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A Single-Layer Compact HF-UHF
Dual-Band RFID Tag Antenna

Zi Long Ma, Li Jun Jiang, Member, IEEE, Jingtian Xi, and Terry Tao Ye

Abstract—This letter presents a novel dual-band (HF and UHF)
radio frequency identification (RFID) tag antenna. Two key chal-
lenges are faced: the compact dimension and the impaired band-
width due to the couplings between two band structures. To enable
the implementation of whole design on a credit-card-size single-
layer support, a spiral coil along the edges of the card is designed
to handle the HF (13.56 MHz) near-field coupling, and the UHF an-
tenna is placed inside the coil instead of outside. Meanwhile, a di-
agonal symmetric design consisting of two meander lines inside the
spiral coil is adopted for UHF band. This structure supports mul-
tiple resonance modes around 915 MHz to broaden the working
bandwidth under the large inductive circumstance from the HF
coil. The proposed antenna is easy for adjustment with ways of
handling both coarse tuning and fine-tuning. Its overall dimension
is of a credit card size on a single-layer thin substrate. The design
methodology and antenna measurement results are both presented
and discussed in the letter.

Index Terms—Compact structure, dual-band radio frequency
identification (RFID) tag antenna, HF tag antenna, single layer,
UHF tag antenna.

I. INTRODUCTION

ADIO frequency identification (RFID), as a fast growing
technology in recent years, has been applied in many
areas, such as logistics, inventory management and bio-en-
gineering, etc. [1]. To fulfill different kinds of requirements,
various communication protocol standards, and operating fre-
quency bands are established. In terms of operating frequency
band, HF band is widely applied in short-distance reading ap-
plications, such as the campus card system. UHF band is often
applied in long-distance reading applications. In addition, the
frequency allocations of different countries are quite different.
For UHF bands, 866—869 MHz is used in Europe, 902-928
MHz in North and South America, and 950-956 MHz in Japan
and some Asian countries [2].
For some special cases, like highway tracking and tolls, both
short-distance and long-distance reading are needed. Hence, a
single RFID card with dual standards is demanded. From an
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academic point of view, the research on the dual-band antenna
with nearly 70 times frequency difference is also an interesting
challenge.

Some research on HF-UHF dual-band antennas has been pub-
lished in the past few years. Mono feeding port type [3] and dual
feeding port type [4]-[8] were discussed. For the dual feeding
port type, the spiral coil and meander-line dipole are used as the
HF antenna and the UHF antenna, respectively. References [4]
and [6] discussed the case when the UHF antenna is placed
outside the HF coil. The mutual interaction issue and decou-
pling issue between UHF and HF antennas are analyzed. In [5]
and [7], studies of integrating the UHF antenna inside the coil
are presented. Due to the existence of a large inductive coil, its
quality factor ) is very high. For serial circuits, @ = wol/R,
and the bandwidth is proportional to 1/¢}. The larger the L,
the narrower the bandwidth. Placing the UHF antenna inside
the coil can reduce the whole antenna dimension. However, the
narrow band becomes an issue to be solved.

In this letter, a novel single-layer dual-band RFID tag antenna
is presented. Unlike many existing works, it places the UHF an-
tenna inside the HF coil to enable the compact implementation
on a credit-card-size substrate. Therefore, the coupling between
HF and UHF antennas causes the (2 of the system to be very
high at UHF because of the huge parasitic inductance from the
HF coil. Hence, the working bandwidth is narrow. To expand the
bandwidth, a diagonal symmetric design consisting of two me-
ander lines inside the spiral coil is adopted for the UHF band to
support multiple resonance modes around 915 MHz. As a result,
both compactness and enough bandwidth are achieved through
the proposed design. The design methodology is verified by the
measurements including the practical UHF RFID reading range
test. It fully demonstrated the feasibility of the proposed idea.

This letter is organized as follows. Section II introduces the
antenna’s structure and dimensions. Section IIT gives the de-
sign methodology and result analysis of HF and UHF parts,
respectively. The antenna’s operation principle and impedance
matching method are discussed.

II. ANTENNA STRUCTURE

The proposed antenna structure is shown in Fig. 1. It has
two feeding ports connecting HF and UHF RFID chips, respec-
tively. The HF antenna is a spiral coil with W, = 51.4 mm,
L. =836 mm, D = 04 mm, and £; = 0.6 mm. The UHF
antenna structure parameters are Wy = 36 mm, Lq = 68 mm,
D, =22mm, D, =2.2mm, D; = 2.3 mm, D, = 3.8 mm,
Dy =25mm, Dy = 4mm, D. = 2 mm, M; = 14 mm,
My = 26 mm, M3 = 4 mm, M, = 4 mm, M5 = 6 mm,
W =9mm A = 6 mm, B = 6 mm, S = 4 mm, and
t» = 1 mm. Dimensions of each feeding port are W, = 2 mm
and L, = 2 mm. It should be noted that the UHF antenna is
a diagonal symmetric structure. D)1 and D» are different from
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Fig. 2. Photograph of the manufactured design.

their counterparts D3 and Dys. Two rectangular slots in two
arms are used to fine-tune the impedance. In the simulation and
manufacture, we use FR4 (¢ = 4.2, tand = 0.02) substrate
with the dimension of 85 x 54 x 0.8 mm?. Fig. 2 shows the
manufactured antenna. The HF coil is designed for NXP Mi-
fare ASIC that complies with the ISO/IEC 14443 standard. The
UHF antenna operates with an Impinj Monza 3 Tag chip that has
32 — 5216 Q input impedance at 915 MHz and complies with
the ISO 18000-6C standard. The typical values of read and write
sensitivities for this chip are —15 and —11 dBm, respectively.
This design is simulated and optimized in ANSY'S HFSS.

III. ANTENNA DESIGN AND ANALYSIS

A. HF Frequency Band

In the HF frequency band, the 13.56-MHz antenna operates
as the near-field coupling antenna. The L' resonance relation-
ship can be obtained by the microchip’s impedance and ex-
ternal spiral coil. The resonance frequency is defined as wy =
1/ v/LC'. The microchip’s impedance is equivalent to a 17- pF
capacitor. Hence, the external coil provides needed inductance.
The suitable equivalent inductor of resonance can be achieved
by adjusting the line width ¢, line gap distance D, length L.,
and width W, of the whole coil.

In practical applications, because the tag will be placed on the
reader during the reading process, extra coupling capacitances
will be generated by contact. Hence, the resonance frequency
without contact should be designed to a little higher frequency
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Fig. 4. Input impedance comparison with and without external coil.

than the operating frequency (13.56 MHz). In [5], the authors set
the frequency at 16.4 MHz. The band from 14.5 to 18.5 MHz is
an acceptable range.

Fig. 3 shows the measured and simulated HF band input
impedance. In the simulation, we adjust the coil’s parameters
to set the input impedance to 2.4 + ;7544 € at 13.56 MHz.
Combined with the 17-pF equivalent capacitor, the calculated
resonance frequency without reader contact is 15.28 MHz.
From the measured result, at 13.56 MHz, the impedance is
5.4 + 519.8 . This result is very close to the simulated result.

B. UHF Frequency Band

The UHF antenna design is mainly focused on solving the
narrowband issue under large inductance and high quality factor
circumstances. Fig. 4 shows the input impedance comparison
with and without an external coil. It is obvious that the external
coil increases the inductor of the UHF antenna.

The original design intention is to use two dipoles to form
two adjacent resonance frequencies to broaden the bandwidth,
like the structure proposed in [9]. The best expectation is that
the two dominant resonance modes could operate independently
and have minimum mutual influences. The actual operating con-
dition is more complex. Due to the limitation of compact size,
we expect to build up a structure that has multiple potential
modes, and then try to excite two of them through some simple
adjustments. To add more adjustment capability and ensure mul-
tiple modes, this structure is proposed. The diagonal meander
lines’ dimensions are identical, and each two opposite meander
lines parallel along the y-axis are different in dimensions. This
ensures multiple resonance modes.
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Fig. 6. Simulated and measured reflection coefficient of the antenna at the UHF
band.

According to the antenna design, the equivalent circuit model
is given in Fig. 5. In this figure, I? + 7.X is the equivalent com-
ponent of the rectangle slot, and C,yy is the antenna coupling
capacitors. L1—Ly, C1-Cy, Rarm, and L,y represent four me-
ander lines and two main patches’ equivalent components, re-
spectively. Among them, Cc,,+ connected by dashed lines is
the dipole coupling capacitor. From the structure and its equiva-
lent circuit model, it is easy to excite multiple resonance modes
in this antenna. By adjusting four meander lines’ dimensions,
two adjacent resonance modes around 915 MHz can be easily
obtained.

Fig. 6 shows the simulated and measured reflection coeffi-
cient. From the comparison, the simulated and measured data
appear to be in a good agreement. Two obvious resonance peaks
can be observed. The bandwidth is thereby broadened. In simu-
lation, two resonance frequencies appear at 910 and 920 MHz,
respectively. The bandwidth is around 30 MHz. The measured
two resonance frequencies are at 911 and 931 MHz, respec-
tively. The bandwidth is around 40 MHz broader than the sim-
ulation. It should be noted that all the reflection coefficients in
this letter are calculated with respect to the chip impedance. We
define the following equation in HFSS to do the calculation:

Zam' - :hip>
Zant + Zchip
where I' is the reflection coefficient, and Z,,¢ and Z.n;, are
impedances of the antenna and chip, respectively.

According to the reflection coefficient result, the simulated
radiation patterns of wz- and yz-planes (corresponding to the

coordinate presented in Fig. 1) are plotted in Fig. 7 at 910 and
920 MHz, respectively. The maximum gains are —5.36 and
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Fig. 8. Simulated frequency characteristic of the gain.

—1.89 dB at 910 and 920 MHz, respectively. Fig. 8 shows sim-
ulated frequency characteristic of the gain. To further analyze
the UHF two working modes, the surface current distribution
plots under two working modes (910 and 920 MHz) are given
in Fig. 9.

To understand the practical performance of the antenna, we
measured the UHF antenna’s reading range. Fig. 10 presents
the measurement result. It is conducted with effective radiated
power (ERP) 3.28 W and reader sensitivity —74 dBm. The
reader is linearly polarized. The maximum reading range is
6.8 m and appears at 885 MHz. Another peak range is 4.4 m
at 925 MHz. Nonlinear input impedance of the microchip may
be the reason causing this resonance frequency shift. Due to
the in-band dual resonance feature, there is a less-matching
frequency in between two primary matching frequencies. Due
to the nonlinearity of the chip impedance and some uncertainty
parameters not considered in the simulation, the less-matching
frequency point is shifted up a little bit to 920 MHz. It results
in the low gain at that point.

C. Impedance Matching

For single-dipole applications, we have many methods to
match the impedance, like T-match, loop coupling, and so
on [10]. In this design, we expand the width of the main arm
patches to conduct the coarse tuning and use rectangle slots
to conduct the fine tuning. Fig. 11 shows the variation of
reflection coefficient changing with M; from 6 to 8 mm. M;’s
variation changes the coupling capacitors C; to Ccg. Hence,
the resonance frequencies have corresponding changes. The
two slots on the main arm patches are equivalent to adding
extra serial impedances to the antenna. The impacts of two
slots are presented in Figs. 12 and 13. From these two figures,
we find when the slots’ dimensions are A = B = 6 mm, the
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reflection coefficient curve is relatively smoothened and the

difference between two peaks is minimum.

IV. CONCLUSION

This letter presents a novel single-layer compact RFID tag
antenna, which operates in the HF (13.56 MHz) and UHF

Fig.

Fig.
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(915 MHz) bands. It features the credit card compact size,
low cost, and easy fabrication. Both operation principles in the
HF and UHF band are analyzed and discussed. It solves the
narrowband issue under the large inductive circumstance by
using two adjacent UHF resonance modes. For the impedance
matching, the methods of coarse tuning and fine tuning are also
presented. Through practical manufacture and measurement,
this antenna shows very good performance.
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