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Thermoelectric (TE) devices are utilized for thermal energy harvesting, local cooling
or heating, and temperature sensing. They have no mechanical structures, can be made
flexible and present long operating lifetimes, making them useful for the Internet of Things
(IoT) and wearable electronics.

Regarding TE sensors and detectors, one of the most important parameters to optimize
is the thermal conductivity of the materials. The thermal losses in the device operation are
critical since we want to heat up just one side of the material and have it maintaining the
temperature gradient. Additionally, we want intelligible and fast responses to temperature
changes which depends on the Seebeck coefficient (material property) and on the number
of connected elements (device architecture) [1].

This work presents TE detectors based on poly(dimethylsiloxane) (PDMS) and graphite
(G) composites where both the material properties and the device architecture have been
exploited.

PDMS is an elastomer widely used in several research areas, such as microfluidics
or stretchable electronics, suitable as substrate or as composite matrix material. PDMS is
highly flexible, and it can be easily molded with high resolution and aspect ratio, requiring
low curing temperatures, and being chemically and thermally stable. Among other carbon
allotropes, graphite is known to have a thermoelectric response when thermally stimulated
and it is much cheaper when compared to carbon nanotubes and graphene. Graphite is
widely available, ecofriendly, very resistant to heat and nearly inert in contact with almost
any other material. The mixture of these two materials causes a low-cost and flexible
composite, with TE properties, easy to process in terms of time and energy expenditure [1].

Thermoelectric devices can assume vertical or planar structures, depending on how
the heat flows and on the layout of the thermoelectric elements. In a previous published
work, we reported, for the first time, the production of planar TE touch detectors based on
PDMS:GFlakes composites. Here, we show the vertical assembling of TE devices, based on
the same material, to be used for touch detection and temperature-sensing applications.

Figure 1 shows the thermoelectric devices’ manufacturing process, from the synthesis
of the composite (a) to the device assembling (b). We can see photographs of each step to
obtain vertical flexible thermoelectric devices. The PDMS:GFlakes samples are prepared
through a blade coating process, cut into small blocks with different thicknesses and areas (a)
and connected with carbon ink + Al foil to form different thermoelectric detecting/sensing
devices (b).
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Figure 1. Fabrication scheme for producing the vertical TE touch sensors based on PDMS: Gflakes:
(a) production steps to obtain the TE elements and (b) following steps to connect the TE elements
electrically in series.

We studied the response to a gloved touch by using devices with single elements, with
the same area, while changing their thicknesses, 1.2 mm, 3.6 mm, and 6.3 mm (Figure 2),
to compare the VON values (open circuit voltages when stimulated with temperature
gradients), as well as rise and fall times. We conclude that for thicker elements, the
maximum VON is higher, and it needs more time to be achieved but then it is stable for
longer periods, while the thinner ones are faster, but they cannot sustain the temperature
gradient for more than a few seconds.

Since the thicker samples are able to maintain the VON for longer periods, Figure 3a
shows the results of gloved touches for 60 s for 1, 3, 6 and 16 electrically connected elements
with 6 × 6 × 6.3 mm3 of volume. As we can see, the VON response increases when more
elements are electrically connected in series, since the Seebeck coefficient (S) of the device
is the sum of each individual S. Due to its relevant thermoelectric signal, the device with 16
elements was submitted to hot water sensing, in which several water temperatures were
tested, having discriminated VON values (Figure 3b). The measured samples can be seen in
the inset photographs.
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Figure 2. TE response of single elements with different thicknesses when subjected to short and long
gloved touches.
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Figure 3. TE response of several elements connected electrically in series, (a) for gloved touches and
(b) for hot water tests.

All the detectors work well, with fast response and recovery times, returning to the
initial VOFF values (open circuit voltages when there is no temperature gradient applied),
allowing repeated thermal stimuli. The VON results reach 10−4 to 10−3 V even for the
fastest touches and small temperature gradients, making these devices suitable for many
different IoT applications.
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