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ABSTRACT The development and evaluation of a compact hexa-band antenna employing the
PIN diode to realize frequency reconfigurable characteristics is investigated in this article. The
presented antenna is backed by a ground plane and printed on top of a 1.6 mm thicker FR4
substrate. The antenna size is very compact (24 mm X 19 mm X 1.6 mm), and can be readily
incorporated with many other RF front-end circuits. The presented antenna consists of a
rectangular microstrip patch antenna, F-shaped monopole, Z shaped monopole, two T shaped
monopoles and inverted L-shaped monopole. The investigated antenna realizes hexa/Triple band
characteristics by turning ON/OFF the PIN diode positioned between the F shaped monopole and
metal strip. While in OFF state, the investigated antenna covers 6 unique frequencies 2.3 GHz
(LTE Band 30), 2.5 GHz (LTE Band 53), 3.35 GHz (LTE Band 52), 4.4 GHz (Radio altimeter),
5.3 GHz (U-NII-2A) and 5.6 GHz (U-NII-2C) and in ON state, the antenna covers 3 unique
frequencies 4.35 GHz (Radio altimeter), 5.25 GHz (U-NII-1 & U-NII-2A), and 5.65 GHz (U-NII-
2C) for wireless applications. The investigated antenna demonstrates very modest frequency ratios
of 1.086/1.34/1.31/1.20/1.05 between two successive bands. The measurements demonstrate that
the designed antenna has unidirectional radiation characteristics with 1 to 6 dBi gain. The
investigated design's simulated and measured results are compared, and they demonstrate good
agreement.

INDEX TERMS Hexaband, LTE, Radio altimeter, Reconfigurable, U-NII-2A

I. INTRODUCTION

With the continuous growth in wireless communication, contemporary transceiver systems enable
a variety of services such as multimedia, data, telephony, GPS, internet access, and Bluetooth,
among others. Antennas operating at a single frequency band [1] are limited to use for one service
only. As a result, more antennas are required for applications that require several radios. More
number of antennas result in large space consumption, interference between adjacent antenna
elements, huge installation cost and complex hardware platform. To overcome this drawback,
compact multiband antennas are required. These antennas serve as a replacement for multiple
separate antennas, reducing the size of operating equipment. One valid strategy for meeting the
demand for multiband operation is to construct an ultra-wideband or even broadband antennas to
accommodate all applications. But the latter may not be appropriate wherever communications are
not needed at specific frequencies, demanding the elimination of interfering oscillations.
Multiband antennas are required in this scenario to avoid producing or detecting interference.
Numerous researchers have attempted to develop such antennas that are suitable for multiband
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operations. [2-3]. When developing a multiband antenna, achieving small frequency ratios
between two successive resonant frequencies is critical. Another appealing aspect of a multiband
antenna is its small frequency ratio between two successive resonant bands, which prevents the
system from wasting bandwidth and reduces interference between the two bands. Numerous
antenna configurations with a low frequency ratio have been proposed [4—7]. A novel shaped penta
resonant patch antenna is reported in [8]. A penta resonant single layer antenna for vehicular
communication is reported in [9]. A hexa band antenna with novel shaped patch is reported in [10].
A novel planar multislot—multiband planar antenna [11]. A novel multiband unidirectional patch
antenna with integrated resonators is investigated in [12]. A compact triple band irregular shaped
patch antenna loaded with asymmetric slits is reported in [13]. A rectangular slotted patch antenna
for pentaband operation is reported in [14]. A compact nested rectangular loop penta resonant
antenna fed with coplanar waveguide is reported in [15]. A hexaband patch antenna with novel
design is proposed in [16] But, there are some drawbacks of multiband antennas with small
frequency ratios which are reported in [4-16]. Nevertheless, these multiband antennas [4-16]
transmit all resonances irrespective of customer requirement, implying that they are not
reconfigurable. Instead, tuning a multiband antenna at the desired frequency is not possible. Hence,
employing frequency reconfigurability to existing multiband antennas can enhance the functioning
of them. Moreover, the frequency reconfigurable antenna provides outstanding out-of-band noise
rejection, which greatly decreases the front-end circuitry's filtering demands. [17]. Researchers
have worked hard to develop frequency reconfigurable antennas for a variety of applications. A
compact reconfigurable pattern hexa-band antenna is presented in [18], a planar low profile
antenna with pattern and frequency reconfigurability is designed in [19], a multiband antenna with
the compact size of 50 x 45 x 1.6 mm? is investigated in [20], a compact reconfigurable frequency
multimode, multiband antenna for diverse wireless applications is presented in [21], a printed low-
profile, antenna with frequency and pattern reconfigurability is presented in [22], a low-profile,
compact size, inexpensive, and easily integrable frequency reconfigurable antenna system is
proposed in [23] and a compact frequency reconfigurable quad-band antenna was presented and
investigated in [24]. However, despite being reconfigurable, these antennas [18-24] have large
dimensions and only a few operational bands, which restricts their applications in contemporary
RF front-ends where there is a limited amount of space for the antennas. Additionally, a few of
these antennas [18—24] used numerous bias lines, lumped components, and more PIN diodes to
tune the operating states, which complicated the antenna structure and created additional
integration and cost challenges.

In this paper, a compact GACS-fed frequency reconfigurable hexa-band antenna is investigated.
The investigated design achieves frequency band reconfigurability by incorporating a switching
element PIN diode between the F-shaped monopole and a rectangular metal strip. The investigated
antenna is compatible with over six various wireless standards, which include, LTE Band 30, 53,
52, radio altimeter, U-NII-2A and U-NII-2C. The remainder of the manuscript is organized as
follows: Section II presents the working principle, detailed design strategy, and evolution process.
Section III presents the explanation about electrical model and biasing circuit of the PIN diode
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which is employed to achieve frequency reconfigurability. Section IV depicts the fabricated
prototype of the investigated antenna, as well as the results of the simulated and measured
reflection coefficient, gain, and radiation patterns. Conclusions are provided in Section V.

II. ANTENNA DESIGN AND CONFIGURATION METHODOLOGY

A. ANTENNA GEOMETRY

Fig. 1(a)—(b) depicts the top, and side views of the investigated frequency reconfigurable hexaband
antenna, respectively. An inexpensive and commercially available material called FR4, with
thickness, relative permittivity (er), and tangent loss (tan J), of 1.6 mm, 4.4, and 0.024,
respectively, is utilized for the substrate of the presented hexaband antenna.

D1

I..'])

Substrate- FR-4

(b)

FIGURE 1. Schematic layout of the presented antenna a) Front view and b) Side view
The presented hexaband antenna has compact size of 24 mm X 19 mm. The presented antenna is
fed via a 50 GACS feedline with a 1.1 mm signal strip and a 0.3 mm gap distance between the
asymmetric ground plane and signal strip. The designed antenna is composed of a rectangular
microstrip patch antenna connected to GACS feed line. To enhance impedance matching, the
patch's edges are trimmed on the left side, and a U-shaped slot is created on the patch's right side.
An F-shaped monopole, Z shaped monopole, two T shaped monopoles and inverted L-shaped
monopole that are attached to a rectangular microstrip patch antenna. To achieve frequency
reconfigurability an RF PIN diode switch is incorporated between the F- shaped monopole and
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metal strip of length L and width W. The investigated antenna is designed with the help of high
frequency structure simulation software (HFSS). Table 1 depicts the optimized dimensions.

TABLE I
THE INVESTIGATED ANTENNA'S PRECISE DIMENSIONS
Parameter Value (mm) Parameter Value (mm)

Ls 24 Wp 14
W 19 1 2
Gx 5.8 ] 7
Gy 9.5 m 1.97
I 9 n 1.63
Wt 1.1 L 13.05
g 0.3 L» 2
Lp 10 Ls 2.5
L4 5.5 L; 1.7
Ls 12.61 Ls 8.2
Le 0.3 Lo 1
Lo 5.1 L 4.5
L2 12.2 L 12
w 1.5
B. DESIGN EVOLUTION

The step wise development of the presented design is depicted in five consecutive stages as shown
in Fig. 2. In the initial step (Antenna I) antenna consists of rectangular microstrip patch antenna
connected to GACS feed line.To enhance impedance matching, the patch's edges are trimmed on
the left side, and a U-shaped slot is created on the patch's right side. The width and length of the
basic rectangular patch antenna can be calculated by the following design equations [1].Antenna-
I is designed to operate at funi-2c = 5.68 GHz as its primary fundamental frequency.

The width (W,) of Antenna I is determined as

c 2
VVp =
2fu-Ni11-2c | &rt+1

Where c, & and f;, are the speed of light in vaccum, relative permittivity, and resonant frequency,

respectively.

The Length (Lp) of Antenna I is determined as,

Cc

L, = — 2AL
P 2fy_Ni—2cyErefs
where effective permittivity &refr 1S given by
et &r—1
Ereff = 2 12h

2 [1+==
Wp
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and

14
(&rers +0.3) (lh + 0.264)
AL = 0.412h

(&rers — 0.258) (% + 0.8)

where h is the thickness of substrate.

ANTENNA-TI ANTENNA-II ANTENNA-TIII ANTENNA-IV ANTENNA-V ANTENNA-VI

FIGURE 2. Evolution stages of the investigated design
In the second step (Antenna II), due to the addition of F-shaped monopole second mode resonating
at 3.45 GHz is achieved to provide LTE band 52 services. Antenna II operates at the two
frequencies 3.45 GHz and 5.68 GHz with a decent reflection coefficient of -21.27 dB and -20 dB,
respectively as illustrated in Fig. 3.In the third step (Antenna I1I), an Z shaped monopole is attached
to the patch antenna to achieve third resonance at 2.35 GHz to provide LTE band 30 services.
Antenna III operates at the three frequencies 2.35 GHz, 3.53 GHz and 5.68 GHz with decent
reflection coefficient of -20.3 dB, -22.85 dB and -14 dB, respectively as illustrated in Fig. 3.In the
fourth step (Antenna IV), a T shaped monopole is added thus providing fourth resonance at 4.28
GHz to provide radio altimeter services.Antenna IV operates at four frequencies 2.35, 3.5, 4.28
and 5.68 GHz with a decent reflection coefficient of -13.3, -24.7, -18.1 and -31.6, respectively as
illustrated in Fig. 3.In the fifth step (Antenna V), another T shaped monopole of shorter length is
connected to patch to achieve fifth resonance at 5.2 GHz to provide U-NII-2A band services.
Antenna V operates at five frequencies 2.32, 3.47, 4.23, 5.2 and 5.68 GHz with a good reflection
coefficient of -17, -14, -22, -12.8 and -26.9 dB, respectively as illustrated in Fig. 3. In the final
step (Antenna VI), an inverted L-shaped monopole is added to achieve sixth resonance at 5.2 GHz
to provide LTE band 53 services.Antenna VI operates at five 2.35, 2.55, 3.45, 4.28, 5.22 and 5.68
GHz with very small frequency ratios of the values of 1.085, 1.352, 1.24, 1.219, and 1.088 between
two consecutive resonant frequencies and a good reflection coefficient of -17.7,-16.3,-19.3, -22.6,
-14.3 and -24.7 dB, respectively as illustrated in Fig. 3. Table 2 shows a simulated performance
evaluation of the presented antenna under various evolution scenarios. The length of the
monopoles (Antennas (II -VI)) are calculated as:
Tassguz = 18.11 mm (L4+Ls+Le)
T2ssguz = 16.7 mm (Lii+Li2)
Tsasguz = 17.5 mm (Li+Lo+L3)
Ta28GHz = 9.9 mm (L7+Ls)
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Tsocuz= 6.1 mm (Lo+Lio)
These lengths are roughly one-quarter of the guided wavelength, i.e.,

Tf:

r

c

Zﬁ”\/ Eref f

where, f; is the resonance frequency, ¢ = 3 x 10® ms™! is the velocity of light in vacuum, and &rer is
the effective permittivity of the substrate, given by:

ient (dB)

Coeffic

100

eflect

R

& +1
Ereff = 2
TABLE II
SIMULATION-BASED PERFORMANCE ANALYSIS OF THE PRESENTED ANTENNA
Operating Bandwidth Bandwidth  Gain
Configuration frequency Su (dB) (GHz) Bandwidth (%) (dBi)
(GHz) (MHz)
Antenna-I 5.68 -25.9 5.6-5.76 160 2.8 1.7
Antenna-II 3.45 -21.27 3.35-3.54 190 5.5 1.2
5.68 -20 5.6-5.76 160 2.8 2.5
2.35 -20.3 2.33-2.38 50 2.1 1.47
Antenna-III 3.53 -22.85 3.45-3.63 180 5.1 2.6
5.68 -14 5.56-5.75 190 34 4.8
2.35 -13.3 2.33-2.37 40 1.7 1.5
Antenna-IV 3.5 -24.7 3.45-3.55 100 2.8 2.0
4.28 -18.1 4.21-4.37 160 3.7 2.9
5.68 -31.6 5.59-5.75 160 2.8 4.6
2.32 -17 2.3-2.35 50 2.1 1.6
3.47 -14 3.4-3.52 120 3.5 1.9
Antenna-V 423 -22 4.17-4.32 150 3.5 2.84
5.2 -12.8 5.16-5.23 70 1.3 4.2
5.68 -26.9 5.61-5.75 140 2.5 4.9
2.35 -17.7 2.34-2.36 20 0.9 1.6
2.55 -16.3 2.53-2.59 60 2.3 1.9
Antenna-VI 3.45 -19.3 3.37-3.52 150 4.3 2.84
4.28 -22.6 4.22-4.36 140 33 4.2
5.22 -14.3 5.18-5.25 70 1.3 4.9
5.68 -24.7 5.62-5.75 130 2.3 5.8
/| \ i b
~»n L [ ] LL. Ant-I y
—aU ' o H
) — = Ant-1I \
25 ¢ = .. =~ Ant-11II_ A
Ant-IV
30 F Ant-V
Ant-VI
_35 1 1 1 1 1 1 [ 1
20 25 30 35 40 45 5.0 55 6.0

Frequency (GHz)
FIGURE 3. Simulated S11 at each step of evolution
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II1. Frequency reconfigurability

A. PIN diode model

Because of their small size, durability, fast switching speed, and low capacitance and resistance in
the OFF and ON states, PIN diode is used to achieve reconfigurability in the investigated design.
The equivalent circuit models for the PIN diode in ON and OFF states are depicted in Fig. 4(a). A
package inductance L persists in both the ON and OFF states. In the ON state, the equivalent circuit
has a low resistance RS, that adds to the insertion loss. The parallel combination of the total
capacitance CT and reverse bias resistance Rp in the equivalent circuit for the OFF state adds to
isolation. The PIN diode SMP 1320-079 LF from Skyworks Solutions Inc was employed to
achieve frequency reconfigurability. From the datasheet of the SMP1320-079 the circuit
parameters are L = 0.7 nH, RS =0.9 Q, CT = 0.3 pF, and Rp = 3 KQ. In HFSS simulation, diode
is modelled using the Resistance, Inductance, and Capacitance (RLC) boundary by introducing
two rectangular sheets in the diode position as illustrated in Fig. 4(b).

ANODE

ANODE Equivalent PIN

s Sy CONTROL
diode mofcl in HFSS BIAS
L Reverse —t—
Porwaid Bias (OFF)
Bias (ON) f \
Metal Strip DC BLOCK
Rs Cr A — RFix  @— RFour
DC RETURN
(RFCO)
CATHODE CATHODE Lumped RLC Boundary
(@ (b) (c)

FIGURE 4. PIN diode electrical model a) Equivalent model using lumped elements.
b) Model in HFSS and c) Biasing circuit

B. Biasing circuit

To accurately bias the PIN diode, some isolation in between the RF signal and DC signal is
required. Otherwise, the efficiency of the power control circuit is decreased by the flow of RF
current into the output impedance of the power supply. The DC bias supply is isolated from the
RF circuits by connecting an RF inductor of 33 nH from coilcraft in series with the bias line, and
an RF by-pass capacitor of 10 pF from Murata in series with the RF input as shown in Fig 4(c).
The circuit is also wired to 5V regulated supply as shown in Fig 4(c).

IV. Results and Discussion

To justify the HFSS simulation results, the investigated antenna is fabricated, and an antenna
model integrated with a biasing circuit is shown in Fig. 5. A calibrated Agilent/HP N9923A 6 GHz
Handheld RF Vector Network Analyzer is employed to measure the reflection coefficient. Single
PIN diode (D1) is used for possible two modes of operation of the presented antenna.
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Diode
D1 Inductor

Capacitor Inductor

(b)

FIGURE 5. a) Fabricated model of the proposed design integrated with biasing circuit
and (b) Experimental setup
A. Mode 1

When the PIN diode (D1) is turned OFF, the proposed antenna operates in Mode 1. Fig. 6
demonstrates the measured and simulated Si1 characteristics of the investigated antenna in this
mode. As illustrated in Fig. 6, in this mode the proposed antenna exhibits hexa-band characteristics
with measured S11< —10 dB impedance bandwidth of about 2.3 GHz (2.25-2.32 GHz, 3%), 2.5
GHz (2.46-2.52 GHz, 2.4%), 3.35 GHz (3.23-3.45 GHz, 6.6%), 4.4 GHz (4.33-4.47 GHz, 3.2%),
5.3 GHz (5.24-5.36 GHz, 2.3%) and 5.6 GHz (5.53-5.67 GHz, 2.5%)
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FIGURE 6. Compared Si1 results of the proposed design for Mode 1

The simulated surface current densities (A/m) for the six resonating frequencies are plotted in Fig
7 to understand better the radiating features of the investigated antenna. Figure 7(a) demonstrates
that the maximum current distribution is recognized along the Z shaped monopole at a lower
resonant frequency, 2.3 GHz. Figure 7(b) illustrates that at 2.5 GHz, the maximum current
distribution is focused along the inverted L-shaped monopole. At the operating frequency of 3.35
GHz, the maximum current distribution is centered along the F-shaped monopole, as depicted in
Fig 7(c). At the operating frequency of 4.4 GHz, the surface current is extremely distributed along
the T shaped monopole, depicted in Fig 7(d). At the operating frequency of 5.3 GHz, the surface
current is extremely distributed along the smaller T shaped monopole, depicted in Fig 7(e). A
further finding has been that the surface current distribution is most focused across the bottom part
of patch and feed line at 5.6 GHz, as illustrated in Fig 7(f). The operational frequency bands of the
investigated antenna in this mode as illustrated from the simulated and measured reflection
coefficients can cover six commercial bands of LTE Band 30, LTE Band 53, LTE Band 52, radio
altimeter,U-NII-2A, and U-NII-2C, respectively.

B. Mode 2

When the PIN diode (D1) is turned ON, the proposed antenna operates in Mode 2. Fig. 8
demonstrates the measured and simulated Si1 characteristics of the proposed antenna in this
mode.It can be seen from Fig. 8, in this mode the proposed antenna exhibits triple-band
characteristics with measured S11< —10 dB impedance bandwidth of about 4.35 GHz (4.27-4.43
GHz,3.7%), 5.25 GHz (5.17-5.33 GHz,3%), and 5.65 GHz (5.57-5.72 GHz,2.7%). The proposed
antenna in the Mode 2 covers three commercial bands of radio altimeter, U-NII-1 & U-NII-2A and
U-NII-2C, respectively.
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FIGURE 7. Simulated surface current distributions at (a) 2.3 GHz, (b) 2.5 GHz (¢) 3.35
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Fig 9 (a) illustrates the set-up to measure S11 using vector network analyzer (VNA), Fig 9 (b)
presents the snapshot of VNA for Mode 1 and Fig 9 (c¢) presents the snapshot of VNA for Mode
2. The proposed antenna's simulation and measurement values are compared in terms of reflection
coefficients S11(dB), impedance bandwidth, gain, and the resulting values are illustrated in Table
3.

FIGURE 9. (a) S11 measurement set-up using VNA (Model No: N9923A), (b) Snap shot of

(a)

Keysight Technologies: N9923A, SN: MYS52412490 Keysight Technologles: N9923A, SN: MYS2412490
e

¥ Jrefoco = S11 m {m-vonom S11

+d
)

M4 =Off
MS=Off
ME=Off

Start 1.000 G IF BW 10 iz Stop 6.000 GHz

[Start 1.000 G IF BW 10 kz Stop 6.000 GHz
Ponts 101 Output Power High wp 227 ms

Points 101 Output Power High Swp 227 ms

(b) (c)

To further investigate the radiation characteristics of the proposed antenna, 2D E & H plane pattern
are examined. In both simulation and measurement modes, the principal plane (E & H) patterns
(co/cross-polarization states) are observed, demonstrating a good correlation among these two
mode outcomes. The 2D radiation patterns for mode 1 operation are outlined at various wireless
communication operating frequencies: 2.3 GHz, 3.35 GHz and 5.6 GHz, respectively as indicated
in Figure 10. The investigated antenna has a unidirectional radiation pattern in the E- and H-planes
at all operating frequencies.
TABLE 3
POSSIBLE MODES WITH THEIR CORRESPONDING S, IMPEDANCE BANDWIDTH,
and GAIN
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Model Mode Operational Reflection Bandwidth Bandwidth Gain
frequency band  coefficient (dB) (GHz) (%) (dBi)
(GHz)
Simulated 1 235 -30 2.32-2.38 25 1.85
255 -126 2.53-2.57 1.6 2.28
34 -184 3.31-3.49 53 3.46
43 258 422437 35 293
52 -206 5.15-5.24 1.7 5.55
57 206 5.62-5.75 23 6.26
2 43 -20 421436 3.5 285
5.15 -16.8 5.09-5.18 1.8 546
5.7 -193 5.61-5.73 2.1 598
Measured 1 23 204 2.25-2.32 3 1
25 -14 2.46-2.52 24 15
335 -142 323-345 6.6 24
44 -14 433447 32 2.78
53 -327 5.24-536 2i3 592
56 -33 5.53-5.67 25 6.02
2 435 275 427443 37 277
525 -16 5.17-5.33 3 5.13
565 252 5.57-5.72 29 597
E-PLANE H-PLANE
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FIGURE 10. Simulated and measured 2D radiation patterns for Mode 1 operation with
PIN diode at a) 2.3 GHz, (b) 3.35 GHz, and (c) 5.6 GHz.
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The investigated antenna has simulated gains of 1.85, 2.28, 3.46, 2.93, 5.55 and 6.26 dBi at 2.3,
2.5,3.35,4.4,5.3 and 5.6 GHz and measured gains of 1, 1.5, 2.4, 2.78, 5.2 and 6.02 dBi at 2.3,
2.5,3.35,4.4, 5.3 and 5.6 GHz, respectively, as demonstrated in Fig. 11.

6 F
\
; \
\
B 2
=
=
g 0
=2 i
Simulated Gain
-4 = = Measured Gain
2 3 4 5 0

Frequency (GHz)

FIGURE 11. Simulated and measured gains of the proposed antenna for Mode 1

The performance comparison between the proposed antenna and the reported existing antennas is
shown in Table 4. With frequency band reconfigurability, the proposed antenna operates in six
wireless communication operating bands. Furthermore, a single PIN diode is being employed to
achieve frequency reconfigurability, lowering the cost of the antenna system. Furthermore, when
compared to the antennas listed in Table 4, the investigated antenna has a simpler structure, a larger
number of operating bands, and a smaller size

TABLE IV
COMPARISON OF THE PROPOSED DESIGN WITH THOSE IN THE STATE-OF-ART
LITERATURE
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Ref Ye Anten Size Noof Mini Operating Frequenc No EC
ar na Redu oper mum Frequencies y of Mod
Dime ction ating Freq (GHz2) Reconfig swit el
nsions %  Band wuency urability ches Anal
(mm?) s Ratio yzed
9] 20 120 x 96 5 1.17  1.176/1.381/1.57 NO NA NO
14 120 x 5/1.472/1.675
1.6
23040
[10] 20 35x 62 6 1.059 2.4/3.06/3.34/3.5 NO NA NO
19 35x 4/4.61/5.21
1.5748
1929
[14] 20 33.7x 60 5 1.18  1.25/1.48/1.8/2.2 NO NA NO
19 33.7x 5/2.9
1.6
1817
[15] 20 30x 49 5 1.19  1.01/1.67/2.30/2. NO NA NO
19 30 x 92 /3.48
1.6
1440
[16] 20 46 x 75 6 1.08 2.4/3.8/4.35/ YES 2 NO
18 39.6 x 4.7/5.5/ 6.25
1.6
2915
[22] 20 46 x 69 5 1.16  1.8/2.1/2.6/3.5/5 YES 12 NO
21 32 x
1.6
2355
[23] 20 44 x 63 6 1.06  0.85/0.9/1.6/1.8 YES 2 NO
21 14 x 1.9/2.1
3.2
1971
Prop N 24x NA 6 1.08  2.3/2.5/3.35/4.4/ YES 1 YES
osed A 19x 5.3/5.6
work 1.6

729
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V CONCLUSION

A compact GACS fed frequency reconfigurable hexa-band antenna was presented and
investigated. Computer simulations and measurements have shown that the proposed antenna
operates at six different frequencies 2.3/2.5/3.35/4.4/5.3/5.6 GHz by switching ON and OFF the
PIN diode. The proposed antenna covers six commercial bands of LTE Band 30, LTE Band 53,
LTE Band 52, radio altimeter, U-NII-2A, and U-NII-2C. The investigated antenna has simulated
gains of 1.85, 2.28, 3.46, 2.93, 5.55 and 6.26 dBi and measured gains of 1, 1.5, 2.4, 2.78, 5.2 and
6.02 dBi at 2.3, 2.5, 3.35, 4.4, 5.3 and 5.6 GHz, respectively.The investigated design yields
unidirectional radiation patterns with high reliability and minimal cross-polarization, as well as
consistent radiation efficiency/gain and improved impedance matching across all operating
wireless communication bands, making it a good choice for inbuilt antennas in multiband wireless
portable devices
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