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1 Introduction

With the development of new technologies, the demand for larger data rates has increased. The
ultra-wideband (UWB) wireless equipment operating at frequencies ranging from 3.1 GHz to 10.6 GHz has
already been permitted by the Federal Communications Commission (FCC). Recently, microstrip patch
antennas have become increasingly popular because of their minimal price, low density, sporty flat
configuration, and ability to conform to the surface of the device. To serve an ever-growing network of users,
communication technologies, both fixed and portable, must be dramatically improved.

In recent years, wireless technology networks have undergone tremendous transformation. As a result,
both short- and long-term communications are in high demand. A substantial amount of bandwidth is
required to cover all wireless services and mobile connectivity. To accomplish this, a low-profile wideband or
UWB antenna can be employed [1]. The FCC-approved operating bandwidth and spectrum coverage must be
considered in the design and development of UWB antennas. In Ref. [2], a UWB antenna was designed within
a range of 3.42-11.70 GHz. A variety of UWB antennas and their designs, approaches, contributions, and
performances have been evaluated. In Refs. [3,4], a wideband antenna developed with 3 cm X 3.5 cm X
0.09 cm substrate. A 0.18-cm thin strip line was inserted to improve the resonance frequency between the
supplied line and circumferential resonator [5]. A defective ground structure (DGS) refers to the slots on the
ground plane of microwave planar circuits. DGS, a new technology, can improve the narrow bandwidth,
cross-polarization, and low gain [6]. DGS is a straightforward configuration that improves antenna
performance while reducing the cross-formalized radiation from microstrip patches [7]. Therefore, a
defectively grounded microstrip antenna is recommended for UWB wireless applications. Three new-style
patch antennas, each with a semi-ground plane fed by a microstrip line, were developed and tested. The
antenna’s impedance bandwidth has been increased from 1.2 GHz to 24.5 GHz, allowing it to cover the S, C, X,
Ku, and partially K bands [8]. A lotus-shaped antenna is used for Bluetooth and UWB dual-band functioning,
and a sawtooth-shaped defective DGS is used to produce wideband characteristics [9,10]. A coplanar
waveguide (CPW)-fed flexible elliptical UWB antenna with multiband elimination is achieved using two
circular split-ring resonators (SRRs) with partial ground structures (PGSs) [11]. A tiny flexible antenna with
an ultrathin polyimide (PI) substrate was proposed, which can be bent in a specific way to cover the UWB
band while maintaining its high levels [12]. In Ref. [13], a round polygonal asymmetrical antenna was
designed with polygonal slots organized in a structured area. However, it lacks coverage for most major
wireless applications such as industrial, scientific, medical, and WLAN. According to the literature, geometric
shapes, electronic band gap (EBG) structures, and antenna systems are employed in the design of transceiver
antennas. The UWB antennas can be configured in various ways. A simple CPW with a frequency range of
3.15-32.00 GHz and a -10-dB sensitivity is described [14]. In Ref. [15], UWB antennas on textile materials
were examined in terms of their performance and technology. Elliptical-shaped UWB antennas can be
stretched, folded, and employed in various ways [16]. Consequently, the flexibility, thermal endurance, and
low dielectric loss of the microstrip patch antenna have been highlighted because of its flexible PI substrate
[17-23]. In recent work [24], a flexible Pl-based quad-port MIMO antenna for wideband sub-6-GHz 5G
applications was presented. The proposed antenna employed CPW-fed nested-ring radiators integrated with
an X-shaped decoupling structure to achieve wide impedance bandwidth from 2.32 GHz to 7.28 GHz. The
design demonstrated stable bending performance, high radiation efficiency of 82%, low envelope correlation
coefficient (ECC) (< 0.003), and isolation better than 15.4 dB, making it suitable for wearable and flexible
5G/10T systems. In addition, the antenna maintained stable operation under conformal bending conditions of
up to 45°, while all performance metrics remained within acceptable limits [25-30].

In this study, flame retardant (FR4) and Pl-based antenna prototypes were designed for UWB
applications. The antennas were fabricated and evaluated for the antenna parameters for both planar and
bent characteristics. Additional information regarding the substrate and antenna design is provided in
Section 2. Section 3 discusses the implications of the simulations and the results. Finally, Section 4 draws the
conclusions.
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2 Antenna design and analysis Table 1
Dielectric constants of substrates.
2.1 Influence of substrate choice and dielectric Material Dielectric constant
constant FR4 4.3
Teflon 2.1
PI is the optimal substrate choice for increased Quartz 3.78
bandwidth, resonating frequency, and return loss. Polystyrene 2.6
The thickness of the substrate influences the Nel-tech 3
radiation parameters of the UWB antenna [16]. A PI 35

thick substrate can be used to increase the
efficiency. When low-dielectric-constant substrates are utilized, the omnidirectional RF bandwidth increases.
The dielectric properties of the substrates are listed in Table 1.

Among the investigated substrate materials, Pl is considered a suitable choice due to its excellent
flexibility and biocompatibility. In addition, PI provides a balanced combination of mechanical stability and
electromagnetic performance, making it highly suitable for precise and flexible antenna designs. On the other
hand, FR4, with a dielectric constant of 4.3, demonstrated excellent return loss characteristics, indicating low
signal reflection. However, its relatively limited bandwidth at higher frequencies restricts its applicability in
broadband and high-speed communication systems. Therefore, FR4 is more suitable for low-cost and
low-frequency antenna applications. The design methodology and measurement procedures are discussed in
this section.

2.2 Antenna geometry

The proposed monopole elliptical-shaped patch
(MESP) antenna is designed on a PI substrate. The
substrate dimensions are length L; = 36.7 mm, width
W;=33.0 mm, and thickness h=0.7 mm. The
substrate has a relative permittivity ¢, = 3.5 and loss
tangent (tané) of 0.002. The geometry of the
proposed antenna is illustrated in Fig. 1.

For the FR4 substrate case, the substrate
thickness is h = 1.6 mm, the relative permittivity is
€, = 4.3, and the loss tangent (tan 6) is 0.025. The
remaining geometrical parameters are defined as
follows: L, denotes the ground-plane length, W, and
W, represent the ground-plane widths, W, is the
microstrip feed-line width, W is the feed-gap width,
G, is the coupling gap, D,,; is the major diameter of the elliptical patch, D,,, is the minor diameter of the
elliptical patch, and R, represents the radius of the bottom circular section. The optimized dimensions are
[, =10.30 mm, W, =14.00 mm, W; = 14.96 mm, W, =3.30 mm, W; =2.00 mm, G, = 0.85 mm, D,,,; = 32.93
mm, D, =19.97 mm, and R, = 14.21 mm. The antenna was excited using a 50-Q microstrip feed line, as
depicted in Fig. 1.

The proposed antenna was designed and simulated using CST Microwave Studio, which is based on the
finite integration technique (FIT) [17].

A statistical study was conducted to determine how narrowing graduation evolves with time. The
variables (defective ground length, emitting unit, and feeding spacing) remained unchanged until the ideal
choice was made in the initial situation. The parametric analysis with R, is shown in Fig. 2(a), and the
comparison of the proposed MESP antenna’s reflection coefficient (S,;) with that of other materials is shown
in Fig. 2(b). The optimal spacing resulted in the lowest S;;.

The evolutionary design process of the MESP antenna, along with its S;; performance, is illustrated in
Figs. 3 and 4. The initial designed Antenna 1 (Fig. 3(a)) represents a simple UWB antenna with an elliptical
radiating patch and a modified ground plane featuring right and left oblong extensions beside the feed line.

Fig. 1. Geometry of the proposed MESP antenna.
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This configuration uses the dimensions (D,,,; = 32.93 mm, D,,;,, = 19.97 mm) and achieves a maximum S,; of
approximately — 25 dB. The dimensions of the MESP are calculated as follows [25]:

7.2
ﬂower = D )
(ZDmaj et 12) JE

(1)

where fi ... is the lower resonant frequency, and 1, is the ground-plane length.
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Fig. 2. Parametric and material analysis of the proposed MESP antenna: (a) parametric analysis of the bottom-section
radius (R,,) and (b) comparison of the reflection coefficient (S,;) for different substrate materials.

(@ (b)

; ©

Fig. 3. Evolution design process of the MESP antennas: (a) Antenna 1 (circular), (b) Antenna 2 (ring), and (c) Antenna 3
(proposed).

To improve impedance matching and enhance S;;, Antenna 2 (Fig. 3(b)) introduces a central elliptical slot
(with major and minor radii of 27.86 mm and 16.28 mm, respectively) into the patch. This modification
results in a deeper notch with S;; of approximately
-29 dB. Finally, Antenna 3 (Fig. 3(c)) incorporates
four rhombus-shaped slots into the elliptical patch
to further broaden the bandwidth and enhance
performance. As shown in Fig. 4, this final design
achieves a reflection coefficient of -32 dB and offers
a wide operational bandwidth ranging from
249 GHz to 15.00 GHz, indicating substantial
enhancement compared with the previous stages.
Table 2 presents a comprehensive assessment of the
performance of the MESP antennas.

The equivalent circuit of the MESP antenna is B e e e N e N N
illustrated in Fig. 5(c). The major and minor axes of 23 4 5 6 7 8 910111213 14 15

L. . Frequency (GHz)
the elliptical patch affected the impedance
bandwidth. The values of each component are R; =  Fig. 4. S, results of the MESP antennas.

-304 ~#— Antenna 1
—w— Antenna 2
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Reflection coefficient (dB)
ll)
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3.010Q, L, =2.41nH, L, = 5.72 nH, C, = 2.830 pF, and
C,=0.071 pF.

3 Results and analysis
3.1 Planar state

Photographs of the MESP antenna fabricated
using PI and FR4 substrate materials are shown in
Fig. 5. Fig. 6 shows the measurement setup for the PI
and FR4 substrate materials for the proposed MESP
antenna. Fig. 7 shows the simulated S;; of the
antenna. The antenna’s suggested impedance range
is indicated in Fig. 7 for a frequency range of
2.49-15.00 GHz. Overall, PI substrate material
yielded good results compared with the FR4
substrate material. The test findings matched those
of the simulations. Minor variations between the
measurements and simulations may occur owing to
fabrication errors. However, conflicts cannot be
created through simulations. Simulated S;; has a
bandwidth of 12.51 GHz (2.49-15.00 GHz) and a
gain of 6.3 dBi. The rhombus shape increases the
bandwidth and gain, while decreasing the resonant
frequency. Many wireless applications benefit from
this added capacity. WiMAX applications use 3.3-
3.8 GHz, WLAN uses 5.15-5.35 GHz, and wireless
transmission uses 5.725-5.825 GHz, among other
frequencies.

Journal of Electronic Science and Technology 24 (2026) 100368

Table 2

Performance evolution of the MESP antennas.
Evolution Fr?gll_l;;r)lcy S Bat(lél]_vlvzl ;i th gﬁ;g
Antenna 1 2.79-10.20 25 7.41 3.20
Antenna 2 2.79-11.10 29 8.31 3.35
Antenna 3 2.49-15.00 32 12.51 6.30

Port % Lélm /
:’l/ \\-.l...._—-’/ 4
/ \ !
i Li d Related to elliptical
".\ ! ring patch

| hS Related to elliptical slot
Il
Ground

Fig. 5. Fabrication of the MESP antenna with different
substrate materials: (a) PI, (b) FR4, and (c) equivalent
diagram of the MESP antennas.

Table 3 presents the simulated and measured S;; values. Simulated and measured S;; results were
obtained to validate the agreement. The measured S;; bandwidth is 12.60 GHz, while the simulated

bandwidth is 12.51 GHz.

There are a few factors to consider when choosing an antenna. The MESP antenna radiation efficiencies of
the PI and FR4 substrate materials are shown in Fig. 8. The radiation efficiency of the PI substrate materials
was 97.12% at 8.56 GHz. Over the 2.5 GHz to 15.0 GHz band, the efficiencies range from 93.3% to 99.3%.
However, PI substrate materials performed better than FR4 substrate materials across the full bandwidth.
The radiation efficiency and gains of MESP antennas can be increased by using a lossless microwave
substrate. Equation (2) can be used to calculate the antenna gain. The simulated peak gains were observed at

6.15 dBi, as shown in Fig. 9.

Q)

®)

Fig. 6. Measurement setup of the proposed MESP antenna with different substrate materials: (a) PI and (b) FR4.
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Fig. 7. Simulated and measured S;; for MESP antennas with different substrate materials: (a) Pl and (b) FR4.

Table 3
Simulated and measured S;; results of the MESP antennas.

Measurement Reflection coefficient S;; (dB) Operating frequency (GHz) Bandwidth (GHz)
Simulated -32 2.49-15.00 12.51
Measured -24 2.40-15.00 12.60

_ (P AUT )
Gaur = Grer +101g (2) 100
Pre Fy—mv. "'\-v
951 \/ Nt

where G,y is the gain of the antenna under test 90_/
(AUT) in dBi, Gy is the gain of the reference antenna S
in dBi, P,y is the received power using AUT, and Py, ey 851
is the received power using the reference antenna. g 80 -\ e

Fig. 10 shows how the surface current flows E 754 M\ \ pe
through the antenna’s Pl and FR4 substrate = 704 \/
materials. The substrate patch and feed line are g ¥
more sensitive to the surface current than the FR4 % 651
substrate. According to the current and voltage, the & 604
impedance of the PI substrate patch and the edges of 554  —w—Plsubstrate
the PI substrate material are in close proximity to 50 I‘*‘]FRf SUE’Strf‘te

the feeding line and edges. Fig. 11 shows the
proposed antenna for a radiation pattern. Figs. 12(a)
and (b) illustrate the normalized 2-dimensional
radiation patterns radiated by a modelled MESP
antenna in both co- and cross-polarizations,
respectively. Fig. 12(a) shows that for the three

T T T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Frequency (GHz)
Fig. 8. Radiation efficiency comparison of the proposed

MESP antenna with different substrate materials: (a) PI
and (b) FR4.

frequencies, the co-polar is higher than the cross-polar (see Fig. 12 for more information). It is less than
26 dB in the E-plane. The cross-polar magnitude is 36 dB smaller at 0° than the co-polar magnitude in the
H-plane at 3.8 GHz. At 3.8 GHz, the radiation was omnidirectional. The 8.56-GHz radiation is still
omnidirectional. However, larger harmonics at 8.56 GHz raise the cross-polar values. Again, its magnitude
was below 17 dB in the E-plane. At 12.4 GHz, the cross-polar magnitude was 37 dB smaller than the co-polar
magnitude at 0°. The planned MESP antenna radiated well in all directions.

3.2 Bent state

The bending radius of a curved antenna surface has a significant influence on its electromagnetic
performance, particularly on its resonant frequency and bandwidth. When an antenna, such as a microstrip

100368-6
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Gain (dBi) (p Gain (dBi)

6.430 ®) 5.9%

2.790 2.34
-0.845 =112
B g1
-11.800 -12.20
-15.400 -15.80
-19.000 -19.50
-22.700 -23.10
-26.300 -26.70
-29.900 -30.40
-33.600 -34.00

(a) (b) I (mA)

120.0

40.0

10.0
4.0

1.0
0.4
0.1
0.0

Fig. 10. Surface current distribution of the proposed MESP antenna with different substrate materials: (a) PI and (b) FR4.

(b)

Fig. 11. Radiation pattern measurement setup of the proposed MESP antenna with different substrate materials: (a) PI
and (b) FR4.

or patch type, was bent over a curved surface, the geometry and distribution of the surface currents changed,
leading to variations in its operating characteristics. For a convex surface with a large bending radius of
approximately 47.67 mm, the curvature was relatively gentle. In this case, the patch stretched slightly
outward, effectively increasing its electrical length. Consequently, the resonant frequency decreased slightly
because it is inversely proportional to the effective length of the radiating element. The bandwidth may also
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be reduced marginally owing to a small change in impedance matching, but the overall effect remains
moderate because of the large radius.

(a) (b)

0
20 330 30 E Simulated 20 B Simulated
0 - Measured 0 - Measured
-20 -20 i %
—s0] % 60 -40 300 60
-60 -60
-80 -80
-1004270 90 -1004 270 90
-80 -80
-60 -60
-40 120 -40 240 120
—20{ 240 -20
0 0
: 180
20 180 20

Fig. 12. Radiation pattern characteristics of the proposed MESP antenna: (a) E-plane and (b) H-plane.

By contrast, for a concave surface with a smaller bending radius of approximately 9.52 mm, the antenna
surface bent inward, compressing the patch and reducing its effective length. This leads to a noticeable
increase in the resonant frequency compared with its flat or convex counterpart. The tighter curvature also
causes greater non-uniformity in the field distribution, resulting in a reduced bandwidth, poorer impedance
matching, and possible radiation pattern distortion. Generally, as the bending radius decreases, antenna
sensitivity increases, indicating that the performance becomes more unstable and susceptible to geometric
variations.

Therefore, for conformal or flexible antenna designs, it is recommended to maintain a larger bending
radius (preferably greater than five times the patch ®) :
length) to preserve a stable performance. Among the R
two cases, convex bending is less detrimental to the
antenna characteristics than concave bending
because it causes only mild shifts in frequency and
limited bandwidth reduction. Overall, the study of
the bending radius effects highlights the importance
of mechanical flexibility and surface curvature
considerations in modern antenna design.

Fig. 13 shows the simulated models of concave Fig. 13. Simulated bending models of the MESP antennas

and convex bending of the proposed MESP antenna. i bending states: (a) concave and (b) convex.
Fig. 14 shows the fabricated models with their (b)
bending characteristics. The measurement setup is
shown in Fig. 15, where S;; parameters of the
concave and convex conditions are approximately
equal to the entire bandwidth pattern, even if the
resonance locations are altered significantly. For
concave bending, the proposed antenna resonates at
an 8.56 GHz frequency with an S;; of -32 dB and a
bandwidth of 2.49-15 (12.51) GHz, as shown in
Fig. 16, antenna gains for concave and convex
antennas. According to the results shown in Table 4,
the concave antennas have a peak gain of 6.74 dBi. At 7.2-dBi gain, comparable convex bend antennas were
discovered. The 3D gain plots are shown in Fig. 17. Stretching changes the resonance of the antenna by
altering its actual dimensions. These studies demonstrate that this antenna can withstand a variety of
difficult situations, including its close proximity to curved shapes. Fig. 16 shows the simulated and measured
S1; for bending the MESP antennas.

Fig. 14. Fabrication of the MESP antennas under bending
conditions: (a) vertical and (b) horizontal.

100368-8
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Fig. 18 shows the surface current distributions of ()
the proposed antenna under concave and convex
bending states. At 8.55 GHz, the current distribution
was observed at 64.9 A/m. Fig. 18(a) depicts the
current distribution at 0°, whereas Fig. 18(b) depicts
the current distributions at 180° for the concave
bending characteristics. The current intensity varies  Fig- 15. Measurement setup of the MESP antennas in
at different phase angles. Fig. 18(c) depicts the Dbendingstates: (a) concave and (b) convex.

current distribution at 0°, whereas Fig. 18(d) depicts the current distributions at 180° for the convex
analysis. The current intensity varies at different phase angles.

(b)

—~
O
R

0
_5.
-104
-154
-204
-254
=304

-35] —w— Simulated convex bend
—w— Measured convex bend

Reflection coefficient (dB)
Reflection coefficient (dB)

-354 —w— Simulated concave bend

40 —'—' Me.asu'red concave bend _40

2 3 4 5 6 7 8 9 10 11 12 13 14 15 2 3 45 6 7 8 9 10 11 12 13 14 15
Frequency (GHz) Frequency (GHz)

Fig. 16. Simulated and measured S, of the MESP antennas in bending states: (a) concave and (b) convex.

Table 4
Optimized results of the MESP patch antenna.

Antenna Frequency band in use (GHz) Broadband (GHz) Radiation efficiency variation (%) Gain (dBi)
Planar shape 2.49-15.00 12.510 93.3-99.3 6.30
Concave bend 2.457-15.00 12.543 91.1-98.8 6.74
Convex bend 2.428-15.00 12.572 88.3-98.5 7.20

(@ 1a i) Gai

I
QNN |
OCOOCOOOOOONOO —

QWO TI=NBOWON 5
WO NI OR U= N —
SOCOOOORNWOR O
SOSOSOSOONOO
CON LT WNIOUTNY

SOOOOOOBRANO

SO0V B

Fig. 17. 3D gain of the MESP antennas in bending states: (a) concave and (b) convex.

Fig. 19(a) shows the E-plane and H-plane patterns for both polarities. For the co-polar, the main lobe
magnitude is observed at -0.232 dBi at 0°. For cross-polar, the main lobe magnitude is -10.400 dBi, with the
primary lobe at 221.0°. An angle of 3.0 dB was observed at 51.3°, with a lateral lobe level of —0.8 dB. It was
observed that the cross-polar magnitude and angular width were reduced compared to the co-polar
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(@) I (mA) (b)

64.90
10.00

1.00
0.10

0.01
~0.00

(@

Fig. 18. MESP antenna current distribution of concave bend at (a) 0°, (b) 180°, (c) 0°, and (d) 180°.

magnitude. For H-plane patterns, the co-polar main lobe magnitude is observed at 6.590 dBi at 220.0° with
an angular width of 42.6° and a side lobe level of -2.4 dB. For the cross-polar region, the main lobe
magnitude was -41.000 dBi, with the primary lobe at 222.0°. An angle of 3.0 dB was observed at 91.2°, with a
lateral lobe level of —0.9 dB. Fig. 19(b) depicts the co-polar and cross-polar for both E-plane and H-plane. It is
observed that for the co-polar, the main lobe magnitude is observed at —0.689 dBi at 359.0°. An angular width
of 83° with a 3.0-dB angular width was observed. For the cross-polar region, the main lobe magnitude was
-17.000 dBi with a main lobe direction of 143.0°. At 39.7°, an angular width of 3.0 dB is observed. The
co-polar main lobe magnitude is 7.080 dBi at 318.0° with an angular width of 44.4°, while the side lobe level
is =4.0 dB. For cross-polar, the main lobe magnitude is —=23.600 dBi, with the primary lobe at 277.0°. An angle
of 3.0 dB was observed at 72.8°, with a lateral lobe level of -4.60 dB.

Table 5 presents a comparative analysis of the proposed antenna with other relevant antennas. The
proposed MESP antenna outperforms the other antennas in terms of area, substrate material, operating
frequency, bandwidth, and peak gain. An increased bandwidth can be achieved using elliptical radiating
patches with contours or mild curvature. These methods can be used to improve spectra. The DGS
construction of the MESP antenna has slots that allow it to receive a wider variety of frequencies while
remaining compact.
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Fig. 19. MESP antenna radiation pattern in bending states: (a) concave and (b) convex.
Table 5
MESP antenna comparisons with various UWB antennas.
Ref. Size of antenna (mm?) Substrate material ~ Frequency range in use (GHz) Bandwidth (GHz) Peak gain (dBi)
[9] 44x42x1.6 FR4 2.60-12.30 8.70 6.20
[10] 30x25%0.8 RT/Duroid5880 3.10-11.50 8.40 5.25
[11] 45x35x0.6 Teflon 1.05-13.00 11.95 5.40
[18] 80x80x1.6 FR4 3.10-10.60 7.50 7.90
[19] 48x34x0.13 PI 1.00-8.00 7.00 3.10
[12] 30.4x38x0.07 PI 3.06-13.50 10.44 5.00
[13] 31x45x1.575 RT/Duroid5870 2.18-44.50 42.32 4.38
[20] 80x80x1.6 FR4 2.40-24.00 21.50 5.00
[21] 33x47x0.0508 PI 2.20-14.30 12.10 4.90
[22] 36x42x1.6 FR4 4.50-13.50 9.00 6.00
[23] 21x22x1.6 FR4 4.00-14.00 10.00 4.33
[24] 46 x 46.5 x 0.6 PI 2.32-7.28 4.96 4.42
Proposed 47x33%0.7 PI 2.49-15.00 12.51 6.30
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4 Conclusions

A simple, low-profile MESP was designed and tested for UWB applications on a47 mm x 33 mm x 0.07 mm
Kapton PI substrate. The proposed antenna was compact, easy to fabricate, and occupied minimal space. The
design utilized flexible, resilient, and low-dielectric-loss Kapton PI substrates. The bandwidth and gain
performance were enhanced using a CPW feed structure integrated into the substrate. A tapered CPW feed
line excited the radiating element, resulting in improved impedance matching across the operational
frequency range. The MESP achieves an impedance bandwidth of 12.51 GHz and a peak gain of 6.30 dBi,
outperforming conventional antennas. The antenna exhibited quasi-omnidirectional radiation patterns in
both the E-plane and H-plane. The design was simulated using CST and validated experimentally using a
vector network analyzer. Under bending conditions, the antenna demonstrated minimal degradation in
impedance matching and radiation characteristics. Owing to its flexibility, reliability, portability, ease of
fabrication, and favorable radiation and impedance characteristics, the proposed antenna is well suited for
UWB applications.
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