A Novel Passive RFID Temperature Sensor
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Abstract—A novel passive RFID temperature sensor is
proposed in this paper. The sensor utilizes an integrated T-match
network (TMN) for matching the antenna to the RFID IC.
Furthermore, the sensor detects changes in temperature by
shifting its operating frequency. The frequency shifts are
accomplished by a 3D printed liquid crystal elastomer (LCE)
array that can reversibly actuate depending on the temperature
to move the antenna and change its distance from the ground
plane.
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I. INTRODUCTION

Many foods and medicines need to be maintained within a
temperature range to avoid spoilage [1]. For this reason, a
temperature sensor using real-time and battery-less technology
is proposed. Moreover, due to standardized communication
protocols and non-line-of-sight communication, RFID
technology is incorporated.

The proposed sensor uses a planar dipole antenna design
with a customized matching technique for a complex conjugate
match to the RFID IC [1]. Specifically, the TMN is integrated
into the planar dipole antenna [2]. Furthermore, an innovative
3D printed LCE is used to actuate the antenna [3]. As a result,
the sensor detects increases in temperature through detectable
shifts in its operating frequency. Finally, the design is verified
using ANSYS HFSS simulations and measurements.

II. THE T-MATCH NETWORK

A. Theory

The TMN serves as a means of impedance matching.
Moreover, it is a general form of the folded dipole antenna
since the length and/or the diameters of the two legs are not
generally the same, refer to Fig. 1.

As a result, the current distribution in each leg depends on the
raddii a’ and a. In order to account for this nonuniform current
distribution, the current division factor (o) based on the
geometry is introduced [4].
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Fig. 1. The T-match model where a’ #a and I' #1.

A transformer model can suitably represent the TMN. On
the load side, there exists an input antenna impedance (Zant)
of a dipole antenna without any matching network. While on
the source side there exists a shunted transmission line
impedance, Zt [2, 4]. Accordingly, the input (Zy) impedance
becomes:
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27 +(140) Zyy

Zy =R +jXy = ©)

To achieve maximum power gain, Zp should be matched to
the complex conjugate of the impedance of the RFID IC that
is [5]:

Zy = ZIC* = R — X 0)

B. Integrated T-match network

The antenna along with the integrated TMN is rendered
into a microstrip planar design as shown in Fig. 2 below.
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Fig. 2. A microstrip design of the antenna with the integrated TMN.
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The integrated TMN design is advantageous because only four
design parameters (L, W, W, and s) exist [I, 2]. It is a
favorable matching technique as it provides a systematic means
for synthesizing a matched antenna for RFID applications. This
is in direct contrast to complex meandered RFID antenna
designs which consist of a large amount of design parameters.
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C. Determining the width (W) and length (L) through
simulation

An expression for the current division factor (o) as a
function of Zant can be derived by equating (2) and (3). Using
ANSYS HFSS, a dipole is designed near the upper RFID band
of 920 MHz with various widths, W. The length, L, is then
swept within a defined range. The curves obtained are shown
in Fig. 3 and they represent all possible solution combinations
of the width, W and length, L, of the antenna with the
integrated TMN.
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Fig. 3. Current division factor, a, vs. length, L, for various widths, .

The judicious selection of the width (W) and length (L) will
depend on the best match obtained at both the upper (920
MHz) and lower (904 MHz) operating frequencies of the RFID
band. Furthermore, once the length (L) and width (W) are
decided, the width (W) is obtained by (1).

III. OPERATING IN THE FREQEUNCY DOMAIN

The designed shift in frequency is achieved through lifting
the antenna above a ground plane. This is done using a novel
3D printed 2 x 4 LCE array [3]. The array is placed under the
antenna and above the ground plane. When heated, each flat
element in the LCE array forms into a dome, refer to Fig. 4. As
a result, the antenna is elevated from the ground plane,
decreasing the parasitic capacitance, and increasing the
resonant frequency [1]. The LCE array returns to the flat state
upon removal of the heat stimulus.

Fig. 4. (a) 3D printed 2 x 4 LCE array (upper left). (b) antenna with
integrated TMN (upper right) (¢) 3D LCE array actuating the antenna
(bottom)

IV. POWER TRANSMISSION SIMULATION

The length, s, refer to Fig. 2, is swept in ANSYS HFSS
until the maximum power transfer (t) is achieved when the

antenna is elevated, at 920 MHz. The antenna is then lowered
in reference to the ground plane to lower the resonant
frequency of the antenna. The ideal length of s is 6 mm and
provides a favorable match at both operating frequencies, refer
to Fig. 5 below.
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Fig. 5. RFID sensor’s performance at operating frequencies 904 MHz (blue)
and 920 MHz (red).

V. CONCLUSION

An innovative temperature sensor using RFID technology
is proposed in this paper. The sensor consists of a dipole
antenna with an integrated TMN above a ground plane. The
sensor operates by shifting its operating frequency in the RFID
band (from 904 MHz to 920 MHz) when the temperature is
higher than a set value. This is achieved by using a novel 3D
printed LCE array designed to actuate and increase the distance
of the RFID antenna from the ground plane when the
temperature is above a set value. This actuation is reversible,
i.e., when the temperature decreases below this set value, the
LCE array will return to original shape thereby bringing the
antenna to its original position that is closer to the ground
plane. The simulation shows that the sensor operates
auspiciously at both 904 MHz and 920 MHz in the RFID band.
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