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(57) ABSTRACT

The present invention relates to a dry skin conductance elec-
trode (12, 13) for contacting the skin (10) of a user. In order to
provide a dry skin conductance electrode for long-term mea-
surements which does not cause problems to the user while
still providing a good signal level, the electrode (12, 13)
comprises a material made of a noble metal doped with at
least one dopant selected from the group consisting of hydro-
gen, lithium, sodium, potassium, rubidium, caesium and
beryllium. The present invention also relates to a skin con-
ductance sensor (20), a wristband (30) and an emotional event
detection system.
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DRY SKIN CONDUCTANCE ELECTRODE

FIELD OF THE INVENTION

[0001] The present invention relates to a dry skin conduc-
tance electrode for contacting the skin of a user and to a skin
conductance sensor comprising at least two dry electrodes,
wherein the sensor is adapted to sense a user’s skin conduc-
tance between the at least two dry electrodes. The present
invention also relates to a wristband comprising such a skin
conductance sensor and an emotional event detection system
comprising such a skin conductance sensor.

BACKGROUND OF THE INVENTION

[0002] Itis known that skin conductance of a user is related
with the level of arousal of a user. Everything that emotionally
touches the user activates the sweat glands in the skin leading
to a better conductor path through the skin. For example, in a
known lie detector or polygraph, a skin conductance sensor
connected to the palm of the hand or to the fingers is used.
[0003] Commonly, gel electrodes are used for skin conduc-
tance sensors. These gel electrodes offer a high signal level.
However, prolonged wearing of gel electrodes causes unde-
sirable side effects, such as a white swelling of the skin caused
by hydration.

[0004] When the period of measurement is long, the skin
conductance sensor needs to be comfortable for the user. In
the article “A Wearable Sensor for Unobtrusive, Long-Term
Assessment of Electrodermal Activity”, Ming-Zher Poh,
Nicholas C. Swenson, and Rosalind W. Picard, IEEE Trans-
actions on Biomedical Engineering, Vol. 57, No. 5 (2010)
1243-1252, a wrist-worn integrated sensor is disclosed. This
sensor has Ag/AgCl electrodes, and no conductive gel applied
to the electrodes. However, due to the Ag/AgCl material,
prolonged wearing of this device causes brown skin colora-
tion due to the injection of silver ions into the skin, which is
an undesirable side effect.

SUMMARY OF THE INVENTION

[0005] Itisanobject of the present invention to provide, for
long-term measurements, a dry skin conductance electrode,
as well as a skin conductance sensor, wristband and emotional
event detection system comprising such dry electrodes,
which does not cause problems to the user, such as skin
irritation or skin coloration, while still providing a good sig-
nal level.

[0006] In a first aspect of the present invention, a dry skin
conductance electrode for contacting the skin of a user is
presented, the electrode comprising a material made of a
noble metal doped with at least one dopant selected from the
group consisting of hydrogen, lithium, sodium, potassium,
rubidium, caesium and beryllium.

[0007] In a second aspect of the present invention, a skin
conductance sensor comprising at least two dry electrodes is
presented, that is adapted to sense a user’s skin conductance
between the at least two dry electrodes, wherein at least one of
the electrodes is the dry skin conductance electrode as
described above.

[0008] In a further aspect of the present invention a wrist-
band is presented that comprises such a skin conductance
sensor.

[0009] In a still further aspect of the present invention an
emotional event detection system for detecting an emotional
event of a user is presented, that comprises such a skin con-

Dec. 19, 2013

ductance sensor, a transmission link for transmitting data
indicative of the sensed skin conductance, and a processing
unit adapted to process the transmitted data and detect an
emotional event in the user based on the transmitted data.
[0010] The present invention is based on the idea to provide
a skin conductance sensor for long-term measurements (for
example several hours or days) comprising dry electrodes
with a good non-polarizable electronic skin-electrode inter-
face. A dry skin conductance electrode is an electrode which
does not require the use of a conductance gel for skin con-
ductance measurements, thus also called gel-free skin con-
ductance electrode. The dry, gel-free skin conductance elec-
trode makes direct contact with the skin of the user, thus
forming a skin-electrode interface. The skin-electrode inter-
face is an interface between a medium where the current
carriers are predominantly electronic (electrode), and a
medium where the current carriers are predominantly ionic
(skin). Usually, such an interface suffers from a poor charge
transfer, leading to the formation of a space charge. A non-
polarizable skin-electrode interface is provided when there is
charge transfer at the interface. A perfectly non-polarizable
interface would exhibit no impedance to the charge transfer,
which is however not possible in practice. At a non-polariz-
able skin-electrode interface, due to an electrochemical reac-
tion, ions are injected into the skin from the positive elec-
trode. Thus, electrons are left in the positive electrode,
causing a current flow to take place. At the negative electrode,
ions are absorbed from the skin, in particular protons, sodium
ions or potassium ions, as the fluid secreted by sweat glands
contains mainly hydrogen, sodium and potassium. The ions
are incorporated into the metal matrix of the negative elec-
trode material as atoms, after the acceptance of an electron.
[0011] Since the dry skin conductance electrode comprises
anoble metal doped with at least one dopant selected from the
group consisting of hydrogen, lithium, sodium, potassium,
rubidium, caesium and beryllium, the charge transfer process
(ionic exchange between the skin and the electrode material)
and thus the interface is improved, leading to a good non-
polarizable interface. No gel is needed and no skin problems
are caused, such as skin coloration due to the injection of
silver ions to the skin.

[0012] A dopant is generally a trace impurity element that
is inserted into a base material in very low concentrations, for
example in order to alter a specific property of the base
material. In the claimed material, anoble metal is used as base
material, since these metals are most likely not to take part in
the electrochemical reaction with the skin. In general, noble
metals are the group of ruthenium (Ru), rthodium (Rh), pal-
ladium (Pd), silver (Ag), osmium (Os), iridium (Ir), platinum
(Pt), and gold (Au). The noble metal of the claimed material
should not cause dermatological problems to the user. In
general, the claimed material should be non-toxic, or at a
toxic level which is below a value that is harming to the user.
For example, even though beryllium (Be) is toxic, it can be
used as the dopant, if the concentration of the dopant is below
a value that is harming to the user.

[0013] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed skin conductance sensor, wristband or emotional
detection system has similar and/or identical preferred
embodiments as the claimed skin conductance electrode and
as defined in the dependent claims.

[0014] According to a first embodiment, the noble metal is
at least one element selected from the group of gold, palla-
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dium and platinum. These noble metals are especially suit-
able in combination with the dopants mentioned above.
[0015] Further, in a second embodiment, the dopant is
lithium, sodium or potassium. These dopants are especially
suitable when used in noble metals. In particular, the atoms of
these dopants have a relatively high mobility due to their
relatively low atomic radius.

[0016] Any combination of the above mentioned elements
of the first embodiment and the elements of the second
embodiment is possible. In one embodiment, the dopant is an
element from the first group of the periodic table or monova-
lent. Further, in an embodiment, the dopant is an alkali metal.
Alkali metals are generally the group of lithium (Li), sodium
(Na), potassium (K), rubidium (Rb), caesium (Cs), and fran-
cium (Fr).

[0017] In a preferred embodiment, the material is made of
gold, palladium or platinum and the dopant is lithium, there-
fore: gold doped with lithium, palladium doped with lithium
or platinum doped with lithium. Since the lithium atoms have
a low atomic radius and thus a high mobility, diffusion pro-
cesses are minimized.

[0018] In another preferred embodiment, the material is
made of gold and the dopant is lithium, sodium or potassium.
[0019] Inafurtherembodiment, the differencein ionization
potential between the noble metal and the dopant is at or
above a level at which the noble metal is prevented from
taking part in the electrochemical reaction with the skin.
Thus, it is prevented that ions of the noble metals are also
injected into the skin due to electrochemical reaction.
[0020] According to a further embodiment, the concentra-
tion of the dopant is between 0.1 and 5%, in particular
between 0.5 and 3%, in particular between 0.7 and 1.3%, in
particular about 1%=+0.2%. It is achieved that the concentra-
tion of the dopant is sufficiently high to prevent depletion and
sufficiently low not to change the main properties of the noble
metal.

[0021] Inastill further embodiment, the material is located
at an outer surface of the electrode for interfacing the skin.
This enables that the claimed material is in direct contact with
the skin.

[0022] Inanother embodiment, the electrode comprises an
outer layer which is formed of the material. Thus, only a thin
outer layer of the claimed material is needed which reduces
costs, as the remaining part of the electrode can be made of a
cheaper material.

[0023] In a variant of the embodiment above, the electrode
further comprises an inner layer beneath the outer layer. This
can provide more stability to the electrode and can reduce
manufacturing costs.

[0024] Inparticular, inthis variant, the inner layer is formed
of nickel and/or brass. This reduces manufacturing costs, as
these materials are generally cheaper than noble metals.
[0025] In an embodiment of the skin conductance sensor,
the skin conductance sensor comprises a voltage generator for
applying a voltage between the at least two dry electrodes, a
measuring means for measuring a current between the at least
two dry electrodes, and a calculating unit for calculating skin
conductance based on the measured current. This provides for
a skin conductance sensor that is easy to implement. Prefer-
ably, the applied voltage is a constant voltage.

[0026] In an embodiment of the skin conductance sensor,
the two dry electrodes comprise the same material, in particu-
lar the claimed material. In an alternative embodiment of the
skin conductance sensor, the two dry electrodes comprise
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different materials. In one embodiment, the positive electrode
comprises the claimed material. Alternatively or cumula-
tively, the negative electrode comprises the claimed material.
[0027] Inan embodiment of the wristband or the skin con-
ductance sensor, the at least two dry electrodes are arranged
for contacting the volar side of the wrist of the user. Hence,
good measurement can be obtained, since the volar side of the
wrist is a region in which the skin conductance is at the same
level. Also there is generally no hair, which could influence
the measurement, in this region.

[0028] In an embodiment of the emotional event detection
system or the skin conductance sensor, the transmission link
is a wireless link between the skin conductance sensor and the
processing unit. This enables to provide for a comfortable
mobile system.

[0029] In an embodiment of the emotional event detection
system, the processing unit is adapted to detect a peak having
a particular rising slope and/or a particular down slope in the
transmitted skin conductance data. Skin conductance is
related with the level of arousal of the user. Hence, an easy
way of determining emotional events from skin conductance
data is provided.

[0030] Inastill further embodiment of the emotional detec-
tion system, the system comprise at least one further sensor,
such as a heart rate sensor, for example for measuring heart
rate variations, a breathing sensor, a blood sensor, a body
temperature sensor, a voice sensor, a camera for capturing the
face of the user, or the like. This enables to combine measure-
ments from the skin conductance sensor with measurements
of'other sensors. Thus, accuracy of the emotional event detec-
tion is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0032] FIG. 1 shows an interface between skin and two dry
electrodes according to an embodiment of the present inven-
tion;

[0033] FIG. 2 shows a cross section of a skin conductance
electrode according to an embodiment of the present inven-
tion;

[0034] FIG. 3 shows a first skin conductance trace, sensed
by a skin conductance sensor according to an embodiment of
the present invention, and a second skin conductance trace for
comparison;

[0035] FIG. 3ashows two skin conductance traces for com-
parison;
[0036] FIG. 356 shows a skin conductance trace, sensed by a

skin conductance sensor according to an embodiment of the
present invention;

[0037] FIG. 4 shows a schematic block diagram of a skin
conductance sensor according to an embodiment of the
present invention;

[0038] FIG. 5 shows an illustration of a wristband accord-
ing to an embodiment of the present invention;

[0039] FIG. 6 shows an illustration of an emotional event
detection system according to an embodiment of the present
invention;

[0040] FIG. 7 shows a skin conductance trace, sensed by a
skin conductance sensor according to an embodiment of the
present invention, for determining emotional events.
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DETAILED DESCRIPTION OF THE INVENTION

[0041] FIG. 1 shows an interface between skin 10 of a user
and two dry electrodes 12, 13 according to an embodiment of
the present invention. For example, when the user wears a
skin conductance sensor 20 comprising the two dry elec-
trodes 12, 13, the two dry electrodes 12, 13 are placed on the
skin of the user. A voltage 11 is applied between the two dry
electrodes 12, 13 such that a positive electrode 12 and a
negative electrode 13 is provided. The positive electrode 12
has an outer surface 15 which interfaces with the skin 10 and
the negative electrode 13 has an outer surface 19 which inter-
faces with the skin 10. The skin-electrode interface is an
interface between a medium where the current carriers are
predominantly electronic (electrodes 12, 13 in FIG. 1), and a
medium where the current carriers are predominantly ionic
(skin 10 in FIG. 1). Usually such an interface sufters from a
poor charge transfer, leading to the formation of a space
charge.

[0042] However, ascanbe seenin FIG. 1, anon-polarizable
skin-electrode interface is provided as there is charge transfer
at the interface. The dry skin conductance electrodes 12, 13
each comprise a material made of a noble metal, marked with
M, doped with at least one dopant, marked with D1, selected
from the group consisting of hydrogen, lithium, sodium,
potassium, rubidium, caesium and beryllium. Due to an elec-
trochemical reaction, ions of the dopant, marked with D1+,
are injected into the skin 10 from the material of the positive
electrode 12. Thus, electrons are left in the positive electrode,
causing a current flow to take place. At the negative electrode
13, ions, marked with D2+, are absorbed from the skin. These
ions D2+ are in particular hydrogen, sodium or potassium, as
the fluid secreted by sweat glands contains mainly hydrogen,
sodium and potassium. The ions D2+ are incorporated into
the metal matrix of the material of the negative electrode 13 as
atoms D2, after the acceptance of an electron. Therefore, the
charge transfer process and thus the interface is improved,
leading to a good non-polarizable interface. The ionic
exchange between the skin 10 and the material of the elec-
trode 12, 13 is facilitated.

[0043] Inthe embodiment of FIG. 1, the two dry electrodes
12, 13 of the skin conductance sensor comprise different
materials at their outer surfaces 15, 19. Positive electrode 12
comprises a material made of a noble metal M1 doped with a
dopant D1 and negative electrode 13 comprises a material
made of a noble metal M2 doped with a dopant D2. In an
alternative embodiment, the two dry electrodes 12, 13 can
comprise the same material. For example, when the material
is made of palladium doped with lithium (Pt—IL1), this mate-
rial can be used for both electrodes, the positive electrode 12
and the negative electrode 13, as it is optimal for both elec-
trodes.

[0044] In a first embodiment, the noble metal is gold, pal-
ladium or platinum, or any combination, thus any alloy. In a
second embodiment, the dopant is lithium, sodium or potas-
sium. In another embodiment the dopant is an element from
the first group of the periodic table or monovalent, in particu-
lar an alkali metal, thus from the group of lithium (L.i), sodium
(Na), potassium (K), rubidium (Rb), caesium (Cs), and fran-
cium (Fr). In another embodiment, also beryllium (Be), even
though toxic, can be used as the dopant, if the concentration of
the dopant is below a value that is harming to the user.
[0045] In a preferred embodiment, the material is made of
gold doped with lithium (Au—Li), palladium doped with
lithium (Pd—L1) or platinum doped with lithium (Pt—Li). In
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another preferred embodiment, the material is made of gold
and the dopant is lithium, sodium or potassium, therefore:
gold doped with lithium (Au—L.1i), gold doped with sodium
(Au—Na) or gold doped with potassium (Au—K). In a most
preferred embodiment, the material is made of gold doped
with lithium (Au—IL1, for example with a dopant concentra-
tion between 0.1 and 5%, in particular between 0.5 and 3%, in
particular between 0.7 and 1.3%, in particular 1%x0.2%. In
this case for example, the difference in ionization potential
between the noble metal and the dopant is at or above a level
at which the noble metal is prevented from taking part in the
electrochemical reaction with the skin 10. Thus, it is pre-
vented that ions of the noble metal are also injected into the
skin 10 due to electrochemical reaction.

[0046] FIG. 2 shows a cross-section of a skin conductance
electrode 12, 13 according to an embodiment. The electrode
12,13 has an outer surface 15, 19 for interfacing with the skin
10. The material described above is located at the outer sur-
face 15,19. In FIG. 2, the electrode 12, 13 comprises an outer
layer 14 which is formed of the material. The outer layer 14
comprises the outer surface 15 for interfacing with the skin
10. The electrode 12, 13 further comprises a first inner layer
16 located beneath the outer layer 14. The electrode 12, 13
further comprises a second inner layer, or base layer, 18
located beneath the first inner layer 16.

[0047] Inthe most preferred embodiment, the second inner
layer, or base layer, 18, is formed of brass, the first inner layer
16 is a formed of nickel, and the outer layer 14 is formed of a
material made of gold doped with monovalent lithium ions
(Au—Li)

[0048] In an exemplary manufacturing method, the mate-
rial of the second inner layer 18, such as brass in the most
preferred embodiment, for example in the form of a plate, is
polished and electrochemically plated with the first inner
layer 16, such as nickel in the most preferred embodiment.
Then, the outer layer 14, such as gold doped with lithium in
the most preferred embodiment, is applied by sputtering.
Optionally, before sputtering the outer layer 14, the material
can be melted, such as in a closed quartz vessel, then cooled,
afterwards flattened and the sputter targets, for example of
round form, can be cut out. Also optionally, before sputtering
the outer layer 14, the surface of the first inner layer 16 can be
cleaned using reactive ion etching in order to improve the
bonding between the first inner layer 16 and the outer layer
14. An alternative to applying the outer layer 14 by sputtering
is the co-deposition in vacuum by evaporation and/or e-beam
deposition. For example, gold can be e-beam deposited and
lithium can be deposited in vacuum by evaporation from a
heated crucible, due to the low melting point of lithium.
Optionally, the thickness of the layer can be monitored so that
the deposition speed can be controlled. A good stability of the
outer layer 14 can thus be realized throughout the layer. The
thickness of the outer layer 14 can for example be in the order
of microns, in particular less than 1 micron.

[0049] FIG. 3 shows skin conductance traces. The mea-
sured skin conductance values over time form a skin conduc-
tance trace. The x-axis is the time axis, for example measured
in minutes (min), and the y-axis is the skin conductance axis,
for example measured in microSiemens (uS). Skin conduc-
tance, or also called galvanic skin response (GSR), is a mea-
sure of the electrical conductance of the skin, which varies
with its moisture level, thus the sweat gland activity.

[0050] In particular, FIG. 3 shows a first skin conductance
trace, sensed by a skin conductance sensor according to an
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embodiment, namely the most preferred embodiment
described above, using a material made of gold doped with
lithium at the outer surface of the electrode. This first skin
conductance trace is illustrated by a plain solid line. For
comparison, FIG. 3 also shows a second skin conductance
trace, illustrated by the circled solid line, in which a conven-
tional electrode having nickel at the outer surface has been
used. The improved signal level of the first skin conductance
trace (Au—1Li) compared to the second skin conductance
trace (Ni) can be clearly seen in FIG. 3. If an undoped gold
material (Au) at the outer surface of the electrode material
would be used, the signal level of the corresponding skin
conductance trace (not shown in FIG. 3) would be even lower
than with the nickel (Ni) electrode. For mere comparison
purposes, this is illustrated in FIG. 3a showing a skin con-
ductance trace sensed by a skin conductance sensor having a
conventional nickel (Ni) electrode and a skin conductance
trace sensed by a skin conductance sensor having a gold (Au)
electrode.

[0051] By using an electrode comprising a material made
of gold doped with potassium (Au—K) or gold doped with
sodium (Au—Na), similar results as with a material made of
gold doped with lithium (Au—1I.1) can be obtained. However,
with potassium and sodium, there is a large period of signal
increase, compared to the use of lithium, after first use due to
diffusion processes. More time is needed for the skin conduc-
tance to reach a stable level, compared to the Au—1Li example
shown in FIG. 3. This is exemplary illustrated in FIG. 35,
showing a skin conductance trace, sensed by a skin conduc-
tance sensor comprising an electrode comprising gold doped
with sodium (Au—Na). The slow increase of the signal can be
seen in FIG. 34. This can be explained with the difference in
radius between sodium, potassium and lithium: potassium
radius: 138 pm, sodium radius: 102 pm, lithium radius: 76
um. The smaller the ion is, the easier it is to penetrate the skin
due to its increased mobility.

[0052] Similar results as shown for gold doped with
lithium, potassium or sodium can also be obtained by doping
platinum with lithium, potassium or sodium.

[0053] FIG. 4 shows a schematic block diagram of a skin
conductance sensor 20 according to an embodiment. The skin
conductance sensor 20 comprises two dry electrodes 12, 13.
The skin conductance sensor 20 further comprises a voltage
generator 22 for applying a voltage 11, in particular a constant
voltage, between the two electrodes 12, 13. Normally, a small
voltage is applied, for example less than 1.2 V. Such a small
voltage induces a small current, for example in the order of 1
LA, through the skin. The skin conductance sensor 20 further
comprises a measuring unit 24 for measuring a current or
voltage drop between the two dry electrodes 12, 13. An A/D
converter 25 of the skin conductance sensor 20 digitizes the
measured current or voltage drop. The skin conductance sen-
sor further comprises a calculating unit 26, such as a proces-
sor, for calculating a skin conductance based on the measured
current or voltage drop. It should be understood, that also the
skin resistance can be calculated which is the inverse of the
skin conductance.

[0054] The measured skin conductance values, or the skin
conductance trace, can for example be transmitted by a trans-
mitter 28 over a wireless transmission link. Additionally or
alternatively, these measured skin conductance values can be
stored in a memory unit 29.

[0055] The skin conductance sensor 20 comprises a casing
27. All or only some of the components described above can
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be integrated in the casing 27. However, some components
may also be separate parts. In particular, the electrodes 12,13
can be separate parts.

[0056] FIG. 5 shows an illustration of a wristband accord-
ing to an embodiment. The wristband 30 comprises a skin
conductance sensor 20 as described above, in particular as
illustrated in FIG. 4. The wristband 30 comprises a wristband
material part 31, for example made of a textile or plastic,
which loops around the wrist of the user. Even though called
wristband, the wristband 30 could also be worn around the
ankle or other suitable body part. The two dry electrodes 12,
13 are integrated into the wristband 30, in particular inte-
grated into the wristband material part 31. The two dry elec-
trodes 12, 13 are arranged such that they contact the volar side
of the wrist when the wristband 30 is worn by the user. The
electrodes 12, 13 have a round form in FIG. 5, however any
other suitable electrode form may be used. In particular, the
electrodes 12, 13 in FIG. 5 are in the form of clothing buttons.
A casing 27 comprises a voltage generator 22, a measuring
unit 24, and a calculating unit 26. The two electrodes 12, 13
are separate parts and are connected to the casing 27 by means
of wires located within the wristband. Alternatively, the two
electrodes 12, 13 can also be integrated into the casing 27. In
FIG. 5, a transmitter 28 for wirelessly transmitting the mea-
sured skin conductance values is integrated into the casing 27.

[0057] FIG. 6 shows an illustration of an emotional event
detection system according to an embodiment. The emotional
event detection system detects an emotional event of a user.
The system comprises a skin conductance sensor 20, which is
integrated into the wristband 30 shown in FIG. 6. The wrist-
band 30 shown in FIG. 6 can for example be the wristband 30
of'the embodiment in FIG. 5. The system further comprises a
processing unit 34 adapted to process the transmitted data and
detect an emotional event in the user based on the transmitted
data. The processing unit 34 can be a separate part. The
system also comprises a transmission link 32, between the
skin conductance sensor 20 and the processing unit 34, for
transmitting data indicative of the sensed skin conductance,
for example the measured skin conductance values. The
transmitter in the wristband 30, such as transmitter 28 in FIG.
5 or FIG. 4, transmits data indicative of the sensed skin
conductance to a receiver of the processing unit 34 over the
wireless transmission link 32. The transmission link 32 illus-
trated in FIG. 6 is a wireless link. However, also other trans-
mission links are possible, such as transmission by download-
ing data from a memory or using a cable. Even though not
illustrated in FIG. 6, the system can comprise at least one
further sensor, such as a heart rate sensor, for example for
measuring heart rate variations, a breathing sensor, a blood
sensor, a body temperature sensor, a voice sensor, a camera
for capturing the face of the user, or the like. Each of these
further sensors can be adapted to transmit the sensed data to
the processing unit 34. The processing unit 34 can then com-
bine the measurements from the skin conductance sensor
with measurements of other sensors, in order to improve the
accuracy of the emotional event detection.

[0058] FIG. 7 shows a skin conductance trace sensed by a
skin conductance sensor according to an embodiment, in
particular measured with the skin conductance sensor or
wristband as previously described. The skin conductance
trace shows several hours of measurement. The processing
unit 34 shown in FIG. 6 is adapted to detect a particular rising
slope and/or a particular down slope in the transmitted skin
conductance data, in particular detecting peaks with a steeper
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rising slope and more gentle down slope. In this way, an
emotional event can be detected. Skin conductance is related
with the level of arousal of the user. Everything that emotion-
ally touches the user activates the sweat glands in the skin
leading to a better conductor path through the skin. Hence, an
easy way of determining emotional events from skin conduc-
tance data is provided.

[0059] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0060] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0061] Any reference signs in the claims should not be
construed as limiting the scope.

1. Skin conductance sensor comprising at least two dry
electrodes, wherein the sensor (20) is adapted to sense a
user’s skin conductance between the at least two dry elec-
trodes, wherein at least one of the electrodes is a dry skin
conductance electrode for contacting the skin of a user, the
electrode comprising a material made of a noble metal doped
with at least one dopant selected from the group consisting of
hydrogen, lithium, sodium, potassium, rubidium, caesium
and beryllium wherein the material is located at an outer
surface of the electrode for interfacing with the skin.

2. Skin conductance sensor of claim 1, wherein the noble
metal is an element selected from the group consisting of
gold, palladium and platinum.

3. Skin conductance sensor of claim 1, wherein the dopant
is lithium, sodium or potassium.
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4. Skin conductance sensor of claim 1, wherein the noble
metal is gold, palladium or platinum, and the dopant is
lithium.

5. Skin conductance sensor of claim 1, wherein the differ-
ence in ionization potential between the noble metal and the
dopant is at or above a level at which the noble metal is
prevented from taking part in the electrochemical reaction
with the skin.

6. Skin conductance sensor of claim 1, wherein the con-
centration of the dopant is between 0.1 and 5%.

7. (canceled)

8. Skin conductance sensor of claim 1, wherein the elec-
trode comprises an outer layer which is formed of the mate-
rial.

9. Skin conductance sensor of claim 8, wherein the elec-
trode further comprises at least one inner layer beneath the
outer layer.

10. (canceled)

11. Skin conductance sensor of claim 1 further comprising:

a voltage generator for applying a voltage between the at

least two electrodes,

a measuring unit for measuring a current between the at

least two electrodes and

a calculating unit for calculating skin conductance based

on the measured current.

12. Wristband comprising the skin conductance sensor of
claim 1.

13. Wristband of claim 12 wherein the at least two elec-
trodes are arranged for contacting the volar side of the wrist of
the user.

14. Emotional event detection system for detecting an
emotional event of a user, the system comprising:

the skin conductance sensor claim 1,

a transmission link for transmitting data indicative of the

sensed skin conductance, and

a processing unit adapted to process the transmitted data

and detect an emotional event of the user based on the
transmitted data.

15. Emotional event detection system of claim 14, wherein
the transmission link is a wireless link between the skin
conductance sensor and the processing unit.
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