC
biasing circuit for PIN diode operations.

2.3 PIN Diodes Integration

After design optimization and achievement of triband
operation, next step was to identify PIN diodes positions
and integrate them into the antenna structure. The PIN
diodes positions were decided by carefully analyzing the
antenna structure, parametric analysis, and surface current
distributions of the triband antenna. Figure 8 depicts main
radiating patch of the antenna design with clearly marked
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diode positions. The basic idea in identifying these diode
positions was to provide different paths to RF currents
from feed line to radiating patch, thereby changing the
electrical length of the design. PIN diode at position 1
primarily controls the switching of 2.21 GHz frequency
band whereas PIN diode at position 2 controls the band-
width of the X-band. Switching between 3.42 GHz and
4.85 GHz frequencies is controlled when both diodes are
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Fig. 4. Effect of arc length e variation on |Reflection
Coefficient| (dB).
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Fig. 8. Identification of diode positions. Dimension (mm) is

j=1.

operated simultaneously. The PIN diodes are hence inte-
grated in the antenna design in such a way that both diodes
can be turned ‘ON’ and ‘OFF’ simultaneously. After the
identification of PIN diodes positions, the PIN diodes were
also incorporated in the simulation model using RLC
boundary conditions. Incorporation of PIN diodes in the
simulation model helped in optimizing the effect of PIN
diodes on impedance matching and far-field characteristics
of the proposed design. In particular, a small rectangular
strip with RLC boundary setup was used to realize PIN
diodes in simulation model. For ‘OFF’ state of the PIN
diode, a 1 kQ resistance was placed in parallel to a 0.1 pF
capacitance, which were then placed in series with an in-
ductance of 0.5 nH. Whereas, inductance of 0.5 nH placed
in series with 0.8 Q resistance, was used to realize PIN
diodes ‘ON’ state in the simulation environment [31]. The
‘OFF’ states of PIN diodes allow the proposed antenna to
resonate at dual band by suppressing the (2.16-2.27) GHz
band. Whereas in the ‘ON’ states PIN diodes provide
continuous current path to the radiating patch, allowing the
antenna to operate at three frequency bands.

2.4 Surface Current Plots

The surface current plots of the proposed design in
PIN diodes ‘OFF’ and ‘ON’ states are demonstrated in
Fig. 9 and Fig. 10, respectively, to accurately observe the
resonance behavior. Figure 9 represents the surface current
plots for both patch and ground at 3.42 GHz and 8.02 GHz.
The current plots clearly indicate the respective areas of the
antenna design responsible for resonant frequencies in the
diodes ‘OFF’ state. The contribution of the small rectan-
gular strip on the bottom side of the antenna in attainment
of 8.02 GHz resonant frequency can also be noticed in
Fig. 9.

Figure 10, on the other hand, represents the surface
current plots for both patch and ground in the diodes ‘ON’
state. The surface currents in Fig. 10 have been plotted at
2.21, 4.85, 8.02, and 10.19 GHz. Figure 10(A) represents
the surface currents at 2.21 GHz. It can be observed that
both diodes at position 1 and 2 are responsible for this
resonant frequency. In addition, the upper and lower half of
the circular loop along with the rectangular middle strip is
also responsible for achieving the 2.21 GHz frequency band.
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Figure 10(B) clearly indicates the contribution of diode at
position 2 in achieving 4.85 GHz resonant frequency. Pri-
marily, lower half of the circular loop is responsible for
4.85 GHz. Figures 10(C) and (D) indicate the current plots
at 8.02 GHz and 10.19 GHz, respectively. It can be clearly
observed that wideband operation from 7.54 GHz to
12 GHz can be attributed to the 'ON’ state of both PIN
diodes, because the complete antenna structure is involved
in achieving the 10.19 GHz resonant frequency. The partial
ground is involved in generation of all three frequency
bands.

3. Results and Discussion

To check the efficacy and validation of the proposed
structure, the antenna was fabricated on FR4 epoxy sub-
strate having relative permittivity of 4.4, thickness of
1.6 mm, and a loss tangent of 0.02. Skyworks PIN diodes
(model pat number: SMP 1322) [32] were used in the fab-
ricated prototype of the antenna. For isolation of RF and
DC currents, RF chokes manufactured by minicircuit (part
number: ADCH-80A) were used in the fabricated proto-
type, as indicated in Fig. 11. The RF chokes were selected
because of their low DC resistance, low parasitic capaci-
tance, and high impedance over the targeted range of fre-
quencies [33].

3.1 Reflection Coefficient

A fully calibrated Agilent N5245B PNA-X Network
Analyzer was used for measuring the magnitude of reflec-
tion coefficient, in order to observe the impedance match-
ing characteristics of the fabricated prototype and for the
proposed design validation. It was observed that good
agreement exists between measured and simulated results.
Minor disagreement between the results can be attributed
to nonideal behavior of PIN diodes and imperfections en-
countered during antenna fabrication process. However, it
is observed that the |Reflection Coefficient| (dB) is less
than —10 for all resonant frequencies in both diodes ‘ON’
and ‘OFF’ states. Figure 12 represents the simulated
[Reflection Coefficient| (dB) results for four different diode
configurations. It can be clearly observed that diode 2
controls the 4.85 GHz frequency band. Diode 2 is also
responsible for controlling the bandwidth of X-band. In
addition, 2.21 GHz and 3.42 GHz bands are being con-
trolled by both diodes 1 and 2. The simulated and meas-
ured [Reflection Coefficient| (dB) results in both PIN di-
odes ‘OFF’ and ‘ON’ states are represented in Fig. 13. It
can be observed that 3.42 GHz band in PIN diodes ‘OFF’
state shifts to 4.85 GHz in PIN diodes ‘ON’ state. Table 1
represents the simulated and measured operating frequen-
cies along with bandwidth for both diodes ‘OFF’ and ‘ON’
states. As shown in Fig. 13 and Tab. 1, the proposed an-
tenna offers a multi-reconfigurability approach covering
both frequency and bandwidth aspects.

3.2 Far Field Characteristics

The simulated and measured radiation patterns of the
proposed design in PIN diodes ‘OFF’ and ‘ON’ states are
illustrated in Fig. 14 and Fig. 15, respectively. The radia-
tion patterns were measured in an anechoic chamber facil-
ity available in the National University of Sciences and
Technology, Islamabad, Pakistan. Figure 14 represents
H plane (xz plane) and E plane (yz plane) radiation pat-
terns for PIN diodes ‘OFF’ state at 3.42 GHz and
8.02 GHz. Similarly, Figure 15 represents the H plane
(xz plane) and E plane (yz plane) radiation patterns in the
PIN diodes ‘ON’ state at 2.21, 4.85, 8.02, and 10.19 GHz.
Overall, the simulated and measured results agree with
each other. Slight discrepancies observed can be attributed
to nonideal behavior of PIN diodes, fabrication, and meas-
urement imperfections. The radiation pattern at 8.02 GHz

Fig. 11. Fabricated prototype of the proposed design.
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State Simulated Results Measured Results
1* band: 3.061-4.025 GHz, | 1% band: 2.92-3.97 GHz,
bandwidth: 0.964 GHz bandwidth: 1.05 GHz
(center frequency 3.54 GHz | (center frequency 3.42 GHz
with |Reflection Coefficient| | with [Reflection Coefficient|
Diodes | of —30.23 dB) of —28.48 dB)
‘OFF’ | 2" band: 7.73-8.36 GHz, 2" band: 7.71-8.48 GHz,
bandwidth: 0.63 GHz bandwidth: 0.77 GHz
(center frequency 8.03 GHz | (center frequency 8.02 GHz
with [Reflection Coefficient| | with [Reflection Coefficient|
of —16.31 dB) of —17.03 dB)
1* band: 2.155-2.34 GHz, 1% band: 2.16-2.27 GHz,
bandwidth: 0.185 GHz bandwidth: 0.11 GHz
(center frequency 2.265 GHz | (center frequency 2.21 GHz
with |Reflection Coefficient| | with [Reflection Coefficient]|
of —19.12 dB) of —12.4 dB)
2" band: 4.52-5.29 GHz, 2" band: 4.3-5.3 GHz,
Diodes bandwidth: 0.77 GHz bandwidth: 1 GHz
ON° (center frequency 4.905 GHz | (center frequency 4.85 GHz
with [Reflection Coefficient| | with [Reflection Coefficient|
of —38.99 dB) of —37.5 dB)
3" band: 7.625-12 GHz, 3" band: 7.54-12 GHz,
bandwidth: 4.375 GHz bandwidth: 4.46 GHz
(center frequency 10.35 GHz | (center frequency 10.19 GHz
with |Reflection Coefficient| | with [Reflection Coefficient]|
of —21.63 dB) of —19.7 dB)
Tab. 1. Comparison of simulated and measured [Reflection

Coefficient| (dB) results.

computed in the E plane. To highlight the advantages of
the presented antenna, a summarized comparison of this
work with related literature is presented in Tab. 3. It can be
observed from Tab. 3 that only the proposed work targets
X-band along with 4G and 5G operating frequencies as
compared to other available antenna structures in literature.
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Fig. 14. Simulated and measured radiation patterns of the
proposed antenna design in the PIN diodes ‘OFF’
state: (A) at 3.42 GHz and (B) at 8.02 GHz.
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Fig. 15. Simulated and measured radiation patterns of the
proposed antenna design in the PIN diodes ‘ON’ state:
(A) at 2.21 GHz, (B) at 4.85 GHz, (C) at 8.02 GHz and
(D) at 10.19 GHz.

remains fairly same in both PIN diodes ‘ON’ and ‘OFF’
states but the peak gain changes from 3.37 dBi in the
‘OFF’ state to 3.26 dBi in the ‘ON’ state which can be
attributed to incorporation of active device, that is, PIN
diodes. Table 2 presents the simulated and measured values
for peak gain and radiation efficiency, in both diodes ‘ON’
and ‘OFF’ states, respectively. All peak gains have been

Simulated Measured
Diodes Freq Peak Radiation Peak Radiation
State (GHz) Gain Efficiency Gain Efficiency
(dBi) (%) (dBi) (%)
OFF 342 4.09 88.03 3.03 82.48
OFF 8.02 3.82 86.67 3.37 81.31
ON 2.21 3.53 89.42 3.06 83.27
ON 4.85 3.49 85.56 2.81 78.64
ON 8.02 3.78 85.14 3.26 77.39
ON 10.19 3.32 84.26 2.92 78.48

Tab. 2. Peak gain and radiation efficiency results for the
proposed antenna.
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Antenna Antenna Overatin
Ref Shape/ Size (mm?)/ Fr]:: uencg Biasing Peak
Targeted Switching q Y Network | Gain
Bands
Parameter Elements
Octagon/ 30.8x30.8/ I;/11;1‘:50 ztxrlg)
[7] Agor 4MEMS | 3.8GHz . 4.9 dBi
Polarization . radial
Switches
stubs
Dl{al Slfle 30x30/ 6.16_6.6 E)ftelfnal 677
[8] Vivaldi/ Varactor GHz Biasing dBi
Frequency Diode Tee
Annular Slot/ Microstri
o] | Freauency, | s0x50/4 | 52.58& |00 i
Radiation | PIN Diodes | 6.4 GHz
stubs
Pattern
. 4.01,
[10] S;*feareei“g/ 60x65/2 | 2.4,34& RF  |365&
dUeNCY. | pIN Diodes | 4.18 GHz | Chokes | 3.07
Polarization .
dBi
3.34,
2.8,
Planar 1.8,2.1, 5.16,
[11] | Inverted F/ :IZNSB?%SS 24,35,37 cl?rlégi | 39,
Frequency & 5.8 GHz 5.05&
6.98
dBi
03] Rfclf;:leg‘ie | 2sso2 | 24-ss | Ric )
Bandwidth PIN Diodes GHz Circuit
. 60x80/ 2
Ring Slot | b\ piodes | 135 6.2
Inspired/ RF 5.12
[15] &2 GHz, 2.55 - ,
Frequency, Chokes dBi
. Varactor 3.2 GHz
Bandwidth .
Diodes
Circular ig;’
This Inﬁ"gg Y| 50%55/2 iéé g'gi’ RF 3.49,
Work P PIN Diodes DA Chokes | 3.82 &
Frequency, 10.19 GHz
. 3.32
Bandwidth .
dBi

Tab. 3. Comparison with related literature.

4. Conclusion

This paper presents concepts of frequency and band-
width reconfigurability, using a circular loop inspired struc-
ture with PIN diodes integration. It is concluded that PIN
diodes can be effectively used to control the switching of
different frequency bands as well as the operating
bandwidth of a printed antenna structure. Switching be-
tween different frequency bands can be adopted as per the
required application. The notion of frequency switching is
represented by first operating the antenna in triband con-
figuration (at 2.21, 4.85, and 10.19 GHz) in the PIN diodes
‘ON’ state and then by operating the antenna in dual band
configuration, by suppressing the 2.21 GHz band and
shifting the 4.85 GHz band to 3.42 GHz, in the PIN diodes
‘OFF’ state. Furthermore, the notion of bandwidth switch-
ing is demonstrated by first operating the antenna at
a wideband covering 7.54 GHz—12 GHz in the PIN diodes
‘ON’ state followed by operating the antenna in a narrow-
band covering 7.71 GHz-8.48 GHz in the PIN diodes
‘OFF’ state. The proposed design was fabricated, and re-
sults were measured to validate the simulated results. It can

be concluded that the proposed antenna design owing to its
operating frequencies is suitable to be used in modern 4G,
5@, and X-band communications.
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