
SiC : The material difference Communications

Sensing the Extreme : Silicon Carbide goes Wireless
Alton Horsfall and Nick Wright
School of Electrical and Electronic Engineering, Newcastle University 

Acknowledgements : Dr Jon Goss, Dr Konstantin Vassilevski, Dr Rajat Mahapatra, Dr Chris OʼMalley, Irina Nikitina, Dan Brennan, Dr Ming-Hung Weng, Dr Bing Miao, Dr Chia-Ching Chen, Dr Cezar Dimitriu, Dr Rupert Stevens, Dr Simon Barker, Hassan Habib, Ben Furnival, Omid Mostaghimi, Amit Tiwari, Karthink Nagareddy, Hua Chan, Lucy Martin, Sandip Roy, Dr John Lees, Dr Anna Barnett, Richard Jenkins

100pF 

1MΩ 

Rd

20V
Vdd

100pF 

1MΩ 

Rd

20V
Vdd

100pF 

100kΩ 

...

Follow the group at resilienttechnology.wordpress.com

Potential Applications
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Until now no investigation has been carried out into how
temperature affects a PZT energy harvester and how the output
power from a silicon carbide rectifier changes.

This paper presents the results from a Piezo Systems Inc
piezoelectric energy harvester heated from room temperature
to 300◦C and how the output from a silicon carbide full bridge
rectifier changes also.

II. EXPERIMENTAL

The experimental setup comprises of an LDS V101 shaker
driven from an audio amplifier whose signal is produced by a
LabVIEW program combined with a DAQ card. The system
acceleration is measured at the base of the vibration shaft
with an ADXL103 analogue accelerometer, this allows the
initial acceleration to be set and, if need be, for the system to
control the acceleration at a constant level. The piezoelectric
device is mounted on a custom made high temperature carriage
which is attached to the end of the vibration shaft, the metal
electrodes on the energy harvester are also removed at the
clamp so that they add no extra parasitics to the system. The
energy harvester output can be switched between the external
variable load or to the input to a full wave rectifier, which is in
turn connected to the load. The output voltage seen across the
external load is buffered by a Keithley 6517A electrometer,
with a specification input impedance of 200TΩ, before being
recorded. The system is mounted on top of an oven which can
maintain a stable temperature set point up to 600◦C which
allows the energy harvester and the full bridge rectifier to be
tested from room temperature to 300◦C. The vibrations are
delivered to the energy harvester via a steel shaft connecting
the inverted shaker to the energy harvester through a hole in
the oven roof.

III. RESULTS AND DISCUSSION

A. Piezoelectric characteristics
Most mechanical and electrical systems exhibit resonance

and in most cases this is detrimental to the system (eg.
bridges, buildings). However, in the case of vibration energy
harvesting, this can be used to dramatically increase the
output voltage from the device. At resonance, the peak tip
displacement of the bi-morph will be much greater, and so
will significantly increase the stress in the piezoelectric layers.
By using this phenomena, piezoelectric devices can produce
very high voltages (>50V is not unrealistic) and so make it
the ideal energy harvesting technique to be used with a wide
band gap semiconductor, which inherently have higher built in
voltages. As resonance is such a important factor in the output
produced by a piezoelectric energy harvester, it is important
see how this changes with temperature. Figure 1 shows how
the resonant frequency of the energy harvester changes with
temperature. The test was conducted from room temperature
to 300◦C in 25◦C increments at 3.9ms−2 (400mg).

It is clear that the resonant frequency of the device de-
creases with temperature. By modelling the system as a simple
mechanical cantilever, equation 1 can be used to extract
the Youngs modulus, where f is the open circuit resonant

Vo
lta

ge
/V

2

4

6

8

10

Frequency/Hz
40 60 80 100 120 140

300K Vpiezo/V
323K Vpiezo/V
348K Vpiezo/V
373K Vpiezo/V
398K Vpiezo/V
423K Vpiezo/V
448K Vpiezo/V
473K Vpiezo/V
498K Vpiezo/V
523K Vpiezo/V
548K Vpiezo/V
573K Vpiezo/V

Fig. 1. Frequency sweep change with temperature for a piezoelectric energy
harvester

frequency of the harvester, l is the cantilever length, mt is the
attached tip mass, mc is the cantilever mass, w is the width
and t is the overall thickness of the device.

Y = 2πfoc
4l3(mt + (0.24mc))

wt3
(1)

Equation 1 makes the assumption the the brass shim of
the bi-morph has no impact on the mechanical characteristics
of the system. This assumption seems valid as the calculated
value for the room temperature Youngs modulus is within
close range of that in the literature [8]. Figure 2 shows the
decrease in Youngs modulus with temperature, indicating that
there are two linear regions separated by an inflexion at 450K.
This could be the elastic limit of the device, indicating that
beyond 450K the cantilever will not return to its former
stiffness. This is supported by equation 1 which suggests a
linear relationship between resonant frequency and Youngs
modulus.
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Fig. 2. Youngs modulus variation with temperature

Besides the decrease in resonant frequency, the other notable
change in figure 1 is the change in the peak output voltage
at resonance. Given that most piezoelectric materials have a
Curie point at which they revert to a non-piezoelectric state,
it would be expected that the output voltage would steadily
decrease until this point. However, the characteristics shown
in figure 1 look not only to be governed by the piezoelectric
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