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Abstract: A compact, flexible, long-range, and impedance transformer balun-like integrated UHF RFID tag antenna is proposed
for the detection of water bottles. To alleviate the performance of a tag antenna in close proximity to a high dielectric material
such as water, the radiating element of the tag antenna uses folded, unbalanced strips made of balun-like arms wrapped around
the tag’s body. As a result, a wide bandwidth with reasonably good radiation resistance is achieved. The tag’s body comprises
dual-loops for the impedance matching to the tag chip. This leads to a long read range of 13.33 m; > 5.83 m compared to other
state-of-the-art designs. The proposed tag antenna conforms to a small footprint by wrapping the balun-like arms around the tag’s
body, which results in a compact form. The tag is fabricated, and the results reasonably agree with simulations.

1 Introduction

Radio-Frequency Identification (RFID) is perceived as an integral
technology for applications such as the Internet of Things (IoT) [1],
management of goods and objects [2], healthcare [3], animal track-
ing [4], electronic toll collection, asset identification, etc. RFID read-
ers use back-scattering to retrieve the tag’s unique identification. The
operating frequency band for the UHF RFID is allocated between
840 MHz to 960 MHz worldwide, specifically 865− 868 MHz for
Europe, New Zealand, and India, 902− 928 MHz for the USA,
940− 943 MHz for China, and 908.5− 914 MHz for Korea [5, 6].
Due to its widespread applications, several cost-effective, small,
and malleable solutions exist for RFID tags. However, their perfor-
mance is inherently compromised when attached to water bottles, as
a result, the reading range decreases due to low gain and impedance
mismatch with the tag chip [7]. Therefore, particularly for applica-
tions such as liquid inventory, the design process of the tags must
take into account the permittivity of water [8]. Moreover, a compact,
long-range and flexible tag is preferred to easily attach to natu-
rally curved bottles. This is performed using an efficient conjugate
impedance matching technique to match the tag antenna impedance
with the RFID chip.

In the literature, several design techniques were reported to
improve the tag performance on water bottles. For instance, a T-
matching technique was used in [7, 11–17] to monitor the tag on
wine and water bottles. Similarly, a few designs for water leveling
and distance monitoring were proposed in [18, 19], having limited
read range with large dimensions. However, the T-matching tech-
nique did not provide wide bandwidths. Therefore, to achieve better
impedance matching on the liquid-filled bottles, two loops are used.
For instance, some tag antenna incorporating a nested slot feed was
proposed in [8, 20, 21, 23, 25–31] to improve impedance match-
ing, however, offering a read range of ∼ 2.5 m. The nested slot
technique showed large dimensions [22], with adverse effects in
close proximity of water. Similarly, a conformal tag antenna with
a reading range of 3.5 m [32, 41] was proposed for a smart blood
repository system to track blood bags [33]. Furthermore, RFID tags
were proposed for liquids such as intravenous (IV) [34, 35], shakes,
wine, and orange juice [36]. Similarly, a slot enabled near body tag
was proposed in [37]. The aforementioned designs have relatively
large dimensions, and a few are inflexible with a low read range.
Moreover, the water bottle industry employs stacked or piled pack-
ing, therefore, mutual coupling occurs between tags, resulting in

compromised gain and impedance mismatching. Thus, water bot-
tle monitoring and identification is an issue in dynamic and different
environments within industry. Moreover, a bidirectional tag antenna
was proposed in [38] to reduce the mutual coupling between tags.

Thus, to satisfy the current needs of tag antennas with low foot-
print but long read range detection of water bottles, a compact,
flexible, mutual coupling insensitive UHF RFID Balun-Like Inte-
grated Tag Antenna for Long Range Detection of Water Bottles
is proposed. This paper comprises six sections. Introduction was
reported in Section 1. The problem analysis of conventional designs
with the proposed design is presented in Section 2, the simulated
results including a parametric study in Section 3, and the fabrication
and measurements in Section 4. The paper is concluded in Section 5.

2 Proposed System Model

The schematic model of the proposed UHF RFID tag antenna for
tracking water-filled bottles in commercial industry applications is
shown in Fig. 1. Each carton box in the warehouses is filled with M

Fig. 1: Schematic model of the proposed UHF RFID tag for water
bottle applications in industry.

× N closely packed water bottles, and each bottle is labeled with an
RFID tag. Therefore, a bore-sight radiation pattern is not desired for
this specific application as the bore-sight affects the tag performance
negatively due to mutual coupling with unlikely read tags. Hence, a
bi-directional antenna is required to overcome the mentioned issue.
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2.1 Observation and problems in conventional designs

For the evolution of the proposed design, tags with conventional
impedance matching techniques were investigated and printed on
a single-sided polyester substrate (a label) having ϵr = 3.2, tanδ =
0.002, and thickness 0.1 mm with copper ink deposition of 10
microns using commercial electromagnetic software Ansys HFSS.
The conventional tags were simulated over High-Density Poly Ethy-
lene (HDPE) bottle of 1mm thickness [7] filled with water, as
illustrated in Fig. 2. This assumed a dielectric constant and elec-
trical conductivity of water (H2O) respectively as ϵr = 81 and σ =
0.01 S/m. Their corresponding current distributions with water are
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Fig. 2: Simulation layout of the proposed tag antenna (left) on a
container and (right) on a water bottle.
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Fig. 3: Current distributions for (a) T-matching, (b) Nested H-
shaped slot [39] with water bottle

.

presented in Fig. 3. The results using T-matching techniques are
illustrated in Fig. 3 (a), which show non-uniform currents in the pres-
ence of water. On the other hand, the nested H-shaped slot technique
of Fig. 3 (b) showed more balanced current distributions with rela-
tively larger dimensions and low gain. To corroborate this in regard
to their input reactance, the immediately outlined techniques were
simulated at 866 MHz, and their corresponding impedances are pre-
sented in Table 1. It is noted that the reactance of the T-matching and

Table 1 Impedance for the Different Techniques
Techniques With water bottle (ηr) Gain (dBi)
T-Matching 62.17 + j237.50 (12 %) -5.5

Nested H-shaped slot 14 + j120.57 (19 %) -2.1

nested H-shaped slot vary significantly in the presence of water from

the chip impedance (Zc = 38.83 + j153.30). In addition, similar
results are obtained from conventional reported T-matching [9, 10]
and nested H-shaped slot designs [8, 12, 18, 19, 21] where the
reading range of the tags was constrained in the presence of water.
The T-matching technique reported a limited bandwidth, and the
impedance of the tag antenna varied significantly in the presence
of water. Similarly, the nested slot technique has large size radia-
tors and the radiation efficiency (ηr) of both tags was constrained in
the presence of water. The following problems are observed in the
conventional UHF RFID tags:

• The impedance changes significantly in the presence of water,
therefore, to design an efficient tag antenna, it must be impedance
tolerant.
• The efficiency is reduced in the presence of water, therefore, an
efficient tag antenna is desired.

Following the immediately mentioned observations, a novel UHF
RFID tag antenna is proposed, and its performance in the presence
of water is discussed in the next subsection.

2.2 Design

The dimensions of the proposed tag antenna is shown in Fig. 4. The
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Fig. 4: Dimensions of the proposed tag antenna.

tag antenna comprises a radiating element using unbalanced strips
made of balun-like arms, and these arms were wrapped around the
tag’s body (the parallel dual-loops) to minimize the overall size of
the tag. The unbalanced strips led to an optimum design with reason-
ably good impedance matching, current density, and long read range.
The parallel dual-loops were used for their relatively good reactive
impedance matching on high permittivity (water) compared to other
conventional methods; this is achieved by a widespread magnetic
field (H-field) distribution in the near-field which is less affected in
the presence of water. The design evolution is presented next.

2.3 Design evolution

The initial antenna element was designed using the parallel dual-
loops to obtain a wider bandwidth and relatively good impedance
matching on high permittivity (water) in the desired UHF RFID
band, as shown in Fig. 5. The dual loops were simulated following

P1

S=4.4

L1

Units: mm

df=0.5

Fig. 5: Dimensions of the loop antenna.

the procedure of Fig. 2; an input impedance of (22.12 + j136.69)
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is obtained. The parametric analysis for this is reported later Section
3.1. To satisfy the second condition, in which ηr is to be improved,
the radiating arms (unbalanced strips) of the proposed tag antenna
were targeted for compactness and, thus, carefully wrapped around
the dual-loops to minimize the adverse effects of the water. This
is in contradiction with conventional approaches where large-size
radiators are common.

It is noted that the reactance of the T-matching and nested H-
shaped slot vary significantly in the presence of water, whereas the
parallel dual-loops with reactance 136.69 Ω offered relatively good
conjugate matching with the chip’s reactance (−154.31 Ω) when
attached to the water bottle. Furthermore, the ηr of the reported
designs was ∼ 12 %, whereas the proposed tag antenna was 27 %
in the presence of water. The folded, unbalanced strips of balun-like
arms wrapped around the parallel dual-loops are presented next.

2.4 Effect of Unbalanced Strips

Uniform current 

distribution 

Non-uniform 

current distribution

Non-uniform 

current distribution
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(b)

(c)

d

Opposite flow

Fig. 6: Current distributions (a) with water bottle for d = 7.6 mm
(b) d = 6.6 mm and (c) d = 8.6 mm.

The effect of the unbalanced strips was observed by evaluating the
current distributions shown in Fig. 6. The differential mode/common
mode (DM/CM) was defined by means of the current distribution
along the tag antenna. Whereas in the dual-loops a DM was present
due to the opposite currents flowing at every point in the loops, in
the unbalanced strips a CM was triggered from currents flowing in
an even direction. The effect with the water bottle, depicted in Fig. 6
(a), demonstrated that the currents in the unbalanced strips flowed
constructively with the dual-loops. This is because the proposed tag
antenna (unbalanced strips connected to parallel dual-loops) serves
as an impedance transforming balun, enabling a DM current in the
dual-loops and a CM in the unbalanced strips depending on design
parameters. To corroborate this, the current distribution of the tag
for various lengths of d (defined in Fig. 4) are shown in Fig. 6 (a-
c), where d defines the location of the joint between the unbalanced
strips and the dual-loops. For d = 6.6 mm, the current magnitude
distribution in the dual-loops was non-uniform (Fig. 6 (b)), similarly,
for d = 8.6 mm Fig. 6 (c), the DM current distribution existed in the
dual loops. However, when d = 7.6 mm (Fig 6 (a)), desired current
distributions in the dual-loops and the unbalanced strips were found,
corroborating the impedance transformer balun-like behavior. The
following input impedances, 38.83 + j153.30, 36.44 + j154.80,
and 29.62 + j159.76, were observed for d = 6.6 mm, 7.6 mm,
and 8.6 mm, respectively, proving that out-of-phase currents in the
unbalanced strips (balun-like arms) affected the impedance matching
of the tag positively.

3 Simulated Results

The proposed tag antenna was simulated to evaluate its input
impedance Za = Ra + jXa, gain Gr(ϕ, θ), and read range perfor-
mance by following the procedure of Fig. 2. The read range, d, was
calculated theoretically using Friss equation as

d =
λ

4π

√
PtGt(ϕ, θ)Gr(ϕ, θ)τPm

Pth
(1)

where Pt is the transmitter power, Gt is the gain of the transmitter
antenna, Pth is the chip sensitivity (−22.5 dBm), and Pm is the polar-
ization mismatch efficiency (Pm = 0.5 for the circularly polarized
transmitter antenna). Here, τ is the power transmission coefficient
and can be calculated as

τ =
4RcRa

|Zc + Za|2
, 0 ≤ τ ≤ 1 (2)

where Zc = Rc − jXc is the chip impedance. For the conjugate
matching, a 1.13 pF capacitance with a parallel resistance of 0.7 kΩ
was assumed for the chip. The impedance matching between the tag
antenna and chip was estimated using (2), and the simulated input
impedance of the proposed tag antenna with and without a water
bottle is illustrated in Fig. 7. Since the antenna was tailored for water

Fig. 7: Impedance of the proposed tag antenna with and without
water bottle.

applications, it is observed that the impedance of the proposed tag
antenna (with water) is well matched to the chip impedance in ETSI
and FCC bands. However, this is not the case when the water is not
present. That is a compromised 25 % efficiency.

3.1 Parametric analysis

A parametric study of the unbalanced strips was carried out by
varying l and p at 866 MHz to maximize the reading range. The
thickness of the water bottle was 1 mm, and the length of l and
p were varied in 1− 20 mm and 1− 15 mm range, respectively.
The maximum reading range of ∼ 13.33 m is shown in Fig. 8 when
l = p = 13 mm, which corresponds to a simulated gain of 0.2 dBi.
Furthermore, the parametric study of the dual loops (P1 and L1 in
Fig. 5) was conducted to analyze the effects of its dimension on the
impedance matching, results are shown in Table 2. The P1 and L1
were chosen 10 and 37, respectively, based on the impedance match-
ing, since other dimensions exhibit significant reactance, which
fluctuates more during the integration of unbalanced strips.

3.1.1 Effect of bottle thickness: The proposed tag antenna was
attached to HDPE plastic bottles of different thicknesses (0.3−
1.5mm) to investigate the impact of bottle thickness on the reading
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Fig. 8: Parametric study of the unbalanced strips at 866MHz for tag
on water-filled HDPE bottle.

Table 2 Parametric study of dual loop impedance at 866MHz for tag on
water-filled bottle.

S.N. P1 L1 Impedance
(mm) (mm) (Ω)

1. 9 36 15.24 + j160.12
2. 9 37 3.34 + j123.01
3. 9 38 31.39 + j150.09
4. 10 36 24.87 + j153.26
5. 10 37 22.12 + j136.69
6. 10 38 29.31 + j160.26
7. 11 36 24.62 + j184.98
8. 12 37 43.87 + j169.47
9. 13 38 49.65 + j185.12

range. The result indicates a maximum reading range of 14.30 m
achieved for 1.5 mm bottle thickness and a minimum reading range
of 10.19 m for 0.3 mm. This is shown in Table 3.

Table 3 Performance of the proposed tag on different thicknesses
of the water bottle.

S.N. Bottle- Impedance Gain Reading
thickness (mm) (Ω) (dBi) Range (m)

1. 0.3 82.88 + j233.34 0.2 10.19

2. 0.4 54.80 + j183.40 0.5 12.84

3. 0.5 48.56 + j181.66 0.1 12.39

4. 0.7 45.92 + j162.7 0.3 13.31

5. 1 36.44 + j154.8 0.2 13.33

6. 1.2 46.56 + j155.52 0.1 13.06

7. 1.5 39.93 + j144.13 0.9 14.30

3.1.2 Effect of bottle volume: The proposed tag antenna was
also investigated for bottles of different volumes filled with water.
Table 4 shows the effect for the different cases. Although a com-
promise performance can be observed for unrealistically small bottle
volumes (3. and 4.), more prominent results are observed for realistic
cases (1. and 2.).

3.1.3 Effect of different graded bottle: The proposed tag
antenna performance was also evaluated for bottles made from var-
ious plastic materials HDPE, PET, PVC, Polypropylene (PP), and
LDPE. Bottle thicknesses of 1mm were considered for this analysis.
Table 5 shows reasonable impedance matching results on various
plastic materials with only a slight variation in the reading range.

Table 4 Performance of the proposed tag antenna for various water
bottle volumes.

S.N. Volume-water- Impedance Gain Reading
filled bottle (mm3) (Ω) (dBi) Range (m)

1. 120 × 80 × 108.8 36.44 + j154.8 0.2 13.33

2. 200 × 100 × 120 5.71 + j145.88 0 8.79

3. 80 × 50 × 100 1.92 + j125.60 −5.7 2.36

4. 75 × 50 × 50 2.58 + j136.69 −5.3 3.22

Table 5 Performance of the proposed tag antenna on the different grades of
the water bottle.

S.N. Material Impedance Gain Reading
(Ω) (dBi) Range (m)

1. HDPE 36.44 + j154.8 0.2 13.33

2. PET 46.52 + j165.26 0.6 13.72

3. PVC 38.6 + j159 0.59 13.90

4. Polypropylene (PP) 33.72 + j138.91 0.5 13.46

5. LDPE 36.81 + j156 0.2 13.32

3.2 Performance of the proposed tag antenna with
frequency

Although the proposed tag antenna was tailored for the 866MHz and
915MHz frequency bands, Table 6 shows its behavior for several
frequency bands. A maximum reading range of 13.33 m is achieved
in the ETSI band (866MHz) and a read range of 4.22 m in the lower
FCC band (902MHz).

Table 6 Performance of the proposed tag antenna for in various
frequency standards.

S.N. Frequency Frequency Impedance Gain Reading
MHz allocated (Ω) (dBi) Range (m)

1. 866 Europe/ India 36.44 + j154.8 0.2 13.33

2. 902 American 1.93 + j137.86 −1.9 4.22

3. 908.5 Korea 2.79 + j145.30 −1.4 5.59

4. 915 FCC/ American 13.26 + j158.79 0.3 11.92

5. 928 American 41.15 + j186.06 −2.4 9.11

3.3 Magnetic field distribution and bending tolerance

The magnetic field (H-field) distribution of the proposed tag antenna
was also simulated and is illustrated in Fig. 9. The H-field was

H Field

[A\m]
50.0
33.03
21.83
11.29
6.46
2.75
1.20

0.79
0.52
0.22
0.10

Fig. 9: H-field distribution of the proposed tag antenna.

observed in a plane 1 mm away from the tag. It is apparent from
Fig. 9 that the H-field intensity is higher within the dual-loop area.
It was witnessed that a large dual-loop led to wide H-field distribu-
tion and that, compared to other conventional methods, significantly
improved the read range. The bending tolerance of the proposed tag
antenna used as a label was evaluated when affixed on bottles of
various shapes. This tag antenna was placed longitudinal or across
the length of the water bottle, as shown in Fig. 10 (a). Naturally,
the bending was prominent for the latter. Therefore, the read range
for different bendings was simulated using the model depicted in
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Fig. 10: The proposed tag (a) affixed on water bottle (b) bending
tolerance simulation model for different bottle sizes.

Fig. 10 (b), where the bending radius is denoted as r. Note that
r = ∞ represents a flat surface, whereas lower values of r repre-
sent a higher bending corresponding to water bottles of smaller size.
The simulated read range of the proposed tag antenna on water bot-
tles of different r is shown in Table 7. A maximum read range of

Table 7 Bending tolerance of the proposed tag on the water bottle
Radius r of bottle (mm) ∞ 35 30 25 20 15

Read Range (m) 13.33 12.43 10.3 10.1 6.8 5.8

13.33 m and 5.8 m was found for r = ∞ and r = 15 mm, respec-
tively. Additionally, results revealed that for a typical water bottle of
50 cl having r = 35 mm, the proposed tag antenna attained a read
range of 12.43 m, which is an acceptable bending tolerance.

3.4 Mutual coupling

80mm
Bottle-1 Bottle-2

Tag antenna -1 Tag antenna -2

Fig. 11: Simulation of two neighboring proposed tag antennas.

Mutual coupling can cause a change in the input impedance of
tag antennas, resulting in significantly reduced power transfer to the
chip. Therefore, especially in systems where several RFID tag anten-
nas must coexist, the mutual coupling should be assessed in order
to validate the design. Fig. 11 shows the simulation setup, consid-
ers two neighbor models and evaluates the mutual coupling effect
by stimulating both tags simultaneously. The response is given in
Fig. 12 and shows a -30dB coupling effect between tags which is
reasonable for stockpiling applications.

Fig. 12: Mutual coupling between two neighboring proposed tag
antennas.

4 Fabrication and Measurement

The proposed tag antenna was fabricated, as shown in Fig. 13 (a),
by a screen printing process, which involved a transfer of copper
ink onto a single-sided polyester (typical label of a bottle of water)
whose material properties were earlier detailed in Section 2.1. The

Spectrum 
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Horn 

antenna

Signal

generator

(a) (b)

y

x

z

Fig. 13: (a) Fabricated and (b) measurement setup of the proposed
tag antenna.

tag antenna (used as a label) was then affixed on a water bottle. The
measurement setup is shown in Fig. 13 (b), which includes a 9 dBi
transmitter horn antenna fed with an RF signal generator (Agilent
Technologies) and a Keysight N9915A handheld spectrum analyzer
(SA) connected to the proposed tag antenna for measuring received
power. A matching circuit was employed for the experiments when
connected to the Spectrum Analyzer (SA); the associated insertion
loss (IL) was accounted for. The measurement is accurate enough
since the SA is a narrow band with a lower noise floor and bet-
ter dynamic range, so its sensitivity is better than traditional power
meters. The signal generator was set at 27 dBm, and the received
signal strength was measured using the SA. The measurements were
performed for the ETSI (866 MHz) and the FCC (915 MHz) bands.
It was witnessed that the proposed tag antenna had better signal
strength compared to the literature. The maximum received signal
strength reported in the literature is −50 dBm, compared to the
proposed tag of −19 dBm; both measured 12 m away from the trans-
mitter using the ETSI band. The proposed tag antenna was affixed
to the water bottle for realistic measurements and moved carefully
closer to the transmitter until a minimum of −19 dBm at 866 MHz
and −20 dBm at 915 MHz was attained, which led to a read range
of 12.28 m and 11.13 m for the ETSI and FCC bands respectively.

4.1 Impedance Measurement

A two-port S-parameter approach [40] is used to calculate the input
impedance of the tag antenna, which transforms the S-parameter into
Z-parameters. The tag antenna is regarded as a two-port network in
this approach, and the differential impedance is calculated using (3).
Two semi-rigid coaxial cables and a Keysight PNA-L were required
to perform the S-parameter measurements.

Zt =
2 Z0(1− S11S22) + (S12S21)− S12 − S21

(1− S11)(1− S22)− S12S21
(3)
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The Vector Network Analyser (VNA) was carefully calibrated to
obtain accurate S-parameters, and the effects of the semi-rigid coax-
ial cables were compensated using the port extension technique. The
measured and simulated impedance of the proposed tag antenna with
a water bottle at 866 MHz and 915 MHz are listed in Table 8.

Table 8 Measured and Simulated impedance of the proposed tag antenna.
Frequency (MHz) Measured Simulated

866 23.17 + j137.03 Ω 36.44 + j154.8 Ω

915 20.5 + j136.07 Ω 13.26 + j158.79 Ω

RFID Tag

Horn Antenna

Water bottle

Vector Network Analyzer 

23.17+i137.03 Ω

Fig. 14: Measurement setup of the proposed tag antenna with water
bottle.

The theoretical chip impedance 35.58− j154.31 Ω at 866 MHz and
32.28− j146.83 Ω at 915MHz, is also provided for reference. The
simulated and measured findings indicate similar trends, however,
certain inconsistencies between the simulated and measured results
were due to the manufacturing tolerances and some variation in
water and HDPE bottle properties, which led to a slight deviation
of the measured input impedance of the fabricated tag antenna from
simulations.

4.2 Radiation Pattern Measurement

The radiation patterns of the proposed tag antenna (with water bot-
tle) were measured in an anechoic chamber, Fig. 14, and the results
shown in Fig. 15.

The bidirectional patterns, more apparent at 866 MHz, are per-
ceived as positive for bottling lines applications where a reduction
of the mutual coupling [38] among tagged water bottles in closely
stacked or piled packing is expected in the bottled water industry.
The maximum measured gain of the proposed tag antenna (with
water bottle) was 0.05 dBi and −0.6 dBi at 866 MHz and 915 MHz,
respectively. Although the proposed tag antenna was specifically
designed for the 866 MHz band, results are shown additionally at
915 MHz to demonstrate its performance in the FCC band. Further,
the reading range of the proposed tag antenna measured at various
angles (0◦ to 360◦) was evaluated and is presented in Fig. 16. The
simulated result is also included in the figure and show reasonable
agreement between both, Fig. 16 (a) and (b). Because the read range
patterns are more bidirectional like, this is attractive for water inven-
tory in industrial applications such as a conveyor belt and stockpiling
where mutual coupling minimal effect (0◦ and 180◦) is preferred.

4.3 Performance Comparison

Table 9 includes various state-of-the-art designs widely available
in the literature for comparison, showing the proposed tag antenna
(affixed to a water bottle), a longer read range, and a smaller foot-
print (miniature design) compared to other designs. For instance,
although [23] is only 4× 7× 0.1 mm bigger than the proposed
counterpart, it offers a 6.68m lowered read range. Furthermore, a
multi-slot tag antenna with a 36× 19× 0.7 mm bigger size and a
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Fig. 15: (a) Simulated and (b) measured radiation patterns of the
proposed tag on water-filled HDPE bottle.
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Fig. 16: (a) Simulated and (b) measured read range patterns of the
proposed tag on water-filled HDPE bottle.

2.28m lower reading range was proposed in [22]. Similarly, [34]
offers a lowered 4.78m read range and 75× 27× 0.4mm bigger
size. This corroborates the out performance of the proposed tag
antenna in terms of compact size and long read range.
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Table 9 Comparison with state-of-the-art designs.

Reference Substrate
Size
(mm)

Measured
Read range (m)

at 866MHz
Flexible Miniature

Long-range
(≥4m)

[7] Polyester 86×22.5×0.05 2.2 Yes No No
[8] FR4 81×23×1.5 2.5 No No No
[9] Paper 40×20×0.02 ∼0.34 Yes Yes No
[13] Rogers Ultralam 3850HT 28×13×0.35 2.51 Yes Yes No
[22] F4B-2 76×32×0.8 10 No No Yes
[23] polyimide 44×20×0.2 1.45-5.6 Yes Yes Yes
[32] Polyester 87.8×57.9×0.05 4.25 Yes No Yes
[34] FR4 115×40×0.5 7.5 No No Yes
[36] Silicon 70×30×3 1.9-2.5 Yes No No
[41] Plastic 87.8×57.9×0.125 4 Yes No Yes

This work Polyester 40×13×0.1 12.28 Yes Yes Yes

5 Conclusion

This paper presents a compact, flexible, mutual coupling insensitive
UHF RFID impedance transformer balun-like integrated tag antenna
for long-range water bottle detection. The tag antenna comprised
folded, unbalanced strips made of balun-like arms wrapped around
the tag’s body. The proposed tag showed good impedance match-
ing between the antenna and the chip and an outstanding read range
compared to other state-of-the-art designs, bringing a compact tag
with a long detection range in liquid inventory RFID applications.
The tag was found to be 12− 50% smaller in size with a > 5.83 m
longer read range compared to other state-of-the-art.
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