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We propose a new dual-band passive RFID tag antenna design by combining a rectangular spiral coil and patch-meander-line
dipole with an interconnected structure. This design enables operation in high-frequency (HF) and ultra-high-frequency
(UHF) RFID systems, suitable for energy harvesting and tracking applications. The simulations by the CST full-wave software
demonstrate conjugate impedance matching between the tag antenna and two RFID tag chips. At 13.56MHz (HF), the tag
antenna exhibits an inductive reactance of 422.79Ω, while at 922.5MHz (UHF), it presents an impedance of 9 41 + j174 96Ω.
The antenna generates a maximum magnetic field intensity of 0.5 A/m and omnidirectional electromagnetic fields with an
antenna realized gain of -4.26 dBi at 922.5MHz. We also analyze the impact of the tag antenna combination using numerical
software. Furthermore, we fabricate a prototype tag antenna and validate its performance with RFID readers. The proposed tag
antenna achieves the maximum read ranges of 11 cm and 6.9m for the HF (13.56MHz) and UHF (920-925MHz) bands,
respectively, accompanied by the energy harvesting of 1.48 volts at the HF band by the coupling magnetic field received by the
HF antenna to the chip ST25DV04K at the output voltage pin.

1. Introduction

Radiofrequency identification (RFID) systems are popularly
employed to wirelessly identify objects by extracting the
information from the embedded identification tags. Passive
RFID tags are particularly welcomed for the advantage of
without implementing batteries in them, where the opera-
tions are performed by imposing radio waves to illuminate
the tags and provide the required power for data access.
Compared to wired systems, RFID systems do not require
a wire connection and allow non-line-of-sight data access.
Moreover, the data access from the tags is bidirectionally
read/written possibly. They are reusable, durable, and highly

secured. As a result, passive RFID tags are broadly used in
many short-range applications to identify people and
objects. Some famous applications include intelligent high-
way toll-collection systems [1] and their extension in
parking-lot fee-collection/management systems, gate access
controls, and traffic monitoring systems. In addition, intelli-
gent farming systems [2] are also under development in
East-South Asia countries. Furthermore, smart ocean and
ground shipment systems integrating satellite communica-
tions [3, 4] are under several discussions to provide seamless
goods management.

Technologies to implement RFID systems have been cat-
egorized into low-frequency (LF), high-frequency (HF),

Hindawi
International Journal of RF and Microwave Computer-Aided Engineering
Volume 2024, Article ID 9923732, 13 pages
https://doi.org/10.1155/2024/9923732

https://orcid.org/0000-0003-3099-1901
https://orcid.org/0009-0002-6202-4094
https://orcid.org/0000-0003-4672-2343
https://orcid.org/0000-0002-1883-9782
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2024/9923732


ultra-high-frequency (UHF), and microwave bands to fit the
requirements in especially needed scenarios. The operational
principles and functional mechanisms can be further classi-
fied into near- and far-field communications by using mag-
netic coupling [1] and electromagnetic (EM) wave induction
[1, 5, 6] techniques to capture the required power, respec-
tively. Due to the increasingly sophisticated application sce-
narios, integrating multiple heterogeneous RFID systems
into a single system is necessary to simplify associated sys-
tem architectures and make a compact size [2, 6]. In partic-
ular, a hybrid combination of near- and far-field RFID
systems is essential to meet most RFID application needs,
which require dual-band RFID antennas. For example, a
novel smart button system has been introduced for fashion
supply-chain tracking, which consists of near-field commu-
nication (NFC) and UHF RFID systems [2]. Note that the
NFC tag is employed for customers to access the basic infor-
mation of the product’s historical records using their smart-
phone. In contrast, the UHF RFID tags can track products’
identifications in shipping. To simplify the system complex-
ity on the product sides, the tag antenna was designed to
combine two bands by using an inductive spiral coil and a
folded dipole for NFC and UHF RFID applications, respec-
tively. Their received signals are processed by a dual-band
tag chip [7]. Its performance has been validated to work well
at 1.5 and 60 cm read ranges for NFC and UHF RFID appli-
cations, respectively. In addition, a unique tracking system
for the supply chain of fresh vegetables was suggested by
[8], where the dual bands of NFC and UHF RFID systems
were used to record the store activity in the vegetable culti-
vation process and to perform the identification/traceability
after harvest, respectively. Furthermore, [9] introduced the
UHF HF RFID integrated tag for vehicle identification,
where the RFID tag generally consists of an RFID tag chip,
antenna, and encapsulation.

In the past, some researchers have introduced the dual-
band RFID tag antenna. In [10], the dual-band tag antenna
was designed to operate in 13.56MHz and 868MHz fre-
quency bands with a credit card size on a polyimide sub-
strate. The antenna structure consists of three parts in
different layers. The top layer is a shorted-loop antenna. A
center cutout and a narrow gap were created in the middle
layer, while the bottom layer consists of a coil and substrate
capacitor bridge gap. The tag antenna provides a quality fac-
tor of 54 at 13.56MHz and a realized gain of -4.69 dBi at
868MHz. In addition, a compact RFID tag antenna was also
proposed on a single layer and operated at 13.56MHz and
915MHz [11]. The antenna structure employs a spiral coil
for the HF band and a meander-line dipole for the UHF
band, which is embedded inside the credit card-sized spiral
coil. It has a good impedance match at 13.56MHz and has
a maximum realized gain of -5.36 dBi at 910MHz [11].

On the other hand, the Hilbert curve [12] was proposed
to design a dual-band RFID tag with a single radiator in a
card type. The HF coil antenna was created using a series
Hilbert curve, while the UHF antenna is a square loop struc-
ture. This antenna has a circular polarization with a realized
gain of 1.75 dBi at 25MHz, 2.65 dBi at 785MHz, 2.82 dBi at
835MHz, and 2.75 dBi at 925MHz [12]. In addition, an inte-

grated HF and UHF RFID tag antenna was introduced [13],
which operates at 13.56MHz and 920-925MHz. The square
spiral of the HF band is combined inside the CMA-based
square loop for the UHF band. They can provide high mag-
netic field strength at 13.56MHz and 0.31 dBic realized gain
at 922.5MHz. The maximum reading ranges are 4.9 cm and
8.7m for HF and UHF bands, respectively. Other dual-band
RFID tag antennas were also presented by other researchers
[14–20]. Most dual-band RFID tags are in the credit card
size of 53.98mm in width and 85.6mm in length, which is
quite a large and complicated structure. Furthermore, the
dual-band antenna finds applications in other exciting areas,
as demonstrated in a real-time neural/EMG data acquisition
system proposed in [21]. This system utilizes the dual-band
antenna operating at 13.56MHz (HF) and 915MHz (UHF)
frequencies for efficient power delivery in long-term
implanted devices, where battery replacement is undesirable,
and for high-speed backscatter communication.

Moreover, specific designs for dual-band RFID tag
antennas are discussed in the literature. For instance, [22]
presents the design of an ultrathin dual-band antenna on a
metasurface for UHF RFID and WLAN applications. [23]
focuses on a dual-band UHF RFID tag design to achieve a
high read range. The utilization of an EBG structure in com-
bination with the design of a dual-band RFID tag is explored
in [24]. Additionally, [25] introduces a dual-band RFID tag
design tailored explicitly for body temperature monitoring.

This research presents a dual-band RFID passive tag
antenna design in a compact size to operate for identifica-
tion, tracking, and traceability in a supply chain. The HF
RFID is employed for customer checks by using their own
smartphone and energy harvesting in the tag, and the UHF
RFID is used for the shipping process management with
the same RFID tag. The energy harvesting can be achieved
at the HF band by the coupling magnetic field received by
the HF antenna to the chip ST25DV04K at the output volt-
age pin. The antenna structure consists of a rectangular spi-
ral coil for the HF band and a dipole with meander lines and
patches for the UHF band. It is shorted at the end of the
dipole for size reduction. Compared to the previous works,
as shown later in Section 4, the proposed antenna has the
advantages of a compact size of 26.92mm in width and
67.84mm in length (smaller than the credit card) and a
low profile structure. It is easy to embed in any object within
modern applications. In addition, the novelty of the pro-
posed antenna is the appropriate interconnection of a rect-
angular spiral coil and a patch-meander-line dipole on a
single-layer substrate with a shorted point to achieve the
total size reduction with desirable antenna characteristics.

The rest of this paper is organized as follows. Section 2
discusses the antenna structure. Parametric studies and sim-
ulation results are shown in Section 3. Measurement results
are provided in Section 4 for validation. Finally, conclusions
are given in Section 5.

2. Antenna Structure

The proposed dual-band passive RFID tag antenna is imple-
mented on a single-layer FR4 (εr = 4 3) dielectric substrate
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for a low cost. The antenna structure consists of two essen-
tial parts to produce two resonant frequencies for HF and
UHF RFID applications. In particular, the HF band reso-
nance is produced by implementing a rectangular spiral coil
of copper strips on the top section as shown in Figure 1(a).
On the other hand, the UHF resonance is produced by a
dipole architecture formed by a cascaded pair of patch and
meander-line strips for size reduction. It is noted that, at
the two patch terminations of the meander-line dipole, the
HF spiral coils are connected, increasing the effective length
of the spiral coil to produce a longer effective length for the
spiral coils. Therefore, it reduces the resonant frequency to
the lower HF band. This dual-band combination may make
the antenna formation very compact. As a result, the reso-
nance frequencies can achieve 13.56 and 922.5MHz for the
HF and UHF operations, respectively.

The proposed antenna incorporates two ports to accom-
modate the different RFID tag chips, enabling dual-band
operations at widely separated frequencies. These tag chips,
ST25DV04K [26] and SL3ICS1002 [27], are utilized for the
HF and UHF bands at their respective ports. The design
process becomes slightly more complex due to the combina-
tion of spiral coils and meander-line dipoles. Still, it signifi-

cantly reduces the overall size of the antenna for improved
compactness.

When considering impedance matching at the two exci-
tations for the HF and UHF bands, it is crucial to consider
the equivalent impedances of the spiral coils, meander-line
dipoles, and the internal impedances of the tag chips. For
instance, at the resonant frequencies, the HF tag chip has
an internal capacitor of 28.5 pF [26], while the UHF tag chip
exhibits an internal impedance of 22-j195Ω [27]. These
parameters play a crucial role in achieving proper imped-
ance matching and efficient operation of the antenna across
both frequency bands.

Additionally, Figure 1(b) illustrates the equivalent circuit
of the dual-band passive RFID tag antenna. Based on the
synthesis methodology described in [28], the antenna can
be divided into three components to integrate the RFID
chip: T-match network, meander-line dipole, and rectangu-
lar spiral coil. The RFID chip is represented by a series of
resistors and capacitors (RIC and CIC). The T-match consists
of inductors (Lseries = 7 5nH and Lshunt = 18nH). The
meander-line dipole comprises a series of RLC circuits
(Lant = 20nH, Cant = 1 nF, and Rant = 15Ω). Lastly, the rect-
angular spiral coil includes a series of inductor coils
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Figure 1: The dual-band passive RFID tag antenna and equivalent circuit at the UHF band.

Table 1: Geometric parameters of dual-band passive RFID tag antenna.

Antenna parameter Description Size (mm)

W The width of a spiral rectangular coil. 26.92

L The length of a spiral rectangular coil. 67.84

g1 The gap between the line of the rectangular spiral coil. 0.6

t1 The thickness of the line of the rectangular spiral coil. 0.32

w1 The width of the patch at the end of the meander-line dipole. 9

l2 The length of the patch at the end of the meander-line dipole. 16

t2 The thickness of the meander-line dipole. 1.5

g2 The gap of the meander-line dipole. 0.5

l1 The length of the loop on the meander-line dipole. 16

l3 The length of the meander-line dipole. 33
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Figure 2: Simulation results of the rectangular spiral coil tag antenna for HF RFID applications.
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Connect to UHF RFID tag chip
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Figure 3: Simulated results of the patch-meander-line dipole for UHF RFID applications.
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Figure 4: Simulated input impedances versus the distance between the rectangular spiral coil and patch-meander-line dipole.
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Figure 5: Continued.
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(Lcoil = 25nH), capacitor coupling between coil gaps (Cgap =
1 nF), and resistor coils (Rcoil = 230Ω).

From an equivalent-circuit point of view, the combina-
tion of the spiral coil and patch-meander-line dipole on the
same substrate produces field coupling between them and
results in some effects on the self-impedance, which should
be incorporated in the tag design consideration. Thus, in
the design process, the shorted end of the UHF patch-
meander-line dipole first implemented the impedance
matching with the UHF chip, where the rule of conjugate

matching was employed [29]. The position of this tag
antenna is then placed outside the middle of the rectangular
HF spiral coils to avoid magnetic field disturbance from the
spiral coils in the near-field region. The later measurement
validation demonstrated that the proposed antenna structure
can provide a good reading range and energy harvesting.
After numerous examinations by CST full-wave simulations
[30], the geometric parameters’ values of the antenna archi-
tecture were achieved as shown in Table 1 and used for pro-
totype fabrication and measurement validation.
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Figure 5: Simulated results of the dual-band passive RFID tag antenna.
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3. Numerical Simulations and
Parametric Studies

The antenna structure was designed and implemented on an
FR4 substrate with a dielectric constant of 4.3 and a sub-
strate thickness of 1.6mm. The copper to realize the antenna
structure has a thickness of 0.001mm. CST Microwave Stu-
dio [30] is employed to evaluate the proposed tag antenna.
As shown in Figure 1, the tag antenna is formed by two parts
to produce two resonances in the HF and UHF bands,
including the rectangular spiral coil and the patch-
meander-line dipole. They are on the top layer of the FR4
substrate and are arranged in the appropriate position. In
the design process, the two HF and UHF structures were
examined separately to exhibit their impedance and reso-
nance behaviors for the two band resonances. The different
effects are then combined to incorporate their impedances
for an optimum design from a system point of view.

One first considers the HF rectangular spiral coils, as
shown in Figure 2(a), where a straight strip replaces the
UHF dipole part to form a complete rectangular spiral coil.
Note that to create a full loop, the two end terminals in
Figures 1 and 2(a) are shorted, as shown by the blue dashed
line, such that the magnetic field can be well produced to
extract the coupling current from the reader antenna’s illu-
mination. In the simulation, the antenna is modeled by cop-
per strips in a rectangular shape. The internal capacitance of
the RFID tag chip of ST25DV04K [26] is incorporated for
impedance matching at 13.56MHz for resonance. Since the
internal capacitance is 28.5 pF, the tag antenna structure
should produce an inductance of 4.83μH to reach an induc-
tive reactance of 411.83Ω for the resonance at 13.56MHz.
After fine-tuning the geometric parameters in the CST sim-
ulations, the optimum width of the strip is 26mm. Six
rounds of the spiral loops were achieved to require a total
length of 66mm, which produces an inductance of 4.77μH
or inductive reactance of 406.67Ω at 13.56MHz with the

strong magnetic field intensity as shown in Figures 2(b)
and 2(d), respectively. For all relevant plots in this paper,
the frequency markers (straight line) are also illustrated at
the center frequencies of HF (13.56MHz) and UHF
(922.5MHz) bands for clarity. It is seen that both the resis-
tance and reactance vary linearly with the frequency. Higher
values appear at higher frequencies, which are reasonable
because, at a higher frequency, the aperture size also
increases in wavelengths. In addition, the magnitude of the
reflection coefficient (Γ) is shown in Figure 2(c), which is
less than 0.1 with suitable impedance matching over the fre-
quency of 12-15MHz. In this case, the resistance is minimal,
nearly 1-3Ω to make the antenna structure inductive for
good power coupling and less power loss. The reflection
coefficient can be used as follows:

Γ =
Zantenna − Z∗

chip
Zchip + Zantenna

, 1

where Zantenna is the impedance of the tag antenna and Zchip
and Z∗

chip are the chip impedance and its complex conjugate.
The effective coupling area and reasonable distance of
antenna coupling can be seen from the magnetic field inten-
sity distribution in Figure 2(d). The magnetic field intensity
is normal to the antenna plane and decreases with the dis-
tance. It is seen that a short distance will provide a stronger
magnetic field for coupling with a larger aperture area. In
principle, putting the two tag and reader antennas as close
as possible is desired. However, a close position causes rapid
coupling variations. It makes impedance matching difficult
because the sensitive variation at a very short distance
requires accurate positioning of the two tag and reader
antennas. As a result, a tradeoff should be considered in
the design to provide good insensitivity in the allowable
positioning range between the tag and reader antennas.

Next, the spiral coils were removed to retain only the
patch-meander-line dipole for examination at the UHF
band, where the resulting structure is shown in Figure 3(a).
The tag antenna consists of a middle loop, a pair of meander
lines, and two rectangular patches. In this case, the termina-
tions of the dipole are the two rectangular patches. The
meander line is in the middle between the patch and central
loop to retain a low profile and compact size. The tag chip of
SL3ICS1002 [27] is installed in the middle in a shunt con-
nection to a strip line to form a loop for the operation at
920-925MHz.

Based on the internal chip impedance of 22–j195Ω, at
the resonant frequency of 922.5MHz, the appropriate
antenna parameters are determined to provide a conjugate
matching with the tag chip, where the antenna impedance
is equal to 5 42 + j172 80Ω. The resulting tag antenna has
the input impedance and radiates an omnidirectional with
a realized gain of -5.38 dBi at 922.5MHz as shown in
Figures 3(b) and 3(d), respectively. Similar to the results in
Figure 2(b), the input resistance and reactance of the
antenna increase with frequencies. In this case, the input
resistance is more significant than in Figure 2(b), while the
input reactance is smaller. One should note that the

Figure 6: The prototype of the dual-band passive RFID tag
antenna.
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considerable coupling mechanisms of the tag antenna at the
HF and UHF bands are different. In addition, the magnitude
of the reflection coefficient is shown in Figure 3(c), which is
less than 0.1 with suitable impedance matching over the fre-
quency range of 920-925MHz.

A robust direct coupling at a short distance is required at
the HF band to access the tag’s data. On the other hand, in
the UHF band, the reader antenna first radiates EM fields,
which propagate to illuminate the tag antenna. In other
words, in the HF band, the tag operates in the reactive
near-field region such that the inductance is much more
critical in extracting the signal power. In the UHF band,
the tag antenna is in the propagation region, and the align-
ment of the antenna polarization is essential to acquire a
good polarization loss factor [29]. The distance effects follow
the fundamental nature of the power divergence along prop-
agation. In such a case, the antenna realized gain is essential
in focusing the radiation power along the tag direction. As

shown in Figure 3(d), the radiation patterns of the tag
antenna are bidirectional in the front and back sides, follow-
ing the nature of a dipole antenna to focus the radiation on
the cross-section plane.

Afterward, the two antenna structures are combined and
put on the same substrate, which was introduced in [31] but
is a separated antenna structure for HF and UHF bands. The
combination arranges the patch-meander-line dipole outside
the rectangular spiral coil. The patch ends of the dipole are
shorted at the edge of the loop to form a complete dual-
band antenna structure as shown in Figure 1 which is the
interconnected structure. The individual impedance effects
will alter the impedance match of each other at the two fre-
quencies on the two chip ports. The target of the combina-
tion is to alleviate their impacts on each other’s power
transfer efficiencies, i.e., to reduce the mutual impedance
from a circuit point of view. Impedance mismatches at these
two frequencies should be compensated. Figures 4(a) and

(a) HF band

6.9 m

(b) UHF band

Figure 7: Measurement setups for RFID applications at the HF and UHF bands in (a) and (b), respectively. The measurements were
performed at different separation distances between the reader and tag antennas.
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Figure 8: The measurements of the reading range for the dual-band passive RFID tag antenna.
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4(b) show the dual-band RFID tag antenna impedances at
the two chip ports versus the distances at the two desired
resonant frequencies for the rectangular spiral coil and
patch-meander-line dipole, respectively. Compared to
Figure 2(b), the input resistance in Figure 4(a) increases to
more than 2Ω, which might increase power loss and cause
an impedance mismatch and lower the power transfer effi-
ciency. Similar impedance-matching problems appear in
the UHF band as well. It is seen from Figure 4(b) that the
input resistance and the input reactance slightly swing.
However, the deviation ratios at most distances are less than
in the HF band because the radiation mechanism for power
transfer is less sensitive. A proper distance is essential, where
1mm is selected for the combination of these two antenna
sections, and the patch ends of the dipole are shorted at
the edge of the loop.

The input impedances of the combined tag antenna can
be controlled by optimizing the number of coils for the HF
band and the patch/meander-line for the UHF band. Simu-
lation results indicate that the dual-band tag antenna
exhibits an inductance of 4.96μH or an inductive reactance
of 422.79Ω at 13.56MHz, as shown in Figures 5(a) and
5(b). At 922.5MHz, the antenna demonstrates an imped-
ance of 9 41 + j174 96Ω, as shown in Figures 5(d) and
5(e). Note that Figures 5(b) and 5(e) show the magnitude
of the reflection coefficient for the dual-band tag antenna
in HF (12-15MHz) and UHF (920-925MHz) bands. There

is a good match between the antenna, and both tag chips
can be achieved. Moreover, the power transmission coeffi-
cient (PTC: τ) is computed using the associated formula
given in [32].

τ = 1 − Γ 2, 2

where it is found that the PTC is approximately 1 due to the
low magnitude of the reflection coefficient over the operat-
ing frequency of 12-15MHz and 920-925MHz. Through
proper parametric optimization, Figures 5(c) and 5(f) illus-
trate the dual-band RFID tag antenna’s magnetic field inten-
sity and radiation patterns at 13.56MHz and 922.5MHz,
respectively. It can be observed that the tag antenna radiates
a magnetic field in the normal direction of the loop, reach-
ing a maximum intensity of 0.5A/m at 13.56MHz (at a dis-
tance of 1 cm). At 922.5MHz, the antenna generates
omnidirectional far-field radiation patterns with a realized
gain of -4.26 dBi. Notably, the realized gain at 922.5MHz
is improved by more than 1dB or over 20%. Figure 5(g)
shows the antenna realized gain versus the frequency in
the UHF band, which is from -4.4 to -4.1 dBi. Conversely,
at 13.56MHz, the power distribution is concentrated in
the reactive near-field region.

The simulation results show that the dual-band passive
RFID tag antenna provides the maximum magnetic field
intensity equal to 0.5A/m normal to the antenna. It can be
conjugately matched with the chip with an inductance of
4.96μH. In the UHF band, the proposed antenna provides
a realized gain of -4.26 dBi at 922.5MHz with an omnidirec-
tional radiation pattern. Note that the antenna has suitable
impedance matching with the chips at these two frequency
bands.

To estimate the RFID tag performance in the applica-
tion, the read range is considered especially in the UHF
band. The Friis transmission equation is employed as shown
in [33]

Ptag
r dB = Preader

t dB + Greader dB

+Gtag dB − 20 log10
4πR
λ

,
3

where Preader
t is the transmitted power of the reader

(30 dBm), Ptag
r is the activation power of the tag chip tag

(-15 dBm), Greader and Gtag are the gain of reader and tag
antennas (6 dBi and -4.26 dBi), respectively, λ is the wave-
length at the operating frequency (922.5MHz), and R is
the read range. It is found that the theoretical read range is
approximately 5.61m, which is close to the measured result
of 6.9m. In addition, the theoretical read range at the HF
band can be found by varying the distance and using the
simulated magnetic field intensity, which is found that the
magnetic field intensity is decayed to 0.15A/m (the activa-
tion field strength of the chip) at 8 cm, which is close to
the measured result of 11 cm.
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Figure 9: The measured radiation patterns for the dual-band
passive RFID tag antenna at 922.5MHz.
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4. Measured Results

The prototype of the tag antenna is fabricated for measure-
ment validation, where the HF and UHF RFID chips are
both implemented on the tag antenna, as shown in
Figure 6. The two chips are SL3ICS1002 [27] for the UHF
RFID (XSON3 package) and ST25DV04K [26] for the HF
RFID (SO8N package). The prototyped tag antenna is mea-
sured for the input impedances without the RFID chips
using a coaxial balun for both HF and UHF frequencies.
It is found that its input impedances are equal to 15 49 +
j307 23Ω at 13.56MHz with the PTC τ of 0.98 and 4 62 + j
108 34Ω at 922.5MHz with τ of 0.91. Note that the simu-
lated τ at 13.56 and 922.5MHz are both equal to 0.99, which
agree quite well with the measured τ. In addition, the tag
antenna is evaluated by measuring the maximum read ranges
with the RFID readers at 13.56MHz and 922.5MHz. Note
that the energy harvesting can be achieved by using the
power transfer from the magnetic field received by the HF
antenna to the chip ST25DV04K at the output voltage pin.
The measurement setups are shown in Figures 7(a) and
7(b) for the HF and UHF bands, respectively, where the mea-
surements were performed at various distances. One can
measure the output voltage at the HF band versus the separa-
tion distance between the reader and tag antennas. On the
other hand, a long meter-scale distance is considered the sep-
aration distance above, where the reading data of received-
signal-strength-indicator (RSSI) signal strengths were mea-
sured from an RFID system.

In the experiment, the UHF band employed the R2000
RFID reader, while the HF band used the STMicroelectro-
nics RFID reader. The measured data from both readers
are presented in Figure 8. During the measurement process,
the dual-band passive RFID tag antenna was gradually
moved away from the RFID reader in a line-of-sight man-
ner. The RFID reader displayed the read tag status and RSSI
(UHF) or the output voltage pin of energy harvesting (HF)

for each distance. Note that the output voltage is achieved
by the magnetic field coupling at the HF antenna to the chip
ST25DV04K, where this magnetic field is converted to the
voltage for the chip activation and energy harvesting.

Figure 8(a) illustrates that in the HF band, when the dis-
tance is less than 6 cm, the output voltages are relatively
high, approximately 3.3 Vdc, and remain relatively consis-
tent. Beyond this distance, the output voltage gradually
decreases and reaches nearly zero at 12 cm, indicating a
maximum read range of 11 cm in the HF band. On the other
hand, in the UHF band, the measured RSSI decreases with
increasing distance due to the natural power divergence
along the propagation of the electromagnetic wave from
the reader. Some oscillations are observed, which can be
attributed to environmental scattering interferences. It
should be noted that even at distances longer than 6.9m,
the RSSI remains above 56 dB. The polarization of the reader
and tag antennas was manually aligned to ensure good
polarization matching. In addition, the measured radiation
patterns at 922.5MHz are shown in Figure 9, exhibiting an
omnidirectional radiation pattern with the realized gain of
-3 dBi, which is close to the simulated one of -4.26 dBi with
low cross-polarization. Note that they are in good agreement
with the simulated results in Figure 5(f).

Finally, the performances of the proposed dual-band
passive RFID tag antenna are compared to the past works
reported in the literature, as shown in Table 2. It is seen that
the proposed tag antenna has the smallest physical size
among the comparison works. The two frequencies of RFID
that we prefer to use in the design are HF (13.56MHz) and
UHF (860-960MHz) due to many applications in those
bands. Most of the tag antenna structures employ the spiral
coil for operation at 13.56MHz, which can be effective in
coupling the magnetic field, and the square loop, dipole,
and monopole with meander line are employed for opera-
tion at 860-960MHz, where they are the compact size and
omnidirectional radiation pattern. Most applications need

Table 2: Comparison of the proposed dual-band RFID tag antenna with previous works.

Reference Size (mm2) Antenna structure
Freq. band
(MHz)

Pol. Realized gain (dBi)

Mayer and Scholtz [10]
85 6 × 53 98

(credit card size)
Coil and shorted loop in multilayer 13.56/868 Linear -4.69 @ 868

Ma et al. [11]
85 6 × 53 98

(credit card size)
Spiral coil and meander-line dipole

combination on a single layer
13.56/915 Linear -5.36 @ 915

Kenari et al. [12]
85 6 × 53 98

(credit card size)
Series Hilbert curve and square loop in a

single layer
25/785/
835/925

Circular
0.75 @ 25, 2.65 @ 785,
2.82 @ 835 2.75 @ 925

Sakonkanapong and
Phongcharoenpanich [13]

95 × 95 Square spiral and CMA-based square
loop combination in a single layer

13.56/922.5 Circular 1.67 @ 922.5

Farahani et al. [14] 30 × 50 Square spiral and meander line in a
single layer

13.56/860 Linear -1 @ 860

Phatarachaisakul et al.
[15]

54 × 84 Square spiral and meander-line dipole in
a single layer

13.56/922.5 Linear 0.62 @ 922.5

Nishioka et al. [16]
85 6 × 53 98

(credit card size)
Coil and monopole combination in a

single layer
13.56/953 Linear 1 @ 953

Proposed antenna 67 84 × 26 92 Coil and patch-meander-line dipole in a
single layer with a shorted point

13.56/922.5 Linear -4.26 @ 922.5
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the physical structure as in a card type, and they are
designed within the size of a credit card. From the results,
the tag antenna has a low antenna realized gain and can be
linear and circular polarization. The proposed antenna has
the advantages of a dual-band RFID tag with a compact size
of 26.92mm in width and 67.84mm in length, smaller than
the credit card and low profile structure. It is easy to embed
in any object within modern applications. In addition, the
proposed antenna appropriately combines a rectangular spi-
ral coil and patch-meander-line dipole on a single-layer sub-
strate with a shorted point.

5. Conclusions

The dual-band RFID tag antenna combines a rectangular
spiral coil and patch-meander-line dipole antennas with an
interconnected structure. Through simulations, it has been
determined that the antenna can operate effectively in both
HF (13.56MHz) and UHF (920-925MHz) RFID systems.
The proposed tag antenna ensures conjugate impedance
matching with the two RFID tag chips, exhibiting an induc-
tance of 4.96μH or inductive reactance of 422.79Ω at
13.56MHz, as well as an impedance of 9 41 + j174 96Ω at
922.5MHz.

The dual-band RFID tag antenna’s magnetic field inten-
sity and radiation patterns were studied at 13.56MHz and
922.5MHz. The results demonstrate that the tag antenna
emits a magnetic field in the normal direction of the loop,
with a maximum intensity of 0.5A/m at 13.56MHz (at a dis-
tance of 1 cm). At 922.5MHz, the antenna exhibits omnidi-
rectional far-field radiation patterns, achieving a realized
gain of -4.26 dBi. In addition, a prototype of the tag antenna
was fabricated and tested with two RFID readers. The mea-
surements revealed maximum read ranges of 11 cm for the
HF band, accompanied by 1.48 volts of energy harvesting
for the HF band, and 6.9m for the UHF band.
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