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ABSTRACT

This work proposes the design and performance assessment of a wideband bow-tie
slot antenna specifically developed for radio frequency energy harvesting (RFEH).
The design employs a self-complementary bow-tie configuration, integrated with
a defected ground structure (DGS) and fractal elements, to achieve improved
bandwidth (BW) and gain. It achieved -10 dB simulated (measured) BW of 2.50
GHz (2.10 GHz) over a frequency span of 0.80-3.30 GHz (0.80 to 2.90 GHz)
respectively. The results cover a target fo, simulated and measured fractional
bandwidth (FBW) of 122% and 114% respectively, with a peak realized gain
of 6.42 dBi. The antenna also achieved a compact dimension of 126 mm × 90
mm (0.73 lambda g × 0.52 lambda g). It is finally integrated with a wideband
RF-rectifier for the purpose of validation. The design enables continuous wireless
power transfer (WPT) suitable for RFEH in internet of things (IoT) devices and
sensor nodes.
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1. INTRODUCTION
The increasing demand for continuous power has led researchers into promising renewable energy

technology. Abundant electromagnetic (EM) from various radio frequency (RF) sources can serve as additional
source of energy [1], [2]. A rectenna is responsible for radio frequency energy harvesting (RFEH) [3]. The
receiver is a vital component of wireless power transfer (WPT) technology that has undergone notable and
sustainable advancements over the past few decades [4]–[6]. RFEH is viable for challenging applications,
including health, environmental, defense monitoring, and fire detection [7]. A rectifying antenna is essential in
WPTs, especially for internet of things (IoT) devices and sensor nodes, which depend on a reliable and secure
power source [8]. The RF signals spans various frequencies within the microwave and industrial, scientific
and medical (ISM) band. Frequencies include WLAN (2.40, 5.8 GHz), 0.9/1.8 GHz (GSM), Universal Mobile
Telecommunication Service (UMTS) 2.10 GHz, and LTE 2.60 GHz. Various antennas operate across different
frequency bands are discussed; however, the ambient RF power level typically remains between -40 and -50
dBm [9]–[14]. As 5G technology becomes more widely adopted, it is essential to consider the role of 5G as a
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significant power source. Deciding whether to exhibit broadband or multi-band characteristics is important when
designing a receiving antenna. Therefore, it is necessary to develop an efficient RFEH system by creating a
wideband or multi-band antenna with reasonable gain, bandwidth (BW) and an RF-rectifier with reduced circuit
complexity. Patch antennas are frequently used in wireless communication systems due to their lightweight,
affordability, and ease of fabrication [10], [15]. However, one of their limitations is narrow BW [16].

Various types of dual-band [16]–[19], triple-band [20]–[23], and multiband [24]–[27] designs have
been presented for implementing RF harvesting in the microwave frequency range. Designing a wideband or
multiband: (antenna with reasonable gain and BW), and (RF-rectifier with reduced circuit complexity) is needed
for an efficient RFEH. To meet the demands of wideband systems, various techniques have been employed to
enhance and broaden the BW of printed antennas and overcome this limitation. Broadband antenna designs
have been presented, including the circular and elliptical disc monopoles [28], triangular [29], and planar
volcano smoke slot antenna [30]. The dipole configuration’s suitability in achieving the required characteristics
for wideband applications has been studied using various shapes for the two arms, including circular, square,
triangular, and others [31], [32]. A new category of printed antipodal drop shaped dipole antennas has been
introduced for wireless communication systems [15]. The design have an operating BW exceeding 2 GHz,
achieved through a well designed shaping of the feeding lines and radiating arms [33].

The bow-tie antenna is widely used in broadband applications, and improvements have been made to
enhance its performance. One approach to improve its efficiency involved resistive loading, which enhances its
radiation, minimizes late time ringing and reduces size [34]. A further enhancement was achieved by utilizing
the Sierpinski fractal pattern on the bow-tie structure arms, generating multiple narrow operational frequency
bands [35]. Several bow-tie antennas have been designed to ensure a decent impedance BW, generally within
a 2 GHz range [36], [37]. Some of the designs also support a dual-band operation [38]. A specific frequency
has been targeted for tuning similar design [39]. A four-bow-tie-element array was demonstrated using EM
coupling microstrip patch antennas (ECMSAs); however, its BW was limited to 2.70-3.30 GHz [40]. A thorough
review of bow-tie antenna literature shows that a suitable match between each side of the antenna and a practical
feeding port, usually at 50 Ω, is a crucial challenge [41], [42]. Like biconical antennas, bow-tie antennas require
a 300 Ω balanced transmission line for feeding [43].

The designer can choose between two methods to make the dipole compatible with a 50 Ω impedance.
The first method involves using a balun transformer, which can be challenging to implement due to its limited
BW and sometimes requires a complex shape and additional size [44], [45]. Alternatively, the second method
involves using a multi-section line with varying widths or a gradually widened microstrip line to act as an
impedance transformer, matching the bow tie to the Sub miniature version, A SMA connector [45], [46]. To
enhance the antenna’s performance, researchers have chosen to embed the bow-tie within a slot. This requires
matching techniques, at least for the initial stage [47]. While some attempts have achieved matching across the
entire BW of ultra-wideband (UWB), these solutions have made the design process more complex [34].

This study proposes a unique self-complementary bow-tie planar antenna (SCBPT) to address the
challenges outlined. The design was able to achieve:
- Direct 50 Ω feed without an impedance transformer which eliminates complex impedance matching networks

common in bow-tie designs, reducing fabrication complexity and minimizing insertion loss.
- Ultra-wide impedance fractional bandwidth (FBW) measured 114% (0.80–2.90 GHz), covering sub-GHz to

mid-GHz bands relevant for RFEH.
- Compact electrical size of 0.73 λg × 0.52 λg at fo, significantly smaller than comparable state-of-the-art UWB

bow-tie antennas.
- High realized gain of 6.42 dBi on FR-4 substrate.

2. WIDEBAND BOW-TIE-SLOT ANTENNA DESIGN AND ANALYSIS
This section describes the design of a proposed source antenna. A conventional bow-tie antennas are config-

ured and fed through 300 Ω TL [48]–[50]. In this work, a unique bow-tie source antenna geometry is designed using a
self-complementary technique [51]–[53]. The proposed design is fed through a 50 Ω SMA source without the use of
impedance transformer. The geometry and optimized dimensions is depicted in
Figure 1. The parameters in Figure 1 are optimized as: Ls=126, L1=Lg=62, L2=0.8, L3=56.3, Lc=67.3, Lc1=64.8,
Lf=60.2, Lh=0.6, Lj=2, Lt=61.6, Ws=90, W1=53, W2=15.4, W3=1.6, W4=16.0, Wc=60.2, Wg=26.8, Wh=17.2,
Wj=21.0, and Wt=3.4 (all units are in mm). The design concept emanates from transforming a monopole triangular

Wideband bow-tie slot antenna with defected ground structure for efficient radio frequency ... (Usman Yau)



3024 ❒ ISSN: 2302-9285

antenna radiator on LHS of the structure. A slot complement of the triangular radiator is added to RHS of the bottom
plane. Microstrip feed line is bend to fed radiator at 50 Ω TL, as depicted in Ant-I of Figure 2.
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Figure 1. Top and bottom view of the proposed wideband bow-tie-slot antenna
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Figure 2. Design approach for optimizing the proposed bow-tie slot antenna

The lower frequency fl2 of the proposed design can be estimated using a relationship that is established
by looking at the antenna as a monopole cylinder. The corresponding length is configured to match the patch
length. Surface area of the cylinder is compared to that of the patch to determine it radius. A monopole triangular
patch antenna is the closest shape to the Ant-I design structure, which is governed by the relation:

fl2 =
7.2

(Lx +Rt + Pg)×m
GHz (1)

where: all length dimensions Lx, Rt, and Pg are in cm, m is given by √
ϵeff , and ϵeff is the effective dielectric

constant of the substrate.
Lx is the effective height of the monopole triangular patch. For an equilateral triangular patch with a

base width W1, Lx can be expressed as (2):

Lx =

√
3

2
∗W1 (2)
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Since the height of an equilateral triangle is
√
3/2 times its base. Thus: W1 = 5.3 cm (53 mm), it implies

that; Lx=4.60 cm, The parameter Rt denotes the equivalent radius of a cylindrical monopole that exhibits EM
characteristics comparable to those of a finite-width triangular patch. For a flat conductive plate of width W1, a
commonly used estimation of the equivalent radius is given by (3):

Rt =
1

4π
∗W1 (3)

The triangular metal patch, having a base width W1, can be modeled as an equivalent cylindrical
wire of radius Rt. Substituting W1=5.3 cm into the relation yields Rt=0.42 cm which is consistent with the
design parameters employed in this work. The term Rt accounts for the combined effects of end fringing and
capacitive loading caused by the radiator’s finite width. This phenomenon leads wider elements to act similarly
to thicker wires, which in turn produces a lower resonant frequency. The incorporation of fractal slots effectively
increases the electrical length of the surface current paths, thereby generating additional higher order resonant
modes. These modes interact with the fundamental resonance and collectively broaden the overall impedance
BW. Furthermore, the fractal geometry facilitates smoother current distribution in vicinity of the feed region,
which enhances impedance matching stability throughout the operating band. Defected ground structure (DGS),
comprising three slits and a self complementary parasitic patch etched on the ground plane, modifies the surface
current distribution and suppresses unwanted wave modes. This suppression effectively reduces the quality
factor of the dominant resonant modes, resulting in a flattened response. Consequently, the radiation efficiency
is enhanced, which contributes to the measured gain improvement within the mid frequency band.

In the context of this work, Pg refers to length of the feed probe or the gap, which defines spacing
between the ground plane and the radiating element. For a microstrip-fed slot antenna, this dimension may
indicate a small feed gap, or alternatively, the substrate thickness in cases where the feeding mechanism employs
a coaxial probe. An increase in the feed probe or gap extends the effective length of the resonant structure,
resulting in a reduction of the operating frequency. In the fabricated prototype, the parameter Pg is relatively
small, approximately equal to the substrate thickness. A feed gap of Pg =0.06 cm (0.6 mm) was implemented,
that is; Lh=Pg=0.6 mm.

The parameter ϵeff represents the effective dielectric constant experienced by the fields. For the bow-tie
antenna fabricated on an FR-4 substrate (ϵr=4.7), the associated EM wave propagates within the dielectric
medium and partly through air. That is:

εeff =
εr + 1

2
(4)

Therefore; εeff=2.85. The effective permittivity appears in the expression as a multiplicative factor for the guided
length, or equivalently as a divisor for the operating frequency, because wavelength within the substrate is shortened to:

λg =
λ0√
εeff

(5)

where λg denotes the guided wavelength and λ0 represents the free-space wave length. A larger value of
the effective permittivity, εeff , leads to a reduced wave velocity and a corresponding decrease in the resonant
frequency for the same physical length. This behavior is incorporated in the expression for fl2 by placing εeff in
the denominator. In a special case where εeff = 1 (air), the equation reduces to:

fl2 =
7.2

(Lx +Rt + Pg)
GHz (6)

Based on (1), and considering the initial design parameters of W1=5.3 cm, and the calculated values: Lx=4.60
cm, Rt=0.42 cm, and Pg=0.06 cm, with an effective permittivity of εeff=2.85. Therefore, the lower cutoff
frequency is thus estimated as: fl2=0.84 GHz.

This result closely matches the simulated and measured lower band edge of 0.80 GHz for the antenna,
indicating that the formula provided a reliable initial basis for the design. The minor deviation observed is anticipated,
as fine-tuning and factors such as inclusion of the ground slot and stubs can cause slight shifts in the resonant frequency.

By incorporating a bow-tie configuration together with additional features, including slot loading,
multiple resonances are induced and subsequently merged, resulting in an UWB performance. The triangular
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patch by itself supports a fundamental resonance and possibly higher order modes. By integrating a fractal
geometry and a DGS, additional resonant modes are excited, thereby enhancing coupling performance over
an extended operational BW. The fractal slot length L3 was tuned to approximately 56mm to achieve precise
control over the upper frequency band. Parametric results demonstrated that small adjustments in L3 on the
order of a few millimeters caused a distinct shift in the higher resonance, markedly affecting the high frequency
S11 characteristics. By carefully optimizing the dimensional parameters, the proposed design attained an
exceptionally wide FBW exceeding 110% defined as (7):

FBW =
fmax − fmin

fcenter
× 100% (7)

where fmax and fmin denote the upper and lower operating frequencies, respectively, and fcenter is the center
frequency.

For the proposed antenna, the lower cutoff frequency is approximately fmin=0.80 GHz, while the upper
cutoff frequency is fmax=2.90 GHz. The mid-band center frequency can be taken as fcenter=(fmax+fmin)/2,
therefore, fcenter=1.85 GHz. Now, putting fcenter=1.85 GHz in (7), it implies: FBW=114%.

A complement of the antenna triangular-slot is deployed in RHS of the bottom ground. To enhance
the current flow and resonant modes, the radiator and it is ground complement are incorporated with two-semi
circular slot to form a unique inverted-cone structure. This is depicted in Ant-II. To improved the lower resonant
modes, the center radiator is then cut with two-slanted rectangular slit, as shown in Ant-III. This is then followed
by the addition of rectangular slot to the lower arm of the ground plane for better matching to optimized the
proposed design. Figure 2 provides the detailed approach of the source antenna. An inverted triangle or sloped
radiator is used to fed the antenna through a 50 Ω TL.

Using detailed parametric analysis, the antenna designed in HFSS is then further tuned, optimized and
the results were noted. This involved systematic variation of some critical geometrical parameters, L3, Lf , and
Wh. Figure 3 demonstrates the effect of varying the parameter L3 from 54 mm to 56.3 mm on the antenna’s
reflection coefficient (S11).
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A gradual shift in resonance towards lower frequencies is observed as L3 increases. Notably, the
best impedance matching occurs at L3=56 mm, where the antenna exhibits a wide -10 dB BW, covering
approximately 0.8 GHz to 3.3 GHz. This shift in performance can be attributed to role of the ground stub, which
alters the current distribution and effectively extends the electrical length of the radiating structure. Lf was
systematically adjusted from 15.4 mm to 15.9 mm, as illustrated in Figure 4. The analysis reveals that a length
of 15.7 mm achieves optimal impedance matching over the operating frequency band. Figure 5 illustrates the
dependence of the peak realized gain on frequency for various values of Wh ranging from 16.9 mm to 17.2 mm.
The highest gain performance is achieved at Wh=17.1 mm, where the antenna maintains a stable gain exceeding
3 dBi across the 1.8-2.8 GHz band. This improvement is primarily due to enhanced radiation efficiency and
optimal mode excitation resulting from the fine-tuned slot width.
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3. SIMULATED AND MEASURED RESULTS
The simulated (measured) |S11| as a function of frequency of the proposed wideband bow-tie-slot

antenna is presented in Figure 6. The two results were acceptable within the context of the desired operating BW.
The slight variation from the measured data is attributed to fabrication tolerance between the top and bottom
view, SMA source or connection loss, and soldering lead loss.
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The proposed design achieved -10 dB simulated and measured BW of 2.50 GHz over a frequency span
of 0.80 to 3.30 GHz and 2.10 GHz between 0.80 to 2.90 GHz respectively. The results findings cover a target
fo, amounting to 122% and 114% of the simulated and measured FBW, respectively. The antenna’s measured
|S11| is in close agreement with the simulated data. The peak realized gain simulated (measured) achieved by
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the proposed bow-tie slot antenna is 6.71 dBi (6.42 dBi) at 2.60 GHz as depicted in Figure 7. The measured
impedance BW is reported at 1.590 GHz between 1.550 and 3.140 GHz.
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To experimentally evaluate performance of the proposed design for RFEH, a complete rectenna
system was constructed and tested under ambient conditions. As depicted in Figure 8, the measurement setup
consisted of three main components: the bow-tie antenna, a rectifier circuit, and a power management module
(PMM) connected at the output stage. The antenna was designed to function within the sub-GHz frequency
spectrum, primarily targeting ambient RF signals radiated from proximal cellular base stations. Its structure was
meticulously optimized to facilitate efficient harvesting of incident EM energy. In order to transform the received
RF signals into usable DC output, the designed antenna was interfaced with a high-efficiency rectification circuit.

Figure 8. Experimental setup for validating the performance of the proposed bow-tie antenna integrated with a
rectifier and PMM

The RF-rectifier, which has been rigorously tested and validated in earlier studies [54], offers low-loss
performance and optimal compatibility with the antenna’s operating bands. Architecture of the rectifier circuit
layout is shown in Figure 9. By incorporating this rectifier into the system, it becomes possible to directly assess
the real-time energy harvesting behavior of the antenna under practical environmental conditions.
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To regulate and store the DC power harvested at the rectifier’s output, a PMM was employed. It also
ensures voltage stability and supports uninterrupted power supply to downstream IoT devices and sensor nodes.
In addition, it provides an accurate mechanism for monitoring the extracted power, thereby allowing for a
quantitative assessment of the system’s energy harvesting performance. The ambient RF environment was
assessed using a 6 GHz Aim spectrum analyzer (TTiPSA6005), which enabled real-time monitoring of the
incident spectral content. A digital multimeter (DMM) was utilized concurrently to measure the DC output
voltage generated. Under typical ambient conditions, the system delivered a Vdc of approximately 226.7 mV. By
correlating the measured incident RF power with the corresponding Vdc, the RF-to-DC PCE was determined
to be 27%. These findings validate the effectiveness of the integrated bow-tie antenna and rectifier system in
harvesting ambient RF energy.

Figure 10(a) illustrates the simulated and measured radiation patterns at 0.9 GHz, where a quasi-
omnidirectional distribution is observed in the H-plane, while the E-plane exhibits a characteristic dipole-shaped
radiation profile. Such radiation behavior is consistent with the fundamental resonance of the proposed structure.
The radiation performance of the antenna at 1.8 GHz is presented in Figure 10(b). This indicate that the antenna
preserves a stable broadside radiation profile, while exhibiting moderate beam narrowing relative to its operation
at 0.9 GHz. At 2.1 GHz, as illustrated in Figure 10(c), the radiation pattern exhibits a high degree of symmetry,
with only slight deviations observed. The result showed that the incorporation of complementary slot and
fractal structures preserves the antenna’s radiation characteristics without introducing significant performance
degradation. Figure 10(d) presents the radiation characteristics at 2.4 GHz. At this frequency, a higher radiation
intensity is observed in the broadside direction, which is attributed to the improved EM coupling between
the bow-tie radiator and the DGS. This enhanced interaction contributes to the increase in antenna gain, as
demonstrated in Figure 7. Finally, Figure 10(e) presents patterns at 2.6 GHz, corresponding to the highest
operating frequency within the investigated band. At this frequency, the proposed antenna achieves its maximum
measured realized gain of approximately 6.42 dBi. The close correlation between the simulated and measured
radiation characteristics confirms the consistency of the proposed self-complementary bow-tie configuration,
demonstrating its ability to maintain stable radiation performance throughout the upper frequency region of the
operating BW.

Figures 11(a)-(d) presents the surface current distribution, which provides a clear understanding of
the EM behavior of the antenna throughout its operational BW. The current distributions were analyzed at 0.9
GHz, 1.8 GHz, 2.4 GHz, and 2.45 GHz to determine the dominant resonant mechanisms associated with each
operating frequency. At 0.9 GHz, which lies near the lower edge of the operating band, the surface current
distribution is primarily concentrated along the outer edges of the bow-tie arms and the lower portion of the
radiator as shown in Figure 11(a). A pronounced current path is further observed extending toward the feeding
region and propagating along the complementary slot etched in ground plane. The pattern confirms that, at
the specified frequency, the antenna functions mainly in its fundamental monopole-type mode. The triangular
radiator, together with the complementary slot introduced in the ground plane, extends the effective current path
and thereby increases the electrical length of the structure. This mechanism enables the antenna to resonate
in the sub-GHz region while preserving a reduced physical footprint. At 1.8 GHz, the surface current is more
uniformly distributed along both arms of the bow-tie radiator as depicted in Figure 11(b).

A pronounced concentration of current is observed near the central feed point and along edges of the
inclined rectangular slots. This behavior suggests the excitation of higher order resonant modes within the
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structure. The incorporation of fractal inspired slot features introduces supplementary current paths, which
interact constructively with the fundamental resonant mode. As a result, the overall resonance is reinforced,
leading to enhanced impedance matching across the mid band frequency region. Figures 11(c) and (d) illustrates
the current distributions at 2.4 GHz and 2.45 GHz, the distributions becomes more concentrated along the inner
edges of the bow-tie arms, the semi-circular slots, and the feed transition region. The elevated current density
observed in these areas indicates enhanced EM coupling between the radiating element and the complementary
ground structure. The current paths are observed to be shorter and more spatially confined than those at 0.9
GHz, which is characteristic of higher frequency operation. Furthermore, coupling between the slotted ground
plane and the radiating arms promotes the excitation of multiple resonant modes that are closely spaced in
frequency. The close proximity of the resonant modes leads to spectral overlap, which collectively produces
the measured FBW of 114%. Furthermore, the symmetry evident in the current distribution at the mid and
upper band frequencies aligns with the stable radiation patterns illustrated in Figures 10(a)-(e). The uniform
distribution across the two arms reduces cross-polarization effects and preserves stable radiation performance in
both the E and H-planes. As a result, the antenna exhibits a comparatively steady gain over the operating bands.
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Figure 10. Measured and simulated radiation patterns of the antenna for phi=00 and phi=900: (a) at 0.9 GHz, (b)
at 1.8 GHz, (c) at 2.1 GHz, (d) at 2.4 GHz, and (e) at 2.6 GHz
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Figure 11. Current distribution plots of the antenna at: (a) 0.9 GHz, (b) 1.8 GHz, (c) 2.4 GHz, and (d) 2.45 GHz

4. COMPARATIVE ANALYSIS
A comparative analysis of the proposed bow-tie slot antenna and selected designs from existing

literature is summarized in Table 1, highlighting key performance metrics. The developed antenna offers a wide
operational BW ranging from 0.80 GHz to 2.90 GHz, which corresponds to a FBW of 114% and integrated
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rectifier PCE performance of 75%. Although this value is slightly lower than the maximum reported FBW of
118% in [55], the proposed design achieves this performance while maintaining a much smaller physical footprint.
The antenna occupies a compact electrical area of 0.73×0.52, which is significantly smaller than the design
reported in [55] (2.40×2.40) and [39] (2.26×0.51). Moreover, the antenna demonstrates an impressive peak gain
of 6.42 dBi, exceeding the results of [15], [19], [34], [37], despite being implemented on a simpler and more
affordable FR-4 substrate (εr=4.7). This performance underscores its ability to effectively balance compactness,
gain, and BW, making it a promising solution for broadband energy harvesting and size-constrained.

Table 1. Performance evaluation of a proposed bow-tie slot antenna compared to reference results
Ref Frequency (BW): GHz FBW

(%)
Size λg×λg Peak gain

(dBi)
Relative permittivity

(εr)
Rectifier
PCE (%)

[15] 2.375–2.65 (0.275) 11 0.83×0.83 1.8 NinjaFlex (3.0) 50
[19] 0.8–1.16 (0.36) 37 0.60×0.60 9 FR-4 (4.4) 65
[34] 1.41–1.86 (0.45) 27.50 0.35×0.35 1.31 FR-4 (4.4) NA
[37] 2.00–2.7 (0.70) 28.50 0.67×0.67 2.49 Taconic (3.5) NA
[39] 4.28–4.64 (0.36)/5.16–5.52 (0.36) 8.07/6.74 2.26×0.51 3.58 4D Nylon (3.1) 55
[47] 2.26–2.57 (0.31)/4.81–6.656 (1.76) 12.8/30.80 0.95×0.72 2.55/3.65 FR-4 (4.4) 50
[55] 2.75–10.70 (7.95) 118 2.40×2.40×0.40 10.8 F4B (2.65) 60

This work 0.80–2.90 (2.10) 114 0.73×0.52 6.42 FR-4 (4.7) 75
λg is wavelength at the lowest operating frequency (fo) and NA is not applicable

5. CONCLUSION
This paper presents the design of a compact and high-efficiency wideband bow-tie slot antenna,

specifically optimized for harvesting ambient RF energy. The antenna demonstrates enhanced impedance
BW and gain through the integration of a self-complementary structure, fractal geometry, and DGS, thereby
eliminating the reliance on complex IMN. By integrating semi-circular and slanted rectangular slots, the design
achieves efficient multi-band resonance and a more uniform surface current distribution. Furthermore, the direct
50 Ω feeding mechanism reduces design complexity, thereby simplifying practical realization. The measured
and simulated results demonstrate FBW of 114% and 122%, respectively, centered around the target frequency
fo. A peak realized gain of 6.42 dBi was recorded at 2.60 GHz. The antenna exhibits a compact form factor with
overall dimensions of 126 mm × 90 mm, corresponding to 0.73 λg × 0.52 λg . To validate its practical application,
the antenna was integrated with a wideband RF rectifier. Under typical ambient RF energy conditions, the
integrated system produced a measurable DC output voltage and achieved a favorable PCE.

In addition, the proposed wideband bow-tie slot antenna presents strong prospects for real world
integration within next generation IoT platforms and self-sustaining sensor network architectures. Due to its ultra
wide FBW, stable gain characteristics, and direct 50Ω feed configuration, it efficiently captures heterogeneous
ambient RF signals distributed across both sub-GHz and mid-GHz communication bands. This characteristic
renders the proposed system particularly well suited for battery-less IoT nodes, distributed environmental
monitoring platforms, and smart infrastructure deployments, where sustained, maintenance free operation over
extended periods is a fundamental requirement. In these scenarios, dependable ambient energy harvesting can
substantially reduce reliance on conventional battery based power supplies, thereby extending device operational
lifetime, improving patient safety, and promoting overall system sustainability. Accordingly, the proposed
architecture offers not only an efficient RFEH mechanism but also a viable framework for realizing self powered
next generation wireless systems.
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2012. In 2013, he joined the College of Engineering at Al Ain University (AAU) in the United Arab
Emirates as an Assistant Professor and was promoted to Associate Professor in 2019. At AAU, he held
multiple leadership positions: Head of the Networks and Communication Engineering and Computer
Engineering Department from 2013 to 2017, Deputy Dean of the College of Engineering from 2014 to
2015, Dean of the College of Engineering from 2015 to 2018, and Director of the Quality Assurance
and Institutional Research Center from 2018 to 2020. Since November 2020, he has served as the Vice
President of Accreditation and Quality Assurance. He has gained extensive teaching experience at
both undergraduate and graduate levels. He has taught numerous courses, along with their laboratory
components, at several universities in Montreal, including ETS, TELUQ, and École Polytechnique
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