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Abstract − As an emerging antenna concept, reconfigurable 
sensing antennas (RSAs) are presented in this paper. In order 
to clearly demonstrate the RSA concept and its operation 
principle, three RSA designs that use different sensing 
mechanisms for temperature sensation are proposed. Three 
temperature-sensing materials: water, high density poly-
ethylene-Ba0.3Sr0.7TiO3 (HDPE-BST), and mercury, are 
integrated into these designs, respectively. By properly 
designed, the resonant frequencies of the RSAs are controlled 
by the temperature. The results show that the RSA using 
mercury has the best sensitivity, which is 20MHz/10°C with a 
16m read range at 20°C. The sensitivity as a crucial factor in 
RSA designs is also discussed in this paper. 

1 INTRODUCTION 

Reconfigurable sensing antennas (RSAs) are an 
emerging antenna concept, which not only can 
transmit and receive radio, but also can sense the 
ambient environments [1]. When compared to the 
conventional reconfigurable antennas that use 
electronic devices such as pin diodes, varactors, and 
micro electromechanical (MEM) switches to control 
working frequency and radiation pattern [2-4], the 
proposed RSA designs use physical sensors to 
reconfigure the radiation properties. When the ambient 
environments such as temperature, humidity, gas 
concentration, etc. change, the sensors will be affected 
in terms of inductance, capacitance, dielectric 
constant, thermal expansion, etc. These sensor 
properties variations will result in the change of 
antenna performances such as resonant frequency, and 
radar cross section (RCS). Thus, the environment 
parameters can be sensed by detecting the radiation 
properties of the antennas.  Furthermore, if integrated 
with RFID technology, the RSAs can be used for both 
wireless identification and sensing applications. RSAs 
have received great interests recently, and a number of 
designs have been published. According to its sensing 
parameters, RSA can be classified into temperature 
[5], humidity [6], and gas [7] RSA. Designs in [5] and 
[6] utilize dielectric property variation of material to 
sense the surrounding environments, while the gas 
RSA in [7] use the resistance variation of material to 
monitor the gas concentration. 
In this paper, two types of reconfigurable mechanisms 
for temperature sensation will be discussed: one is 
using the dielectric property of the material and the 
other is utilizing the thermal expansion property of the 
material. Water and HDPE-BST, whose permittivities 
are temperature dependent, are used as substrate in 
slotted patch RSA designs. On the other hand, the 

mercury with a high thermal expansion property is 
used in a capacitively-loaded slotted-cavity RSA 
design. Although their sensation mechanisms are 
different, the resonant frequencies of those antennas 
are all temperature dependent. Accordingly, the 
surrounding temperature will be derived by checking 
the resonant frequency of the RSA.  
As a sensing antenna, sensitivity is a crucial factor in 
RSA designs. To evaluate the RSA sensitivity, three 
parameters for RSA designs are used, namely, the 
frequency shift per temperature change ( f/ T), the 
antenna bandwidth, and the antenna gain. The RSA of 
a better sensitivity should have large f/ T, narrower 
bandwidth, and higher gain. 
The organization of this paper is as follows. In Section 
2, RSA designs based on water and HDPE-BST 
material are presented. In Section 3, a capacitively-
loaded cavity RSA using mercury is introduced. In 
Section 4, sensitivity comparison between the three 
RSA designs in terms of f/ T, bandwidth, and 
realized gain and the RSA application are presented. 
The conclusion is drawn in Section 5. 
 

2 RSA DESIGNS BASED ON DIELECTRIC 
PROPERTY OF MATERIALS 

In this part, two RSA designs using water and HDPE-
BST are proposed. As mentioned before, both the 
water and HDPE-BST have their dielectric constant 
depending on temperature. These two sensing 
material are then integrated in the substrate of patch 
antennas. When the temperature changes, the 
substrate dielectric constant changes accordingly, 
which will result in a resonant frequency shift of the 
antennas. So the two RSAs frequency are 
reconfigured by the temperature. In 2.1, the water 
based RSA [1] is presented, and HDPE-BST based 
RSA [8] is proposed in 2.2. All the simulation results 
shown below are conducted with HFSS v. 14 [9].  

2.1  Water embedded patch RSA design 

Water is used as the temperature sensing material, 
because its permittivity is a function of temperature 
as shown in Figure 1. 
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Figure 1: The relative permittivity of distilled water at 
900MHz. 

Its permittivity and loss tangent decrease as 
temperature increases [10]. The real part of the 
dielectric constant is about 88 at 20°C and becomes 
67 at 60°C. Therefore, it can be used to effectively 
reconfigure the resonant frequency of a patch 
antenna. 
The fabricated antenna prototype is shown in Figure 
2, which consists of three layers: two FR4 layers to 
support the metal ground and patch, and a middle 
Duroid/5880 layer with a center square cavity to 
contain water. The whole design dimension is 
100mm by 100mm with a thickness 6.4mm, and this 
RSA design is originally developed and presented in 
[1]. Patch antenna is selected because of its narrow 
bandwidth and ease of fabrication. A slot feed is 
adopted in the proposed design and a Higgs-2 IC [11] 
chip is easily mounted in the middle of the slot. The 
RSA measurement is conducted in an anechoic 
chamber with a Tagformance device [12]. The 
measurement read range at different temperature is 
shown in Figure 3. A sensitivity of 4MHz/10°C 
frequency shift and 4.5m read range at 17.5°C are 
obtained. 

 

Figure 2: Fabricated prototype 
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Figure 3: Read range comparison of the RSA under 
different temperatures. 

Although using water as sensing material is safe and 
cost effective, its liquid property makes it 
inconvenient in fabrication. As a result, solid 
temperature sensitive material becomes much more 
competitive. 
 

2.2  HDPE-BST based slot loaded patch RSA 

HDPE-BST is a novel solid composite material, 
which is specially developed for RSA designs.  It has 
a large temperature coefficient of permittivity, good 
thermal conductivity, and lightweight [8]. The data in 
Figure 4 show that the relative permittivity of HDPE-
BST decreases as the temperature increases.  From 
20°C to 80°C, the relative permittivity of the HDPE-
BST composite varies from 7.10 to 6.66. Meanwhile, 
the loss tangent increases from 0.0022 to 0.0034, 
respectively. The slot loaded patch RSA configuration 
is shown in Figure 5. An Alien Higgs 3 chip [13] is 
mounted on the microstrip feed line, which is shorted 
to the ground at the edge of the substrate. The 
measured read range versus temperature is shown in 
Figure 6. Based on the measured results in Figure 6, a 
maximum 8MHz/10°C frequency shift is obtained 
with a 4.2m read range at 16°C.    

 

Figure 4: Relative permittivity and loss tangent as a 
function of temperature at 900MHz. 

Comparing with the water-embedded RSA, the 
HDPE-BST based design has a larger f/ T, smaller 
size (shown in Figure 5). In addition, HDPE-BST is a 
solid sensitive material which is easy for integration 
and measurement. However, the read range of 
HDPE-BST design is smaller than the water one. 

 

Figure 5: Prototype of the HDPE-BST based RSA. 
 

 
 

749



880 890 900 910 920 930 940 950 960
0

1

2

3

4

5

frequency (MHz)

re
ad

 r
an

ge
 (
m

)

 

 
16

o
C

25oC

33
o
C

45oC

55oC

65oC

 

Figure 6: Measured read range of the slotted patch 
RSA under various temperatures. 

In both the water based and HDPE-BST based RSA 
designs, temperature-dependent dielectric property of 
materials is employed. The sensing materials (water 
and HDPE-BST) are designed as substrates of patch 
antennas. This kind of RSA is simple and easy to 
fabricate. However, according to the characteristics 
of a patch antenna, its resonant frequency is 
proportional to the substrate permittivity, which 
restricts the sensitivity of RSA in terms of f/ T. In 
order to increase the sensitivity of RSA, another 
sensation mechanism based on the thermal expansion 
of material is applied.   

3 RSA DESIGN USING THERMAL 
EXPANSION OF MATERIAL 

Capacitively-loaded cavity resonator with a metal 
post located at the middle of a cavity shows a high-
sensitivity frequency reconfiguration by tuning the 
gap between the post and cavity ceiling [14]. Based 
on this idea, a capacitively-loaded slotted cavity 
using mercury for temperature sensation is designed, 
as shown in Figure 7. Mercury is used as temperature 
sensing material since it has a large volume thermal 
expansion coefficient of 180ppm/°C. As shown in 
Figure 7, the mercury is stored in a two layer 
cylindrical container, which consists of a large 
cylinder at bottom and four small cylinders at the top 
layer.  The diameter of the bottom cylinder is 20mm 
with 3.5mm height, and the top cylinder has a 3mm 
diameter with 1.3mm height. The container is made 
of copper with a thickness of 1mm. The gap between 
the container top and cavity ceiling is 0.1mm, and the 
gap between the mercury and cavity ceiling is 0.4mm 
at 20°C. As the temperature increases, the mercury 
expands which will result in a reduction of the gap. 
This causes the increment of the loaded capacitance 
formed by the mercury surface and the cavity top, 
which will lower the resonant frequency of the 
slotted cavity antenna. This frequency tuning method 
achieves 20MHz/10°C sensitivity when the mercury 

is in close proximity to the cavity top. The simulation 
results are plotted in Figure 8.    
  

 

 

 
 
 
 
 
 
 
 
Figure 7: Configuration of mercury used capacitive-

loaded slotted cavity RSA. 
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Figure 8: Simulated read range of capacitively-loaded 
slotted cavity RSA under various temperatures. 

 
As shown in Figure 8, from 20°C to 40°C, the 
resonant frequency shift of the cavity RSA is 
5MHz/10°C which is comparable to the 
aforementioned two designs. However, as the 
temperature increases, the resonant frequency shift 
becomes significant which approaches 20MHz from 
50°C to 60°C. It is obviously that the smaller the gap, 
the better the sensitivity. As a practical issue, the 
achievement sensitivity is limited by the fabrication 
tolerance and accuracy. 
 
4 SENSITIVITY COMPARIISON AND 
APPLICATIONS OF RSA DESINGS  

Table 1 shows the sensitivity comparison between the 
aforementioned three designs, in terms of f/ T, 
realized gain, and realized gain bandwidth. Among 
these designs, the mercury RSA design gives the best 
sensitivity. 
Combining the functionality of antenna, sensor, and 
RFID in one simple RSA design makes the RSA a 
good candidate in the wireless identification and 
sensing area. Since these RSAs are low cost and 
passive devices, they have great potential in building 
large-scale wireless sensor networks. 
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 Dielectric property Thermal 

expansion 
property 

 Water RSA HDPE-BST 
RSA 

Mercury 
cavity RSA 

f/ T 4MHz/10°C 8MHz/10°C 20MHz/10°C 

Realized 
gain 

-3.2dB -3.9dB 5.47dB 

Realized 
gain 
bandwidth 

4.3% 0.6% 2.89% 

 
Table 1: Sensitivity comparison 
 

5 CONCLUSIONS 

Reconfigurable sensing antennas are novel antennas 
which can sense the surrounding environment as well 
as transmitting and receiving radio waves. Three 
temperature-sensing RSAs are presented in order to 
illustrate the RSA operation principle.  By properly 
designed, the mercury-based cavity RSA has the best 
sensitivity compared with the other two designs. 
These passive and low cost temperature RSAs can be 
employed in building large-scale wireless sensor 
network. Meanwhile, the RSA designs combined 
with IC chip are suitable for the RFID sensing 
applications. 
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