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Abstract—A novel wireless and passive temperature sensor that
utilizes 3D printed inverted-F antenna (IFA) microfluidic and
liquid metal technologies for the temperature sensor is introduced
in this paper. The thermal volume expansion of liquid metal
to progressively increase the length of the arm of IFA which
will effectively increase or decrease with respect to temperature.
In this way, the sensed temperature value can be accurately
quantified by the change in its resonant frequency. Simulation
result shows the sensitivity of temperature is 2.54 MHz/◦C.

I. INTRODUCTION

Temperature monitoring is an essential problem in elec-
tronic device maintenance, refrigerated food transport, agricul-
ture, and nuclear waste storage and buildings wall temperature
[1]. For a long time, the temperature measurement always
depends on the human. So the temperature data are inaccurate,
and people may make mistakes in reading the temperature,
which still leads to a miss of fault. Therefore, a wireless way
to monitor temperature is needed to track the temperature.

Low-cost wireless automation solutions are critical to moni-
toring objects in real-time through unpredictable environments.
Passive tags that can be read by radar or illumination will
allow real-time temperature monitoring in the measurement
of building wall temperatures and other scenarios. Passive
antenna sensors can also be used for real-time monitoring of
temperature in agricultural products and product transportation
processes where maintaining a stable temperature is critical for
the health, safety, and maintenance of the product. [2], [3].

Meanwhile, 3D printing, especially low-cost dielectric 3D
printing, has been involved in the fabrication of antennas
and microwave components recently, due to its simplicity in
printing lightweight complex-shape 3D objects.

In this paper, we used the FormLabs Form2 3D printer to
fabricate the IFA temperature sensor. We extend this technique
by using the thermal volume expansion of mercury to progres-
sively increase the arm of IFA which will effectively increase
or decrease with respect to temperature. The novel sensor
design and its electromagnetic simulation will be discussed.
RFID chip and remote interrogation will be used in future
work. And the measurable temperature range depends on the
operating frequency band of RFID chip.The fabrication flow
and benchmarking measurement is the next work for the
realistic 3D microfluidics liquid metal case.

II. ANTENNA DESIGN
In this paper, we use a simple inverted-F antenna (IFA) in

Ultra High Frequency (UHF) band as a temperature sensor.
The design, the fabrication, and the obtained simulated results
are discussed. Three elements compose the antenna design:
the ground plane, which used here is a rectangular box, the
dielectric structure, and the radiating element.

This IFA is designed to resonate in the UHF band at
915 MHz. The geometry and dimensions of the antenna are
presented in Fig. 1. The dielectric material used is FormLabs
clear resin. This antenna is printed with a Form LabsForm2 3D
printer, which has 50 µm special resolution scale. The main
operation principle lies in the SLA printing technology which
utilizes a light source-ultraviolet (UV ) laser or projector-to
selectively cure liquid resin into a hardened plastic layer by
layer to create 3D models. Thus, SLA is adopted in this paper
for its low-cost and fast to satisfy various structure demand of
3D objects. The 3D printed antenna is shown in Fig.2.

We have characterized this material with a permittivity εr
equals to 2.8, and loss tangent is 0.03. The liquid metal used
is mercury because the volume of mercury is very sensitive to
the changes in temperature.

The ground box of the antenna is filled with mercury, whose
volume will expand along the arm of IFA. The arm of IFA
is a microfluidic channel whose radius is 0.5 mm. So this
sensor will be more sensitive if the channel is narrower. And
we designed the support to keep the balance between the arm
and ground box. When the temperature changes, the length of
arm L will be correlated to the temperature value. Besides, an
SMA probe feeds the antenna, and a short conducting wire are
used to link the vertical short circuit of the IFA to the ground
box, which is shown in Fig. 1 (b).

III. SIMULATED RESULT
The simulated results are presented in this part. As shown in

Fig.1 the radius of the microfluidic channel is 0.5mm, so the
relationship between the length of the arm L and the increment
of temperature ∆T can be presented by Eq. (1), which means
that L will increase 0.2166mm as the temperature raising 1
◦C.

∆L = ∆T × 0.2166mm. (1)

599978-1-7281-0692-2/19/$31.00 ©2019 IEEE AP-S 2019



Fig. 1. The topology of the proposed inverted F antenna. (a) Front view. (b)
Complete structure.

Fig. 2. The printed model of the proposed antenna

The thermal volume expansion of liquid metal will progres-
sively increase the arm of IFA L. Meanwhile, the resonant
frequency will decrease with respect to temperature. Fig.3
shows the resonant frequency shift with the different length
of arm L. Fig.4 shows there is a nearly linear relationship
between temperature and resonant frequency. When the tem-
perature raises 1 ◦C, the resonate frequency will reduce 2.54
MHz. As shown in Eq.(2). f is measured temperature and f0
is reference temperature. In Fig. 5, the radiation pattern in the
azimuth plane is presented.

f = f0 − ∆T × 2.54MHz. (2)

Fig. 3. The resonant frequency shift with the different length of arm L

IV. CONCLUSION
In this paper, the new concept of a wireless passive tem-

perature sensor based on IFA and microfluidics and liquid

Fig. 4. Relationship between temperature and resonant frequency

Fig. 5. The radiation pattern in the azimuth plane

metal technologies is presented. There is a linear relationship
between temperature and resonant frequency. And this IFA
antenna can be used as a temperature sensor. Simulated results
show that when the temperature raises 1 ◦C the resonant
frequency will reduce 2.54MHz. In the next step, we will
do the experiments using liquid metal to validate the sensor
performance with microfluidics technology. This work will set
the foundation for a new type of conformal wireless sensors.
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