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Abstract—A meander line dipole tag antenna used in the
radio frequency identification (RFID) system was designed,
which can be used for measuring cables’ temperature. In order to
make the tag antenna fit the cables, an improved tag antenna was
designed. The design adopted classical T-matching network,
which had a simple structure and achieved impedance matching
easily. Input impedance of the proposed antenna is about
33.8+j204Q, which is conjugate-matched up with a temperature
sensor chip which impedance is 36-j198Q at 915MHz. The
simulation results and measurements show that the designed
antennas have a wide impedance bandwidth, covering 865MHz to
940MHz band, with dimension of 68mmx32mm. The tag obtains
the advantage of low cost and can be mass-produced due to its
printed structure. The simulation results of return loss of antenna
is - 33dB, which can meet the practical requirements of RFID tag
antenna.
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l. INTRODUCTION

Radio frequency identification (RFID) technology is a
wireless communication technology, which has been widely
used in the fields of distribution logistics, inventory
management, electronic traceability and bioengineering
applications. The RFID systems uses wireless technology based
on semiconductor to identify and track objects [1]. The RFID
system structure is shown in Figure I. The passive RFID
systems consists of Radio Frequency (RF) transponder (tag)
and RF readers and an application host. The tag reader is
responsible for powering and communicating with tags to
obtain the information stored on them. These tags contain an
application specific integrated circuit (ASIC) chips attached to
the antennas, which enable the chips to receive and respond to
the RF queries from an RFID reader [2]. The tag antenna plays
an important role in the performances of radio frequency
identification system, such as capturing energy, outputting the
identification data to reader by generating backscatter. The
antennas for ultra-high frequency (UHF, 860MHz~960MHz)
band omnidirectional tags are mostly made in the form of
modified printed dipoles [3, 5]. Meander line dipole antennas
(MDA) are widely used in RFID tag antenna due to its small
size and relatively high radiation efficiency. For UHF RFID
systems, the aim of the design is to achieve conjugate matching
between the antenna and the inductive input reactance required
for the microchip, and to make the size of the antenna smaller
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Temperature monitoring is very important in many fields,
such as monitoring temperature of the electric cables in
locomotive and high-speed train. Temperature is an important
parameter of electric cables. Temperature sensors need to be
used to monitor and record all critical temperature variations of
the cables over a period of time. In different scenarios and
environments, many kinds of RFID tag antennas based on
dipole or patch type designs have been proposed in literature
[4]. However, only a few articles have proposed antennas with
the function of temperature measurement for the tags of RFID
temperature sensor. Therefore, it is necessary to design an
appropriate tag antenna for temperature sensor chip of RFID
system. In this paper, a meander line dipole RFID tag antenna
and an improved antenna for 915MHz are proposed. In order to
make the RFID chip and the antenna have a good impedance
matching, the T-matching planar is applied. Using ANSYS
high frequency structure simulator (HFSS), all the simulation
results in this paper are obtained.
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FIGURE I. THE RFID SYSTEM

Il.  TAG ANTENNA DESIGN

A. Impedance Matching

The complex impedance of a chip varies determining by the
chip design, the manufacturing process, and the chip packaging
[6]. Although the matching circuit can be used, it is better to
connect the antenna directly to the ASIC, to maximize the
power input and output of the ASIC. The impedance of an
RFID chip does not have an input of 50 Q. In order to realize
the maximum power transmission, the input impedance of an
RFID chip must be conjugated matched with the impedance of
the antenna.

Under the hypothesis of polarization matching between the
reader and the tag antenna, the RF power required for the
microchip electronics turns on and performs backward
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scattering modulation, with the maximum activation distance of
the tag in this direction, is given by [7,8]

A P

Where A1 is the wavelength corresponding the frequency.
G, is the reader gain and G, is the tag antenna gain. B, is the

sensibility of the tag’s transponder. P, is the effective power
transmitted by the reader. The factor
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is the power transmission coefficient which accounts for the
impedance mismatch between antenna (Za=Ra+jXa) and
microchip (Zc=Rc+jXc). The input reactance of the chip is
strongly capacitive because the chip includes an energy stage.
In order to achieve conjugate matching, the antenna impedance
should be inductive.

B. Antenna Sturucture

There are many electric cables are tied together in
locomotive. In order to measure the temperature of cables, the
RFID temperature sensing chip is placed in the center of the
antenna. Figure Il shows the geometry structure of the
proposed original antenna (OA), in which the unit of size is
expressed in millimeters. The size of the antenna is
60mmx20mm. A novel antenna is designed for the
convenience of better fixing and measuring the temperature of
the cables at the same time. The improved antenna (I1A) is
shown in Figure 111. The dimensions of the improved antenna,
was designed which size is 68mmx32mm. The details of the
design parameters are listed in Table I. Both of the tag antennas
are made of printing copper on Flexible Printed Circuit (FPC)
substrate material. The thickness of the substrate FPC foil is
0.1mm with a loss tangent of 0.01, and a relative permittivity of
3.1

The tag antenna are composed of a meander line dipoles
with radiating body and two identical T-shaped matching loop.
The feed of T-shaped matching loop are combined with the
antenna’s body. Two terminals of the T-shaped strips are
connected to the chip. Both of the proposed antenna was
designed for impedance matching of the RFID temperature
sensing chip with an input impedance of 36-j198 (Q2). Hence,
for complex conjugate matching between the tag chip and the
antenna, the input impedance of the two proposed antenna must
be about 36+j198 (Q2) . By adjusting T1, T2, T3, and T4, the
OA can be tuned to match with the chip impedance. The main
parameters affecting the impedance of antenna are T1, T2 and
T4. Its radiation pattern is similar to that of a dipole antenna.
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FIGURE Ill. THE GEOMETRY OF PROPOSED NOVAL ANTENNA

TABLE I. THE DESIGN PARAMETERS

Wi W> W3
1mm 1mm 1mm
W. Ws Ws
3.5mm 2.5mm 6mm
W7 L1 L2
2mm 25.5mm 20
|_3 L4 L5

175 28mm 12mm
Le T: T
4Amm 3.5mm Amm
T3 Ts Ts
12mm 8.5mm 16mm
Te T7 Ts
5.825mm 8mm 17.5mm

I1l.  SIMULATIONS AND MEASUREMENTS

The proposed antenna was simulated using HFSS 15 to
determine the dimensions for the matching network to tune the
antenna for an operating frequency of 915MHz. The return loss
(S11) is presented in Figure 1V for the proposed antenna. As
shown in Figure 1V, the OA has band resonance at 915MHz
with -36dB return loss, and the IA has band resonance at
916MHz with -33dB return loss. For this frequency we know
that the antenna has the simulated bandwidth 90MHz (860MHz
~ 950MHz) under the condition of S11<-10dB, as shown in
Figure 1V. The operating bandwidth (return loss less than -
10dB, 860MHz~950MHz) covers 85% of the entire UHF band.

The input impedance of the selected IC chip is Zc=36-j198
(Q), which means the proposed antenna impedance should be
Za=36+j198 (Q) for conjugate matching. As represented on
Figure V, the simulated impedance of the OA s
Za=33.8+j204.1 (€2) at 915MHz. And the simulated impedance
of the 1A is Za=34+j200.8 (Q2) at 916MHz, which is shown in
Figure VI. Because the inductance of the feeding loop can
control the input reactance, better reactance matching can be
obtained by further optimization.
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FIGURE IV. THE RETURN LOSS OF THE ANTENNA FOR
SIMULATION
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FIGURE V. IMPEDANCE OF IA
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FIGURE VI. IMPEDANCE OF OA

From Figure VII, we can see that the maximum gain of
2.13dB and a return loss (S11) equal to -33dB at 915MHz have
been obtained. When A =330 mm and P, is around 4W. The

reader gain is around 1. P, is around -8dB~-20dB.With 2.13

dB the value of r in equations (1), which determines the
operating range, is about 1.72m. This valued of the reading
range clear demonstrates that good conjugate matching is
obtained between the antenna and the RFID tag chip.

Both of the proposed antennas were fabricated on Flexible
Printed Circuit (FPC) substrate material. Figure VIII and
Figure IX shows the photographs of the fabricated sample. The
proposed antenna performs the measured maximum reading

range of antennas of approximately 1.33m. Figure X is the
measurement of power from tag forward. We can see that the
antenna has a real bandwidth 85MHz (865MHz~940MHz)
under the condition of power from tag forward less than -
10dBm.

FIGURE VII. THE MAXIMUM GAIN OF 1A

FIGURE VIII. PHOTOGRAPH OF THE FABRICATED OA SAMPLE

FIGURE IX. PHOTOGRAPH OF THE FABRICATED IA SAMPLE

FIGURE X. POWER ON TAG FORWARD
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IV. CONCLUSION

A UHF band tag antenna which is composed of a meander
dipole is presented. The tag antenna has a T-match loop that
brings a good impedance match. Both of the input impedance
of the proposed antennas are conjugated match up a
temperature sensor chip with impedance of 36-j198 (Q) at
915MHz. Its total size is small, which is reduced about 25% of
a conventional folded dipole tag antenna. The simulation
results and measurements show that both the antennas have an
impedance bandwidth (S11<10dB) of 865MHz~940MHz, and
gains and efficiencies also have satisfactory results.

ACKNOWLEDGMENT

The work of this paper was supported by National Natural
Science Foundation of China (N0.U1531124).

REFERENCES

[1] Xiaming Qing, Zhi Ning Chen. HUF near-feild FRID antennas.
International Workshop on Antenna Technology, pp. 1-4, 2010.

[2] Brain L.Dos Santos, Lars S. Smith, RFID in the supply chain: panacea or
Pandora’s box. Communication of the ACM, Vol. 51, No. 10, pp. 127-
131, 2008.

[3] Gaetano Marrocco. The art of UHF RFID antenna design: impedance
matching and size-reduction techniques. IEEE Antennas and
Propagation Magazine, Vol. 50,No. 1, pp. 66-79, 2008.

[4] Ikram Aznabet, Mohammed Ali Ennasar, Otman El Mrabet, Gianfranco
Andia Vera , Mohsine Khalladi, and Smail Tedjni. A Broadband
Modified T-Shaped Planar Dipole Antenna for UHF RFID Tag
Applications. Progress In Electromagnetics Research C, Vol. 73, pp.
137-144, 2017.

[5] Tang Tao, Liao Cheng, Du GuoHong. Miniaturized folded dipole anti-
metal UHF RFID tag antenna design. Journal of Microwaves, Vol. 28,
No. 4, pp.35-38, 2012.

[6] Anthony Ghiotto, Tan-Hoa Vuong, Ke Wu.”Chip and antenna
impedance measurement for the design of passive UHF RFID tag.
Microwave Conference, pp. 1086-1089, 2010.

[71 A RAO KV S, SANDER P V N. Antenna design for UHF RFID tags:a
review and a practical application. IEEE Transactions on Antennas and
Propagation, Vol. 53, No. 12, pp. 3870-3876, 2005.

[8] Nikiting P V, Rao K V, Lam S F, et al. Power reflection coefficient
analysis for complex impedances in RFID tag design. IEEE Transactions
on Microwave Theory and Technologies, Vol. 53, No. 9, pp. 2721-2725,
2005.

26





