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In order not to damage the sample or the connections, we chose indirect heating by bombarding the sample’s metal support with pulses, until
reaching a certain temperature (about 100 °C) then there was a pause to allow the temperature to return to lower values; thermal inertia determined
a rather long period (about 300 s, Fig. 2). The beam incised the support through which the heat spread to the sample. The laser control was interfaced
with the alarm outputs of a regulator whose status was a consequence of the sample temperature, read with a thermocouple. By acting on the alarm
thresholds it was therefore possible to create simple sequences of rising and falling temperatures. The speed of the cycles depends on the mass of the
support, the laser power used and the cooling rate provided either by natural or forced convection (air flow or a fan).

Figure 1 A photo of the “pyro-cell” (left), and its 
schematic representation with connectors (right).
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At a time of climate emergency and the scarcity of fossil fuels, pyroelectric energy harvesting could be the right methodology to rescue
some of the enormous quantities of energy wasted as heat. This technology is able to convert thermal fluctuation into electrical
energy by using a pyroelectric device that generates voltage when cyclically heated or cooled down [1].

Here we report on the pyroelectric output registered for a wurtzite phase ZnS ceramic fabricated
as part of our project. We created a simple device (a “pyro-cell”, see Fig.1): a ceramic sample
which has evaporated Au electrodes on both sides is mounted on a Cu-metalized rectangular
insulating base (vetronite) using either silver paint or conductive epoxy glue; the electrical
connection is provided by tiny Cu wires that are welded to the sample and the vetronite base
using tin alloy. This device is stable from room temperature up to approx. 180°C.

Two different heating and cooling testing set-ups with different energy sources were used to heat and cool the ZnS ceramic sample (8 mm
diameter, 2 mm height) : Set-up n°1 used an industrial scale laser, providing a fast temperature change, and Set-up n°2 had a standard lab hot
plate heating element, providing a slower temperature change. To reduce the influence of environmental disturbances we placed the “pyro-
cell” in a metal box connected to the ground, and used the shielded cables together with a capacitance (100 nF) connected in parallel. For the
temperature measurements, a thermocouple was positioned either on the sample itself or on another adjacent, identical one, not connected
to the measurement circuit (the dummy sample). In addition we used a thermal imaging cameras (Flir E8 wifi) with a measurment range up to
250 °C. The characterization requires an accurate measurement of the currents of the order of 10-9 A. We used the following equipment: A
610C Solid State Electrometer (Keithley Instruments), an Agilent 34410A 6 ½ Digit Multimeter, thermocouple type K, a Fluke 515A Portable
Calibrator and Data Logger PICO TC-08 (Pico technology USB).
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METHODS AND RESULTS

INTRODUCTION

The “pyro-cell” fixed in the shielded cage was
placed on a heating plate thermostated at
temperatures from 50°C to 200°C. The plate was
made of ceramic material and therefore el.
disturbances by conduction were not possible.
The EM noise was minimized with twisted
shielded cables and filtering with capacitors.

In this set-up we used an industrial IPG YLS 4000 
laser with the following characteristics:
- Maximum power 4200 W 
- Wavelength approx. 1 µm 
- Focusing f = 250 mm, spot 250 µm, divergence 

50 mrad approx. 

Figure 2 Pyroelectric current measurements on an ZnS ceramic sample, using 
testing set-up n°1 (below). The horizontal axis shows the time (seconds). A 
thermal image of the ceramic sample directly heated by the laser: the 
temperature rose too quickly and the ceramic broke (right).
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Figure 3 Pyroelectric current measurements on a
ZnS ceramic sample, using testing set-up n°2.
The horizontal axis shows the time (ms).

Two different temperature cycles were used:
- By adjusting the plate set-point (a response time of
the order of 100 seconds),
- Stabilizing the heating temperature to the desired
value, and then removing and placing the sample on
the hot surface (a shorter response time).
This method is easy to apply but has the drawback of
requiring manual intervention by the operator.
However, the thermal cycles in this case were rather
slow so it was easy to perform the experiment.


