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THERMOELECTRIC ENERGY GENERATOR
ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of European
Patent Application No. 18175682.6 filed on Jun. 4, 2018, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

Field

[0002] The present invention relates to a field of thermo-
electric energy generators that convert heat flux into electric
energy.

Description of the related art

[0003] A thermoelectric generator (TEG) is a solid state
device that employs temperature gradient in harvesting
electric energy. A typical use case has been to employ a TEG
in converting waste heat into electrical energy to charge a
battery or for another purpose. Design of the TEG configu-
ration is crucial in the sense that the heat flux tends to reduce
the temperature gradient which causes reduction in effi-
ciency of the TEG.

SUMMARY

[0004] The present invention is defined by the subject
matter of the independent claim.

[0005] Embodiments are defined in the dependent claims.
[0006] According to an aspect, there is provided a sensor
structure comprising: a housing arranged to be attached to a
body; a thermoelectric generator element comprised in the
housing and configured to convert temperature gradient into
electric energy; a heat collecting surface coupled to the
housing on a side arranged to face a skin when the body is
coupled to a user of the sensor structure; a heat conduction
channel coupled between the heat collecting surface and the
thermoelectric generator element, wherein a cross-sectional
area of the heat conduction channel is smaller than the heat
collecting surface; and a heat sink coupled to the housing on
a side arranged to face away from the skin when the body is
coupled to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the following the invention will be described in
greater detail by means of preferred embodiments with
reference to an accompanying drawings in which:

[0008] FIG. 1illustrates a sensor arrangement comprising
a TEG element in accordance with some embodiments of the
invention;

[0009] FIG. 2 illustrates the TEG element according to an
embodiment in a situation where the operation is reversed,
[0010] FIG. 3 illustrates another embodiment of the sensor
arrangement comprising the TEG element; and

[0011] FIG. 4 illustrates some implementations of the
sensor arrangement.

DETAILED DESCRIPTION

[0012] The following embodiments are exemplifying.
2 “One”’ Or

Although the specification may refer to “an”,
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“some” embodiment(s) in several locations of the text, this
does not necessarily mean that each reference is made to the
same embodiment(s), or that a particular feature only applies
to a single embodiment. Single features of different embodi-
ments may also be combined to provide other embodiments.
[0013] FIG. 1 illustrates as sensor structure according to
an embodiment of the invention. The sensor structure com-
prises a housing 100 arranged to be attached to a body 110.
The body may comprise flexible material suitable for attach-
ing the sensor structure to a user’s body, e.g. textile or
flexible plastics. The body may be a garment such as a shirt,
a hat or a head gear, a swimming suit, a harness, or a strap,
for example. The strap may be a head strap, a wrist strap, or
a chest strap.

[0014] The sensor structure further comprises a thermo-
electric generator (TEG) element 120 comprised in the
housing 100 and configured to convert temperature gradient
into electric energy. The sensor structure further comprises
a heat collecting surface 102 coupled to the housing 100 on
a side arranged to face a skin when the body is attached to
the user, e.g. worn by a user. A heat conduction channel 104
is coupled between the heat collecting surface 102 and the
TEG element 120, and the heat conduction channel is
dimensioned such that a cross-sectional area of the heat
conduction channel is smaller than the heat collecting sur-
face 102, as illustrated in FIG. 1. The heat conducting
channel 104 may convey the heat to a hot plate 108 that is
arranged into contact with the TEG element. The hot plate
may comprise thermally conductive material, and it may be
coupled between the heat conducting channel and the TEG
element and couple directly to both of them. The area of the
hot plate may be larger than the cross-sectional area of the
heat conducting channel 104.

[0015] A heat sink 112 is coupled to the housing on a side
arranged to face away from the skin when the body is
coupled with the user, e.g. the garment is worn by the user.
The heat sink is coupled to the TEG element such that the
heat sink conducts heat away from a cold side of the TEG
element and dissipates the heat into air.

[0016] The housing 100 is attached to the body 110 such
that the body surrounds the heat conducting channel 104 and
provides thermal insulation between the heat collecting
surface 102 and the heat sink 112. The heat conducting
channel 104 may be arranged through a hole in the body, and
the heat collecting surface 102 may have a larger diameter
or area than a diameter or area of the hole in the body.
[0017] The heat conducting channel may be understood as
a physical element that separates the hot plate of the TEG
element 120 from the heat collecting surface 102. With the
provision of the cross-sectional area smaller than the heat
collecting surface, less heat is directed from the heat col-
lecting surface to the cold plate of the TEG element, thus
maintaining higher temperature gradient between the hot
plate and cold plate of the TEG element. Thermal isolation
surrounding the heat conducting channel further reduces the
amount of heat conducting from the heat collecting surface
to the cold plate of the TEG element, as described in the
embodiments below.

[0018] As illustrated in FIG. 1, the body has a dual
purpose: it serves to attach the sensor structure to the user’s
skin and it functions as the thermal insulator for the TEG
element. The housing 100 is provided on the side of the body
away from the user’s skin such that maximal heat flux is
allowed for the cold side of the TEG element 120. The TEG
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element 120 may also be provided on the same side, and
only the heat collecting surface and a part of the heat
conducting channel 104 are provided on the same side of the
body 110 as the skin.

[0019] Heat flux is illustrated in FIG. 1 by arrows. The
heat collecting surface 102 funnels the heat to the heat
conducting channel 104 configured to deliver the heat to a
hot side of the TEG element. A cold side of the TEG
element, on the other hand, is thermally coupled to the heat
sink 112 to provide efficient heat flux and heat dissipation.
The heat sink 112 may comprise a heat dissipation surface
(serrated part illustrated in FIG. 1) arranged to dissipate heat
to air and further comprises thermal conduction element
arranged to conduct heat from the cold side of the TEG
element to the heat dissipation surface. The thermal con-
duction element may be formed of the housing and comprise
thermally conductive material such as metal, thermally
conductive silicone, thermally conductive adhesive such as
epoxy, or thermally conductive plastic. In another embodi-
ment, the thermal conduction element may be a heat pipe or
another component comprised in the housing and funnelling
the heat from the TEG element to the heat dissipation
surface. The thermal conduction element may be thermally
isolated from the hot side of the TEG element by least one
insulation element 116 coupled to the hot side. The at least
one insulation element 116 may also prevent heat flux to the
cold side from anywhere else but from the hot side. This
arrangement improves the efficiency of the TEG element by
improving the thermal gradient at the TEG element.

[0020] Inan embodiment, at least one insulation layer 114
1s provided between the heat collecting surface 102 and the
heat sink 112 and surrounding the heat conducting channel
104. As illustrated in FIG. 1, the thermal insulation layer 114
may be arranged between the housing 100 and the body 114
to prevent heat flux to the TEG element from the cold side.
The thermal insulation layer 114 may be arranged between
the heat collecting surface 102 and the body 114 to funnel
the heat from the heat collecting surface to the heat con-
ducting channel. The thermal insulation layer 114 may
surround the heat conducting channel 104 to thermally
isolate the heat conducting channel and improve heat flux
from the heat collecting surface 102 to the hot side of the
TEG element. In all embodiments, the body serves as a
further thermal insulation layer. The further insulation layer
114, however, improves the thermal insulation capabilities
in certain situations, e.g. when the garment gets wet during
a physical exercise. The insulation layer 114 also prevents
direct contact between the body 110 and the heat collecting
surface 102 and direct contact between the body 110 and the
heat sink 112. The material of the insulation layer may be
thermally insulating silicone foam or aerogel, for example.

[0021] Since the housing comprising the TEG element is
built mainly on the side of the body facing the air, the heat
dissipation may be improved and the delivery of the heat
flux to the hot side of the TEG element may be controlled
through the heat conducting channel by using the body as the
further insulation layer. The dimensions of the heat collect-
ing surface, heat conducting channel, and the insulation
layer 114 may be designed to provide improved directed
heat flux from the heat collecting surface to the hot side of
the TEG element. This will allow efficient heat flux from the
cold side to the heat sink 112 such that the thermal gradient
at the TEG element may be improved.
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[0022] Skin temperature is typically about 34 degrees
Celsius when the user is at rest, while the temperature at the
heat sink 112 may be room temperature or slightly higher
because of the heat flux, at around 25 degrees Celsius. The
achievable temperature gradient for the TEG element may
be between 4 and 9 degrees Celsius which would provide
approximately 320 to 720 micro Watts (uW) power per
square centimetre (cm?). Such power is sufficient for low-
pOWer sensors.

[0023] The housing 100 may be attached to the body 110
with a snap-on connector. For example, the housing may
comprise one counterpart of the snap-on connector, and the
heat collecting surface 102 may be comprised in another
counterpart of the snap-on connector. The interface of the
shap-on connector may be provided at an end or in the heat
conducting channel 104, for example.

[0024] The material of the heat collecting surface and the
heat conducting channel should be made of material capable
of efficiently transferring heat to the TEG element. The
material of the heat collecting surface may be thermally
conductive metal, plastic or adhesive, for example. The
material of the heat conducting channel may be thermally
conductive metal, plastic or adhesive, for example.

[0025] In an embodiment, the electric signal acquired by
using the TEG element 120 is used to charge a battery or
another energy storage comprised in the housing. The stored
energy may be used for electric functions of the sensor
arrangement. Let us describe such functions next.

[0026] In an embodiment, the sensor arrangement com-
prises a sensor head 125 on the heat collecting surface 102,
a measurement circuitry 130 configured to process a mea-
surement signal acquired by using the sensor head 125, and
a signal line (not shown) coupling the sensor head with the
measurement circuitry through the body 110. The signal line
or lines may travel through the same hole as the heat
conducting channel 104, or a separate route may be provided
for the signal line(s). Depending on the capabilities of the
sensor arrangement, the measurement circuitry 130 may
perform various signal processing functions. The measure-
ment circuitry may, for example, comprise a differential
amplifier for an electrocardiogram (ECG) sensor head, an
optical signal processing circuitry for a photoplethysmo-
gram (PPG) sensor head, etc. In an embodiment, at least a
part of the measurement circuitry may be comprised in the
sensor head 125, e.g. the sensor head coupled to the heat
collecting surface may comprise one or more integrated
circuits of the measurement circuitry, e.g. the differential
amplifier.

[0027] The housing 100 may further house a wireless
communication circuitry providing the sensor arrangement
wireless communication capability. The wireless communi-
cation circuitry may be configured to support one or more
wireless communication protocols such as Bluetooth®, Blu-
etooth Low Energy, or ANT. The wireless communication
circuitry may be configured to wirelessly transmit measure-
ment data processed by the measurement circuitry.

[0028] In an embodiment, the material of the heat collect-
ing surface is arranged to have electrically conductive
properties in addition to the thermal conduction capabilities.
In such embodiments, the heat collecting surface may be
configured to function as an electrode of an electric sensor
head 125, e.g. an ECG and/or bioimpedance electrode.
[0029] In an embodiment, the measurement circuitry is
configured to perform at least two different types of mea-
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surements by using the heat collecting surface as the elec-
trode of the sensor head. The at least two different types of
measurements may comprise at least two of the following
measurements: electrocardiogram measurement, galvanic
skin response measurement, and bioimpedance measure-
ment. In an embodiment, the heat collecting surface com-
prises two or more separate surfaces electrically isolated
from one another. Then, one surface may function as a first
electrode while the other surface(s) function as further
electrode(s). The surfaces may be electrically isolated but
thermally connected to each other by suitable selection of
materials on the heat collecting surface. In another embodi-
ment, the heat collecting surface may comprises only one
electrode but the measurement circuitry may comprise a
switching circuitry configured to switch the measurement
function of the electrode. For example, the electrode may be
used for ECG and bioimpedance measurements, and the
switching circuitry may connect the electrode to different
circuits of the measurement circuitry, depending on the
selection of the measurement function.

[0030] In an embodiment where the sensor arrangement
comprises the ECG sensor head and the PPG sensor head,
both sensor heads may be comprised in the heat collecting
surface. The measurement circuitry may then be configured
to receive and process measurement signals received from
the ECG sensor head and the PPG sensor head and to
compute a pulse transit time (PTT) of a heart pulse from the
measurement signals. The PTT correlates with velocity of
the heart pulse between two measurement locations. A
timing when the heart pulse is measured by the ECG sensor
represents the timing of the heart pulse at the heart. The
timing of the heart pulse detected by the PPG sensor
represents the timing of the heart pulse at the measurement
location of the PPG sensor head. The time difference
between the two timings represents the PTT between the two
locations. Blood pressure, for example, may be computed
from the PTT by the measurement circuitry by using the
sensor arrangement described herein.

[0031] In an embodiment, the sensor arrangement com-
prises a further electrode arranged on the same side of the
body as the heat sink, and a signal line may connect the
further electrode to the measurement circuitry. In such an
embodiment, the electrode in the sensor head of the heat
collecting surface may function as a ground for the ECG
measurement, and the further electrode may be the mea-
surement electrode, or vice versa. The user may perform
instant measurement of the heart rate, for example, by
bringing a finger on the further electrode. For the purpose of
continuous heart rate measurement, the measurement cir-
cuitry may be coupled to a further electrode contacting the
user’s skin on the same side of the body as the heat
collecting surface. The further electrode may in this case be
provided at a suitable distance from the sensor head 125 to
provide sufficient grounding. A signal line may lead from the
further electrode to the measurement circuitry through the
body 110. The signal line may be integrated into the body.

[0032] In the embodiments described above, the heat
collecting surface faces the skin and the heat sink is provided
on the side of the body that faces the air. In another
embodiment, the hot side and the cold side is flipped. FIG.
2 illustrates a solution where the operation of the arrange-
ment for the TEG element is switched. Such a situation may
occur in extreme hot climates where the air is warmer than
the skin temperature. In such a case, the roles of the heat sink
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and the heat collecting surface are reversed, and also the heat
flux will reverse, as illustrated in FIG. 2. The heat sink of
FIG. 1 facing the air now operates as the heat collecting
surface while the heat collecting surface of FIG. 1 now
operates as the heat sink. The heat conducting channel
would deliver the heat from the TEG element towards the
user’s skin. The thermal conduction element described
above, e.g. the heat pipe, would then deliver the heat from
the surface of the heat pipe or housing to the TEG element.
Such a reversal may be spontaneous operation of the
arrangement, and it would cause the polarity of the electric
signal output by the TEG element to switch. To exploit such
a change, a polarity control circuitry 200 may be provided
in the housing to electronically switch the polarity of the
electric signal output by the TEG element. The polarity
control circuitry may comptise a regulator that is arranged to
regulate the polarity of the electric signal output by the TEG
element 120.

[0033] FIG. 3 illustrates yet another embodiment of the
sensor structure. In the embodiment of FIG. 3, the TEG
element is provided as an annular or semi annular element
formed on an outer rim of a housing 100 of a wrist device
or another wearable electronic device comprising at least
one sensor. The elements of FIG. 3 denoted by the same
reference numbers as in FIGS. 1 and 2 represent the same or
substantially similar elements. In the embodiment of FIG. 3,
a bezel 302 surrounding a display 300 of the device operates
as the heat sink for the TEG element 120. The bezel may be
directly coupled to the cold side of the TEG element 120 or
through the above-described thermal conduction element
between the bezel and the TEG element. In this embodiment,
the housing 100 may extend to such that the housing at least
partially surrounds sides of the heat conducting channel 104.
The heat conducting channel 104 may also have an annular
form, as well as the heat collecting surface(s) 102. In this
embodiment, the sensor head 125, e.g. the PPG sensor head,
may be comprised or coupled to the surface of the housing
100 that faces the skin. However, the heat collecting surface
(s) may still form one or more sensor heads, e.g. ECG or
bioimpedance electrode(s), according to the teachings
described above.

[0034] The insulation layers 114 may be formed between
the body 114 and the heat conducting channel 104. The body
may be a wrist strap in this embodiment. However, the
insulation layers 114 may also be omitted in other embodi-
ments.

[0035] FIG. 4 illustrates some applications of the sensor
structure described herein. The sensor structure may be
comprised in head gear 14 worn by the user 20. The head
gear may comprise a band, a head strap, head dress, an ear
piece, or goggles, for example. The sensor structure may
form a chest sensor 10 attachable or attached to a chest strap,
shirt, or swimming suit, for example. In the embodiments
where the body 110 is a garment or an apparel such as the
shirt or a body suit, the sensor structure may be provided on
a chest, shoulder, neck, or backside area of the garment or
the apparel. The sensor structure may be comprised in a
wrist device 12, e.g. according to the embodiment of FIG. 1
or 3.

[0036] The embodiments described above are suitable for
a sensor arrangement for use in physical training, for
example, when the sensor arrangement is worn by the user.
The housing is small enough that it can be worn without
effort and coupled to the body such that it will sustain during
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intensive exercises. The housing may be made waterproof.
It will be obvious to a person skilled in the art that, as the
technology advances, the inventive concept can be imple-
mented in various ways. The invention and its embodiments
are not limited to the examples described above but may
vary within the scope of the claims.

What is claimed is:

1. A sensor structure, comprising:

a housing arranged to be attached to a body;

a thermoelectric generator element comprised in the hous-
ing and configured to convert temperature gradient into
electric energy;

a heat collecting surface coupled to the housing on a side
arranged to face a skin when the body is coupled to a
user of the sensor structure;

a heat conduction channel coupled between the heat
collecting surface and the thermoelectric generator
element, wherein a cross-sectional area of the heat
conduction channel is smaller than the heat collecting
surface; and

a heat sink coupled to the housing on a side arranged to
face away from the skin when the body is coupled to
the user.

2. The sensor structure of claim 1, further comprising:

a sensor head on the heat collecting surface;

a measurement circuitry configured to process a measure-
ment signal acquired by using the sensor head; and

a signal line coupling the sensor head with the measure-
ment circuitry through the body.

3. The sensor structure of claim 2, wherein the heat

collecting surface forms an electrode of the sensor head.

4. The sensor structure of claim 3, wherein the measure-
ment circuitry is configured to perform at least two different
types of measurements by using the heat collecting surface
as the electrode of the sensor head.

5. The sensor structure of claim 4, wherein the at least two
different types of measurements comprise at least two of the
following measurements, electrocardiogram measurement,
galvanic skin response measurement, and bioimpedance
measurement.

6. The sensor structure of claim 2, wherein the sensor
head comprises a photoplethysmogram sensor head.

7. The sensor structure of claim 6, further comprising an
electrocardiogram sensor, wherein the measurement cir-
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cuitry is configured to receive and process measurement
signals received from the electrocardiogram sensor and the
photoplethysmogram sensor and to compute a pulse transit
time of a heart pulse from the measurement signals.

8. The sensor structure of claim 2, further comprising an
electrode arranged on the same side of the body as the heat
sink, and a signal line connecting the electrode to the
measurement circuitry.

9. The sensor structure of claim 1, wherein the thermo-
electric generator element has an annular or semi annular
shape, and the heat sink is comprised in an annular bezel of
a wrist device.

10. The sensor structure of claim 1, further comprising at
least one insulation layer between the heat collecting surface
and the heat sink and surrounding the heat conducting
channel.

11. The sensor structure of claim 1, further comprising
means for reversing polarity of an electric signal output by
the thermoelectric generator element when the polarity of
the electric signal switches as a result of reversed operation
of the thermoelectric generator element.

12. The sensor structure of claim 1, further comprising at
least one insulation element thermally isolating a hot side of
the thermoelectric generator element from the heat sink.

13. The sensor structure of claim 1, wherein the heat sink
comprises a heat dissipation surface arranged to dissipate
heat to air and further comprises a thermal conduction
element arranged to conduct heat from a cold side of the
thermoelectric generator component to the heat dissipation
surface.

14. The sensor structure of claim 1, wherein the housing
is arranged to be attached to at least one of a shirt, hat,
swimming suit, harness, wrist strap.

15. The sensor structure of claim 1, wherein, when the
housing is attached to the body, the body surrounds the heat
conducting channel and provides thermal insulation between
the heat collecting surface and the heat sink.

16. The sensor structure of claim 1, wherein the cross-
sectional area of the heat conducting channel is smaller than
an area of a hot plate of the thermoelectric generator facing
the heat conducting channel.
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