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ABSTRACT In this work, a 2.4 GHz fully woven textile-integrated circularly polarized rectenna intended
for wireless power transfer applications is presented. A rectangular patch with truncated corners is used
as the radiating element. It is fed through a T-match structure, which allows the control of the input
impedance without requiring any additional impedance-matching network. A single-diode rectifier topology
was considered to simplify the entire structure and to facilitate its integration with the antenna. The rectifier
and the antenna are optimized together through a co-simulation strategy, in which the input impedance of the
antenna is adjusted to match the input impedance of the rectifier, ensuring maximum power transfer between
them.At the implementation stage, the rectifier is first mounted on a carrier thread, which is then incorporated
into the woven structure. This approach, in combination with the chosen antenna feeding technique, which
requires no additional elements for impedance matching purposes, provides a high degree of integration
between the antenna and the rectifier. The rectenna was experimentally characterized, providing a 45%
overall efficiency under realistic working conditions.

INDEX TERMS Antennas, rectenna, rectifier, textile technology, wireless power transfer.

I. INTRODUCTION
The development of the Internet of Things (IoT) technology
has experienced rapid growth, boosting the demand for
wireless sensors. Among the large number of potential
applications, textile devices capable of being integrated into
fabrics are attractive in the fields of healthcare and sports,
because they allow the implementation of wearable sensors
to monitor vital signs, while causing minimal disturbance to
the user.

The DC power supply of the sensors remains a challenge
in the development of wearable devices. The use of batteries
increases the size, weight, and cost of the devices. In addition,
the necessity of periodic recharges and/or battery substitution
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has a negative impact on the user experience. Energy
Harvesting (EH) and Wireless Power Transfer (WPT)
approaches have been proposed to avoid the use of batteries
and are nowadays being considered as enabling technologies
for the development of sensor networks [1]. In the case of the
EH approach, the device converts the RF energy available in
the environment from non-dedicated sources, such as radio or
TV transmitter stations, mobile phone base stations, or Wi-Fi
access points [2], [3], [4], into DC energy. Because the RF
sources are non-dedicated, and the RF energy available to be
harvested strongly depends on the location, EH devices must
be designed to collect energy from different source systems
working in different frequency bands [3]. Thus, in general,
they are required to simultaneously exhibit multiband and
broadband characteristics, which complicates the impedance
matching between the antenna and the rectifier, with a
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negative impact on the overall performance. On the other
hand, the WPT approach is based on the use of a dedicated
RF transmitter. Hence, a higher and more predictable DC
power level is generally obtained [5]. Furthermore, the use of
a narrowband dedicated RF source simplifies the impedance
matching between the antenna and the rectifier, providing
considerably higher efficiency values.

The research effort carried out in the last few years has
provided a number of works describing techniques [6], [7]
to design rectennas [7] and arrays [8] on rigid substrates,
reporting state-of-the-art efficiency values around 70% when
the rectifier input power is about 0 dBm, at 2.4 GHz. In the
case of textile devices, several implementation techniques
with different integration levels between the antenna and
the rectifier, and between the rectenna and the fabric, have
been reported. In [9], a rectenna implemented on a flexible
substrate and concealed in a fabric pocket is described,
providing the most basic degree of integration. A different
textile implementation strategy consists in stacking shaped
conductive and dielectric fabric layers, attaching them with
adhesive. This technique was applied in [10], [11], and [12]
to obtain a dual polarization circular patch, a rectangular and
a dual-band rectangular patch antennas, respectively. In [13],
a submm-wave band broadband rectenna, in which the
radiating surfaces, the ground plane and the rectifier layout
are implemented on a flexible nontextile substrate which is
then stacked with a felt fabric, which acts as a dielectric.
A similar implementation is presented in [14], in which
the rectifier and the feeding structure are implemented in a
conventional PCB. Textile embroidered rectennas were also
presented. In [15], a dual polarization patch antenna, without
rectifier is described, whereas [16] presents a patch array
rectenna. In addition, a large bow tie array screen-printed
on a cotton fabric, was reported in [17]. In all the previous
cases, the rectifier layout is implemented using the same
technique as for the radiating elements, with the exception
of [11] and [14], in which the rectifier is implemented on
an external PCB, reaching a moderate degree of integration
between the antenna and the rectifier.

A different approach for the implementation of textile RF
subsystems and antennas, based on the use of fully-woven
structures has also been proposed. This technology has been
applied to the design of microwave waveguides [18], fre-
quency selective surfaces [19], [20], and antennas [21], [22].
Furthermore, LF [23] and UHF [24] RFID tags were
developed by combining fully-woven structures with external
circuitry, providing a high degree of integration while
keeping the advantages of woven devices, i.e., robustness,
design flexibility depending on the loom technology, ease
of integration with larger elements, and the capability of
large-scale production using conventional processes from the
textile industry.

In this work, the first fully-woven textile rectenna with
circular polarization intended for WPT applications in the
2.4 GHz band is presented. The radiating element is based

on a rectangular patch with two truncated corners, which
provides circular polarization, in order to mitigate potential
polarization mismatches between the transmitter antenna and
the rectenna. A T-match structure is used as the feeding
technique, in order to control the antenna input impedance,
maximizing the power transfer between the antenna and
the rectifier. Moreover, the complete structure is suitable
for fabrication in fully-woven technology. On the other
hand, the rectifier is integrated with the antenna using the
technique presented in [24]. The rectifier is first mounted on
a carrier thread, which can then be handled by the loom at
the weaving stage to incorporate it in the woven structure,
providing a robust implementation with a maximum degree
of integration.

The paper is organized as follows. Section II presents
the rectenna overview. The detailed design and optimization
of the antenna and the rectifier are covered in Section III.
Section IV briefly describes the implementation technique,
and the experimental results are presented in section V.

II. RECTENNA OVERVIEW
A. TOPOLOGY
The proposed fully-woven rectenna, including the radiating
element and the rectifier circuit, is schematized in Fig. 1.
The design of the radiating element is based on a rectangular
patch. It combines the use of two chamfered corners
with a T-match feeding structure to obtain a compact
layout compatible with woven textile technology, while it
is able to simultaneously provide circular polarization and
complex conjugate impedance matching to the rectifier,
without requiring additionalmatching networks. The T-match
network parameters are optimized, together with the patch
dimensions, for the antenna input impedance, Zant , to be
close to the complex conjugate of the rectifier input
impedance Z∗

rec, ensuring maximum power transfer between
them. Furthermore, the ground plane, which is an inherent
part of the selected radiating structure, provides isolation
between the antenna and potential underlying objects, making
it suitable for a wide variety of applications and scenarios.

FIGURE 1. Rectenna topology. The rectifier is integrated with a patch
antenna fed through a T-match structure. Dimensions (in mm): L = 40.1,
l = 8, g = 8.6, p = 6, hdiel = 0.8.
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FIGURE 2. Fabric structure. a) Conductive and dielectric thread structure
of the multilayer fabric. b) Dielectric binder thread structure.

On the other hand, a single-diode rectifier is used. It is
mounted on a carrier thread and then integrated with the
antenna by connecting it to the T-match network terminals,
in a similar way as described in [24], which allows a high
degree of integration and robustness, since no soldered unions
between electronic components and textile pads are required.

B. FULLY-WOVEN STRUCTURE OF THE ANTENNA
The proposed fully-woven textile rectenna is designed on a
multilayer fabric intended to bemanufactured in a single step,
using an industrial loom. The fabric includes two conductive
layers separated by a dielectric layer. One of the conductive
layers acts as ground plane, whereas the radiating patch
layout is structured on the other one.

Since the textile rectenna is intended to be manufactured
using an industrial loom, it is composed of warp and weft
threads, which are perpendicular to one another. The warp
threads are aligned with the length of the fabric and mounted
in the loom before starting the manufacturing process. On the
other hand, the weft threads are aligned with the width of the
fabric and added along the weaving process.

Both the warp and the weft threads can be conductive or
dielectric, depending on the layer of the fabric. In this case,
the conductive layers are woven with ELITEX 117/f17 2ply
threads. Each one is formed by two twisted 17 filament yarns.
The filaments are made of polyamide with a 1µm thick silver
coating, providing a linear resistance value around 70 �/m.
On the other hand, the dielectric layer is formed by polyester
threads composed of two twisted multifilament yarns.

The thread level structure of the fabric is similar to that
described in [24], as schematized in Fig 2. The top and
bottom conductive layers are made from woven conductive
warp and weft threads. The dielectric section of the fabric
is composed of five nonwoven layers of dielectric threads.
Finally, dielectric binder threads are used to hold the structure
together. Their location in the fabric is schematized in
Fig 2 b), in which the warp conductive threads are not
represented for the sake of clarity.

Finally, note that all the required conductive and dielectric
layers are part of the same woven structure. Thus, the use
of the woven technology is expected to provide improved
robustness with respect to nonwoven technologies, in which

FIGURE 3. Maximum RF-DC conversion efficiency and output voltage VDC
vs. the resistor value R. Inset: topology of the rectifier.

several independent fabric sheets have to be attached together
in some way.

III. DESIGN AND OPTIMIZATION
The antenna and the rectifier were optimized using a co-
simulation strategy, aimed at maximizing the power transfer
between them. First, the rectifier was optimized and its
input impedance, Zrec, calculated through the Harmonic
Balance (HB) technique implemented in the Keysight ADS
package. On the other hand, the antenna was modeled and its
input impedance, Zant , calculated through the Finite Element
Method (FEM), implemented in Ansys HFSS. Note that the
goal is to adjust the input impedance of the antenna to achieve
Zant ≈ Z∗

rec.

A. RECTIFIER
The topology of the rectifier is shown in the inset of Fig. 3.
It is based on a single BAT 15-04W Schottky diode, from
Infineon, and two discrete components, resulting in a layout
easily integrable with the textile antenna. The value of the
capacitor, C = 1 nF, was selected to short circuit the 2.4 GHz
RF signal at the diode output, and the resistor R represents the
load that should be driven by the rectifier, which is application
dependent. The output DC voltage, VDC , is taken at the
resistor terminals.

Nonlinear simulations based on the HB technique were
conducted to calculate the RF-DC conversion efficiency ν

and the output DC power PDC and voltage VDC , and to
determine the rectifier input impedance Zrec as a function
of R. The frequency and available power of the input RF
signal are fRF = 2.4 GHz and PRF = −10 dBm,
respectively, and optimum input impedance matching is
considered. The PDC and VDC values as a function of R,
are represented in Fig. 3. In this work, the resistor value
is set to R = 5.1 k�, to maximize the RF-DC conversion
efficiency while providing a DC output voltage VDC ≈ 0.5 V.
Under the described conditions, the input impedance is
Zrec = 15 − j185 �. Thus, the expected RF-DC conversion
efficiency will be around 60% when the impedance of the
RF signal source, i.e., the antenna port in the whole rectenna,
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FIGURE 4. RF-DC conversion efficiency ν of the rectifier as a function of
the real and the imaginary parts of the generator (antenna) impedance.
The corresponding DC output power when PRF = −10 dBm is also
indicated.

is Zant = Z∗
rec = 15 + j185 �. Nevertheless, the represented

data can be used to select the optimum value of R to meet
the requirements of each particular application, i.e., the best
trade-off between power conversion efficiency and output
DC voltage.

Since it is not realistic to assume that the input impedance
of the antenna will exactly match the optimum value, the
evolution of the RF-DC conversion efficiency with the
impedance of the signal generator (Zant when the rectifier
is integrated as a part of the rectenna) was calculated and
represented in Fig. 4, together with the associated output
DC power values, provided that the input power is PRF =

−10 dBm. As can be observed, any value of the real part
Rant in the 5-25 � range, combined with an imaginary
part Xant in the 170-190 � range, result in a conversion
efficiency higher than 50%, which provides certain degree
of flexibility when designing the textile antenna. This is a
valuable characteristic, since the dimensional accuracy that
can be achieved when implementing the textile antenna is
not as high as in the case of conventional PCB techno-
logy. In addition, Fig. 5 represents the evolution of VDC
with the generator impedance, when the input power is
PRF = −10 dBm.

B. EM MODELING OF WOVEN STRUCTURES
The high geometrical complexity of woven structures, which
can be observed in Fig. 2, makes their electromagnetic
modeling a demanding task [24]. Furthermore, each thread is,
in general, composed of several filaments. Thus, the accurate
modeling of the fabric structure requires a high-density mesh,
resulting in a computationally complex problem. To over-
come that issue, some strategies were described to reduce the
model complexity while preserving its accuracy [26], [27].
In the case of the dielectric layers, they were modeled as
a homogeneous sheet with the same thickness hdiel as the
original layer and with an equivalent dielectric permittivity
εr,eq. This value is reduced with respect to that of polyester,
due to the air gaps in the woven structure. The air percentage

FIGURE 5. Evolution of the output DC voltage with the generator
impedance when the input power is PRF = −10 dBm.

in the woven structure and, therefore, the value of εr,eq,
depends on the epi and ppi loom parameters, which indicate
the number of warp and weft treads per inch, respectively.
Furthermore, the air gaps inside each thread made from
several filaments also impacts the value of εr,eq. Here, εr,eq
was estimated from the experimental characterization of a
transmission line and a resonator implemented on a fabric
sample, obtaining εr,eq ≈ 1.8, and tanδ ≈ 0.04.
Regarding the conductive layers, the conductive threads

used in this work are obtained by silver coating conven-
tional polyester threads. Moreover, when considering the
conductive fabric, the current can flow in any direction,
because of the very large number of interconnections between
warp and weft threads that are formed at the weaving
stage. Thus, each conductive layer can be modeled as a
homogeneous conductive sheet with thickness hcond = 1 µm
and conductivity σeq = 6.3×107 S/m, similar to those of the
filament coating.

C. ANTENNA DESIGN AND OPTIMIZATION
The design of the radiating element starts from a square
patch whose side length L = 40.1 mm is selected to
resonate at 2.4 GHz. The patch is fed through a T-match
structure which allows a relatively easy control of the
antenna input impedance Zant , and provides the required
inductive component tomatch the capacitive input impedance
of the rectifier. Finally, two diagonally opposite corners
were chamfered to produce circular polarization. Since this
operationmodifies the patch size, the length L and the feeding
network parameters had to be reoptimized to maintain the
desired input impedance at 2.4 GHz.

Once the size of the patch is fixed, a parametric analysis
was conducted to determine the dependence of the antenna
input impedance Zant on the T-match network parameters.
It was observed that both the real and the positive imaginary
parts of Zant increase with the total length of the loop
formed by the T-match network arms and the patch edge,
i.e., with larger values of l and/or g. On the other hand,
moving the interconnection points between the network and
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FIGURE 6. Evolution of the antenna input impedance Zant with frequency.

FIGURE 7. Simulated gain evaluated in the main planes ϕ = 0o and
ϕ = 90o, at 2.4 GHz.

the patch edge to the edge center, i.e., reducing the value
of g, reduces the real part of Zant , while the imaginary
part remains almost unchanged. The values of the optimized
parameters are shown in the caption of Fig. 1. For simplicity,
the width of the T-match arms is kept constant at w = 2 mm,
and the port width is set to p = 6 mm, which is large
enough to accommodate the rectifier. The chamfered corners
are obtained by cutting off the two corresponding adjacent
edges 5.5 mm from the initial vertex. The evolution of the
input impedance of the optimized antenna with frequency
is represented in Fig. 6, resulting in Zant = 17 + j185 �

at 2.4 GHz, which should provide an RF-DC conversion
efficiency around 60%, when used in combination with the
rectifier.

The radiation pattern, evaluated in the XZ (ϕ = 0o) and
YZ (ϕ = 90o) planes is displayed in Fig. 7. The simulated
maximum gain is around −1 dB because of the high tanδ
value of the textile substrate. Finally, the axial ratio, evaluated
in the main planes at 2.4 GHz, is represented in Fig. 8,
showing that the antenna exhibits circular polarization in a
−60 < θ < 60o angular range. On the other hand, the
simulated axial ratio is under 3 dB in the 2.38 − 2.42 GHz
frequency range, whereas the antenna input impedance Zant
varies from 11 + j182 � to 16 + j190 � in that range,

FIGURE 8. Simulated axial ratio evaluated in the main planes ϕ = 0o and
ϕ = 90o, at 2.4 GHz.

which should provide a minimum RF-DC conversion
efficiency larger than 50% (see Fig. 4).

IV. IMPLEMENTATION
This section describes the manufacturing processes of the
antenna and the rectifier, as well as the integration between
them.

A. ANTENNA
The radiating element was implemented starting from a
fully-woven fabric composed of an inner dielectric part cov-
ered by two conductive layers, as schematized in Fig. 2. The
radiating element and the feeding network were structured on
the top layer by laser cutting the conductive threads and then
manually removing the segments not belonging to the design.

B. RECTIFIER
In order to obtain a high degree of integration with the textile
antenna, the rectifier was implemented on a flexible substrate
and then mounted on a dielectric carrier thread, in a similar
way as described in [24].

First, a polyimide strip was silver coated and patterned to
generate the pads for the discrete components (diode, resistor
and capacitor), the interconnections between them, and the
contact areas with the fabric. Next, the components were
mounted and protected with epoxy resin. Finally, a dielectric
carrier thread was glued to the back side of the polyimide
strip. A picture of the rectifier mounted on the carrier
thread is shown in Fig. 9 a), whereas part b) represents the
manufactured rectenna.

Since the rectifier is mounted on a carrier thread, it can
be handled by the loom as a weft thread, enabling the
integration with the textile antenna at the weaving process.
Therefore, the silver coated arms of the polyimide strip are
woven together with the conductive threads that constitute
the antenna feeding structure, generating a large number
of contact points which ensure the electrical connection
between the antenna and the rectifier. In this way, no soldered
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FIGURE 9. a) Rectifier mounted on a carrier thread. b) Manufactured
rectenna.

FIGURE 10. Measurement setup. A conventional linearly polarized
rectangular patch antenna is used at the transmitter side.

joints with fabric parts are required, increasing the rectenna
robustness.

V. EXPERIMENTAL CHARACTERIZATION
A. MEASUREMENT SETUP
The transmitter side of the measurement setup is composed
of an RF signal source and a linearly polarized patch antenna
working at fRF = 2.4 GHz. The transmitter antenna gain is
GTX ≈ 5 dB, and the signal power is set to a maximum of
22 dBm, in order not to exceed the European EIRP limit for
transmitters operating at indoor environments. At the receiver
side, a multimeter is used to measure the DC voltage VDC
generated by the developed rectenna. That DC voltage signal
is taken at the resistor terminals, and it can be easily converted
into a DC power value PDC , taking into account the resistor
value R = 5.1 k�.
The nominal distance between the transmitter antenna and

the rectenna was set to d = 0.5 m, for which the free space
propagation loss is about 34 dB. Thus, taking into account a
3 dB additional loss due to the fact that the transmitter antenna
is linearly polarized, whereas the rectenna exhibits circular
polarization, the estimated value of the available RF power
at the rectifier input is PRF ≈ −10 dBm. A picture of the
measurement setup is shown in Fig. 10

FIGURE 11. a) Evolution of the measured VDC (a) and PDC (b) with the
working frequency, for different estimated RF power values available at
the rectifier input. Solid line: no deformation. Dashed line: bent rectenna.
For the sake of clarity, only the # 1 deformation case schematized in the
inset of Fig. 13 has been considered.

B. RESULTS
First, the evolution of the output DC voltage and power
with the working frequency was evaluated and represented
in Fig. 11. As expected, the best values are achieved around
2.4 GHz because of the optimum performance of the T-match
feeding network at that frequency. Nevertheless, the variation
with frequency is smooth because relatively large changes
on the antenna input impedance cause small variations on
the RF-DC conversion efficiency, as indicated in Fig. 4.
Furthermore, the performance of the rectenna was also
evaluated for other available power values at the rectifier
input. The rectenna performance improves as the available
power at the rectifier input increases because the Schottky
diode is driven further into the on region of the junction. This
experimental data can be used to estimate the system behavior
when the transmitter is allowed to operate with higher EIRP,
or in applications in which the distance between the dedicated
transmitter and the rectenna is reduced.

On the other hand, Fig. 12 shows the RF-DC conversion
efficiency of the rectifier, referred to the input available power
(dashed line), and the rectenna overall efficiency, taking into
account the antenna gain (solid line). In the case of the
rectifier, the measured efficiency is slightly smaller than the
expected from the simulation data, which is probably due to
inaccuracies in the diode simulation model. When analyzing
the overall efficiency of the rectenna, it is reduced because the
gain of the textile antenna is smaller than 0 dB. Furthermore,
since the transmitter antenna is linearly polarized, and the
rectenna is expected to have circular polarization, it only
accepts half of the incident power. Thus, a ×2 correction
factor was applied to compute the real conversion
efficiency.

Regarding the polarization of the rectenna, it was rotated
around the normal direction to the patch plane (ẑ in Fig. 1)
from ϕ = 0o to 90o, in 15o steps, measuring the generated
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FIGURE 12. RF-DC conversion efficiency calculated from the measured DC
voltage. Solid line: overall rectenna efficiency. Dashed line: rectifier
efficiency. The ’∗’ and ’◦’ points correspond with the rectenna bent with
radius r = 20 and r = 15 mm, respectively. For the sake of clarity, only the
# 1 deformation case schematized in the inset of Fig. 13 has been
considered.

DC voltage for each position. The resulting rectified DC
power, when the working frequency is 2.4 GHz, expressed
in dBm is represented in Fig. 13. As can be observed, the
measured power variation is smaller than 3 dB, indicating that
the antenna exhibits circular polarization.

FIGURE 13. Measured DC power when the antenna rotates around its
normal axis, under different bending conditions. The working frequency is
fRF = 2.4 GHz.

The impact of deformations on the rectenna performance
was also evaluated. The prototype was deformed to match
the surface of a cylinder in the two directions schematized
in the inset of Fig. 13, considering two curvature radii:
r = 20 mm and r = 15 mm, and the generated DC
voltage and power were evaluated in the same scenarios
as previously described. The results are shown in Figs. 11,
12, and 13 together with the measured values without
deformation. Although the performance is slightly degraded
when deforming the rectenna, mainly due to the fact that,
after bending it, the antenna is no longer illuminated by a
plane wave, the reduction of the RF-DC conversion efficiency
is smaller than 5% and the bent antenna is still circularly
polarized.

C. COMPARISON WITH THE STATE-OF-THE ART
Table 1 compares the results from the woven rectenna
presented in this work with other textile nonwoven designs
reported in the last few years. First, the best performance
in terms of RF-DC conversion efficiency, and required
available power at the rectifier input, is obtained when
working at frequencies below 1 GHz, because of the intrinsic
characteristics of Schottky diodes.

TABLE 1. Comparison with the state-of-the-art.

Focusing on the 2.4 GHz band, this work provides a
conversion efficiency value comparable with the maximum
reported [14], but the required available power at the rectifier
input in [14] is −5 dBm, which is only achievable in an
unrealistic scenario from the point of view of the transmitted
power and/or the distance between the transmitter and the
rectenna. Note that most of the works provide the required
available power at the rectifier input, thus measuring the
efficiency of the rectifier, instead of the overall value. In this
case, the measured DC-RF conversion efficiency of the
rectifier is about 55% when the available input power is
−10 dBm, whereas the overall rectenna efficiency is 45% in
the same scenario.

Finally, most of the works report nonwoven textile
antennas. With the exception of [9], in which a wire antenna
and the rectifier are implemented in conventional flexible
substrate, and [16], in which the layout of the antenna and
the rectifier is embroidered with conductive thread on a felt
fabric, the radiating elements are manufactured by stacking
conductive and dielectric felt fabric sheets. Regarding the
rectifier, in all the considered rectennas, with the exception
of [16], in which the rectifier components are soldered to the
textile paths, the circuits are implemented in conventional
PCB substrates and then soldered to the antenna terminals,
providing a poor degree of integration and robustness.
Therefore, the obtained results show that the presented
rectenna provides an electrical performance comparable to
the state-of-the-art for textile devices, whereas the use of
fully-woven technology and the proposed rectifier integration
technique contribute to improve the integration level and the
robustness with respect to other textile technologies.

VI. CONCLUSION
A circularly polarized fully woven textile rectenna for
Wireless Power Transfer applications in the 2.4 GHz band
was presented. The radiating element is fed through a T-match
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network which enables complex conjugate impedancematch-
ing with the rectifier circuit without requiring any additional
impedance matching network or elements. The rectifier
circuit is based on a single Schottky diode, and it was
optimized for a −10 dBm input power level, which is a
realistic value when taking into account the European EIRP
limit for indoor applications in the considered band. The
circuit is mounted on a carrier thread and then introduced
into the woven structure. This implementation approach,
combined with the radiating element feeding technique,
provides a high degree of integration between the rectifier
and the woven antenna. The rectenna was experimentally
characterized, obtaining an overall 45% RF-DC conversion
efficiency when the available power at the rectifier input
is −10 dBm. It was also evaluated for higher input power
values, showing that the conversion efficiency improves
with the available power. Hence, the presented rectenna can
provide better performance in regions with higher EIRP
limits, or when reducing the distance between transmitter and
receiver. The obtained efficiency is close to the simulated
value, validating the design and implementation processes.
Furthermore, it is comparable to the state-of-the-art values for
textile nonwoven rectennas, whereas the use of fully-woven
technology and the proposed integration technique contribute
to improving the robustness and the degree of integration.
To the best of the author’s knowledge, this is the first reported
fully woven textile rectenna in which the rectifier is integrated
into the woven structure.
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