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ABSTRACT: A compact, half-shaped, planar-monopole antenna optimized for ultra-wideband (UWB) communication systems was pro-
posed, numerically analyzed, and experimentally validated. The proposed antenna is configured as a bell-shaped monopole structure
fabricated on an FR-4 dielectric substrate, which is bisected along its axis of symmetry to achieve a reduced footprint. To ensure broad-
band impedance matching, a short-circuited stub is integrated between the monopole and the ground conductor through a plated via. The
antenna dimensions are 30×12×1.6mm3, which represent a significant reduction compared with those of conventional UWBmonopole
antennas. Full-wave electromagnetic simulations demonstrate that the antenna covers the FCC-authorized UWB of 3.1–10.6GHz with a
voltage standing-wave ratio (VSWR) of≤ 2. Experimental measurements of properties of a fabricated prototype of the proposed antenna
agree well with the simulation results. In addition to the analysis of frequency-domain performance, time-domain analysis is conducted
using two identical antennas in both face-to-face and side-by-side arrangements. According to the results of the time-domain analysis,
the calculated correlation coefficient between signals received by the proposed antenna is 0.986, which confirms high waveform fidelity.
Group-delay analysis of the proposed antenna verified stable temporal characteristics with an average delay of approximately 0.2 ns
across the UWB range. These results demonstrate that the proposed antenna is a promising candidate for compact and high-performance
integration in short-range high-speed wireless communication devices.

1. INTRODUCTION

Ultra-wideband (UWB) systems — which exploit an ex-
tremely wide frequency spectrum — have attracted con-

siderable attention as a technology enabling high-speed, short-
range wireless communications [1, 2]. Although UWB systems
occupy a broad bandwidth, the power of the transmitted sig-
nal is sufficiently dispersed so as not to cause harmful interfer-
ence to existing wireless services and thereby achieve “spectral
coexistence”. In 2002, the Federal Communications Commis-
sion (FCC) allocated the 3.1–10.6GHz band for UWB opera-
tion. It thus became necessary to develop antenna designs with
wideband impedance characteristics capable of covering that
frequency range [3]. To be integrated into practical wireless
devices, including personal computers, smartphones, and dig-
ital cameras, UWB antennas must be compact while simulta-
neously providing omnidirectional radiation characteristics to
ensure reliable communication with terminals in arbitrary ori-
entations [4].
A wide variety of planar antenna configurations for UWB

systems have been investigated. They include bow-tie antennas
printed on both sides of a substrate and circular monopole
antennas [5, 6]. Bow-tie antennas can be regarded as planar
manifestations of biconical antennas, which are inherently
self-similar structures. Monopole antennas, on the contrary,
are characterized by their structural simplicity and omni-
directional radiation properties, which make them suitable
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for numerous wireless communication applications. Planar
monopole antennas with diverse geometries, such as circle,
ellipse, rectangle, trapezoid, pentagon, and square, have been
proposed for UWB operation [7–10]. Among these geometries,
circular and elliptical monopole antennas have demonstrated
superior broadband performance compared to other shapes [7].
In addition to geometrical optimization, several impedance
matching strategies have been introduced for UWB monopole
antennas. They include partial truncation of the monopole
element, the use of dual-feed structures, trident-shaped feed
lines, and microstrip lines of varying widths [10–13]. Such
strategies have been shown to enhance impedance bandwidth
substantially, in some cases achieving more than three times
of the bandwidth obtained without impedance matching.
More recently, research efforts have focused on miniatur-
ization while preserving wideband characteristics. Reported
approaches include sector-shaped and trapezoidal unbalanced
dipole antennas, planar UWB antennas with corrugation, ring-
slot, and tapered-slot structures, and wide-slot configurations
[14–18]. Others include a U-shaped antenna using low-cost
liquid crystal polymer (LCP) organic material, an asymmetric
circular slotted semi-circle-shaped extended antenna, and a
modified hexagonal shape antenna [19–21]. Furthermore,
several notable compact UWB monopole antenna designs
have been presented, such as notched-band printed monopoles
[22], circularly-polarized UWB monopoles derived from
characteristic mode analysis [23], defected ground structure
(DGS)-based wideband monopoles [24], and characteristic-
mode-based design approaches that improve radiation and
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FIGURE 1. Antenna configuration: (a) front view and (b) back view.

polarization stability over wide frequency ranges [25]. These
recent works demonstrate various strategies for improving
UWB antenna performance, including multi-band rejection,
modal optimization, ground-plane modification, and circular
polarization synthesis. These designs successfully achieve
impedance matching and exhibit satisfactory performance
across the FCC-defined UWB spectrum of 3.1–10.6GHz.
To address the challenge of miniaturizing UWB anten-

nas, the authors previously proposed a bell-shaped planar
monopole antenna incorporating a short-circuited stub to
improve impedance matching at lower frequencies [26]. The
introduction of the short stub enhances impedance matching at
lower frequencies, thereby enabling broadband characteristics
that satisfy the bandwidth requirements for UWB systems.
The resulting antenna configuration achieves a compact form
factor with overall dimensions of 28× 20× 1.6mm3.
In this study, a prototype UWB monopole antenna using a

symmetrical configuration, whichwe previously proposed [27],
was evaluated by time-domain analysis. The proposed UWB
monopole antenna is bisected along its axis of symmetry, and
impedance matching is achieved by appropriately tuning the
dimensions of the short-circuited stub and the ground conduc-
tor. Specifically, the antenna is divided such that the microstrip
feed line is retained, while the short stub facilitates impedance
matching in the lower portion of the UWB frequency range.
Compared with our earlier study in [27], the present work

offers several new technical advancements. First, we introduce
a systematic parametric optimization framework for the half-
shaped monopole, covering the ground-plane length, short-
stub dimensions, and via diameter. These parameters were
not fully examined in [27]. Second, we perform comprehen-
sive time-domain evaluations, including waveform correlation
and group-delay analysis. These evaluations were not included
in the earlier study but are essential for assessing UWB pulse
fidelity. Third, we quantitatively compare the half-shaped
monopole with the full bell-shaped monopole reported in [26].
This comparison demonstrates that the half-shaped design pre-
serves the entire UWB bandwidth (3.1–10.6GHz) while reduc-
ing the antenna area by 36%. Finally, we present new exper-
imental results, including measured omnidirectional radiation
patterns, to validate the improved design.

FIGURE 2. Equivalent circuit of half-shaped printed-monopole UWB
antenna with a short stub.

The paper is organized as follows. Section 2 describes the
configuration of the proposed antenna and its operating princi-
ple through parametric analysis. Section 3 presents the simula-
tion results together with the results of an experimental valida-
tion using a fabricated prototype. Section 4 presents the results
of an evaluation of time-domain performance, and Section 5
concludes the work.

2. ANTENNA DESIGN
The geometry of the proposed antenna is derived from the bell-
shaped planar monopole antenna previously reported by the au-
thors. In the earlier configuration, the bell-shaped monopole is
directly printed on an FR-4 substrate, and impedance matching
at lower frequencies is achieved by attaching a short stub. In
this study, the symmetrical nature of that antenna is exploited
by cutting the monopole along its axis of symmetry, resulting in
a half-shaped monopole configuration. This approach substan-
tially reduces the antenna’s size while preserving the essential
current distribution patterns that support broadband operation.
The configuration of the proposed half-shaped planar UWB

monopole antenna incorporating a short-stub structure is shown
in Figure 1. The antenna is formed on an FR-4 substrate
(εr = 4.4, tan δ = 0.02) with dimensions of L = 30mm,
W = 12mm, and t = 1.6mm. A bell-shaped monopole ele-
ment and a microstrip feed line are patterned on the top surface
of the substrate, while a partially circular ground plane (for en-
hancing impedance matching) and the short-stub line are im-
plemented on the reverse side. The short stub extends from
the lower edge of the monopole to the ground conductor and is
connected to the monopole via a plated throughhole. Both the
monopole and ground plane are configured in a half-shaped ge-
ometry. The antenna is designed for a characteristic impedance
of 50Ω. The design intentionally leverages the structural sym-
metry of monopoles; that is, although only half of the origi-
nal radiator is retained, introducing the short stub and partially
circular ground ensures that the dominant resonant modes are
preserved.
The equivalent circuit of the proposed UWB monopole an-

tenna with a short stub is shown in Figure 2. The antenna can be
modeled as a cascade of parallel resonant circuits [28], where
each resonance is represented by resistance RMk, inductance
LMk, and capacitance CMk (k = 1, 2, …, n). The overlapping
of these resonances produces an ultra-wideband impedance
bandwidth. In this equivalent representation, the short stub is
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FIGURE 3. Calculated input impedance (with parameter LG): (a) Smith chart (1–11GHz) and (b) reflection characteristic.

(a) (b) 

FIGURE 4. Calculated input impedance (with parameter LS): (a) Smith chart (1–11GHz) and (b) reflection characteristic.

TABLE 1. Dimensional parameters of proposed antenna.

Parameter L W LL WL WA
Length [mm] 30.0 13.0 10.0 2.0 12.0
Parameter LS WS DS LG WG

Length [mm] 2.5 0.5 0.5 10.5 12.0

modeled as an additional parallel impedance ZS connected to
the monopole. By tuning the dimensions of the stub, it is pos-
sible to adjust ZS and control the input impedance of the an-
tenna, which can be tuned to improve input impedance match-
ing, particularly at lower frequencies. By modifying the phys-
ical dimensions of the stub, it is possible to control the stub’s
impedance and thereby broaden the operational bandwidth of
the antenna when the stub’s impedance is combined with the
inherent resonances of the monopole. The partially circular
ground conductor further contributes to impedance matching.
Note that the equivalent circuit in Figure 2 is a conceptual
model that interprets the dominant resonance behavior, not a
quantitative reproduction of the antenna’s full electromagnetic
response. Due to the complex, three-dimensional current distri-
bution and the multiple, higher-order resonances excited in the
half-shapedmonopole with a short stub, an exact circuit realiza-
tion that fully matches the broadband EM characteristics would
require an extensive, multi-resonance network. The present cir-
cuit representation is intended to provide an understanding of
how the short stub contributes to impedance matching. The

key design parameters of the antenna include the length (LL)
and width (WL) of the feedline, monopole width (WA), stub
length (LS) and width (WS), through-hole diameter (DS), and
ground-plane length (LG) and width (WG). The reference val-
ues of these parameters are summarized in Table 1. The antenna
is designed to operate with a nominal characteristic impedance
of 50Ω.
The key dimensional parameters of the short stub and

ground conductor — namely, ground-conductor length (LG),
stub length (LS), stub width (WS), and through-hole diam-
eter (DH) — were subjected to comprehensive parametric
analysis to determine their influence on impedance matching.
Calculated input impedance is plotted as a function of LG
in Figure 3, where (a) is the Smith chart, and (b) shows the
corresponding reflection characteristics. As LG is increased,
the resonance frequency at the higher end of the operating
band shifts upward, thereby broadening the overall bandwidth.
Concurrently, the quality factor (Q) of the low-frequency
resonance tends to increase, while that of the high-frequency
resonance decreases, and the resistive component of the input
impedance is reduced Calculated input impedance is plotted
as a function of LS in Figure 4. Extending the stub length
enhances the Q value of the resonance near 3GHz and shifts
the resonance around 5GHz toward lower frequencies. This
variation also leads to an increase in the capacitive component
of the input impedance. As a result, the enhanced capacitive
contribution counterbalances the inductive component that
emerges at reduced antenna dimensions, thereby improving
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FIGURE 5. Calculated input impedance (with parameter WS): (a) Smith chart (1–11GHz) and (b) reflection characteristic.

(a) (b) 

FIGURE 6. Calculated input impedance (with parameter DS): (a) Smith chart (1–11GHz) and (b) reflection characteristic.

impedance matching at the lower band edge around 3.1GHz.
The input-impedance response is plotted as a function of WS
in Figure 5. Increasing stub width reduces the resonant Q
values across all resonances while simultaneously reducing the
capacitive component of input impedance. Input impedance is
plotted as a function of DS in Figure 6. Enlarging through-hole
diameter reduces the Q value of the resonance near 3GHz
shifts the resonance around 5GHz toward higher frequencies,
and increases the capacitive component of the input impedance.
The above-described results confirm that the input

impedance of the antenna can be effectively tailored by
adjusting LG, LS, WS, and DS. By optimizing these param-
eters to the reference values summarized in Table 1, it is
possible to obtain wideband impedance characteristics fully
covering the UWB operating range of 3.1–10.6GHz.

FIGURE 7. Comparison of calculated VSWR.

3. EVALUATION RESULTS
Based on the results of the parametric analysis presented in Sec-
tion 2, the optimal dimensions of the proposed antenna are de-
termined. The effectiveness of the proposed half-shaped, pla-
nar UWB monopole antenna was validated by a comprehen-
sive set of evaluations combining full-wave electromagnetic
simulations with experimental measurements of a fabricated
prototype. The antenna was fabricated on an FR-4 substrate
(εr = 4.4/ tan δ = 0.02) with dimensions of L = 30mm,
W = 12mm, and t = 1.6mm. A Keysight EMPro electro-
magnetic field simulator, with the design parameters set to the
reference values listed in Table 1, was used for the numerical
simulations. The evaluation covered both frequency and do-
main performances (VSWR, impedance characteristics, radia-
tion patterns, and current distribution) and experimental veri-
fication in a manner that ensured that the antenna’s simulated
performance is reproducible in practice.

3.1. Simulated VSWR Characteristics
The simulated voltage standing-wave ratio (VSWR) character-
istics of the proposed antenna are plotted in Figure 7. For com-
parison, the figure also includes the VSWR curve (shown as
a dotted line) of the previously reported bell-shaped monopole
antenna with a short stub [22]. The comparison reveals that de-
spite its reduced radiator area, the half-shaped monopole main-
tains broadband performance almost equivalent to that of the
full-shape design. Specifically, the proposed antenna achieves
VSWR of ≤ 2 across the entire UWB (from 3.1 to 10.6GHz).
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(e) (f) 

FIGURE 8. Calculated radiation patterns: (a) 3.5GHz, (b) 4.5GHz, (c)
6.5GHz, (d) 8GHz, (e) 9GHz, and (f) 10GHz.

The lower edge of the UWB (around 3.1GHz) is often chal-
lenging to cover (i.e., provide VSWR of ≤ 2), particularly in
regard to compact antennas, due to the reduced physical dimen-
sions. As for this antenna design, however, the integration of
the short stub sufficiently compensates capacitance, thereby en-
suring sufficient impedance matching at low frequencies. At
the upper end of the UWB (> 9GHz), the half-shaped radiator
still sustains the higher-order resonances necessary for wide-
band operation. This result confirms that bandwidth is not com-
promised even when the antenna is half-shaped. A quantitative
comparison with the full bell-shaped monopole reported in [22]
shows that bisecting the radiator does not reduce the achievable
bandwidth. Although the radiator area decreases by about 36%
(from 28×20mm2 to 30×12mm2), the proposed half-shaped
structure retains the same UWB impedance bandwidth of 3.1–
10.6GHz (VSWR≤ 2). These results confirm that the com-
bination of the monopole and short stub compensation mecha-
nism effectively preserves the lower-bandmatching and higher-
order resonances necessary for wideband behavior.

3.2. Simulation of Radiation Pattern
The radiation characteristics of the proposed antenna were sim-
ulated at frequencies of 3.5, 4.5, 6.5, 8, 9, and 10GHz. The
simulated far-field radiation patterns in the x-y plane of the an-
tenna are shown in Figure 8. Across the entire band, the an-
tenna produces nearly omnidirectional radiation patterns and

(a) (b) 

(c) (d) 

(e) (f) 

FIGURE 9. Calculated of current distribution (xz plane): (a) 3.5GHz,
(b) 4.5GHz, (c) 6.5GHz front view, (d) 8GHz, (e) 9GHz, and (f)
10GHz.

thereby satisfies a critical requirement for UWB communica-
tion systems intended for portable and handheld devices. Al-
though a slight tilt of the radiation pattern toward the posi-
tive x-axis is observed at higher frequencies (above 8GHz),
the overall radiation behavior remains quasi-omnidirectional.
This result indicates that the antenna is capable of supporting
stable communication links in environments where device ori-
entation may vary. The radiation patterns also show consistent
co-polarization dominance; namely, cross-polarization level re-
mains low throughout the frequency band.

3.3. Analysis of Current Distribution

To elucidate the operating principle of the proposed antenna, the
surface current distributions on the monopole at frequencies of
3.5, 4.5, 6.5, 8, 9, and 10GHz were analyzed, and the analy-
sis result is shown in Figure 9. At 3.5GHz, current density is
concentrated predominantly along the short stub and the lower
part of the monopole. This result confirms that the stub plays
a vital role in achieving impedance matching at low frequen-
cies. At 6.5GHz, the current distribution becomes more uni-
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FIGURE 10. Prototype antenna: (a) front view and (b) back view.

FIGURE 11. Comparison of VSWR.

form across the radiator surface, and the stub is moderately ex-
cited. At 10GHz, the current shifts toward the edges of the radi-
ator, and higher-order modes dominate. Although the stub con-
tribution is weaker at this frequency, its influence on the overall
impedance remains evident. These results confirm the physical
interpretation provided by the equivalent circuit model, namely,
the short stub functions as a parallel capacitive path that com-
pensates the monopole inductance at low frequencies, while at
higher frequencies, the monopole itself sustains the resonance
of the monopole.

3.4. Prototype Fabrication and Measurement Results
A prototype antenna based on the optimized parameters sum-
marized in Table 1 was fabricated on an FR-4 substrate. The
fabricated antenna is shown in Figure 10. An SMA connector
was soldered to the feed point for measurement purposes. The
input reflection coefficient (S11) and corresponding VSWR
characteristics were measured with a vector network analyzer
(VNA). ThemeasuredVSWR, alongwith the simulated VSWR
for comparison, is plotted in Figure 11. It can be seen that the
measurement results agree closely with the calculated results
in a manner that confirms the validity of the antenna design.
Both figures indicate that the antenna maintains a VSWR of
≤ 2 across the entire UWB (from 3.1 to 10.6GHz). Slight
deviations between measured and simulated curves can be at-
tributed to fabrication tolerances (e.g., precision of via diame-

(a) (b) 

(c) (d) 

(e) (f) 

FIGURE 12. Measured radiation patterns: (a) 3.5GHz, (b) 4.5GHz, (c)
6.5GHz, (d) 8GHz, (e) 9GHz, and (f) 10GHz.

ter and soldering of the SMA connector). Nonetheless, these
discrepancies are minimal and do not significantly affect the
overall impedance bandwidth of the proposed antenna. The
measured radiation patterns of the antenna are shown in Fig-
ure 12. The measurement frequencies are the same as those
used for calculating the radiation patterns shown in Figure 8.
The radiation patterns (co-polarization and cross-polarization)
are plotted along the x-y plane.
These results confirm that the proposed antenna successfully

achieves the dual objectives of antenna miniaturization and
broadband performance. Compared with the area of the pre-
viously reported full-shaped monopole, the antenna area is re-
duced by approximately 36%, while nearly identical bandwidth
characteristics are maintained. The radiation patterns are quasi-
omnidirectional across the entire UWB in amanner that ensures
robust system-level performance for UWB applications.

4. TIMEDOMAIN ANALYSIS
As for ultra-wideband (UWB) systems, communication
is achieved by transmitting digital signals converted into
impulse-type or non-sinusoidal waveforms, typically consist-
ing of sub-nanosecond pulses. When transformed into the
frequency domain, these signals occupy a bandwidth of several
gigahertz. To ensure reliable high-speed communication,
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(a) (b) 

FIGURE 13. Antenna configuration: (a) face-to-face and (b) side-by-side.

(a) (b) 

FIGURE 14. Results of time-domain analysis: (a) face-to-face and (b) side-by-side.

UWB antennas must provide stable transmission and reception
characteristics that are largely independent of orientation.
Consequently, the time-domain fidelity of the antenna be-
comes just as important as its frequency-domain impedance
and radiation characteristics. In practical terms, even if an
antenna exhibits wide impedance bandwidth in the frequency
domain, poor phase linearity or group delay variation can
distort the transmitted waveform, and that distortion leads
to inter-symbol interference and reduced data throughput.
Therefore, in addition to VSWR and radiation-pattern analysis,
time-domain analysis is essential for confirming that the
antenna can transmit and receive UWB pulses with minimal
distortion.

4.1. Evaluation Methodology

To investigate the time-domain behavior of the proposed an-
tenna, two identical antennas were used as a transmitting (Tx)
and a receiving (Rx) pair. The antennas were placed at a dis-
tance of 1m in two different configurations: (a) face-to-face,
in which the radiating surfaces are aligned along the same axis,
and (b) side-by-side, in which the antennas are oriented in par-
allel but displaced laterally. These two antenna configurations
are illustrated in Figure 13. The distance of 1m was selected to
approximate a typical short-range indoor communication sce-
nario while ensuring operation in the antenna’s far-field region
at most frequencies within the UWB. A Gaussian pulse is used
as the excitation signal. The received signals were recorded,
and their temporal waveforms were compared with the trans-
mitted signal to evaluate signal distortion and correlation per-
formance.

4.2. Results of Time-Domain Analysis of Received Waveforms
The results of the time-domain analysis are shown in Figure 14,
where (a) corresponds to the face-to-face configuration and (b)
corresponds to the side-by-side configuration. A comparison
of the two configurations reveals that the received amplitude is
approximately 1mV higher for the side-by-side configuration
than for the face-to-face one. This difference in received am-
plitude is attributed to the slight tilt of the radiation pattern ob-
served in the frequency-domain simulations (Figure 8), where
the main lobe exhibits a directional bias toward the positive x-
axis at higher frequencies. This directional tendency explains
the slightly stronger reception in the case of the side-by-side
configuration.
To quantify waveform similarity, the correlation coefficient

(ρ) between transmitted and received signals is calculated as

ρ = max
τ


∫
S1(t)S2(t− τ)dt√∫

S2
1(t)dt

√∫
S2
2(t− τ)dt

 (1)

where S(t) represents the signal strength, and τ is the delay
time. In the case of the face-to-face and the side-by-side an-
tenna configurations, the correlation coefficients are calculated
to be 0.986 and 0.929, which confirms a high degree of simi-
larity between the waveforms. Furthermore, in the case of both
configurations, the arrival times of the signals are nearly identi-
cal. These results demonstrate that the proposed antenna main-
tains robust time-domain performance and can provide consis-
tent communication quality regardless of the relative orienta-
tion of transceivers in UWB applications.

4.3. Group-Delay Characteristics
The group-delay characteristics of the proposed antenna were
determined as follows. Group delay, defined as the derivative

7 www.jpier.org



Nobuyasu Takemura

(a) (b) 

FIGURE 15. Calculated phase and group-delay characteristics of S11: (a) phase and (b) group delay.

(a) (b) 

FIGURE 16. Calculated phase and group-delay characteristics of S21: (a) phase and (b) group delay.

TABLE 2. Comparison of conventional antennas with the proposed UWB printed-monopole antenna.

Ref. Design technique Antenna size Antenna substrate BW Time-domain analysis
[16] Square-ring slot-shaped 120×100×0.5 RO4003B 3–11 No
[18] Trapezoidal slot-shaped with via holes 27×29×1.0 εr = 2.65 3.0–10.6 No
[19] Cactus-shaped 28×20×0.35 LCP 2.9–12 No
[20] Asymmetric slots on radiator 21.6×20.8×1.6 FR-4 2.2–16.5 Yes
[21] Modified-hexagonal-shaped 25×12.5×1 FR-4 3.1–10.8 Yes
[22] Triple band-notched monopole 40×29×1.6 FR-4 2.7–11.0 No
[23] Circularly-polarized UWB (CMA) 30×24×1.6 FR-4 5.7–10.7 Yes
[24] DGS-based wideband monopole 34×28×1.5 εr = 2.2 4.0–18.9 No
[25] Ring-structured UWB (CMA) 35×30×1.6 FR-4 3.0–11.7 No
[26] Bell-shaped, short stub 28×20×1.6 FR-4 3.1–10.6 No

This work Half bell-shaped, short stub 30×12×1.6 FR-4 3.1–10.6 Yes

of the transmission phase with respect to angular frequency, is
expressed as

Td = − dθ

dω
(2)

where θ denotes the antenna phase, and ω denotes the angular
frequency. For broadband communication systems, the group-
delay response should exhibit minimal variation (i.e., small
phase gradient) and approximate linearity, since these features
correspond to low distortion and stable signal transmission.
The antenna phase is derived from the complex S-parameters
as

θ= tan−1 Im(S)

Re(S)
(3)

where Re(S) and Im(S) represent the real and imaginary com-
ponents, respectively. The calculated phase response of S11

is shown in Figure 15(a), while the corresponding group-delay
characteristics obtained from Equations (2) and (3) are shown
in Figure 15(b). The phase response exhibits a moderately
steep slope immediately following phase inversion; however,
it remains predominantly linear across the operating band. Al-
though the group delay slightly increases at frequencies corre-
sponding to resonant points, the overall delay remains nearly
constant at approximately 0.2 ns over the entire UWB range.
The calculated phase response of S21 and the corresponding
group-delay characteristics are shown in Figure 16. The over-
all delay remains nearly constant at approximately 0.8 ns over
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the entire UWB range. This stability confirms that the proposed
antenna is well suited for high-speed, low-distortion communi-
cation applications.
A comparative study of representative UWB printed-

monopole antennas reported in the literature and the proposed
half-shaped monopole antenna is summarized in Table 2.
The antennas are compared with respect to key performance
indicators, namely, antenna size, impedance bandwidth, sub-
strate material, and notable structural features used to achieve
broadband characteristics. According to this comparison,
many previously reported designs use conventional circular
or elliptical monopoles, often combined with slots, tapered
structures, or corrugated geometries to extend impedance
bandwidth. While these approaches are effective in achieving
wide operating ranges, they generally require larger substrate
areas and more complex fabrication processes.
In contrast, the proposed half-shaped, printed-monopole an-

tenna achieves comparable or superior performance while hav-
ing a significantly smaller footprint (30×12×1.6mm) and re-
lies solely on a standard FR-4 substrate, which is both low cost
and widely available. The adoption of a short stub connected
via a through-hole enables effective impedance tuning, particu-
larly at the lower end of the UWB, in which it is typically most
difficult to achieve impedance matching with compact designs.
This unique approach allows the antenna to maintain VSWR
of ≤ 2 across the entire UWB (3.1–10.6GHz) without intro-
ducing excessive structural complexity. Furthermore, unlike
several compact UWB antennas that suffer from distorted radi-
ation patterns at higher frequencies, the proposed antennamain-
tains nearly omnidirectional radiation across the UWB, which
ensures reliable performance for mobile and handheld applica-
tions. When time-domain metrics such as correlation coeffi-
cient and group delay are also considered, it becomes clear that
the proposed antenna demonstrates clear advantages in terms of
waveform fidelity and temporal stability.

5. CONCLUSIONS

A compact, half-shaped, planar monopole antenna designed
to operate across the ultra-wideband (UWB) frequency spec-
trum was proposed and evaluated. A detailed parametric anal-
ysis of antenna performance demonstrated that by adjusting key
structural parameters — ground-plane length, short-stub length
and width, and through-hole diameter — the antenna’s input
impedance can be effectively tuned, thereby enabling wideband
operation that fully covers the UWB range. It also demon-
strated that the proposed antenna provides nearly omnidirec-
tional radiation characteristics. Time-domain evaluations con-
firmed high signal fidelity, namely, correlation coefficients of
0.986 for both face-to-face and side-by-side antenna configu-
rations. Experimental measurements of a fabricated prototype
antenna agreed well with simulation results, verifying that the
antenna maintains VSWR of ≤ 2 across the designated UWB.
Owing to its compact dimensions and robust frequency- and
time-domain performance, the proposed antenna constitutes a
promising solution for high-speed, short-range, wireless com-
munication applications.
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