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Abstract—In this paper, a capacitive temperature sensor based
on polyvinylidene fluoride (PVDF) capacitor is explored. The
PVDF capacitor is characterized below its Curie temperature.
The capacitance of the PVDF capacitor changes vs temperature
with a sensitivity of 16pF/o C. The linearity measurement of the
capacitance-temperature relation shows less than 0.7°C error
from a best fit straight line. An LC oscillator based temperature
sensor is demonstrated based on this capacitor.

I. I NTRODUCTION
Ferroelectric materials are widely used in various applications, such as non-volatile memories, sensors and actuators [1],
[2]. Among them, bearing its flexibility nature, polyvinylidene
fluoride (PVDF) is recently emerging as a promising material
for flexible electronics [3]. Many researchers have tried to
integrate PVDF into functional electronic devices, such as
sensors and memories [4]. In most cases, the pyroelectric or
piezoelectric properties are used in these applications and the
material needs to be poled and operated well below its Curie
temperature, where the polarization starts to vanish.
On the other hand, temperature sensors are widely used in
many applications, such as ambient temperature measurement
for environmental monitoring, office and home temperature
control, thermal and power management in electronic devices,
RFID food monitoring, and temperature compensation of
sensory systems [5]–[13]. Historically, CMOS temperature
sensors have used substrate PNP BJT transistors to generate
a proportional-to-absolute-temperature (PTAT) voltage from
the difference in their base-emitter voltages. This approach
of temperature measurement needs elaborate calibration and
curvature compensation to reduce the non-linearity errors due
to the PNP transistors in addition to the need of precision
analog interface circuitry which translates to large power
consumption [6], [7]. In a standard CMOS process, the native
elements such as resistors and MOS transistors have been
explored as potential elements to sense the temperature [12],
but they suffer from large process variations. A low-power
architecture that uses a temperature-to-pulse generator and
a time-to-digital converter was proposed in [6] but it has
relatively higher inaccuracy compared to BJT-based sensors.
Few reports are found in literature on the evolution of
capacitance with temperature as the mechanism for a tem-

perature sensor. Capacitive sensors have the advantage of
low-power consumption because they do not consume DC
current. In addition, the sensor capacitance can be directly
digitized to digital output using energy-efficient capacitanceto-digital converter circuitry, and thus avoiding the power
consumption, area, and non-idealities of voltage buffers and
signal conditioning circuitry [14]–[17].
The dielectric constant of a ferroelectric material changes
significantly below its Curie temperature. Such behavior is
highly repeatable and moreover, requires no poling for the
material itself. In this paper, we use a capacitor made of
PVDF, a flexible ferroelectric material as a temperature sensor.
The first objective of this paper is to measure the capacitance
vs. temperature (CT) behavior below the Curie point (i.e.,
ferroelectric phase). The other aim of this paper is to explore
the feasibility of using the temperature sensitivity of the
dielectric constant of PVDF as a means to sense the ambient
temperature. The Curie temperature of PVDF is about 180°C,
thus the operating temperature ranges for common electronic
devices and biological systems can be adequately covered. Our
results show that PVDF is a promising choice for an integrated
temperature sensor.
The remainder of the paper is organized as follows. In
Section II experimental measurement of CT behavior of PVDF
capacitor is demonstrated. In Section III the PVDF capacitor
is used to build an LC oscillator circuit where the oscillator
output frequency varies with temperature. Experimental measurements of the prototype LC oscillator temperature sensor
circuit is presented in Section IV. Finally, conclusion is
presented in Section V.
II. E XPERIMENTAL CT CHARACTERIZATION
It is well-known that the dielectric constant of a polar
material is related to the longitudinal as well as transversal
optical phonons of its lattice vibrations, or, the so-called
Lydanne-Sachs-Teller (LST) relation [18]. The increase of
the dielectric constant with temperature (below Tc) should
be related with the relative changes of the longitudinal and
transversal optical phonons with temperature. We have used
an empirical method to formulate the temperature dependence
of the capacitance, by curve-fitting the measured experimental
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Figure 1. Experimental CT measurements of PVDF capacitor. Measurements
were done at 100 KHz.
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1: LC oscillator used as a temperature sensor.
Figure 3. LC oscillator used as a temperature sensor. Components used in
experiments: PNP BJTs (p1 and p2) are model 9015, NPN BJTs (n1 and
n2) are model 9013, L is 0.2µH, C(T) is the PVDF capacitor used as sensor
element where it has a capacitance of 2.3nF (at 25°C), and the bias resistor
is 500Ω.
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Figure 2. PVDF capacitor linearity error vs temperature.

data. The PVDF capacitor used for this study was characterized Stanford Research Systems (SRS) SR720 LCR. The
frequency of the measurement was 100 kHz. The temperature
of the capacitor was controlled by a Peltier element.
Fig. 1 shows the experimentally measured CT curve of the
PVDF capacitor. The capacitor was measured multiple times
showing good repeatability. The temperature sensitivity is
16pF/o C. The linearity of the PVDF capacitance was measured
by calculating deviation of the CT curve from a straight line;
the worst-case deviation from an ideal straight line corresponds
to a temperature error of less than 0.7o C as shown in Fig. 2.
The change in capacitance due to change in temperature is a
linear function, and can be modeled as
C (T ) = Co + α × (T − To )

(1)

where C (T ) is the capacitance at temperature T , and Co is
the capacitance at a reference temperature To , and α is the
sensitivity.

To demonstrate the use of PVDF capacitor as a temperature
sensor, an LC oscillator circuit shown in Fig. 3 was built.
The PVDF capacitor, indicated by C (T ) in Fig. 3, is used as
the frequency tuning element in the LC oscillator. The LC
oscillator is composed of a tuned LC tank, and a negativegm , provided by a pair of cross-coupled NPN and PNP BJT
transistors. The cross-coupled transistors provide negative-gm
to cancel the positive resistance in the LC tank. A voltage
buffer was used for isolation to avoid loading effects from
measurement instruments.
The complementary cross-coupled oscillator shows a better
phase noise performance when compared to the NPN- or PNPonly cross-coupled oscillators for the same supply voltage and
bias current (under current limited regime) because of higher
amplitude of the oscillation voltage. The oscillation frequency
of the LC oscillator at a temperature T is given by
ω (T ) =
=
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where L is the inductance; Co is the capacitance of the tank
at temperature To , which includes the capacitance of PVDF
capacitor, BJTs, and the parasitics from the metal wiring. The
capacitance from the BJTs and the parasitic capacitances are
ignored in the following analysis. The frequency sensitivity to

temperature change, is given by
= −
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For a temperature change from To to T , the relative change
in frequency is given by
s
ω (T ) − ωo
Co
−1
(6)
=
ωo
Co + α × (T − To )
where ωo is the frequency of oscillation at a reference temperature To .
The PVDF capacitor used as sensor element has a capacitance Co of 2.3nF at To =25°C. The value of the inductor
(L) in Fig. 3 was chosen so that the resonant frequency of
the oscillator is about 3.4 MHz at room temperature. NPN
9013 and PNP 9015 discrete BJTs were used to implement
the circuit. These BJTs have current gain bandwidth product
( fT ) above 100MHz, thus variation of the transistor parameters
with temperature will have negligible effect on the oscillation
frequency. As can be calculated from (6), for a temperature
change from 25°C to 70°C, the change in frequency is expected to be 12.5%.
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Figure 4. The output frequency of the oscillator shown in Fig. 3 as a function
of temperature.
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IV. E XPERIMENTAL M EASUREMENTS
The oscillator circuit was implemented using off-the-shelf
components on a printed circuit board. Keithley Nanovoltmeter
2182A and an Agilent 53132A Frequency counter were used
for temperature and frequency measurements respectively. The
output frequency of the oscillator over 25°C to 70°C is
shown in Fig. 4. With a change of temperature from 25°C
to 70°C, the oscillation frequency changes from 3.44 MHz
(Fmax ) to 3.1MHz (Fmin ). The percent change of frequency,
−Fmin
, is 10.8%, which is slightly lower than
measured as FmaxFmin
the calculated value of 12.5%; the lower percent change in
frequency observed in experiments could be attributed to the
extra capacitances from the board wiring.
The oscillator spectrum and phase noise measurements were
done using Agilent E4448A Spectrum Analyzer. The frequency spectrum of the oscillator over 25°C to 70°C are shown
in Fig. 5. Phase noise measurement of the LC oscillator at
25°C shows excellent performance of -73dBc/Hz, -92dBc/Hz
and -11dBc/Hz at frequency offsets of 1 KHz, 10 KHz and 100
KHz respectively; there was negligible phase noise change at
70°C, which implies the Q of the PVDF capacitor remained
constant over the temperature range.
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Figure 5. Experimentally measured spectrum of the oscillator over a temperature range 25°C to 70°C.

accuracy because of their linear Capacitance-Temperature relationship. Experimental measurements of PVDF capacitor
shows 16pF/o C sensitivity and less than 0.7o C linearity error.
Due to their linearity, these sensors can provide high accuracy
while minimizing the number of calibrations that are necessary
for other types of sensors.
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