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UHF RFID Wristbands: A Long-Range, Durable,
Flexible, and Low-Cost Tag Antenna Design
Sergio López-Soriano , Joan Melià-Seguí , Senior Member, IEEE, and Josep Parrón Granados

Abstract—This contribution is focused on the performance
evaluation of a long-range patch-type antenna for ultra-high
frequency (UHF) radiofrequency identification (RFID) wristband
tags. The antenna design was presented in the IEEE International
Conference on RFID Technology and Applications (RFID-TA),
held on September 4-6, 2023, Aveiro, Portugal, under the title
“A durable and flexible, low-cost tag antenna design for UHF
RFID wearable applications”. First, the theoretical and practical
evaluation of the wristband tag antenna is conducted in four
different scenarios. Next, the studied solution is benchmarked
against a selection of the current commercial solutions. The
proposed antenna design is mounted on a flexible and low-
cost Teflon (PTFE) substrate, and it consists of a disconnected
metal-substrate-metal layered structure. To produce a light and
comfortable wearable device, the wristband design constraints
limit the thickness to 1 mm and the width to 3 cm. The design
is intended to be used in human identification and tracking
applications while providing enough durability to endure for
a prolonged period without significant antenna de-tuning. The
proposed wristband is designed to operate in the FCC band (902-
928 MHz) and it can reach distances over 3-5 meters, depending
on the microchip sensitivity. The results of the experiments
show that the performance of the proposed wristband design
is comparable to current commercial solutions, while offering a
different set of features. A discussion on the comparison between
the current solutions and the proposed wristband antenna is
provided in the text.

Index Terms—RFID, wristband, long-range, patch antenna,
flexible.

I. INTRODUCTION

RADIO-FREQUENCY identification (RFID), technology
has become an integral part of various industries, offering
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seamless identification, tracking and sensing capabilities [1],
[2], [3], [4]. Ultra-High Frequency (UHF) RFID tags stand
out for their long-range communication and high data transfer
rates. Furthermore, over the past decade, the application of
RFID tags integrated into wristbands for human identification
and tracking has garnered significant attention from both the
scientific community and industry.

Typical applications comprise access control, ticketing,
personnel tracking and asset management in diverse environ-
ments [5], [6], [7], [8]. In all cases, the tag antenna design
plays a pivotal role in the performance of the wristbands.
Therefore, optimizing the design of the antenna can lead to
substantial improvements in read range (Rr), accuracy, and
overall system reliability. In addition, wristband antenna designs
face distinct constraints specific of the target applications,
primarily revolving around antenna geometry and dimensions.

In response to these challenges, numerous contributions
have proposed different solutions [9], [10], [11], [12], [13],
[14], [15], [16], [17], [18]. However, while wristband designs
documented in the literature generally offer reasonable read
ranges ranging from 2 to 3 meters and over [9], [10], [11], [12],
[13], [14], [15], the current solutions still present limitations in
terms of flexibility, cost-effectiveness, durability, and extended
range ([13], [15], [19], [20]).

Moreover, UHF RFID wristbands have entered the com-
mercial market in various formats [16], [17], [18]. These
commercial wristbands can be categorized into two groups
based on the cover material: rubber bands [16] and thermal
paper wristbands [17], [18]. Thermal paper wristbands typi-
cally feature cost-effective ultra-thin flexible designs utilizing
meander line antennas (MLAs), boasting read ranges of up to
17 meters. However, the radiation efficiency of these designs is
significantly impacted by the proximity of high-loss materials
such as metals or the human body. Additionally, these devices
prove suboptimal for harsh environments where tags may be
prone to bending and breakage. On the other hand, rubber
bands [16] that incorporate dipole and patch antennas are more
durable, achieving read ranges of up to 5 meters. Nevertheless,
these wristbands come with a higher cost, in the order of a
few euros (1-4 AC).

This contribution assesses the performance of a new wrist-
band design consisting of a low-cost, thin and flexible antenna
for UHF RFID wristbands [21]. The design involves two
open-ended coupled patch antennas connected by the RFID
integrated circuit (IC). To the best of the authors’ knowledge,
this antenna configuration hasn’t been previously documented
in the literature and it contributes to the state of the art of
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RFID tag antennas by providing a flexible and durable solution
while attaining higher read ranges, at the expense of having a
larger antenna footprint.

In this document, the presented prototype will be compared
to the most recent state of the art and benchmarked against
the current top-tier commercial products, seeking to establish
optimal conditions for comparability. The comparative evalu-
ation aims to highlight the relative strengths and limitations,
providing a comprehensive view of the performance of the
proposed design in relation to existing commercial solutions.

The document is organized as follows: Section II presents
a review of the state of the art. Section III describes the wrist-
band antenna design proposed in [21]. Section IV contains the
performance analysis of the wristband in four different sce-
narios. In Section V, the wristband performance is compared
to a selection of commercial wristbands. Finally, Section VI
provides the conclusions of this work.

II. STATE OF THE ART

Wristband antenna designs can be classified through differ-
ent categories: antenna type, number of layers, manufacturing
materials, wristband length, wristband width, wristband thick-
ness, flexibility and read range. Table I summarizes the
available information about the most relevant designs found
in a thorough review of the state of the art and the available
commercial solutions. In a first classification, we distinguish
wristband designs with one metallic layer [13], [15] and
designs using two, top and bottom, metallic layers [9], [10],
[11], [12], [14].

Designs with a single conductive layer produce thinner
wristbands. Instead, they attain lower read ranges due to
the direct interaction of the electric field with the human
arm. An example of this wristband type is presented in [13],
where the wristband is fabricated with a 3D printing pen.
The substrate consists of a flexible plastic material and the
loop antenna is fabricated using a conductive thread. However,
the read range is just 50 cm. Therefore, it is not well
suited for many applications. In [15], a meandered dipole
is loaded with metamaterial inspired structures. The read
range is not provided in this contribution, but it has been
calculated from the realized gain (Table I). The wristband
attains 2.9 meters of read range at the cost of a large antenna
size.

Designs including two metallic layers are the most common
in the literature due to the isolation provided by the bottom
layer to reduce the radiation absorbed by the human body.
The designs presented in [9], [12] can be analyzed as radiating
slots [22] opened in the middle of two short-ended parallel
plate transmission lines [23]. In [9], a bow tie shape is
used to improve the tag bandwidth and two slots are opened
close to the shorted ends of the antenna to increase the
antenna electrical length. The design presented in [12] is an
evolution of [9]. The rigid part of the wristband has been
reduced by integrating a flexible plastic material in the antenna
substrate. The length of these symmetrical designs can be
reduced to the half, resulting in a planar inverted-F antenna
(PIFA) design. An example of this technique is presented

in [10] (Fig. 1a), where a thin strip connects the IC to the
bottom conductor at the symmetry plane. Additionally, a post-
fabrication tunning mechanism is used to provide impedance
matching to different ICs.

The research conducted in [11] also exploits the concept
of using a wide metallic strip at the bottom of the wristband
to isolate the tag from the human arm, but in this case the
antenna consists of a normal mode helical antenna (NMHA).
The proposed prototype achieves very small footprint at the
expense of increasing its thickness. Therefore, even if the
antenna is built on a rigid substrate, the wristband is almost
completely flexible. A rigid and thick bracelet including a
PIFA antenna is proposed in [14]. This design attains a
high read range. However, its size and rigidity make it
uncomfortable to wear and, therefore, unpractical for most
applications.

On the other hand, a wide range of identification bracelets
that use UHF RFID technology are currently being mar-
keted [16] with different shapes and sizes. These designs attain
fair read ranges while producing comfortable wristbands at
different costs ranging from prices below 1 USD (Fig. 1e)
to few dollars (Fig. 1f). In Fig. 1e, a dipole-like antenna is
embedded in a silicone wristband implementing a structure for
separating the tag antenna from the human arm to improve
the antenna radiation. The antenna in Fig. 1f consists of a
patch antenna mounted on a ceramic substrate. Using a high
permittivity and low loss ceramic material allows, on the
one side, miniaturizing the patch antenna while maximizing
the radiation efficiency. The drawbacks are the high material
cost and the bandwidth reduction. The final tag design is
also embedded into a soft silicone material and the wristband
attains fair read ranges of 3 to 5 meters in the U.S. frequency
band (902 – 928 MHz).

The leading companies in the RFID industry are opting for
solutions that prioritize comfort, simplicity and cost [17], [18].
These solutions are based on half-wave meandered line dipole
antennas, with capacitive tip loading, fed through a T-match
loop to match the antenna input impedance to the complex
impedance of the RFID IC. However, in this application, the
capacitive tip loading fulfills a rather important purpose. These
designs are asymmetrical to allow different currents densities
at both arms. They have a large capacitive tip at one antenna
end, whose purpose is to scatter the currents flowing through
the antenna along its surface. Therefore, this part is less
sensitive to the effects produced by nearby high permittivity
and high loss dielectric materials.

The same concept has been exploited, recently, in applica-
tions such as tagging of metallic objects [24], where a large
capacitive tip can be stuck to the metallic object like a “flag”.
In the case of UHF RFID wristbands, the whole antenna is left
dangling from the wrist to provide further decoupling from
the human arm/body. Wristband manufacturers state that their
solutions [17], [18] attain read ranges of 2 meters when used
in patients arms, which are considerably improved when they
are measured in free space. Regarding the bracelet itself, these
wristbands are ultra-thin, flexible, and very comfortable to
wear. They are made of an antimicrobial synthetic polypropy-
lene material. In addition, they are printable, which allows the
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TABLE I
UHF RFID WRISTBAND ANTENNAS

Ref. Antenna 
Type Materials IC name and 

sensitivity (dBm)
Size (mm) Flexible Read 

range (m)
Expected
Rr (m)***

[9] Slot ARLON AD1000 Alien Higgs 3 18 51.1 21.3 0.64 No 2.1 3.7
[10] PIFA ARLON AD1000 Alien Higgs 3 18 36.3 27 0.64 No 2.2 3.9
[11] NMHA FR4 and PET Alien Higgs 3 18 26 8 1.65 No > 2 3.5

[12] Slot FR4 + flexible 
PVC Alien Higgs 4 20.5 34 25 1.6 No 3 4

[13] Loop Bisphenol A 
(BPA) free plastic

NXP
UCODE G2iL

18 100 20 NA Yes 0.9

[14] PIFA r = 5 Impinj Monza 3 15 76.4 14.2 3.5 No 3.81 9.5

[15] dipole r = 3.2 NXP SL3S1213 
UCODE G2iL 18 117 26 0.277 Yes 2.92 5.1

[16]3 dipole NA Monza R6-P 22 106 6 5* Yes 3 - 5** 3.3 - 5.6
[16]4 patch NA (Ceramic) Monza R6-P 22 25 25 3 No 3 - 5** 3.3 - 5.6
[17] dipole Polypropylene NXP Ucode 8 23 56 29 < 0.5 Yes 2 - 10** 2 - 10**

[18]5 dipole NA BT0600 23 40 15 < 0.5 Yes < 3** < 3**

[18]6 dipole NA ZBR2002 23 60 20 < 0.5 Yes 2 - 17** 2 - 17**

This 
work patch Teflon (PTFE) Alien Higgs 4 20.5 220 30 1 Yes 4.5 - 8 3 - 10.8

1calculated from the tag sensitivity [14], 2 3TJNFCTAG TRSB03-001, 4TJNFCTAG TRSB03-002,  5Z-Band Direct, 6Z-Band UltraSoft. 
*Silicone spacer. 

**Information retrieved from the manufacturer datasheet.
***

(a) [10] (b) [11]a (© [2017] IEEE) (c) [12] (d) [14]a (© [2020] IEEE)

(e) [16]3 (f) [16]4 (g) [17] (h) [18]6

Fig. 1. Images of wristband antenna designs corresponding to different antenna types found in the literature and the industry. a These images are reproduced
with permission from the IEEE.

hospital to print QR codes or patient information for visual
identification. These wristbands contain tag inlays using new
generation integrated circuits [25] that present high sensitivity

(Ps = −23 dBm) which almost doubles the read range of the
tag, when compared to the results provided in prior scientific
publications (e.g., Ps = −18 dBm).
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Fig. 2. Exploded-view diagram illustrating the layers and the geometrical
parameters of the D1 wristband antenna design. The values of the geometrical
parameters are W=3mm, H=1mm, L=26cm L1 =11.2 cm and LIC = 2 mm.

III. WRISTBAND DESIGN

The proposed antenna design is intended to maximize the
read range of patch-like antennas with specific constraints
for wristband inlays, namely low profile (thickness ≤ 1 mm)
and small width (width ≤ 30 mm). The antenna consists of
two coupled patches [9], [23], [26], as illustrated in Fig. 2.
The patches consist of two metallic strips connected by an
RFID integrated circuit. The patches are mounted on a thin
plastic substrate, with a conductor layer on the bottom. All
copper strips consist of adhesive copper tape with a thickness
of 35 μm. The geometrical parameters of the antenna are
displayed in Fig. 2.

The intermediate layer consists of a PTFE material with an
electrical permittivity of 2.09 and a loss tangent of 2·10−4.
These substrate properties were measured using the split post-
dielectric resonator technique [27]. The substrate thickness, H,
is set to 1 mm. While manufacturers provide different material
thickness, thinner substrates reduce the antenna performance
considerably by reducing the antenna gain and the tag band-
width. Both the adhesive copper strips and the PTFE material
are flexible, enabling the wristband to be bent around a human
wrist.

Once the wristband thickness and width are set to meet
the applications constraints, the goal of the antenna design
is to find the value of the patch length, L1, that maximizes
the power transfer between the antenna and the microchip in
the FCC frequency band. The microchip used in this work
is the Alien Higgs-4 [28], with a sensitivity of −20.5 dBm.
Specifically, the antenna is designed to achieve complex
conjugate impedance matching in the worst-case scenario,
where it is bent around the arm and rolled up on itself. Since
the structure can be modeled as two open-ended transmission
lines in series with the integrated circuit [29], L1 can be
adjusted to modify the antenna input impedance to control the
tag complex conjugate impedance matching. This is illustrated
in [21, Fig. 3b], showing an approximate frequency shift per
millimeter variation of L1 of 10 MHz, and a deviation of
∼8 MHz between simulations and measurements. Taking into
consideration these effects, L1 was finally set to 11.2 cm to
account for the overlapping effect that will be introduced in
the next section.

In addition, the transmission line-like operation reduces the
antenna de-tuning produced by objects in the proximities of
the antenna. The proposed layout avoids shorting pins, which
simplifies the fabrication process and increases the antenna
gain, at the cost of increasing the tag length.

Fig. 3. Normalized realized gain obtained from simulations and measure-
ments for the antenna in free space.

Fig. 4. Near field simulations for planes (a) z = 0.5 mm (within the antenna
substrate), and (b) z = 1.5 mm (0.5 mm over the antenna top layer).

The normalized tag realized gain in free space is com-
pared through simulation and measurement results. Simulation
values have been obtained using FEKO electromagnetic sim-
ulation software [30]. Measurements have been conducted
using the Tagformance Pro [31] measurement system. The
results in Fig. 3 show good matching between simulations and
measurements, with an error smaller than 1%.

Near field simulations are presented in Fig. 4 to validate the
patch antenna-like operation. Two different cuts are plotted for
values of z = 0.5 mm and 1.5 mm, corresponding to the planes
in the middle of the antenna substrate (Fig. 4a) and over the
antenna (Fig. 4b), respectively. The electrical field of Fig. 4a
on each of the antenna arms resembles the field distribution
of a patch antenna (open-ended microstrip transmission line),
including the edge radiation at the radiating and non-radiating
slots [32], corresponding to the first resonating mode (quasi-
TEM mode). Indeed, the fields correspond to a transmission
line which length has been made slightly smaller than half
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Fig. 5. Images of the wristband in the four studied scenarios: (a) flat
configuration in free space, (b) flat configuration over a human arm,
(c) wrapped around a human arm without overlapping of the wristband ends,
and (d) overlapped wristband with visible wrinkles in the copper tape.

a wavelength, for proper impedance matching. The fringing
fields can be observed in the inclination of the electric field
arrows with respect to the z axis, at the edges of the patches.
The electric field distribution of Fig. 4b shows three areas
where the electric field intensity is higher, corresponding with
the three radiating slots of the structure. The two slots at the
ends are separated from the central slot by a distance close
to half a wavelength and, therefore, the fields radiated by all
of them contribute in phase to the overall antenna far field
radiation.

IV. PERFORMANCE ANALYSIS

This analysis is intended to understand the cumulative
effects that unitary independent modifications of the measure-
ment setup have in the performance of the proposed design.
The prototype is fabricated in a flat configuration (Fig. 5a),
and then it is bent around a human arm for its utilization. In
this process, two events affect the performance of the antenna,
namely the proximity of the human arm, and the bending of
the wristband, which in this application occur simultaneously.
To isolate the effects of both processes, this section analyzes
the antenna response in four scenarios. Scenario A consists of
a flat antenna configuration in free space (Fig. 5a), Scenario
B consists of a flat antenna configuration over a human arm
(Fig. 5b), Scenario C consists of an antenna bent over a human
arm without overlapping the wristband ends (Fig. 5c), and
Scenario D consists of an overlapped antenna configuration
(Fig. 5d) wrapped around a human arm.

A. Specific Absorption Rate (SAR)

The SAR limit in the United States is 1.6 W/kg, and 2
W/kg for the European Union. The simulated SAR values of
the arm wearing the wristband antenna are presented in Fig. 6
for scenarios C and D. The results show that the SAR is
more than 32 times smaller than the permissible limits in the
U.S., which is the more restrictive specification, for the worst-
case scenario of the overlapped antenna (Scenario D). These

Fig. 6. SAR values computed from simulation on the antenna design
overlapped around the arm.

findings underscore the effectiveness and safety of the antenna
in terms of exposure to electromagnetic radiation, as SAR
remains significantly below the thresholds set by both U.S. and
European regulations. The European (EU: 865-868 MHz) and
the North American (FCC: 902-928 MHz) frequency bands
are marked as grey areas in the next figures.

B. Tag Antenna Gain, Gtag

Fig. 7 shows the simulated gain pattern for the four sce-
narios under analysis. In Scenario A, the radiation pattern
resembles a toroidal shape, while it’s considerably more
directive in the direction of the positive z-axis. Placing the
antenna over a human arm (Scenario B), the pattern becomes
more directive. However, the radiation efficiency decreases due
to the losses of the human body, which results in a decrease of
more than 4 dB in the main direction. In Scenario C, bending
the antenna over the arm has an even stronger effect both in
the gain pattern shape and the radiation efficiency. In these
circumstances, the antenna presents two main lobes at both
sides of the arm, and the maximum antenna gain is reduced by
4 dBs more. In Scenario D, the antenna ends are overlapped.
The gain pattern for this setting has again a single main lobe,
while the antenna gain is reduced again by 6 dB.

C. Tag Impedance Matching

The same cases are analyzed in terms of the antenna input
reactance. Fig. 8 shows the reactance of the antenna in the
four scenarios. We can see the deviations in the resonant
frequencies. For the flat antenna in free space, the resonant
frequency is around 926 MHz, and it barely changes for the
flat antenna over the arm. Bending the antenna produces a
frequency shift of the resonant frequency to lower frequencies
by 6 and 3.5 MHz, for the Scenario C and D, respectively.
The negative of the imaginary part of the complex conjugate
of the microchip impedance is also plotted as a green line.
Thus, when the antenna reactance coincides with the microchip
reactance, the power transmission between them is maximum.
Fig. 8 shows that, in the flat antenna configurations, the
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Fig. 7. 3D gain patterns of the proposed antenna in the four scenarios under analysis: (a) flat antenna in free space, (b) flat antenna over a human arm,
(c) bent antenna over the human arm, and (d) overlapped antenna around a human arm.

Fig. 8. Plot of the antenna input reactance, in the four studied scenarios,
and the reversed sign microchip input reactance.

impedance matching occurs also at close frequencies (�f <
1 MHz), caused by the losses due to the presence of the
human arm. Equivalently, Fig. 9 shows the values of the power
transmission coefficient, τtag, for these same scenarios. In
Scenario D, the impedance matching occurs at a different
frequency due to the higher losses of the overlapped antenna.

D. Read Range

Next, the performance of the antenna in terms of the
attainable read range will be analyzed. The simulated read
range, Rr, has been obtained for an EIRPmax = 3.2 W, using
Equation (1).

Rr = λ

4π

√
EIRPmax · Gtagτtag

Ps
(1)

where λ is the wavelength, Ps is the microchip sensitivity,
Fig. 10 shows the simulated read range obtained for the 4

previous scenarios. As expected, the flat antenna in the free
space obtains a considerably high read range, over 25 meters.

Fig. 9. Power transmission coefficient of the wristband in the four studied
scenarios, obtained from simulations.

Then, it decreases to 15 meters for the flat antenna over
the arm, 10 meters for the antenna around the arm without
overlapping, and 5 meters with overlapping.

The measured read range has been computed using
Equation (2). The measurement distance between the reader
antenna and the tag, R, is fixed and a power ramp from
the reader is applied until the tag responds. EIRPto is the
equivalent isotropic radiated power of the first measurement
step in which the tag becomes responsive (the microchip
turns on).

Rr = R

√
EIRPmax

EIRPto
(2)

Fig. 11 illustrates the read range measurements for the same
configurations, performed with the Tagformance Pro. At first
sight, it can be seen that the read ranges from simulations
and measurements differ by a factor between 1.5 and 2.
This difference can be explained by the deterioration of the
prototype materials after bending and unfolding the wristband,
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Fig. 10. Read range results for the four cases under analysis, obtained from
simulations.

Fig. 11. Read range results for the four cases under analysis, measured with
an EIRP=4 W.

which causes wrinkles in the copper strips (see Fig. 5d) that
detune the antenna input impedance and increases the losses.
The effect has been accounted at simulation time to achieve
proper impedance matching, but the losses due to material
imperfections, cannot be eliminated. The solution is to improve
the fabrication process, and to use different materials in the
prototype fabrication. For instance, using copper foils that can
be bent to the required extent while keeping the structural
integrity, and avoiding inter-layer adhesive materials.

In the last experiment, we measure the read range of the
wristband for three different subjects with different wrist
perimeters. The results are displayed in Fig. 12. In agreement
with Fig. 11, thin wrists are better matched because when
wrapping the wristband around the arm overlapping occurs,
exactly like in scenario D. In thick wrists the overlapping is
smaller or insignificant, like in the case of the wrist with a
perimeter of 235 mm, or inexistent, like in the case of the
perimeter of 273 mm.

V. PERFORMANCE COMPARISON

In this section, the set of commercial wristbands shown
in Fig. 13 and the proposed design are characterized through

Fig. 12. Read range measurement results for three different wrist sizes:
273 mm, 235 mm and 178 mm.

Fig. 13. Image of the set of commercial wristbands selected for the
experiment. The devices are tagged, at the right side of the image, with the
names used to refer them in the following discussion.

read range measurements, using the Tagformance Pro. The
measurement setup is displayed in Fig. 14 for wristbands
with the antenna around the human arm (Fig. 14a) and for
Flagtag antenna wristbands (Fig. 14b). All wristbands were
tightly fastened to the human arm. Fig. 15 shows the results of
the read range measurements. All results are computed for a
microchip sensitivity of -23 dBm, to discount the effect of the
different microchips, according to the Equation (3), where Ps1
is the sensitivity of the microchip used in the measurements,
R1 is the measured read range, Ps2 is the new microchip
sensitivity the measurement is transformed to, and R2 is the
transformed read range.

R2 = R1

√
Ps1

Ps2
(3)

The three wristbands on the top of Fig. 13 consist of thermal
paper wristbands and the bottom two consist of rubber bands.
Thermal paper antennas can also be divided in two groups:
wristbands with the antenna placed directly over the human
arm, such as the Z-Band Direct [18], and flag tag wristbands,
where the antenna is hanging from the human arm to increase
the radiation efficiency, such as SATO wristband [17] and
Z-Band Ultrasoft [18].

Fig. 15 shows that the lowest read range is achieved by the
Z-Band Direct, with only 1 meter of maximum read range.
The rubber band embedding a patch antenna attains 5 meters
in a small bandwidth inside the FCC band. The rubber band
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Fig. 14. Photographs of the measurement setup used during the measurements
of (a) the proposed wristband antenna in the Scenario D, and (b) the Z-Band
Ultrasoft thermal paper band in the best-case scenario.

Fig. 15. Read range measurements of the commercial wristbands of Fig. 13
and the proposed one wristband design in the configurations of scenario C and
D. These results have been calculated for a microchip sensitivity of −23 dBm
in all cases.

with the meander line antenna (TJNFCTAG dipole) reaches
over 2 meters in the two main bands. In the case of Flagtag
thermal paper wristbands, the displayed measurements results
correspond to the best-case scenario. That is when the dipole
antenna is totally flat and completely separated from the
human arm (Fig. 14b). Under these circumstances the SATO
wristband reaches between 5 and 10 meters in the FCC and
the ETSI bands. And the Z-Band Ultrasoft reaches read ranges
over 12 meters in both bands. In the case of the wristband
proposed in this contribution, wristbands for thick arms, like in
the case of Scenario C are expected to achieve read ranges over
10 meters for a limited bandwidth, while a tight configuration
(Scenario D) attains read ranges over 5 meters.

Thermal paper wristbands embedding the Flagtags obtain
the highest performance, but they are also more sensitive
to physical stress that can damage the tag, reduce its read
range, or even make it unreadable. In addition, these Flagtag
antennas can also be put in direct contact with the skin, in
which case the read range will be like the Z-Band Direct.
Moreover, the manufacturing cost of these devices is very
low and thermal paper wristbands can be printed onsite using
commercial printers [33]. On the other hand, rubber bands
are more robust to physical stress and more reliable under a

wider range of events. However, these devices have a higher
manufacturing cost, and they attain lower read ranges.

VI. CONCLUSION

This contribution comprises the performance analysis of
the long-range, low-cost, thin, and flexible antenna design for
UHF RFID wristbands presented in the IEEE International
Conference on RFID Technology and Applications (RFID-
TA), held on September 4-6, 2023, Aveiro, Portugal, under the
title “A durable and flexible, low-cost tag antenna design for
UHF RFID wearable applications”.

The key aspects to highlight are the following: this patch-
like design provides significant frequency stability, i.e., it
significantly reduces detuning caused by the proximity of lossy
material objects. Comparisons between simulations and mea-
surements show that the manufacturing process and materials
used in the prototype fabrication are critical to optimize the
performance. Therefore, improving the fabrication process and
using different materials can have a dramatic impact on the
antenna performance, and simulations suggest that the read
range can be extended by a factor between 1.5 and 2.

The current performance of the proposed wristband design
is compared to the current solutions in the state of the
art in Table I. The comparison shows that the proposed
design attains higher read ranges with a lower thickness,
at the expense of a larger antenna footprint. The prototype
has been benchmarked against current commercial solutions,
demonstrating performance comparable to that of the best-
performing devices. It ensures a read range over 3 meters
when used for human identification and tracking. The proposed
wristband offers extra robustness than commercial thermal paper
wristbands, at the expense of increasing the wristband thickness.
And it reduces the costs and provides higher read range than
rubber bands. Moreover, the “flat” configuration shows potential
for on-body applications that require long read ranges.
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