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ABSTRACT: In this paper, an elliptical monopole antenna is modified and loadedwith stubs and slots to improve the filtering characteristics
over tri-band operation. As the surface current is concentrated at the periphery of the monopole and decreases away from the feed, a
slotted elliptical monopole is designed and sliced from the top. A rectangular strip is added at the top and center to create two symmetrical
loops. A slot in each loop at a different position causes the antenna to operate over dual/tri-bands. A rectangular stub is added to the
feed-line to improve the band-stop/filtering characteristics. The parameters of the structure are optimized to obtain S11 ≤ −10 dB
over 3.22–3.64GHz, 5.53–6.03GHz and 6.71–7.14GHz for 5G, V2X, WLAN, and Wi-Fi 6E applications. The three bands can be
tuned independently. The compact 0.171λ0 × 0.184λ0 antenna, fabricated on a 1.6mm FR4 substrate (λ0 is the free-space wavelength
at 3.22GHz), offers maximum S11 of −0.9 dB and −4.9 dB, respectively, between the lower and middle bands and middle and upper
bands. Minimum S11 of−55 dB,−25 dB, and−27 dB are obtained over the lower, middle, and upper bands, respectively. The measured
results validate the simulation ones.

1. INTRODUCTION

Technological advancements and their proliferation have in-
creased data consumption, providing connectivity for work

from remote places. There has been tremendous growth in mo-
bile networks and wireless devices networks, which has led to
increased data consumption. The continuous evolution of wire-
less technology has paved the way for fifth-generation (5G)
technology. Researchers and technocrats are on their toes to
not only increase the functionality of the product but also pro-
vide better performance at a lower cost. These factors, along
with their small size, are the primary drivers of technological
development. 5G technology offers a solution to societal chal-
lenges and competitive economic advantages as it provides con-
tinuous, reliable, and high-speed connectivity with low latency.
The antenna plays a key role in wireless systems. The func-
tionality, performance, cost, and size of wireless systems rely
heavily on the design of the antennas. Researchers are always
in search of novel compact antennas with low cost, improved
performance, and increased functionality.
In a monopole antenna, several modes, each with a broad

bandwidth (BW), are excited and electromagnetically coupled
to provide an ultra-wideband (UWB) response. The dimen-
sions and shape of the radiator and the ground plane deter-
mine the BW of the monopole antenna [1, 2]. An elliptical
ring monopole antenna operating over 3.6–15.46GHz [3] and
a metallic dual-concentric circular ring monopole antenna op-
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erating over 3.03–11.75GHz [4] are designed, and character-
istic modes are analysed in [3, 4]. A super wideband (1.613–
26.357GHz) monopole antenna with elliptical slots is reported
in [5]. A slotted antenna is designed and loaded with a rectan-
gular ring to offer circular polarization over 4.47–6.89GHz [6].
However, UWB monopole antennas interfere with other wire-
less devices operating within narrow bands of the UWB spec-
trum. To mitigate this interference, antennas with single or
multiple band notches have been designed [7–9]. Filtering an-
tenna [10, 11] and filters are designed for integration with an-
tennas [12].
A multiband antenna offers increased functionality and bet-

ter performance than several narrow-band antennas. Multiple
narrow-band antennas require more space and add complex-
ity and weight to a wireless device, whereas a wideband an-
tenna operating over several bands may cause a poor signal-
to-noise ratio. A monopole antenna with multiple branches
yields a multiband antenna, because each branch resonates at
a frequency depending on its length, and its width determines
the bandwidth. Compact multiband monopole antennas are
designed with various branch shapes [13–16]. Tri-band an-
tennas of modified F-shaped [13], two connected curved C-
shaped [14], slotted S-shaped [15], and hybrid-shaped [16] ones
have been reported. In another technique, stubs, slits, and slots
are etched in a radiating patch and a ground plane to design
multiband antennas. A dual-band metallic slotted-loop antenna
is loaded with two T-stubs in [17]. Tri-band and dual-band an-
tennas are designed usingmultiple slots/slits and stubs for Blue-
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FIGURE 1. Geometry and photographs (bottom and top views) of the fabricated antenna.

tooth, Wi-Max, and WLAN applications in [18, 19]. A dual-
band antenna is designed using slots in a rectangular patch for
5G andWLAN applications [20]. Parasitic elements and short-
ing posts/vias are used to design a compact dual-band antenna
[21], while the frequency coverage of a dual-band antenna
is maximized by using a metallic wire discone with printed
meander-line dipoles in [22].
Multiband reconfigurable antennas are designed to en-

hance the functionality and utility of antennas using PIN
diodes in slots incorporated in the radiating patch and ground
plane [23, 24]. Multiband fractal antennas are reported
in [25, 26]. Metamaterial-based multiband antennas have been
designed [27, 28]. An octagonal ring monopole antenna using
a split-ring resonator (SRR) and complementary SRR (CSRR)
offers penta-band operation [27]. The CSRR is etched in a
rectangular radiator to design a dual-band antenna in [28]. A
dual-band antenna using a negative metamaterial is reported
in [29]; however, the reported antennas are complex in design
and larger in dimensions than our proposed antenna.
In this paper, a novel compact tri-band antenna is proposed

for 5G (3.3–3.6GHz), V2X and WLAN (5.725–5.925GHz),
and Wi-Fi 6E (6.875–7.125GHz) applications. The antenna is
miniaturized by etching the conducting area with a low surface
current density. A slotted elliptical antenna is sliced from the
top, and a T-strip is added. A slot is etched in each of the two
loops to obtain tri-band operation. An open stub is added to
the feed line to improve the matching and stopband character-
istics. S11 ≤ −10 dB is obtained over 3.22–3.64GHz, 5.53–
6.03GHz, and 6.71–7.14GHz. The proposed structure (PS) of-
fers minimum S11 of −55 dB, −25 dB, and −27 dB over the
lower, middle, and upper bands, respectively, and maximum
S11 of −0.9 dB and −4.9 dB, respectively, between the lower
and middle bands and middle and upper bands. In this regard,
PS is superior to other reported antennas. The three bands
of the PS can be tuned independently. The low-cost compact
structure is simple to design and offers stable omnidirectional
radiation characteristics.

2. DESIGN THEORY AND ANTENNA GEOMETRY
A multiband antenna can be designed from a UWB antenna
by reducing the electromagnetic coupling (EMC) between fun-
damental and higher-order modes. The shape and size of the
monopole and ground plane, and the spacing between the two
determine the number of excited modes and the EMC between
them. The width of the circular monopole antenna (CMA) is
decreased, and the gap/spacing between the ground-plane edge
and radiator is increased to reduce the number of excited modes
and the EMC between them, resulting in an elliptical monopole
antenna (EMA).
In EMA, a slot can be etched at the center because the sur-

face current is mainly concentrated at the periphery. In a slot-
ted EMA (SEMA), as the surface current density at the pe-
riphery (conducting area) increases owing to etching, the res-
onant frequencies of the fundamental and higher-order modes
decrease marginally due to an increase in the effective current
path length. The surface current density also decreases from
the area near the feed-line to the area away from the feed-line.
Therefore, a portion of the SEMA from the top is sliced. In
sliced SEMA, the resonant frequencies increase slightly due to
a decrease in the effective current path length.
A T-shaped strip is added to the sliced SEMA to form two

loops. Slots are etched in the elliptical-shaped side of the two
loops to increase the capacitive impedance, decrease the reso-
nant frequency, and miniaturize the antenna. The position and
width of the slots in the ellipse-shaped side affect impedance-
matching and resonant frequency. An open stub is added to the
feed line to enhance the stopband characteristics and improve
impedance matching. Fig. 1 displays the geometry and pho-
tograph of the semi-elliptical triband antennas with slots and
stubs. Table 1 lists the dimensions of the optimum parameters
of the proposed antenna.

TABLE 1. Optimized parameters’ dimensions in mm.

Lg Wg Wf G a b a1 b1 S

16 4.2 3 2.0 6.3 10.5 4.0 7.0 10.0
HS V S EL ER LS RS OSL OSW

2.0 2.0 3.0 2.5 1.0 3.0 3.5 1.0
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(a) (b) (c) (d) (e)
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CMA EMA SEMA SEMA+Slice SSEMA

HS-SSEMA TS-SSEMA RS-TS-SSEMA LRS-TS-SSEMA PA

FIGURE 2. Development stages of the proposed antenna.

(a) (b) (c) (d)

CMA EMA SEMA SSEMA

FIGURE 3. Surface current density.

2.1. Development Stages of Proposed Antenna
The step-by-step development of the antenna is illustrated in
Fig. 2. The antenna is designed from a circular monopole an-
tenna (CMA). A CMAwith radius r = 10.2mm is designed on
a 1.6mm FR4 substrate (Fig. 2(a)). The ground plane dimen-
sions are Lg = 34mm andWg = 14mm. The gap ‘g’ between
the ground plane and monopole radiator is 0.5mm. The lowest
operating frequency corresponding to S11 = −10 dB is given
by Equation (1) [1]

fL = 72/(k · (2.25r + g)) (1)

k = 1.15 depends on the substrate material and its thick-
ness [30]. The calculated fL = 2.67GHz is close to the simu-
lated fL = 2.61GHz. To reduce the number of modes and the
EMC between them, the width of the monopole and ground-
plane dimensions are decreased, and the gap ‘g’ is increased.
Therefore, an EMA (a = 6.3mmand b = 10.5mm) is designed
on a 16.2mm × 4.2mm ground-plane with gap ‘g’ = 2mm
(Fig. 2(b)).
Since the surface current flows along the periphery of the

EMA (Fig. 3), an elliptical slot (a1 × b1) of 4mm × 7mm
is etched from the EMA, resulting in a slotted EMA (SEMA)
(Fig. 2(c)). S11 and the impedance variation plots for CMA,

EMA, and SEMA are shown in Fig. 4. The number of modes
and EMC are maximum in CMA and minimum in SEMA, as
evident from the S11 plot. The loop size on the impedance
variation plot is the smallest in the case of CMA, the strongest
EMC, and the largest in SEMA, which represents the weakest
EMC. An increase in loop size indicates a decrease in the EMC.
The effect of the elliptical slot dimensions (a1 × b1) in the

SEMA is analyzed. As the slot dimensions are increased, the
surface current density on the remaining conducting part in-
creases; therefore, the resonant frequencies of both bands de-
crease. S11 and the impedance variation plots for different slots
are shown in Fig. 5. As the slot size increases, the capacitive
impedance increases, and the impedance variation curve shifts
downward.
In SEMA, the surface current density is maximum near the

ground-plane edge and minimum at the top (away from the
ground-plane edge) (Fig. 3). Therefore, a portion of the SEMA
from the top is sliced. SEMA with sliced portion and sliced
SEMA (SSEMA) are shown in Figs. 2(d) and 2(e), respectively.
The effect of the amount of sliced portion ‘S’ on S11 in the
SEMA is analyzed. The resonant frequencies of the fundamen-
tal and higher-order modes increase slightly because of a de-
crease in the effective current-path length as ‘S’ increases. The
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CMA, EMA, SEMA) 

FIGURE 4. S11 and impedance variation.

3×5,  4×7,  5×8

FIGURE 5. S11 and impedance variation for different slots.

          

4 mm,  5 mm,  6 mm

FIGURE 6. S11 and impedance variation for different slicing ‘S’.

SSEMA,  HS-SSEMA,  TS-SSEMA

FIGURE 7. S11 and impedance variation.

S = 5mm,  7.5mm,  10mm 
 

FIGURE 8. S11 and impedance variation of RS-TS-SSEMA.

RS-TS-SSEMA, S = 7.5 mm,  LRS-TS-SSEMA 

S =7.5mm, LRS-TS-SSEMA, S = 10mm 

FIGURE 9. S11 and impedance variation.

impedance matching also degrades with an increase of ‘S’. S11

and the impedance variation plots for different ‘S’ are shown
in Fig. 6. As the spacing between the two elliptical arms in-
creases with an increase in ‘S’, the capacitive impedance de-
creases, and the impedance variation curve shifts upward with
an increase in ‘S’.
The open-ended SSEMA (S = 5mm) is closed using a 2mm

horizontal strip, termed ‘HS-SSEMA’ (Fig. 2(f)). Adding the
strip increases the inductive impedance and lowers the reso-
nant frequencies of the lower and upper bands. A 2mm vertical
strip is added to this closed sliced SEMA, resulting in the addi-
tion of a T-shaped strip to the open-ended sliced SEMA, termed
‘TS-SSEMA’ (Fig. 2(g)). The vertical strip increases the EMC
between the two conducting loops. As a result, three loops are
observed in the impedance variation plot, and the BWof the up-
per band increases significantly. The impedance variation and
S11 plots are shown in Fig. 7.
A slot of 1mm is etched at 7.5mm from the bottom point of

the ellipse in the right elliptical arm of the TS-SSESMA. This
structure is termed as RS-TS-SSESMA (Fig. 2(h)). It increases
the capacitive impedance of the structure; therefore, the res-
onant frequency decreases. S11 < −10 dB is obtained over

2.78–3.05GHz and 4.49–8.13GHz. As a result, the dimen-
sions of the structure are decreased. The SEMA is sliced by
7.5mm and then by 10mm from the top, and a T-strip is added.
Then, a slot of 1mm is etched at 7.5mm from the bottom point
of the ellipse. S11 and impedance plots of the structures are
shown in Fig. 8. As ‘S’ increases and the size of TS-SSEMA
decreases, the capacitive impedance of the structure decreases,
and the impedance variation curve shifts upward. The reso-
nant frequencies increase with a decrease in the size of TS-
SSEMA. However, impedance matching and S11 degrade with
a decrease in the size of the TS-SSEMA structure.
A slot of 1mm is now etched at 7.5mm from the bottom

point of the ellipse in the left elliptical side of RS-TS-SSEMA,
referred to as LRS-TS-SSEMA structure, withS = 7.5mmand
10mm (Fig. 2(i)). S11 and the impedance variation plots of RS-
TS-SSEMA (S = 7.5mm), LRS-TS-SSEMA (S = 7.5mm),
and LRS-TS-SSEMA (S = 10mm) structures are shown in
Fig. 9. As the capacitive impedance of the structure increases
when the slot is etched in the left elliptical side, the resonant fre-
quency of the lower-band decreases. The impedance variation
loop of LRS-TS-SSEMA (S = 7.5 mm) shifts left and down-
ward in comparison to RS-TS-SSEMA (S = 7.5mm), and the
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 3 mm,  4 mm,  5 mm

FIGURE 10. S11 and impedance variation for different right-slot (RS)
widths in LRS-TS-SSEMA (LS = 1mm).

0 mm, 3.5 mm,  5 mm

FIGURE 11. S11 and impedance variation with different OSL.

 2 mm,  3 mm,  4 mm

FIGURE 12. S11 and impedance variation of PS with different RS.

 1mm, 1.5 mm,  2 mm

FIGURE 13. S11 and impedance variation of PS with different LS.

1mm,  2 mm,  3 mm

FIGURE 14. S11 and impedance variation of PS with differentHS.

loop size also increases, indicating a reduction in the EMC.
However, S11 degrades significantly over the upper band. The
resonant frequency increases with a decrease in the dimensions
of the structure (S = 10mm). The inductive impedance in-
creases, and the impedance variation plot shifts upward. The
LRS-TS-SSEMA (S = 10mm) structure offers S11 < −10 dB
over the frequency ranges of 3.2–3.61GHz and 5.75–7.01GHz.
However, S11 is unsatisfactory and requires improvement.
The effect of the width of the right slot in the LRS-TS-

SSEMA structure with S = 10mm is analyzed. The right slot
width is varied, whereas the left slot width is fixed at 1mm. As
the slot width is increased, there is no significant effect on the
lower band; however, the loop size on the impedance variation
plot increases, indicating a reduction in the EMC. S11 degrades
over the upper-band. S11, and the impedance plots for different
right-slot (RS) widths in LRS-TS-SSEMAare shown in Fig. 10.
Similar results are obtained when the left slot width is varied in
the LRS-TS-SSEMA structure with S = 10mm, whereas the
right slot width is fixed at 1mm.

2.2. Proposed Antenna and Major Parameters
An open stub (OSL = 3.5mm × OSW = 1.0mm) is added
to the feed line of the LRS-TS-SSEMA, referred to as the OS-

LRS_TS_SSEMA/proposed structure (LS = 1mm, RS =
3mm, S = 10mm) to improve the stopband characteristics
and impedance matching (Fig. 2(j)). An open stub less than
a quarter wavelength acts as a frequency-dependent shunt ca-
pacitor and thus helps in improving impedance matching and
band-stop characteristics. Since the electrical length of the stub
increases with frequency, the capacitance value of the stub and
its effect on the impedance of the structure vary with frequency.
The effect of the stub is analyzed. The structure with no stub has
poor impedance matching and a wide upper band. The struc-
ture with an open stub of OSL = 5mm also suffers from poor
impedance matching. The impedance matching and stopband
filtering characteristics improve significantly with an open stub
of OSL = 3.5mm. S11 and the impedance variation plots of
PS for different stub lengths ‘OSL’ are shown in Fig. 11. The
impedance variation curve of OSL = 3.5mm is closer to the
center of the Smith chart than impedance curves with no stub
(OSL = 0mm) and OSL = 5mm over all three bands.
The width of the right slot is also varied in PS. As the right

slot width increases, the loop size on the impedance variation
curve also increases, indicating a decrease in the EMC. The
impedance variation curve passes near the 50Ω point on three
separate occasions, enabling the possibility of operation across
three distinct frequency bands. RS = 2mmoffers a wide upper
band due to EMC. However, the structure operates over three
distinct bands as RS is increased to 3 or 4mm. The increase
in the right slot width has a negligible effect on the lower-band
and little effect on the middle-band; however, the resonant fre-
quency of the upper band increases. S11 and the impedance
variation plots of the proposed structure (PS) for different RS
are shown in Fig. 12.
In PS with RS = 3mm, the effect of the width of the left

slot is analyzed. The width of the left slot affects the resonant
frequency of the middle band. The width of the left slot has a
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TABLE 2. Values of elements of the equivalent circuit of the proposed antenna.

Parameters Lower band (i = 1) Middle band (i = 2) Upper band (i = 3)
Resonant frequency (foi)GHz 3.445 5.767 6.902

Band width (BWi)GHz 0.387 0.492 0.448
Quality Factor (Qi) 8.902 11.722 15.406
Resistance (Ri) Ω 50.07 45.17 47.31
Inductance (Li) nH 20.59 14.61 16.81
Capacitance (Ci) pf 0.104 0.052 0.032

3.45 GHz 5.75 GHz 6.9 GHz

FIGURE 15. Scalar and vector surface current distributions of PS.

FIGURE 16. Equivalent circuit of proposed tri-band antenna [31].

negligible effect on the resonant frequencies of the other bands.
However, as the left slot width increases, the loop size on the
impedance variation curve decreases, indicating a decrease in
the EMC, resulting in a wideband upper band for LS = 2mm.
S11 and the impedance variation plots of PS for different LS
are shown in Fig. 13. The analysis illustrates that the middle
and upper bands can be controlled independently by LS and
RS, respectively.
The effect of T-strip width ‘HS’ of the proposed structure

is also analyzed. As ‘HS’ increases, the resonant frequency
of the lower band decreases with little effect on the other two
bands. The loop size of the impedance variation curve in-
creases slightly with an increase in ‘HS’, indicating a decrease
in the EMC. S11 and the impedance variation plot of the PS
for different HS are shown in Fig. 14. The three bands can
be independently controlled and tuned by varying the dimen-
sions of HS, LS, and RS. The antenna parameters are opti-
mized to operate over 5G, WLAN, V2X, and Wi-Fi 6E bands.
S11 ≤ −10 dB over 3.22–3.64GHz, 5.53–6.03GHz and 6.71–
7.14GHz is obtained.
The surface current density at the resonant frequencies of

the three bands is shown in Fig. 15. At 3.45GHz, the sur-

face current is concentrated along the T-strip. Therefore, length
L1 determines the resonant frequency of the lower band. At
5.75GHz, the intense surface current is along the left elliptical
side. Therefore, length L2 determines the resonant frequency
of the middle band. At 6.9GHz, the intense surface current is
along the right elliptical side. Therefore, length L3 determines
the resonant frequency of the upper band.

2.3. Equivalent Circuit

The equivalent circuit of the tri-band antenna is shown in
Fig. 16. Three parallel resonating circuits represent the three
bands. The elements R1, L1, and C1, R2, L2, and C2 and R3,
L3, and C3 represent the lower band, middle band, and upper
band, respectively. The values of these elements can be calcu-
lated using Equations (2)–(5) [31].

ωi =2πfoi (2)
foi =1/2π

√
LiCi (3)

Qi = foi/BWi = ωiLi/Ri (4)
Ci = ε0εrSi/h (5)

Here foi, ωi,Qi, andBWi are resonant frequency, angular fre-
quency, quality factor, and bandwidth of ‘i’ band respectively,
whereas Ri, Li, and Ci are the resistance, inductance, and ca-
pacitance of ‘i’ band, respectively. ε0, εr, and h represent the
permittivity of free-space, dielectric constant, and thickness of
the substrate, respectively. Si is the surface area of that part of
the antenna that radiates over a band. The values of elements
of the equivalent circuit are calculated using Equations (2)–(5)
[31] and listed in Table 2.
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  Simulated  Measured  Simulated  Measured

(a) (b)

FIGURE 17. (a) S11. (b) Gain.

H plane (co-polar simulated measured, cross-polar simulated measured)

E plane (co-polar simulated measured, cross-polar simulated measured)

3.5 GHz 6.9 GHz5.75 GHz

(a)

(b)

FIGURE 18. Radiation patterns of tri-band antenna.

3. FABRICATION AND MEASURED RESULTS

The antenna is fabricated (Fig. 1). The S11 measurement is per-
formed in an anechoic chamber using a 9916A Agilent-make
VNA. The instruments, along with the adaptors/connectors and
cables, are calibrated to mitigate the testing errors. A standard
horn antenna, 9916A VNA, and a spectrum analyzer in an ane-
choic chamber are used to measure the gain and radiation pat-
terns of the prototype antenna in the far-field region. Simu-
lated and measured S11 and gains are shown in Fig. 17. The
measured results validate the simulated ones. The gain is al-
most constant, and the variation is < 1.5 dB over three bands.
The measured radiation patterns at 3.45GHz, 5.75GHz, and
6.9GHz are shown in Fig. 18. The radiation patterns are nearly
omnidirectional in the H-plane and figure-of-eight in the E-
plane. However, as the frequency increases, the radiation pat-
tern deviates and becomes more directional. At 5.75GHz and

6.9GHz, the elliptical sides radiate, while the T-strip acts as
a reflector and distorts the radiation patterns. As the frequency
increases, the electrical thickness of the substrate increases, and
therefore, cross-polarization increases due to an increase in the
surface waves. The discrepancy between measured and simu-
lated results can be attributed to fabrication errors, connector
loading, substrate material, and improper alignment of the test
antenna.

4. COMPARISON WITH RECENTLY REPORTED AN-
TENNAS

The designed antenna structure (PS) is compared with recently
reported multiband antenna structures in Table 3 with respect
to the techniques used, number of bands, and antenna size.
The designed antenna is compact and smaller than recently re-
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TABLE 3. Comparison of the designed antenna with the recent reported multiband antennas.

Ref. Technique used Antenna
Size (mm2)

Bands (GHz)/%BW Electrical Size (λo × λo)
Gain
(dBi)

[13] Modified F-shaped multiple
branches — tri-band

40× 28

2.2–2.6, 5.3–6.8,
8.7–9.5,

16.7, 24.8, 8.8
0.293× 0.205 = 0.0606λ2

o

1.45,
3.53,
4.98

[14] Modified dual C-shaped
branches — tri-band

24× 28

2.34–2.55, 3.39–3.69,
5.5–6.0,

8.6, 8.5, 8.7
0.187× 0.2184 = 0.0408λ2

o

2.3,
2.6,
3.7

[15] S-shaped with a
slot — tri-band

13× 12.8

7.44–7.695, 8.86–9.22,
26.79–29.43,
3.4, 4.0, 9.4

0.2× 0.317 = 0.1021λ2
o

3.96,
3.05,
5.86

[16]
Multiple-branches, two meander

line shaped, I-shaped and
L-shaped — quad band

32× 21

1.7–1.96, 2.26–2.47,
3.1–3.7, 5–5.65,

14.2, 8.9, 17.6, 12.2
0.1813× 0.119 = 0.0216λ2

o

1.5,
1.75,
2.5,
3.7

[17]
Three loop-slots each
loaded with T-shaped
stub – dual band

35× 37

2.15–2.65,
4.85–5.92,
20.8, 19.9

0.251× 0.265 = 0.0665λ2
o

2.39,
4.51

[18]
Multiple slots and
slits on the ground
plane — tri-band

50× 50

1.6–2.8, 3.38–3.6,
5.55–6.36,

54.5, 6.3, 13.6
0.2667× 0.2667 = 0.07113λ2

o

3.48,
3.10,
4.93

[19]
Multiple slots and
stubs on the ground
plane — tri-band

43× 33

2.28–3.1, 3.52–4.1,
5.05–6.0,

30.5, 15.2, 17.2
0.3268× 0.2508 = 0.08196λ2

o

5.5,
0.0,
5.6

[20] Slots in a rectangular
patch — dual-band

14× 17
3.3–3.6, 5.5–5.9,

8.7, 7.0
0.154× 0.187 = 0.0283λo2

1.0,
3.5

[24] Two branches of different
lengths — dual-band

17× 22
4.36–4.70, 5.60–5.96,

7.7, 6.2
0.25× 0.32 = 0.08λ2

o
3.3,
3.0

[27]
Octagonal ring with multiple

slots and metamaterial
cells — penta-band

33× 22

3.19–3.96, 4.65–5.33,
6.78–7.54, 10.0–14.29

15.74–19.98,
21.5, 11.7, 10.6, 35.3,

23.74

0.3509× 0.2339 = 0.08207λ2
o

2.51,
1.52,
1.51,
2.48,
3.58

[28] CSRR etched in a rectangular
patch — Dual band

34× 20
1.78–1.90, 3.45–6.58,

6.5, 62.4
0.2017× 0.1187 = 0.0239

2.3,
2.3

PS

Slotted and sliced
semi-elliptical-shaped
monopole with T-strip,
slots and stub-tri-band

16× 17.2

3.22–3.64, 5.53–6.03,
6.71–7.14,
12.2, 8.7, 6.2

0.171× 0.184 = 0.03146λ2
o

1.8,
2.0,
1.9

ported antennas, except for [16, 20, 28]. The antenna in [16] is a
quad-band antenna designed using multiple branches of differ-
ent shapes on a slotted tapered trapezoidal ground plane; there-
fore, it is difficult to design. Refs. [20] and [28] are dual-band
antennas. The CSRR is engraved in a rectangular patch in [28],
whereas slots are etched in a rectangular ring in [20]. ThePS is
a triband antenna and offers much better impedance matching
(minimum return loss) over all three bands and maximum S11

of −0.9 dB and −4.9 dB, respectively, between the lower and
middle bands andmiddle and upper bands. In this regard, PS is
superior to other reported antennas. Moreover, the three bands
of the PS can be tuned independently. The low-cost compact
structure is simple to design.

5. CONCLUSION
A slotted elliptical monopole is sliced from the top, and a
T-strip is added to create two symmetrical loops. A slot in
each loop at a different position causes the antenna to oper-
ate over the tri-bands. A rectangular stub is added to the feed
line to improve impedance matching and band-stop character-
istics. These three bands can be independently tuned. The an-
tenna operates over 3.22–3.64GHz, 5.53–6.03GHz, and 6.71–
7.14GHz bands. This novel compact low-cost antenna is easy
to fabricate and design. The antenna exhibits nearly omnidi-
rectional radiation characteristics. The gain variation is less
than 1.5 dB. Therefore, the proposed antenna is suitable for 5G,
WLAN, V2X, and Wi-Fi 6E applications.
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