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ABSTRACT: In this paper, an ultra-wideband monopole antenna for wireless communication is designed and fabricated based on charac-
teristic mode theory. The antenna is mainly composed of a metal main body and a circular metal patch, and the antenna dimensions are
35 x 30 x 1.6 mm>. In order to enhance its matching performance, a circular groove is made in the center of the circular metal patch,
and an outer ring is added to the outside. In order to expand the covered bandwidth and reduce the reflection loss, an isosceles right
triangle is cut off from each side of the ground plane. The length of the ground plane and the side length of the ground plane cut angle
are optimized. The key modes are determined through the analysis of the characteristic mode theory. The simulation and measurement
results show that this antenna covers the frequency band of 3.03—11.75 GHz, with a maximum return loss of —42.26 dB and excellent

radiation performance.

1. INTRODUCTION

onopole antenna, as a fundamental structure in the field of
Melectromagnetic radiation, has witnessed the evolution of
radio technology. Since its birth in the early 20th century, it has
become a core component of early wireless systems due to its
simple structure, low cost, and easy matching and optimization.
Although modern communication has given rise to many new
types of antennas, its omnidirectional radiation characteristics
remain irreplaceable in key fields such as mobile communica-
tion base stations, maritime navigation, and microwave remote
sensing [1-3].

The monopole antenna’s omnidirectional radiation pattern
provides significant advantages for wide-coverage appli-
cations, including Internet of Things (IoT) terminals and
vehicle communication systems. Its theoretical characteristic
impedance of 36.5 2 achieves good impedance matching with
standard 50 €2 transmission lines, effectively mitigating stand-
ing wave losses and improving system energy efficiency [4, 5].
Based on the aforementioned various advantages of the
monopole antenna, many studies have been conducted on
this topic [6—13]. In [8], a miniaturized broadband circularly
polarized antenna operating in the ultra-high frequency band is
designed, using closely coupled monopole radiation units and
a double-layer broadband sequential feed network. Through
the rotation optimization of the radiation elements, the stability
of the full-frequency band radiation pattern and beamwidth
was ensured. In [11], a new type of printed monopole antenna
composed of a superstructure and two arms to regulate the
ground current is proposed, achieving the stability of the
radiation pattern and the optimization of impedance matching.
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It obtained the working bandwidth (S;; < —10dB) at the
lowest frequency wavelength.

Among various monopole antennas, ultra-wideband (UWB)
antennas have been widely studied due to their wide coverage
frequency band, high transmission rate, and low latency. The
technology applied to it is UWB technology [14, 15]. How-
ever, the design of UWB antennas still includes challenges such
as wide impedance matching, radiation stability, low profile,
compact size, and low cost [16—18]. Therefore, many scholars
have conducted extensive research on UWB monopole anten-
nas [19-26]. In [20], a low-profile compact UWB monopole
antenna is designed, combining a metal wire coil with a mean-
dering dipole structure, achieving 900 MHz global system for
mobile (GSM) communication frequency band and ultra-4 GHz
wideband coverage. In [23], a UWB patch antenna is fabricated
through the innovation of conductive adhesive process. Com-
pared with the traditional copper-layer antenna, the bandwidth
is optimized by 200%, covering the ultra-wide frequency band
from 609 MHz to 9.105 GHz.

From the above research, it can be observed that when be-
ing combined with UWB technology, by optimizing the geo-
metric topology and dielectric parameters of the antenna, an
improved structure covering the ultra-wide frequency band of
3.1-10.6 GHz can be constructed. This solution retains the ad-
vantages of UWB, such as high throughput and low power con-
sumption, and through structural innovation, it achieves fre-
quency band expansion, providing an effective hardware so-
lution for short-range high-speed communication systems [26].

In the aforementioned references, traditional antenna design
mostly relies on the personal experience of the designer and
lacks systematic theoretical support. In recent years, charac-
teristic mode analysis (CMA) theory has emerged as a core
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method for modern antenna design. By studying the current
distribution of the antenna’s intrinsic mode in the unexcited
state, it analyzes the radiation behavior from a physical per-
spective [27-29]. By optimizing the characteristic mode to de-
sign an appropriate feeding method to excite the required char-
acteristic mode of the antenna, the initial design goal and per-
formance indicators of the antenna can be achieved [30-33].
Therefore, using the characteristic mode theory to design anten-
nas is also a popular approach at present, and a large number of
references have conducted research on this [34—37]. In [34], a
new type of tri-frequency microstrip superstructure (MTS) cir-
cularly polarized antenna was designed based on CMA, achiev-
ing circular polarization radiation in three frequency bands of
7.75 GHz, 8.8 GHz, and 9.8 GHz. In [36], a broadband omni-
directional antenna is proposed based on characteristic mode
theory, achieving a 44.2% wide impedance bandwidth (1.85—
2.9GHz, S711 < —10dB) and stable omnidirectional radiation
mode across the entire frequency range.

Due to the numerous advantages of UWB technology, many
research papers have combined the characteristic mode theory
with UWB technology to design antennas [38—40]. Ref. [38]
analyzes a UWB monopole antenna based on characteristic
mode theory, revealing the mechanism of achieving UWB
by superimposing characteristic modes through comparing the
modal characteristics of asymmetric dipoles and broadband
monopoles. The working frequency band covers 2.8 GHz to
above 10 GHz (S;; < —10dB).

Based on this, this paper designs a UWB monopole an-
tenna using characteristic mode theory. The designed UWB
monopole antenna is simulated and measured. The results show
that the frequency band range covered by the antenna designed
is 3.03—11.75 GHz; the lowest return loss is —42.26 dB; and the
radiation performance is good, which can be used in wireless
communication systems.

2. ANTENNA STRUCTURE

2.1. Antenna Composition

The antenna comprises a metal main body and a circular patch.
To enhance impedance matching, a central circular slot is
etched within the patch, and an outer annular ring is added.
The ground plane adopts a rectangular structure. To further
increase impedance matching and expand the frequency band
covered by the antenna, the length of the ground plane is stud-
ied and optimized. At the same time, an isosceles right triangle
is opened on each side of the ground plane, and the length of its
right-angle side is optimized. The values at which they achieve
the best performance are given.

2.2. Antenna-Related Parameters

Figure 1 presents the structure and parameters of the UWB
antenna proposed in this paper. The antenna has a size of
35 x 30 x 1.6 mm3, and the substrate is fabricated from FR4
dielectric material, with a relative permittivity of 4.4 and a loss
tangent of 0.02. The patch is composed of a main body and
a circular ring sleeve. The width of the main body part is
Wy = 2mm, and the length is Ly = 12.4mm. The radius
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FIGURE 1. The diagram of UWB antenna structure.

of the outer circle of the circular ring sleeve is R; = 9.4 mm;
the radius of the hollow ring formed at the center of the sleeve
is Ro = 8.2mm; and the radius of the inner circle formed in-
side the sleeve is R3 = 7mm. A circular slot with a radius of
R4 = 3mm is opened at its center. The widths of the two rect-
angles connecting the upper and lower parts of the circular ring
sleeve are both 1.8 mm, and their lengths are Wy, = 0.7 mm and
W3 = 1.7 mm, respectively. The width of the ground plane is
Wi = 30 mm, and the length is GND = 10.9 mm. An isosce-
les right triangle is truncated on each of the left and right sides,
with the length of the right-angle side being d. The final di-
mensions of the optimized antenna are presented in Table 1.

TABLE 1. Dimensions of the UWB antenna (unit: mm).

Parameters Li Wi Lo Wa L3 Wjs Ly
Value 35 30 12.4 2 1.7 1.8 0.7

Parameters W, R; Ro Rs Ry d GND
Value 1.8 94 8.2 7 3 54 10.9

3. ANTENNA OPTIMIZATION PROCESS AND ANAL-
YSIS

3.1. Optimization Process

Figure 2 presents the optimization process of the UWB
monopole antenna, adopting the microstrip line feeding
approach. The model is constructed using the electromagnetic
simulation software HFSS, where boundary conditions and
excitation are set. After establishing the sweep frequency, the
simulation is carried out. The HFSS model post-simulation is
imported into the 3D electromagnetic field simulation software
CST for characteristic mode analysis to obtain the mode current
distribution of the antenna, as depicted in Figure 3. During
the analysis of the antenna using characteristic mode theory,
modal significance (MS) is a highly significant parameter,
with the calculation formula being as follows. When MS is
greater than 0.707, it indicates that this mode can be readily
excited; conversely, when MS approaches 0, it is difficult to
excite. Characteristic mode analysis is conducted on (a) in
Figure 2, namely Ant 1, and the MS curve is obtained as shown
in Figure 4.
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FIGURE 2. Optimization process of antenna structure: (a) Ant 1, (b) Ant 2, (¢) Ant 3.
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FIGURE 3. Mode current distribution of Ant 1: (a) mode 1, (b) mode 2, (c) mode 3, (d) mode 4, (¢) mode 5.
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FIGURE 4. Mode analysis results for Ant 1.
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Figure 3 shows strong currents near the feed line for modes 1
and 3, indicating their excitability. Mode 1 current flows from
the feed point to the circular patch, whereas mode 3 current
flows in the opposite direction (from patch to feed). The cur-
rent of mode 4 flows from the circular patch and the feed point
towards the middle of the metal trunk, and it is relatively small.
The currents of mode 2 and mode 5 are nearly zero in the middle
of the circular patch and the metal trunk part, and are very small
near the feed point. There is a current distribution only on the
ground plane, indicating that mode 2 and mode 5 are difficult to
be excited. Figure 4 indicates that mode 1 resonates in the low-
frequency band. Mode 3 resonates in the mid-frequency band,
and mode 4 resonates at 8.75 GHz within the mid-frequency
band. Mode 2 and mode 5 respectively have the potential to be-
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FIGURE 5. Mode current distribution of Ant 2: (a) mode 1, (b) mode 2, (¢) mode 3, (d) mode 4, (¢) mode 5.

come the resonant modes in the low-frequency band and high-
frequency band.

To excite mode 5 and enhance its current at the patch cen-
ter, the antenna structure is modified. Additionally, Figure 3
reveals mixed-mode current distributions, where the resonance
points of mode 1 and mode 2 are located below 4.5 GHz, so they
are main modes, while the resonance points of the other three
modes are located in the middle and high frequency bands, so
they are higher order modes.

A circular slot with a radius of Ry = 3mm is created in
the circular portion of the patch. Simultaneously, an isosce-
les right triangle with a right-angled side length of 8 mm is re-
moved from each of the left and right sides of the ground plane.
The modified structure is Ant 2, as depicted in Figure 2(b).

The characteristic mode analysis of Ant 2 was performed,
and the mode current distribution of Ant 2 is presented in Fig-
ure 5. It can be observed from Figure 5 that the current of
mode 5 in the vicinity of the feeding point has been signifi-
cantly enhanced, signifying the successful excitation of mode 5.
Compared to Ant 1, currents for modes 1, 4, and 5 on the cir-
cular patch are significantly enhanced, indicating that the cir-
cular slot improves impedance matching and strengthens cur-
rents. Regarding the currents distributed on the circular patch,
the current of mode 1 is primarily distributed beneath the circu-
lar patch, the current of mode 4 mainly located near the opened
circular slot, and the current of mode 5 mainly distributed on
the left and right sides of the circular patch. Simultaneously,
the currents of mode 1, mode 2, and mode 4 on the ground
plane have been considerably enhanced. Concerning the cur-
rents distributed on the ground plane, the current of mode 1 is
mainly distributed on the upper side and at the corner cuts of the
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ground plane, the current of mode 2 mainly distributed on the
upper and lower sides and at the corner cuts of the ground plane,
and the current of mode 4 mainly distributed on the lower side
and at the corner cuts of the ground plane. This indicates that
the removed right-angled triangles have intensified the current
on the ground plane. The sole deficiency is that the current of
mode 2 at the feeding point remains quite small, indicating that
mode 2 is still difficult to be excited.

The MS curve of Ant 2 is shown in Figure 6. It can be seen
from Figure 6 that the resonant points of mode 1, mode 2, and
mode 5 remain basically unchanged. The resonant point of
mode 3 shifts to the right, moving from 4.94 GHz to 5.59 GHz.
The resonant point of mode 4 shifts to the left, from 8.75 GHz
to 8.26 GHz. The resonant point of mode 5 is 11.7 GHz, serv-
ing as the resonant mode in the high-frequency band. To excite
mode 2 and make it work together with mode 1 as the reso-
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FIGURE 6. Mode analysis results for Ant 2.

WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 158, 225-234, 2025

PIER C

dB (A/m)

(©

FIGURE 7. Mode current distribution of Ant 3: (a) mode 1, (b) mode 2, (c) mode 3, (d) mode 4, (¢) mode 5.

nant modes in the low-frequency band, the structure of the an-
tenna needs to be further improved. It can also be seen from
Figure 5 that the resonance points of mode 4 and mode 5 grad-
ually shift from the high-frequency band to the mid-frequency
band. While the resonance points of the other modes do shift,
the movement is not significant, so they do not change the cur-
rent mode type.

To further enhance the matching performance and expand the
frequency band coverage of the antenna, the structure of the
antenna was improved. Based on Ant 2, the circular patch with
a circular slot was replaced with a circular ring sleeve. The
outer radius of the ring sleeve was R; = 9.4 mm, and the inner
radius was Rs = 7mm. At the same time, the length of the
ground plane GND and the length of the right-angle edge of the
floor cut were optimized. The specific optimization process
will be elaborated in detail in the parameter research summary.
The final antenna structure after the improvement is shown in
Figure 2(c), which is Ant 3.

Characteristic mode analysis was conducted on Ant 3, and
the mode current distribution of Ant 3 is shown in Figure 7.
As can be seen from Figure 7, the current of mode 2 is very
strong near the feeding point, indicating that mode 2 has been
successfully excited. Regarding the current distribution on the
loop, the current of mode 1 is mainly distributed on the left and
right sides of the loop and the connection with the metal main
body, while the current of mode 2 is mainly distributed on the
left and right sides of the loop and the upper and lower con-
nection points between the loop and circular patch. The current
distribution of mode 3 is similar to that of mode 2, but the cur-
rent directions are opposite. The current of mode 4 and mode 5
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is not only distributed on the loop but also in the center of the
circular patch, indicating that the added loop significantly en-
hances the current.

The MS curve of Ant 3 is shown in Figure 8. It can be seen
from Figure 8 that the resonant points of mode 2 and mode 4
remain almost unchanged, while the resonant point of mode 1
shifts to the right from 2.86 GHz to 3.7 GHz, and that of mode 3
continues to shift to the right from 5.59 GHz to 6.45 GHz. The
resonant point of mode 5 shifts to the left from 11.7 GHz to
9.65GHz. The results show that modes 1 and 2 resonate in
the low-frequency band, modes 3 and 4 in the mid-frequency
band, and mode 5 in the high-frequency band, with all modes
effectively excited. The resonant points correspond to those of
Ant 3 in Figure 9 of the next subsection. The antenna covers
the frequency band of 3.04-12.5 GHz, which is basically con-
sistent with the .S parameters in Figure 9 and meets the UWB

e model
e mode2

mode3
e moded4
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7.5
Frequency(GHz)

10.0 12.5

FIGURE 8. Mode analysis results for Ant 3.
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FIGURE 9. S-parameters corresponding to each process.

frequency requirements. It can also be known from Figure 7
that the resonance points of each mode have not changed sig-
nificantly, so it can be determined that modes 1, 2, and 3 are the
dominant modes, and the other two modes are the higher-order
modes, which cover multiple bands through the resonance fre-
quencies of the different modes, superimpose the bands covered
by them, and obtain the UWB, which achieves the design goal
of this paper.

3.2. S-Parameter Analysis of Antennas

To intuitively analyze the performance evolution during opti-
mization and clarify the purpose of each structural change, the
S-parameters of all intermediate structures are simulated and
analyzed using HFSS. The results are shown in Figure 9. It can
be seen from Figure 9 that the S parameters of Ant 1 are above
—10dB in the 6.93-7.58 GHz frequency band, thus not meet-
ing the UWB requirements, and the antenna structure needs to
be improved. The improved Ant 2 covers the 2.88—12.38 GHz
frequency band, all of which are below —10 dB, indicating that
the frequency band covered by Ant 2 meets the UWB require-
ments. However, the 6.5-7.0 GHz and 10.31-10.94 GHz fre-
quency bands of Ant 2 are close to —10 dB, and the minimum
S11 1s —19.5dB, so the antenna structure needs to be further
improved. The improved Ant 3 covers the 3.03—11.75 GHz fre-
quency band, meeting the UWB requirements, and the mini-
mum S} is —42.26 dB. Thus, it can be known that the analysis
results of each antenna structure and S parameters in the pro-
cess of evolving through characteristic mode analysis are con-
sistent.

3.2.1. Research on Main Parameters of the Antenna

This study systematically investigates the influence mechanism
of key structural parameters on the antenna performance, with
a particular emphasis on the regulatory role of parameter varia-
tions in the working bandwidth. Through the establishment of a
three-dimensional electromagnetic simulation model, the sen-
sitive characteristics of key geometric parameters such as the
main stem length of the patch (L2), the length of the ground
plane (GND), and the cut angle size of the ground plane (d)
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FIGURE 10. Effect of trunk length Ly on S-parameter.

are examined in detail. Among them, Lo as the core parame-
ter of the annular radiation structure, significantly modifies the
resonant characteristics of the antenna by adjusting the relative
position relationship between the annular radiator and ground-
ing structure. The parameter GND directly influences the elec-
tromagnetic coupling efficiency of the ground plane, while pa-
rameter d optimizes the impedance matching characteristics by
controlling the current path distribution. Quantitative analy-
sis based on the parameter scanning method demonstrates that
the synergy of these three parameters is an effective regulatory
mechanism for the working bandwidth of the antenna. The fol-
lowing sections will conduct analyses of these three parameters
respectively.

As shown in Figure 10, the length Lo of the main trunk af-
fects the position of the loop, thereby influencing the antenna
performance. When Ls is 11.4 mm, S-parameters of the an-
tenna are higher than —10 dB, which might be due to the mis-
match between the position of the loop and the working fre-
quency of the antenna, causing impedance mismatch and affect-
ing the antenna performance. As L5 increases, when it reaches
12.4 mm, S-parameters of the low-frequency resonant point be-
come increasingly lower, indicating better performance. How-
ever, when L, increases to 12.9 mm, S-parameters of the mid-
frequency and high-frequency resonant points become very
poor. When Ly is 13.4 mm, S-parameters of the antenna are
again higher than —10 dB, indicating that the length of Lo has
a significant impact on the antenna performance and needs to
be within a reasonable range to meet the UWB requirements.
Therefore, after optimization, the length of L5 is setto 12.4 mm.

As shown in Figure 11, the length of the ground plane, GND,
has a certain impact on the S-parameters at the resonant points.
When the length of GND is 9.9 mm, S-parameters of the an-
tenna are greater than —10 dB, which does not meet UWB re-
quirements. When the length of GND is further increased to
10.9mm, S-parameters at the resonant points become lower
and lower, indicating better performance, and the covered fre-
quency band also becomes wider. However, when the length of
GND is increased to 11.4 mm, although the covered frequency
band is further expanded, S-parameters in the low-frequency
part are higher than —10dB. Therefore, the optimized length
of the ground plane is 10.9 mm. As shown in Figure 12, the

WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 158, 225-234, 2025

PIER C

GND ===9.9mm e 10.4mm

e—10.9mm =—11.4mm

50 1 1 1
2.5 5.0 7.5 10.0

Frequency(GHz)

12.5

FIGURE 11. Effect of the length of the grounding plate GND on S-
parameter.

FIGURE 13. Physical structure of UWB monopole antenna.

length d of the right-angle side of the ground plane cut corner
also has a certain impact on S-parameters at the mid-frequency
and high-frequency resonant points, but has no obvious effect
on the low-frequency resonant point. When d increases from
3.4 mm to 5.4 mm, S-parameters in the low-frequency and mid-
frequency bands become lower and lower. However, when the
length of d increases to 6.4 mm or even 7.4 mm, although S-
parameters in the high-frequency part become better and bet-
ter, S-parameters in the low-frequency and mid-frequency parts
are close to —10 dB, and the covered frequency band range be-
comes narrower, indicating a decline in antenna performance.
This may be because as the ground plane cut corner increases,
it exceeds a certain limit. Therefore, the optimized length d of
the right-angle side of the ground plane cut corner is 5.4 mm.

4. RESULTS AND DISCUSSION

To verify the consistency between the performance of the UWB
monopole antenna designed in this research and the simulation
results, tests are conducted on the fabricated antenna prototype.
As shown in the physical image of the antenna in Figure 13, the
specific structural form can be seen. The test was carried out
using a vector network analyzer for S-parameter measurement:
the test port was connected through a coaxial cable, and the
non-test ports were all connected to 50 {2 matching loads. All
measurements were completed in a microwave anechoic cham-
ber with electromagnetic shielding function, as shown in Fig-
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FIGURE 12. Effect of right-angled edge length d on S-parameter.

FIGURE 14. Antenna test environment.

ure 14. This test scheme effectively excluded external interfer-
ence factors and ensured the accuracy of the test data.

4.1. S-Parameters

S-parameters of the UWB antenna in simulation and measure-
ment are shown in Figure 15. From Figure 15, it can be seen
that the resonant points of this antenna are 3.8 GHz, 6.4 GHz,
8.1 GHz, and 9.6 GHz. The covered frequency band is 3.03—
11.75 GHz, which meets the UWB requirements. The lowest
return loss is —42.26 dB, achieving the design goal. However,
there is a certain deviation between the simulated results and
measured data, which may be caused by the combined effect of
welding errors and manufacturing errors.

As can be seen from Figure 16, within the entire working
frequency band, the radiation efficiency of this antenna ranges
from 65% to 85%, indicating good radiation characteristics.

4.2. Orientation Charts

The orientation charts of the E-plane and H-plane of the UWB
antenna at the resonant point are measured in a microwave ane-
choic chamber, as shown in Figure 17. Generally speaking,
the simulated results are basically consistent with the measured
ones. The minor differences that exist may be due to the mate-
rial properties, processing accuracy, and SMA interface weld-
ing during the antenna manufacturing process.

WWwWw.jpier.org
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FIGURE 16. Radiation efficiency of the proposed antenna.

(b) 107
N

-10
-20
-30 1
-20

-10 1

(C))

300

204
-30270
204

R

180

FIGURE 17. Simulated and measured orientation charts: (a) 3.8 GHz, (b) 6.4 GHz, (¢) 8.1 GHz, (d) 9.6 GHz.

From Figures 17(a) and (b), it can be concluded that the H-
plane pattern is approximately circular at 3.8 GHz and 6.4 GHz,
indicating good omnidirectional radiation characteristics; at the
same time, from Figures 17(c) and (d), it can be seen that the
H-plane pattern is approximately elliptical at 8.1 GHz, indicat-
ing good directional radiation characteristics within the ranges
of 0-60°, 120-240°, and 300-360°. At 9.6 GHz, it has good di-
rectional radiation characteristics within the ranges of 30-105°
and 240-300°.

At 3.8 GHz, the E-plane pattern shows good performance
at 30-90°, 195-240°, and 255-315°; at 6.4 GHz, the E-plane
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pattern resembles the digit “8”; at 8.1 GHz, the E-plane pattern
radiates well at 0-60°, 105-180°, 210-255°, and 285-330°;
at 9.6 GHz, the E-plane pattern shows good radiation perfor-
mance in specific angle areas, indicating that the energy is con-
centrated in these parts, thus the entire antenna exhibits excel-
lent directional radiation performance.

5. PERFORMANCE COMPARISON OF UWB MONO-
POLE ANTENNAS

In this section, the performance of the designed antenna in
this paper is compared with some proposed UWB antennas, as
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TABLE 2. Performance comparison of UWB monopole antennas.

Reference Size (mm3) Bandwidth (GHz) S (dB)  Radiation Efficiency (%)

[1] 34 x34x1.6 3.1-10.6 —38 -

[14] 40 x 36 x 1 2.2-3.3,4.3-5.1,6.3-10.8 —27 -

[19] 50 x 50 x 1.575 2.6-10.2 -35 75-80

[20] 70 x 70 x 16 2-6 —40 > 95

[21] 35 x 33 x1.6 2.7-11 —24 75-85

[23] 41 x 41 x 1 0.609-9.105 —36 65-80

[24] 44 x 46 x 1.27 5.8-7.2 —30 83.7-98.7
Proposed antenna 35 x 30 x 1.6 3.03-11.75 —42.26 65-85

shown in Table 2. It has the smallest size and the lowest S};
value. Although the low-frequency bandwidth is not as wide
as those in [14] and [19], the coverage in the high-frequency
range is wider, and the radiation efficiency meets practical re-
quirements. Overall, this antenna has significant advantages
in terms of size, impedance bandwidth, high-frequency cover-
age, and low return loss. The structure is simple, and it can be
concluded that this design is more suitable for compact UWB
wireless communication systems.

6. CONCLUSION

This paper has designed a UWB monopole antenna using char-
acteristic mode theory. Impedance matching is enhanced by a
central circular slot and an external ring on the patch. Band-
width expansion is achieved by optimizing the ground plane
length (GND) and cut-corner dimension (d). The results show
that the antenna covers the UWB frequency, with a return loss
greater than —10dB in the 3.03—11.75 GHz frequency band,
and the minimum return loss is —42.26 dB. The radiation per-
formance is good, and it can be applied to future UWB de-
vices and wireless communication systems. The extended
high-frequency coverage, reaching up to 11.75 GHz, satisfies
broader UWB requirements.
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