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Abstract— A novel UHF RFID temperature sensor tag is 
designed using solid temperature-dependent material. A 
lightweight HDPE-BST material is first developed, whose 
permittivity decreases as ambient temperature increases. Using 
this material as the tag antenna substrate, a simple slotted 
patch sensor tag is then designed, fabricated, and measured. 
The experimental results show that an 8MHz/10°C frequency 
shift can be obtained.   Meanwhile, the sensor tag has a narrow 
bandwidth of 0.6%, which is beneficial for improving tag’s 
sensitivity.  

I. INTRODUCTION 
RFID tag with environment monitoring function becomes 

an attractive area for researchers. There are versatile sensor 
tag designs such as temperature [1]-[2], humidity [3], and gas 
[4]. Among these topics, temperature sensation plays a 
crucial role in our daily life, and application area includes 
cold chain, food factory, hospital, etc. For the low cost and 
mass production purpose, passive RFID sensor tag is more 
competitive.  Among the available sensor designs, some are 
using thermistor as the sensation module [5] which has a 
high sensitivity but short read range and high cost, others are 
using cheap sensation material like water which is directly 
embedded in the tag antenna substrate [2] provides a longer 
read range with lower fabrication cost. However, as a 
sensation material, water has some disadvantages such as 
high loss and difficulty of integration. In this paper, a novel 
solid temperature-dependent material, named HDPE-BST, is 
developed and used in a temperature sensor tag design. In 
comparison with water, the HDPE-BST has several 
advantages like good temperature sensitivity, easy 
integration with tag, lightweight, and low loss. A slotted 
patch antenna is designed on top of the HDPE-BST substrate 
as the tag antenna because of its simple structure and narrow 
bandwidth. As the ambient temperature changes, the 
permittivity of the antenna substrate also changes leading to 
variations in the resonant frequency of the antenna. By 
detecting the shift in the resonant frequency, the temperature 
can be monitored.  Based on the experimental results, the 
resonant frequency shift can achieve 8MHz/10°C with a 
narrow bandwidth.  Both of these two factors make this 
design more sensitive than the water embedded sensor tag 
design [2].  

II. TEMPERATURE SENSOR TAG DESIGN USING HDPE-
BST MATERIAL  

A. Introduction of HDPE-BST material 
For an ideal temperature-dependent material that can be 

used in sensing antenna designs, it should have large 
temperature coefficient, high relative permittivity, and low 
dielectric loss. Polymer–ceramic composites, especially type 
0–3, are excellent comprehensive performance materials 
suitable for antennas, which combine the electrical properties 
of ceramics and the mechanical flexibility, processing 
possibilities of polymers. In order to develop high-
permittivity composites, Ba0.3Sr0.7TiO3 (BST) with dielectric 
constant 600, loss tangent 0.2% and large temperature 
coefficient of dielectric constant is used. The high density 
polyethylene (HDPE) is selected as polymer matrix because 
of its good flexibility, excellent microwave dielectric 
properties, and low processing temperature (＜200℃). Based 
on these, 0-3 polymer-ceramic compositions with 30% 
volume fraction BST in the HDPE matrix through extrusion 
process is fabricated. The relative permittivity of the HDPE–
BST composite at different temperatures is measured at 
900MHz by Agilent E4991A RF Impedance/ Material 
Analyzer, as shown in Fig. 1. 

 
Figure 1.  Relative permittivity of HDPE-BST at 900 MHz. 

The data in Fig. 1 show that the relative permittivity of 
HDPE-BST decreases with the increase in temperature. As 
the ambient temperature increases from 20℃ to 80℃, the 
relative permittivity and loss tangent of HDPE-BST 
composites vary from 7.10 to 6.66 and from 0.002 to 0.003, 
respectively, and the temperature coefficient of relative 
permittivity is -1033ppm/℃. 
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B. Slotted Patch Sensor Tag   
Tag antenna plays an important role in the RFID system. 

A properly designed antenna can enhance the tag read range. 
In the sensor tag designs, there is one more requirement of 
the antenna, which is a narrow bandwidth. It is clear that the 
narrower the bandwidth, the better the sensitivity. Based on 
this consideration, a patch antenna is chosen due to the 
advantages of the narrow bandwidth and ease of fabrication. 
A fabricated prototype is shown in Fig. 2 as well as the 
simulated S11 results matched to Higgs3 chip [6]. A slot is 
used to miniaturize the patch size and make it resonate at 
900MHz. The thickness of the substrate is 1.524mm with 
diameter of 70mm. Fig. 3 shows its radiation pattern at the 
resonant frequency and its realized gain versus frequency at 
different temperatures. As the temperature increases, the 
resonant frequency increases because the dielectric constant 
decreases. Meanwhile, the realized gain value decreases due 
to the incremental losses incurred. All of the simulation 
results are conducted using HFSS version 13 [7].  

                  
               (a)                                                   (b) 

Figure 2.  (a) Sensor tag prototype, (b) Simulated S11 at 
room temperature of 20 degrees. 
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Figure 3.  (a) Simulated Radiation pattern, (b) Realized gain 
vs. frequency at different temperature. 

C. Experimental Resutls  
The experiment is conducted in an anechoic chamber 

designed for RFID measurement, as shown in Fig. 4. The 
measurements were performed with a Tagformance device 
that can read both the IC information and the 
transmit/receive power levels [8]. The maximum read range 
(dST) of the sensor tag is calculated using   

4ST
on tag
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Here, the equivalent isotropic radiated power (EIRP) is 
3.28W and the measured power on tag (Pon-tag) is the 

minimum power to active the tag. The measured read ranges 
at different temperatures are shown in Fig. 4(b). The read 
rang of the sensor tag is 4.2m at 16°C. As the temperature 
increases, the frequency changes, and the read range is 
decreased due to the increase of HDPE-BST losses. 
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Figure 4.  (a) Measurement setup, (b) Read range. 

D. Sensitivity Comparison  
Sensitivity is a crucial parameter for sensor tags.  Briefly, 

to estimate the sensitivity, ∆f/∆T and bandwidth should be 
considered. Table I shows the comparison between the 
HDPE-BST material design and the water embedded tag 
design as presented in [2]. From Table I, it is clear that the 
size is reduced for the HDPE-BST design. Meanwhile, the 
∆f/∆T and realized gain bandwidth are improved. 

Table I.  Sensitivity comparison 

Design  Size (mm3) ∆f/∆T RG bandwidth 
(3dB below) 

HDPE-BST design π* 
352*1.524 

8MHz/10°C 0.6% 

Water design in [2] 100*100*4.5
17 4MHz/10°C 2.89% 
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