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Wireless contactless pressure measurement of an LC passive
pressure sensor with a novel antenna for
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In this paper, a novel antenna is proposed for high-temperature testing, which can make the high-temperature pressure
characteristics of a wireless passive ceramic pressure sensor demonstrated at up to a temperature of 600 ◦C. The design
parameters of the antenna are similar to those of the sensor, which will increase the coupling strength between the sensor
and testing antenna. The antenna is fabricated in thick film integrated technology, and the properties of the alumina ceramic
and silver ensure the feasibility of the antenna in high-temperature environments. The sensor, coupled with the ceramic
antenna, is investigated using a high-temperature pressure testing platform. The experimental measurement results show
that the pressure signal in a harsh environment can be detected by the frequency diversity of the sensor.
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1. Introduction

Although some sensors possess their good performances,
most passive sensors are powered, which restricts their work-
ing time in actual working environments.[1–4] One possible
solution to this problem is to supply power to the sensor by
means of magnetic field radiation, which does not require the
sensor to be powered using batteries; this approach can also
prevent disasters or failures in the system structure.[5] For
the high-temperature environments there is growing demand
for measuring pressure parameters, which are still difficult to
determine.[6] Recently, some high-temperature pressure sen-
sors based on ceramics have been developed. These ceramic
sensors are based on a wireless passive resonant telemetry
scheme, which was first proven in 1967 and has been applied
to the development of various pressure microsensors.[7–10]

The contactless wireless measurement method can accurately
monitor pressure in harsh environments, since it can pro-
vide the possibility of the sensor on moving parts, and re-
duce potential unreliable contacts by the sensor. However,
the coupling distance between the antenna and sensor is short,
and the sensor may have difficulty in detecting the signal
as the working temperature increases. In addition, for pres-
sure tests under high temperatures, the traditional test antenna
cannot work in a high-temperature environment, nor can it

be coupled effectively with the sensor. These issues make
it difficult to determine actual pressure parameters in high-
temperature pressure environments. For example, Fonseca et
al.[11] and Fonseca[12] developed a wireless passive capacitive
high-temperature pressure sensor based on low-temperature
co-fired ceramic (LTCC) technology, but it can only work at
up to 450 ◦C. In 2013, Tan et al.,[13] and Xiong et al.[14,15]

designed two sensors based on LTCC and high-temperature
co-fired ceramic technologies (HTCC). Unfortunately, owing
to the defect in the test antenna, the maximum readout dis-
tance between the sensor and the antenna was only 2.8 cm,
and the antenna could not work stably in high-temperature en-
vironments.

In this paper, a novel design and fabrication method of a
ceramic antenna is proposed, which can stably work in high-
temperature environments. The same inductance and capaci-
tance as those of the sensor can be integrated in the ceramic
substrate for the antenna. A novel fabrication technology is
proposed, which includes drilling, cavity filling, stack, iso-
static lamination, high-temperature firing, inductance-coil and
capacitor–electrode screen printing, and low-temperature sin-
tering. Finally, the fabricated sensor, coupled with the ceramic
antenna, can operate at up to 600 ◦C for contactless pressure
measurement in high-temperature environments.
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2. Principle of wireless non-contact measure-
ment
The equivalent circuit of this mutual-inductance coupling

system is shown in Fig. 1(a), where L1, C1, and R1 are the
inductance, capacitance, and resistance of the antenna, respec-

tively; and L2, C2, and R2 are the inductance, capacitance, and

resistance of the sensor, respectively. An inductance and a

capacitance, as part of the functional structure of the sensor

and antenna, are integrated in the alumina ceramic substrate

as shown in Fig. 1(b).
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Fig. 1. (color online) (a) Wireless passive sensing concept. (b) Elemental structure of ceramic antenna and ceramic sensor.

The antenna and sensor consist of the inductance and ca-
pacitance for a series LC resonance circuit. The relationship
between current and voltage can be derived by using the theory
of the transformer and Kirchhoff’s law as follows: R1 + jwL1 +
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where U1 and I1 are the voltage and current, respectively,
across the testing coil; I2 is the current across the sensor coil;
w is the working frequency; k is the inductive coupling co-
efficient. Then, the equivalent impedance Zeq of the testing
antenna can be presented as
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where R1, f , f1, and f2 refer to the resistance, excitation fre-
quency, self-resonance frequency of the antenna, and the self-
resonance frequency of the sensor, respectively. In addition,

Q2 =
1
R

√
L2

C2

is the quality factor of the LC resonance circuit. From Eq. (2),
when f = f1 = f2, the external reader antenna forms a stronger
inductive coupling link with the sensor. The magnitude and
phase of the equivalent impedance from the reader antenna can

be expressed as follows:
∣∣Zeq

∣∣=√Re2{Zeq}+ Im2{Zeq}= R1 +2π f L1k2Q2,

∠Zeq = arctan
Im{Zeq}
Re{Zeq}

= 0.
(3)

In the above analysis, in order to increase the coupling
distance and improve the signal strength, we can make the an-
tenna resonant frequency f1 close to the sensor resonant fre-
quency f2 by integrating the same capacitance plates and in-
ductance coil in the reader antenna and sensor.

3. Fabrication
Alumina ceramic tapes, tungsten rod, and conductive sil-

ver ink 6142D are used for fabricating the antenna and sensor.
The antenna and sensor are monolithically fabricated as shown
in Fig. 2. The fabrication processes start with the pretreatment
of the ceramic tapes in a drying oven at 80 ◦C for 30 min. The
sensor and antenna structure consist of three layers. (i) The
first layer consists of one sheet of ceramic tape. (ii) The sec-
ond layer, for the antenna, is the same as the first layer. For the
sensor, the second layer is cut by the NDYAG micromachin-
ing laser system (Rofin Standard), a punching machine that
cuts an accurate cavity using a designed punch file. Then, the
carbon film is punched out in the same size as the diaphragm
in the chamber by using the same punching file, and the cav-
ity is filled with carbon film. (The carbon film will volatilize
to form a sealed cavity during co-firing.) (iii) The third layer
consists of one sheet of ceramic tape. The layers are stacked
together under a certain temperature and pressure, so that they
are tightly bonded to form a complete ceramic substrate. The
final stack is sintered in a box furnace for ceramic substrate
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curing. After firing, the capacitance and inductance of the an-
tenna and sensor are fabricated using screen-printing technol-
ogy. For the antenna, the tungsten rod is placed on the ceramic
substrate to establish a connection between the LC series res-
onance circuit on the ceramic substrate and the exterior. Then,

the printed tapes for the antenna and sensor are sintered in a
furnace at a peak temperature of 875 ◦C and a total firing time
of approximately 80 min for silver ink curing. Figure 3 shows
the final fabricated ceramic antenna and ceramic sensor with
identical inductance and capacitance.
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alumina ceramic silver inktungsten rod high temperature glue

layer 3 
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Fig. 2. (color online) Fabrication of the ceramic antenna and ceramic sensor.
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Fig. 3. (color online) Photographs of the fabricated ceramic antenna and ceramic sensor.

4. Experiments and results
The fabricated ceramic antenna and ceramic sensor are

tested using an E4991A impedance analyzer for electrical pa-
rameters. Because the antenna and sensor are fabricated using
the same design parameters and fabrication technology, they
have the same inductance, capacitance, and resistance. The
experimental results are listed in Table 1, which are fully con-
sistent with the design requirements.

Table 1. Measured electrical parameters of fabricated ceramic antenna
and ceramic sensor.

Parameters Ceramic antenna Ceramic sensor
Inductance ∼ 8.18 µH ∼ 8.35 µH

Capacitance ∼ 4.414 pf ∼ 4.377 pf
Resistance ∼ 9.83 Ω ∼ 9.35 Ω

Resonant frequency ∼ 26.5 MHz ∼ 26.34 MHz

Figure 4 shows the measured resonant frequency of the
sensor and impedance phase dip each as a function of cou-
pling distance between the sensor and antenna. From Fig. 4,
we observe that the resonant frequency of the sensor decreases
as the working distance increases, and the phase dip drops dra-
matically and reaches approximately 0◦ at 6 cm, which is the

minimum observable phase dip distance.
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Fig. 4. (color online) Measured resonant frequency and impedance
phase dip versus coupling distance between the sensor and antenna.

Figure 5 shows the coupling strength as a function of
sensing distance between the sensor and antenna. From Fig. 5,
we can see that the coupling distance between the sensor and
antenna can reach up to 6 cm. Beyond the distance, the sensor
cannot be coupled with the antenna, and the coupling signal
between the sensor and antenna cannot be wirelessly detected.
Therefore, the maximum sensing distance is 6 cm, which is
more than twice the distance found by Tan et al.[13]
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Fig. 5. (color online) Coupling strength as a function of sensing distance between the sensor and antenna.
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Fig. 6. (color online) High-temperature pressure measurement system platform.

To determine the pressure characterization of the
achieved sensor as a function of temperature and pressure,
the sensor, coupled with the ceramic antenna, is character-
ized on a high-temperature pressure testing system platform,
which is shown in Fig. 6. The temperature can be controlled
accurately from room temperature up to 600 ◦C, and the pres-
sure can be controlled accurately between 0 bar–1 bar (the unit
1 bar = 105 Pa). During the measurement, the sensor is im-

planted on the heating platform and the ceramic antenna cou-
ples with the antenna at a certain distance, so the sensor and
antenna are exposed to high-temperature environments. The
impedance magnitude and phase of the sensor, as a function of
temperature from room temperature to 600 ◦C at atmospheric
pressure, are investigated, and the data are captured by the
E4991A impedance analyzer as shown in the following figure
(Fig. 7).
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Fig. 7. (color online) Measured impedance phases (a) and impedance magnitudes (b) versus frequency, from 40 ◦C to 600 ◦C.
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Fig. 8. (color online) Resonant frequencies of the sensor versus pressure
from 0 bar–1 bar at elevated temperatures.

From Fig. 7, we can see that the sensor has a good cou-
pling effect in elevated temperatures, and the impedance mag-
nitude and impedance phase of the sensor can be detected
clearly at 600 ◦C. The coupling effect between the antenna and
sensor becomes weaker as the temperature increases. The res-
onant frequency of the sensor at room temperature is approx-
imately 25.9 MHz, and the resonant frequency is 22.4 MHz
at 600 ◦C. The average slope of the sensor resonant frequency

is about −2.5 kHz·◦C−1 in a range from room temperature to
600 ◦C.

The sensor exhibits different pressure characteristic
curves at elevated temperatures as shown in Fig. 8. From
Fig. 8, we can see that the resonant frequency of the sensor
depends approximately linearly on P, and as temperature in-
creases the sensitivity of the sensor will increase at a constant
rate. The sensitivity of the sensor is about 1.1 MHz/bar at
room temperature, which changes to about 1.5 MHz/bar at
600 ◦C.
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Fig. 9. (color online) Pressure responses of the sensor at 600 ◦C.
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Many repeated pressure experiments on the sensor at
600 ◦C are carried out. The pressure is varied in order to in-
vestigate the pressure characterization of the sensor. The mea-
surement results are shown in Fig. 9. From Fig. 9, we can
see that the sensor achieves a hysteresis of 5.5%, a repeata-
bility error of 6.4%, and a linearity of 95.3% from 0 bar to
1 bar at 600 ◦C. From the above measurement results, we con-
clude that the ceramic antenna and sensor can be applied to
the contactless pressure measurement in high-temperature en-
vironments.

5. Conclusions
In this study, we successfully demonstrate a novel de-

sign and fabrication method of an antenna. The fabrication
of the antenna is similar to that of the sensor, which in-
creases the working temperature of the antenna and improves
the working distance between the sensor and antenna. The
high-temperature pressure characterizations of the sensor are
investigated by using an experimental measurement system to
verify that the antenna and sensor can achieve a contactless
pressure measurement in high-temperature environments. The
experimental results show that the maximum coupled distance
between the sensor and antenna is up to 6 cm, and that the
pressure signal can be wirelessly detected in high-temperature
environments.

In the future, we will focus on wide temperature and pres-
sure ranges of sensor specifications. The sensor will be likely
to be used in various high-thermal stress environments to mea-
sure accurate pressure variations in the aeronautics, aerospace,
and automotive industries.
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