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Description
Technical field

[0001] The presentinvention is in the field of electron-
ics, stretchable electronics, thin film deposition and, in
particular in the field of dentistry. Specifically, it concerns
stretchable electronics and electrical transitions/connec-
tions onto stretchable substrates and flexible substrates
used for electronics.

Background art

[0002] To fabricate stretchable electronics, two main
processes are used: thin film metal deposition or pattern-
ing of liquid metal or conductive pastes on an elastic sub-
strate.

[0003] In the case of the first process, thin film metal
(e.g. Cr-Au) deposition on elastic substrates (e.g.
Ecoflex, PDMS, polyurethane, silicones) are used to fab-
ricate electrical connections that stretch and deform con-
formally to the substrate while remaining conductive and
elastic (in a certain range of deformation). For such a
purpose an adhesion layer (e.g. Cr, Ti) is deposited onto
the elastic substrate to improve the adhesion forces be-
tween the substrate and a highly conductive metal (e.g.
Au, Cu, Ag, Pt, Pd).

[0004] Depending on the substrate and the applica-
tions, deposition rates and metal thickness are different
(US 7,491,892 B2,). Lacour et al, Science 9, January
2015, Vol. 347 no. 6218 pp.; Gerratt et al., 2014 IEEE-
RAS International Conference on Humanoid Robots, Ma-
drid, 2014, pp. 238-24510 159-163The thickness of the
metallization is typically in the range from few atomic lay-
ers up to 100 nm, yielding a very thin circuit board.
[0005] Although the thin metal layer follows the elastic
substrate deformation up to 20 - 25% of elongation and
remains conductive (Lacour et al. and Gerratt et al), the
metal connection is not conductive anymore at elonga-
tions larger than 20 - 25%. Upon a local stress (i.e. a
pressure applied by a tip or a dental cusp), the electrical
connection is locally interrupted, producing a failure of
the device.

A transition of the conductive tracks from elastic sub-
strates to traditional electronic substrates can be per-
formed. For this purpose other materials at the interface,
such as conductive pastes and liquid metal alloys, are
added to avoid excessive friction (rubbing and shearing)
at the interface. However, the mechanical performances
of this transition are poor and limit the ability of elongation
to 5 - 10% (Lacour et al. and Gerratt et al).

[0006] The mechanical contact between the deposited
metal and the hard object is critical. Potential friction,
rubbing or shearing at the interface damage the depos-
ited metal pattern, thus reducing the working life of the
connections. (see Figure 1A). Soft material (e.g., con-
ductive paste, conductive gel) has to be used to reduce
rubbing and shearing at the interface of the transition.
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These conductive pastes or gels are typically harmful for
humans. This limits the technological field wherein this
technology may be applied. Furthermore, these conduc-
tive pastes or gels require a proper encapsulation, which
is bulky and particularly increases the overall dimensions
of the device.

[0007] In the case of the second process to fabricate
electrical connections and circuits which stretch and de-
form conformally to the substrate while remaining con-
ductive and elastic, liquid metals (typically eutectic Galn
or other Ga alloys) and conductive Ag-based pastes are
used. (see Figure 1B). These materials can be deposited
with a syringe or a nozzle. In most cases, the pattern
created with liquid metal or conductive pastes is encap-
sulated using silicones or other elastomers.

[0008] Gerrattetal. (2015, Adv. Funct. Mater., 25, pp.
2287-2295) is one example of such a process. Gerrat et
al. disclose elastomeric electronic skin for prosthetic tac-
tile sensation including resistive sensors for monitoring
finger articulation and capacitive tactile pressure sensors
through the implemention of soft, compressible silicone
foam as the dielectric and stretchable thin-metal films.
The pressure sensors are prepared by metallizing a
stretchable material (PDMS) with one or more thermally
evaporated Cr/Au bilayers through a mask. Flexion sen-
sors are prepared as the pressure sensors but, in addi-
tion, liquid metal wires (Ga, Egaln) are printed on the
metallized stretchable material by syringe.

[0009] Said pattern follows the elastic substrate defor-
mation up to 80 - 150% of elongation and remains con-
ductive (Tiercelin et al., Journal of Micromechanics and
Microengineering, IOP Publishing, 2006, 16, pp.
2389-2395; Boley et al., Advanced Functional Materials
23, June 18, Vol. 24, pp. 3501-3507). The elastic defor-
mation range and the conductive deformation range of
the pattern of liquid metal or conductive pastes are higher
than in the thin metal layer case but the conductivity of
the electrical connection made with liquid metal is lower.
[0010] The use of conductive pastes, liquid metal al-
loys or other materials at the interface between two sub-
strates allows performing transitions from elastic sub-
strates and traditional electronic substrates. However the
mechanical performances of this transition are limited (5
- 10% of elongation). The electrical resistance per unit
length of this type of connection is too high for many
applications.

[0011] Moreover upon application of local stress (e.g.
pressure applied by a dental cusp), the liquid metal is
displaced and the connection interrupts producing a fail-
ure of the device.

[0012] The external surface of the liquid metal pattern
may oxidize rapidly. Therefore, the transition between
liquid metal lines and traditional electronics substrates
requires a bulky encapsulation to avoid electrical failure.
[0013] The architecture of electric lines, pads, elec-
trodes results bulky. Indeed, the metallization thickness
typically is in the range from 50 to 800 wm and the con-
ductors need to be further encapsulated by the elastic
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materials used as substrate. Thus, the overall thickness
of the stretchable electronics board easily reaches 1 mm,
which is inappropriate for many biomedical applications,
such as dental occlusion assessment and implantable
electrodes for electrical stimulation, where the thickness
of the device has to be minimal (e.g. below 1 mm).
[0014] Nowadays, there is a real need for stretchable
electronics and/or electronic connections which can
stretch and deform conformally to the substrate, said
electronics or connections remaining elastic and conduc-
tive and not presenting the drawbacks of the devices ob-
tained by the two aforementioned processes: limitation
of the ability of elongation and of the conductivity, limited
transition between elastic substrates and traditional elec-
tronic substrates, bulky architecture and too high thick-
ness, inclusion of harmful materials, high electrical re-
sistance per unit length of connection. There is also a
real need for a method which is more economic, more
environment friendly and less complex.

Summary of the invention

[0015] The invention provides a solution to all the
aforementioned drawbacks. The invention concerns a
method for producing a stretchable conductor and/or
electrical connection, a stretchable conductor and/or
electrical connection being stretchable for more than
100% of the initial length depending on the deformation
capacity ofthe stretchable substrate, a device comprising
such a stretchable conductorand/or electrical connection
as described throughout the present disclosure and the
appended claims.

[0016] The inventors have found that the stretchable
conductor and/or electrical connection obtained by the
method of the invention and composed of thin metallic
layers deposited onto elastic or stretchable substrates
can deform for more than 300% of elongation, and up to
500% of elongation, while remaining conductive (see Fig-
ures 2A and 2B).

[0017] By using a stretchable conductor and/or elec-
trical connection obtained with the method of the inven-
tion, the transition from the elastic substrate and the tra-
ditional electronic substrates does not need other mate-
rials at the interface, such as conductive paste. During
the fabrication of the stretchable conductor and/or elec-
trical connection, the continuous deposition of the liquid
metal by evaporation during the whole process allows to
combine said liquid metal with other materials, which im-
proves the mechanical contact and the electrical connec-
tion at the transition from elastic substrate and traditional
electronic substrates.

[0018] Moreover the metallization provided by the
method or the process results in a very thin circuit board
of a thickness in the range from a few microns to a few
millimeters.

[0019] Accordingly, in an aspect, the invention pro-
vides a method for producing a stretchable conductor
and/or electrical connection comprising
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- providing a stretchable substrate, a liquid metal, a
conductive metal and an adhesion materialina same
evaporator chamber;

- depositing the liquid metal;

- depositing the adhesion material; and

- depositing the conductive metal;

the liquid metal, the conductive metal and the adhesion
material are deposited by evaporation, the deposition be-
ing made in vacuum; wherein the liquid metal is contin-
uously deposited by evaporation during the whole evap-
oration process including the deposition of the adhesion
material and conductive metal.

[0020] In afurther aspect, the invention provides a de-
vice comprising one or more stretchable conductors
and/or electrical connections produced by the method of
the invention.

[0021] In one embodiment the device of the invention
is selected from a strain gauge, a capacitive pad, a
ground plane, a sensor, a capacitive sensor, a capacitive
sensor array, an electronic mechanic connection.
[0022] In particular, in a further embodiment, the de-
vice of the invention is an electronic and mechanic con-
nection comprising two circuits pads, wherein at least
one of the pads are a stretchable conductor and/or elec-
trical connection of the invention.

[0023] Further aspects and preferred embodiments of
the invention are detailed herein below and in the ap-
pended claims. Further features and advantages of the
invention will become apparent to the skilled person from
the description of the preferred embodiments given be-
low.

Brief description of the drawings

[0024]

Figure 1A shows the metal deposited onto the elas-
tic substrate is damaged after being in contact with
another object. Figure 1B shows the liquid metal
encapsulated in elastic substrates.

Figures 2 show an electrical strip patterned on
PDMS at rest, namely at rest, (Figure 2A) or under
stretching (Figure 2B).

Figure 3 shows a schematic view of a thermal evap-
orator. According to one embodiment, under vacu-
um, the electrical currents (5, 6, 7) flowing in thermal
sources (2, 3, 4) heat up the materials to be evapo-
rated. The vapors deposit these materials on the
substrate above (1). By adjusting the current in the
sources, the deposition rate changes. Multiple active
sources are used at the same time.

Figure 4 shows a scheme of the deposition rate of
the liquid metal, the adhesion material and the con-
ductive metal during the method of the invention: the
solid line represents the deposition rate (phases A
to G) of the liquid metal, the dotted line represents
the deposition rate of the adhesion material (phase
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B)and the dashed line represents the deposition rate
of the conductive metal (phase D). Phase A: the lig-
uid metal is deposited at a deposition rate > 0 nm/s
before depositing the adhesion material layer. Phase
B: the deposition rate of the liquid metal is adjusted
while the adhesion material layer is deposited.
Phase C: the deposition of the adhesion material is
stopped and the deposition rate of the liquid metal
is adjusted. Phase D: the deposition rate of the liquid
metal is adjusted while the conductive metal is de-
posited. Phase E: the deposition of the conductive
metal is stopped and the deposition rate of the liquid
metal is adjusted. Phase F: the deposition rate of the
liquid metal is increased to obtain a final coating of
liquid metal. Phase G: the deposition of the liquid
metal is stopped.

Figure 5 shows example structures resulting from
the deposition of thin metal on an elastic substrate;
(a) traditional method: Cr is deposited as an adhe-
sion layer on PDMS (elastomeric material); Au guar-
antees good conduction; (b) liquid metal can be add-
ed on top of the the Au layer; (c) liquid metal can be
evaporated before or after the other materials in any
order; (d) more complex structures with superior per-
formance are obtained depending on the deposition
rate and evaporating simultaneously the different
metals and material according to one embodiment
of the invention.

Figure 6 shows the transition between a classical
printed circuit board (6) and a stretchable circuit (7)
provided by the method described herein. The
stretchable circuit comprises an elastic substrate (4)
on which conductive lines with pads (5) are pat-
terned. The classical printed circuit board comprises
arigid or flexible board (1) on which conductive lines
with pads (2) are patterned. The pads on the classical
printed circuit board contain a slot in which an adhe-
sive is present (3). Figure 6A shows a portion of
classical printed circuit board and a portion of a
stretchable circuit, to be put in mutual contact. Fig-
ure 6B represents a side cut view of the formation
of the contact in the transition between the classical
printed circuit board and the stretchable circuit.
Figure 7A shows a stretchable capacitive array pat-
terned on PDMS. Figure 7B shows an array of
stretchable capacitive pressure sensors patterned
on PDMS (1). Atransition (3) formed using the meth-
od described herein is used to provide the electrical
connections to a flexible PCB (2). The electronics on
the flexible PCB (4) read the signals from the sensor
array and evaluate the distribution of the forces ap-
plied on the sensors by dental cusps (5).

Figure 8 shows a sample used for tensile stretching
tests. A thin and narrow conductive line (2) is pat-
terned with the method described herein on a thin
elastic substrate (1). The two extremities of the lines
are connected to electric wires (3) using an adhesive
on the top (4). Such sample is then stretched linearly
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using a computer-controlled machine in the direction
depicted by the black arrows, while the electrical re-
sistance of the line is measured.

Figure 9 shows an example measurement of the
electrical resistance for various mechanical elonga-
tions of a sample prepared as in Figure 8.

Detailed description of the invention

[0025] The presentdisclosure may be more readily un-
derstood by reference to the following detailed descrip-
tion presented in connection with the accompanying
drawing figures, which form a part of this disclosure. It is
to be understood that this disclosure is not limited to the
specific conditions or parameters described and/or
shown herein, and that the terminology used herein is
forthe purpose of describing particular embodiments giv-
en that the invention is defined by the appended claims.
[0026] As used herein adhesion material is a material
that is used to improve the metal adhesion to the sub-
strates.

[0027] As used herein conductive material is a metal
that is solid at room conditions and presents the highest
conductivity among the evaporated materials.

[0028] As used herein liquid metal is a metal material
thatis in a liquid or semi-liquid state up to a temperature
of 90 °C and at atmospheric pressure condition.

[0029] As used herein, deposition rate means the
amount of material deposited on the substrate per time
unit, e.g. in a second.

[0030] As used herein, transition in the context of a
connection means line, track of the electronic board and
any conductive path between two regions or two compo-
nents.

[0031] Inone embodiment, the method of the invention
further comprises a step of depositing the liquid metal
onto the stretchable substrate and/or before depositing
the adhesion material. The method described herein fur-
ther comprises a step of depositing the liquid metal onto
the conductive metal and/or after depositing the conduc-
tive metal.

[0032] In one embodiment, the method further com-
prises a step of depositing the liquid metal after depos-
iting the adhesion material and before depositing the con-
ductive material.

[0033] According to the invention the liquid metal is
continuously deposited by evaporation during the whole
evaporation process including the depositions of the ad-
hesion material and conductive metal.

[0034] In a further embodiment, in the method of the
invention, the liquid metal, the conductive metal and the
adhesion metal are deposited by evaporation at different
deposition rates, which are variable during the process.
The liquid metal is be deposited through the whole evap-
oration process of the production of the stretchable sub-
strate and through all the steps of depositing the adhesion
material and the conductive material (Figure 4, phases
Ato G). The liquid metal may be deposited at variable or
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different deposition rates during the whole process.
[0035] In particular, according to Figure 3, the liquid
metal placed in (4), the conductive metal placed in (2)
and the adhesion material placed in (3) are deposited on
the substrate (1) by evaporation at different deposition
rates, which are variable during the process. The depo-
sition rate of the liquid metal may be different from the
deposition rate of the conductive metal and/or from the
deposition rate of the adhesion material. The deposition
rate of the liquid metal is different from the deposition
rate of the conductive metal and/or from the deposition
rate for the adhesion material, when the liquid metal is
deposited together with the conductive metal and/or the
adhesive material.

[0036] Since the evaporation temperatures of the met-
als and the material are depending on the pressure in
the chamber and the type of material, the deposition rate
of the metals and the material is controlled by adjusting
the current in the sources (5, 6, 7) (see Figure 3). The
higher is the current, the higher is the evaporation rate.
The currents may be in the range from 0 Ato 500 A,5 A
to 500 A, 5 Ato 70 A, or 50 A to 500 A. The deposition
rates during the deposition process may be in the range
from 0to 12 A/s (Angstém/second), orfrom 0 to 1,2 nm/s.
The currents are preferably in the range from 0 A to 100
A. The deposition rates during the deposition process
are preferably in the range from 0 to 3 nm/s.. The tem-
peratures of the sources may be in the range from 0°C
to 1500°C, or 0°C to 200°C, and when the source is
warmed up or heated, the temperatures of the heated
sources may be in the range from 200° to 1500°C.
[0037] The adhesion material and the conductive ma-
terial are alternatively deposited by evaporation in the
method described herein. The liquid metal is deposited
before depositing the adhesion material and after depos-
iting said adhesion material, and before depositing the
conductive material and after depositing said conductive
material

[0038] The adhesion material in the method of the in-
vention is deposited before the conductive metal.
[0039] In another embodiment of the method of the in-
vention, the liquid metal is deposited before depositing
the adhesion material, while depositing said adhesion
material, after depositing said adhesion material and be-
fore depositing the conductive material, while depositing
said conductive material and after depositing said con-
ductive material.

[0040] In a further embodiment of the method of the
invention, the deposition by evaporation is made by a
physical vapor deposition method selected from a dep-
osition by sublimation process, cathodic arc deposition,
electron beam physical vapor deposition, thermal evap-
oration, evaporative deposition, pulsed laser deposition,
sputter deposition and/or from chemical vapor deposi-
tion, electron beam evaporation, thermal evaporation,
molecular beam epitaxy.

[0041] Preferably in the case of using thermal evapo-
ration (see Figure 3) as a deposition method, the method
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of the invention further comprises the following steps:

- positioning of the liquid metal, the conductive metal
and the adhesion material on the different thermal
sources (2, 3, 4) of the evaporator chamber;

- optionally adding an evaporation mask onto the
stretchable substrates (1) to pattern the liquid metal,
the adhesion material and the conductive metal in
certain regions of the substrate,

- thethermal sources corresponding to the source on-
to which the liquid metal is placed, are progressively
heated up until the liquid metal evaporates and de-
posits on the substrate;

- thethermal source corresponding to the source onto
which the adhesion material is placed (3), is activat-
ed by adjusting the current flowing in the source (7)
to have a deposition rate resulting in the deposition
of a thin layer of material;

- thethermal source corresponding to the source onto
which the adhesion material is placed (3), is turned
off;

- thethermal source corresponding to the source onto
which the conductive metal is placed (2), is activated
by adjusting the current flowing in the source (5) to
have a deposition rate resulting in the deposition of
a thin layer of this metal;

- thethermal source corresponding to the source onto
which the conductive metal is placed (2), is turned off;

- the current (6) continuously flowing into the sources
corresponding onto which the liquid metal is placed
(4), is increased to deposit the liquid metal under the
form of a thin layer;

- thethermal source corresponding to the sources on-
to which the liquid metal is placed (4), is turned off.

[0042] Thin layer means a thickness of the layer after
deposition of the metal or the material from 1 nm to 200
nm. To make stretchable conductors, the thickness of
the adhesion material (e.g. Cr) is about 5 nm and the
conductive material (e.g. Au) is about 30 nm.

[0043] The differentmetallayersresulted fromthe met-
allization in the method of the invention have an overall
thickness of less than 100 nm or in the range from > 0
nm to < 100 nm, preferably from a few nanometers (> 0
nm) to 100 nm, from 3 nm to 100 nm.

[0044] Inafurther embodiment of the method, the dep-
osition of the metals and the material onto the stretchable
substrate is patterned. Said pattern may be made
through an evaporation mask and/or photolithography
etching techniques.

[0045] The stretchable substrate comprises an elasto-
meric material. The stretchable substrate or elastic sub-
strate comprises elastomeric material. A non-exhaustive
and non-limiting list of suitable stretchable and/or elastic
materials according to the present invention comprises
polymeric materials such as silicone (for example poly-
dimethylsiloxane PDMS), stretchable or flexible poly-
chlorobiphenyl, nitrile rubber, polyimide, latex, poly-
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urethane, polyisoprene (synthetic rubber), any kind of
elastomers, the Tango family of rubber-like materials (for
example TangoPlus or FullCure930), polyurethane foam
(foam rubber), XPS foam, polystyrene foam, phenolic
foam, styrenic block copolymers, polyolefin blends, elas-
tomeric alloys, thermoplastic polyurethanes (TPU), ther-
moplastic copolyester, thermoplastic polyamides and the
like.

[0046] The stretchable conductorand/or electrical con-
nection comprises electrically conductive material being
any suitable material able to conduct the electrical cur-
rent. Said material includes but is not limited to liquid
metal and conductive metal.

[0047] The liquid metal is selected from metals includ-
ing but not limiting to gallium, mercury as well as alloys
thereof or oxides thereof. The liquid metal (e.g Ga alloys)
or a metal with a low melting point (e.g. pure Ga) is com-
bined with the adhesion material and the conductive met-
al during the evaporation to improve the mechanical
property (elasticity and stretchability) of the stretchable
conductor and/or electrical connection, said mechanical
property is limited to the capacity of deformation of the
elastomeric material used for the stretchable substrate.
[0048] The conductive metal is selected from metal in-
cluding but not limiting to copper, silver, gold, aluminum,
platinum, palladium and the like as well as alloys or ox-
ides thereof. It allows creating an electrical connection
with low resistance.

[0049] The adhesion material forms a layer and in-
cludes but is not limited to Cr, and Ti. It provides an ad-
hesion between the stretchable substrate and the con-
ductive metal.

[0050] In particular, in the method of the invention, the
liquid metal is selected from gallium, mercury, alloys or
oxides thereof and from metal being liquid or semi-liquid
atless than 90 °C at atmospheric pressure condition; the
adhesion material is metallic selected from Cr, Ti and the
conductive material is metallic selected from Au, Ag, Cu
or Au, Ag, Cu, Pt, Pd.

[0051] The adhesion material, the conductive metal
and the liquid metal are evaporated in an evaporator
chamber under vacuum. The liquid metal is evaporated
before, during and after the other metal (conductive met-
al) and the adhesion material are evaporated. The dep-
osition rate of the liquid metal changes during the process
to ensure a proper layer adhesion and a proper combi-
nation between metals and materials. The vapor of the
liquid metal in the chamber during the whole process
combines with the other metal vapors before they deposit
onto the substrate. At the end of the process, at room
temperature and ambient conditions, the liquid metal is
semi-liquid and combined with the other metals to ensure
optimal mechanical and electrical properties for applica-
tion in the stretchable electronics (see Figures 2 and 5).
[0052] Is also described a stretchable conductor
and/or electrical connection obtained by the method of
the invention.

[0053] Since the deposition rates of the liquid metal
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are variable during the whole process, the methods de-
scribed herein provide stretchable conductors and/or
electrical connections, which may have different struc-
tures. Said structures include elastic or stretchable sub-
strates forming a stretchable support onto which the ad-
hesion material, the conductive material and the liquid
metal are successively deposited (see Figure 5b, not be-
ing part of the invention), elastic substrates onto which
the liquid metal is alternatively deposited in any order
between the adhesion and conductive layer (see Figure
5c, not being part of the invention) and elastic substrates
onto which the liquid metal is deposited continuously first
with the adhesion material and then with the conductive
material (see Figure 5d, as provided by the method of
the invention).

[0054] It is also described a stretchable conductor
and/or electrical connection comprises the stretchable
substrate, an adhesion material, a conductive metal and
a liquid metal, wherein said adhesion material, said con-
ductive metal and said liquid metal are under the form of
layers.

[0055] The stretchable conductorand/or electrical con-
nection further comprises a liquid metal layer onto the
stretchable substrate. This liquid metal layer may be op-
tional. The stretchable substrate may be covered by a
first liquid metal layer, if present, or directly by the adhe-
sive layer, if said first liquid metal layer is absent.
[0056] The stretchable conductorand/orelectrical con-
nection further comprises a liquid metal layer onto the
conductive metal layer.

[0057] The adhesion material layer is covered by the
conductive metal layer being covered by the liquid metal
layer.

[0058] The adhesion material layer, the conductive

metal layer and the liquid metal layer of the stretchable
conductor and/or electrical connection are successive
layers or alternating layers.

[0059] The stretchable conductorand/or electrical con-
nection may further comprise a liquid metal layer be-
tween the adhesive material layer and the conductive
metal layer.

[0060] The stretchable conductorand/or electrical con-
nection comprise an adhesion material layer comprising
liquid metal and adhesion material and a conductive met-
al layer comprising liquid metal and conductive metal.
[0061] The stretchable conductorand/or electrical con-
nection is stretchable for more than 100% of the initial
length depending on the deformation capacity of the
stretchable substrate. The deformation of the stretchable
conductor and/or electrical connection is more than
300% of elongation, in the range from 100 % to 500%,
from 100% to 300% of the initial length. In a particular
case, a stretchable conductor and/or electrical connec-
tion providing by the metallization of Cr-Au- Ga alloy
stretches and remains conductive in the whole elastic
range of 500% elongation of the substrate being PDMS.
[0062] In an aspect, the invention provides a device
comprising one or more stretchable conductors and/or
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electrical connections according to the method of the in-
vention.

[0063] In one embodiment, the device of the invention
is selected from a strain gauge, a capacitive pad, a
ground plane, a sensor, a capacitive sensor, a capacitive
sensor array, an electronic mechanic connection.
[0064] In a further embodiment, the device of the in-
vention is for use in measuring dental occlusion and den-
tal forces though capacitive means. Accordingly, the de-
vice for use in measuring dental occlusion of a subject
through capacitive means, characterized in that it com-
prises: a substrate reversibly deformable upon dental oc-
clusion; and a sensor incorporated within said substrate
comprising at least one capacitive pad and transmission
conductive lines, said transmission conductive lines op-
eratively connecting the capacitive pad to a micro con-
troller unit.

[0065] Inanother embodiment, the device of the inven-
tionis an electronic and mechanic connection comprising
two circuit pads, wherein at least one of the pads is a
stretchable conductor and/or electrical connection ac-
cording to invention, namely obtained by the method of
the invention.

[0066] The presentinvention is now illustrated by way
of examples. These examples do not limit the scope of
this invention, which is defined by the appended claims.

Examples

Novel transition from stretchable to flexible electronics
circuit

[0067] The method of the invention resulting into de-
posited metals on elastic substrates allows to putin elec-
trical contact the flexible electronic board to the stretch-
able one (see Figures 6). The liquid metal evaporated
and combined with Au can remain in contact with the
flexible electronic metal parts.

[0068] A pad (2, 5) is patterned on both the flexible
substrate (1) and the stretchable one (4) to increase the
contact region of the two circuits. A pattern is created in
the flexible board with photolithography and etching tech-
niques. In this region an adhesive is placed (3) toimprove
the adhesion between the two substrates (see Figure
6A). The amount of this adhesive is below the level of
the metallization, pulling the stretchable PCB (6) towards
the flexible one (7), improving the electrical contact (see
Figure 6B). Further encapsulation and mechanical
clumps can be added in this region to improve the adhe-
sion.

Stretching test

[0069] Usingthe method ofinvention, a sample for me-
chanical stretching tests was prepared (see Figure 8).
The sample consists of a narrow conductive line (2) was
patterned on thin silicone (1). Such a line has 5 cm length
and 250 pum width at rest. The metal deposition was per-
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formed by evaporating Cr, Au and Ga at a rate of 1 nm/s,
3 nm/s and 0.1 nm/s respectively. The deposition of the
Gaoccurred along the entire process. Electrical wires (3)
are directly connected to the pads on the sample using
an adhesive (4). The sample was then tested. A compu-
ter-controlled mechanical test machine linearly extended
the sample (as indicated by the arrows in Figure 6) and
the resistance of the line for different values of strain was
measured (see Figure 9). The line remains electrically
conductive up to 100% of strain and more.

Application in dentistry

[0070] The method of the invention also allows the use
of stretchable electronics in fields of technological appli-
cation where the stress and deformation of the substrate
are much higher than the current state of the art. Further-
more, this invention introduces the possibility of interfac-
ing stretchable electronics substrates with traditional
electronic substrates without using harmful conductive
pastes and other liquid conductors allowing stretchable
electronics to be used in fields of application where tox-
icity is forbidden (e.g. the dental or medical field).
[0071] Using the method of invention, a pressure sen-
sitive capacitive sensor array on biomedical silicone have
been fabricated (Figure 7A). The sensor array (1) has
been connected (3) to a semi-rigid electronic board (2)
without using any conductive pastes or harmful materials
(Figure 7B). The electronics on the board (4) processes
the signals gathered by the sensor array and evaluates
the patient occlusion. Upon dental forces and stresses
(5), the electronics elements adapt their shape to the
dental topology, stretches, compresses and relaxes
while remaining conductive and elastic even for high de-
formations.
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Claims

A method for producing a stretchable conductor
and/or electrical connection comprising

- providing a stretchable substrate, a liquid met-
al, a conductive metal and an adhesion material
in a same evaporator chamber;

- depositing the liquid metal;

- depositing the adhesion material; and

- depositing the conductive metal;

the liquid metal, the conductive metal and the adhe-
sion material are deposited by evaporation, the dep-
osition being made in vacuum;

wherein

- the liquid metal is continuously deposited by
evaporation during the whole evaporation proc-
ess including the deposition of the adhesion ma-
terial and conductive metal.

The method according to claim 1, wherein the adhe-
sion material is deposited before the conductive met-
al.

The method according to any one of the preceding
claims, wherein the liquid metal, the conductive met-
al and the adhesion material are deposited by evap-
oration at different deposition rates, which vary dur-
ing the process.

The method according to any one of the preceding
claims further comprising a step of depositing the
liquid metal onto the stretchable substrate and/or be-
fore depositing the adhesion material.

The method according to any one of the preceding
claims further comprising a step of depositing the
liquid metal after depositing the adhesion material
and before depositing the conductive material.

The method according to any one of claims 1-4,
wherein the liquid metal is deposited before depos-
iting the adhesion material, during depositing said
adhesion material, after depositing said adhesion
material and before depositing the conductive ma-
terial, during depositing said conductive material and
after depositing said conductive material.

The method according to any one of the preceding
claims, wherein the deposition by evaporation is
made by a physical vapor deposition method select-
ed from a deposition by sublimation process, cathod-
ic arc deposition, electron beam physical vapor dep-
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14.

osition, thermal evaporation, evaporative deposi-
tion, pulse laser deposition, sputter deposition
and/or from chemical vapor deposition, electron
beam evaporation, thermal evaporation, , molecular
beam epitaxy.

The method according to any one of the preceding
claims, wherein the stretchable substrate comprises
an elastomeric material.

The method according to any one of the preceding
claims, wherein the liquid metal is selected from gal-
lium, mercury, alloys or oxides thereof and from met-
al being liquid or semi-liquid at 90°C at atmospheric
pressure condition; the adhesion material is metallic
selected from Cr, Ti and the conductive material is
metallic selected from Au, Ag, Cu, Pt, Pd.

The method according to any one of the preceding
claims, wherein the deposition of the metals and the
material onto the stretchable substrate is patterned.

A device comprising one or more stretchable con-
ductors and/or electrical connections produced by
the method as defined by claims 1 to 10.

The device of claim 11, characterized in that it is
selected from a strain gauge, a capacitive pad, a
ground plane, a sensor, a capacitive sensor, a ca-
pacitive sensor array, an electronic mechanic con-
nection.

The device according to any one of claims 11 and
12 for use in measuring dental occlusion and dental
forces through capacitive means.

The device according to any one of claims 11-13,
characterized inthatitis an electronicand mechan-
ic connection comprising two circuit pads, wherein
at least one of the pads is a stretchable conductor
and/or electrical connection produced by the method
as defined by claims 1 to 10.

Patentanspriiche

1.

Verfahren zur Herstellung eines/einer dehnbaren
Leiters und/oder elektrischen Verbindung, umfas-
send

-Bereitstellen eines dehnbaren Substrats, eines
flissigen Metalls, eines leitfahigen Metalls und
eines Haftmaterials in der gleichen Verdampfer-
kammer;

- Abscheiden des fliissigen Metalls;

- Abscheiden des Haftmaterials; und

- Abscheiden des leitfahigen Metalls;
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wobei das flissige Metall, das leitfahige Metall und
das Haftmaterial durch Verdampfung abgeschieden
werden, wobei die Abscheidung in Vakuum durch-
gefuhrt wird

wobei

- das flussige Metall wahrend des gesamten
Verdampfungsverfahrens, einschlieRlich der
Abscheidung des Haftmaterials und des leitfa-
higen Metalls, kontinuierlich durch Verdamp-
fung abgeschieden wird.

Verfahren gemafR Anspruch 1, wobei das Haftmate-
rial vor dem leitfahigen Metall abgeschieden wird.

Verfahren gemaR einem der vorstehenden Ansprii-
che, wobei das fliissige Metall, das leitfahige Metall
und das Haftmaterial durch Verdampfung mit unter-
schiedlichen Abscheidungsraten, die wahrend des
Verfahrens variieren, abgeschieden werden.

Verfahren gemaR einem der vorstehenden Ansprii-
che, ferner umfassend einen Schritt der Abschei-
dung des flussigen Metalls auf das dehnbare Sub-
strat und/oder vor dem Abscheiden des Haftmateri-
als.

Verfahren gemaR einem der vorstehenden Ansprii-
che, ferner umfassend einen Schritt der Abschei-
dung des flissigen Metalls nach dem Abscheiden
des Haftmaterials und vor dem Abscheiden des leit-
fahigen Materials.

Verfahren gemal einem der Anspriiche 1-4, wobei
das flissige Metall vor dem Abscheiden des Haft-
materials, wahrend des Abscheidens des Haftmate-
rials, nach dem Abscheiden des Haftmaterials und
vor dem Abscheiden des leitfahigen Materials, wah-
rend des Abscheidens des leitfahigen Materials und
nach dem Abscheiden des leitfahigen Materials ab-
geschieden wird.

Verfahren gemaf einem der vorstehenden Ansprii-
che, wobei die Abscheidung durch Verdampfen
durch ein physikalisches Dampfabscheidungsver-
fahren ausgewahlt aus Abscheidung durch ein Sub-
limationsverfahren, kathodische Lichtbogenab-
scheidung, physikalische Elektronenstrahl-Dampf-
abscheidung, thermische Verdampfung, Verdamp-
fungsabscheidung, Laserpulsabscheidung, Sputter-
Abscheidung, und/oder durch chemische Dampfab-
scheidung, Elektronenstrahlverdampfung, thermi-
sche Verdampfung, Molekiilstrahlepitaxie durchge-
fihrt wird.

Verfahren geman einem der vorstehenden Ansprii-
che, wobei das dehnbare Substrat ein elastomeres
Material umfasst.
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Verfahren gemaf einem der vorstehenden Anspri-
che, wobei das flissige Metall ausgewahlt ist aus
Gallium, Quecksilber, Legierungen oder Oxiden da-
von, und aus Metall, das bei 90 °C bei Atmospha-
rendruckbedingungen fliissig oder halbflissig ist;
wobei das Haftmaterial metallisch ist, ausgewahlt
aus Cr, Ti, und das leitfahige Material metallisch ist,
ausgewahlt aus Au, Ag, Cu, Pt, Pd.

Verfahren gemaf einem der vorstehenden Anspri-
che, wobei die Abscheidung der Metalle und des Ma-
terials auf das dehnbare Substrat strukturiert ist.

Vorrichtung, umfassend einen/eine oder mehrere
dehnbare Leiter und/oder elektrische Verbindungen,
die durch das Verfahren gemaf Anspriichen 1 bis
10 hergestellt sind.

Vorrichtung gemafR Anspruch 11, dadurch gekenn-
zeichnet, dass sie ausgewahlt ist aus einem Deh-
nungsmesser, einem kapazitiven Kontaktfeld, einer
Masseebene, einem Sensor, einem kapazitiven
Sensor, einem kapazitiven Sensorfeld, einer elek-
tronisch-mechanischen Verbindung.

Vorrichtung geman einem der Anspriiche 11 und 12
zur Verwendung bei der Messung von dentaler Ok-
klusion und dentalen Kraften durch kapazitive Mittel.

Vorrichtung gemaf einem der Anspriiche 11-13, da-
durch gekennzeichnet, dass sie eine elektroni-
sche und mechanische Verbindung ist, die zwei
Schaltungskontaktfelder umfasst, wobei wenigstens
eines der Kontaktfelder ein dehnbarer Leiter
und/oder eine dehnbare elektrische Verbindung ist,
der/die durch das Verfahren gemaR Anspriichen 1
bis 10 hergestellt ist.

Revendications

1.

Procédé de production d’'un conducteur et/ou d’'une
connexion électrique étirable, comprenant :

- la fourniture d’un substrat étirable, d’'un métal
liquide, d’'un métal conducteur et d’'un matériau
d’adhésion dans une méme chambre
d’évaporateur ;

- le dép6t du métal liquide ;

- le dép6t du matériau d’adhésion ; et

- le dép6t du métal conducteur ;

le métal liquide, le métal conducteur et le matériau
d’adhésion étant déposés par évaporation, le dépot
étant effectué sous vide ;

dans lequel

- le métal liquide est déposé en continu par éva-
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poration pendant I'ensemble du processus
d’évaporation incluant le dép6ét du matériau
d’adhésion et du métal conducteur.

Procédé selon la revendication 1, dans lequel le ma-
tériau d’adhésion est déposé avant le métal conduc-
teur.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le métal liquide, le métal
conducteur et le matériau d’adhésion sont déposés
par évaporation a différentes vitesses de dépot, qui
varient pendant le processus.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre une étape de dé-
p6t du métal liquide sur le substrat étirable et/ou
avant le dép6t du matériau d’adhésion.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre une étape de dé-
p6t du métal liquide aprés le dépot du matériau d’ad-
hésion et avant le dép6t du matériau conducteur.

Procédé selon I'une quelconque des revendications
1 a4, dans lequel le métal liquide est déposé avant
le dépdt du matériau d’adhésion, pendant le dépot
dudit matériau d’adhésion, apres le dépot dudit ma-
tériau d’adhésion et avant le dép6t du matériau con-
ducteur, pendant le dép6t dudit matériau conducteur
et aprés le dép6t dudit matériau conducteur.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le dép6t par évaporation
est effectué par un procédé de dépdt physique en
phase vapeur sélectionné parmi un dépdbt par un pro-
cessus de sublimation, un dépét a arc cathodique,
un dépdét physique en phase vapeur a faisceau
d’électrons, une évaporation thermique, un dépét
évaporatif, un dép6t a laser puisé, un dépot par pul-
vérisation et/ou parmi un dép6t chimique en phase
vapeur, une évaporation a faisceau d’électrons, une
évaporation thermique, une épitaxie par faisceau
moléculaire.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le substrat étirable com-
prend un matériau élastomere.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le métal liquide est sélec-
tionné parmi le gallium, le mercure, les alliages ou
oxydes de ceux-ci et parmi un métal qui est liquide
ou semi-liquide a 90 °C a un état de pression
atmosphérique ; le matériau d’adhésion est métalli-
que sélectionné parmi Cr, Ti et le matériau conduc-
teur est métallique sélectionné parmi Au, Ag, Cu, Pt,
Pd.
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Procédé selon I'une quelconque des revendications
précédentes, dans lequel le dép6t des métaux et du
matériau sur le substrat étirable est selon un motif.

Dispositif comprenant un ou plusieurs conducteurs
et/ou une ou plusieurs connexions électriques étira-
bles produits par le procédé tel que défini par les
revendications 1 a 10.

Dispositif de la revendication 11, caractérisé en ce
qu’il est sélectionné parmi un mesureur de tension,
une plaquette capacitive, un plan de sol, un capteur,
un capteur capacitif, un réseau de capteurs capaci-
tifs, une connexion mécanique électronique.

Dispositif selon'une quelconque des revendications
11 et 12 pour une utilisation dans la mesure d’occlu-
sion dentaire et de forces dentaires par le biais de
moyens capacitifs.

Dispositif selon'une quelconque des revendications
11 a 13, caractérisé en ce qu’il s’agit d’'une con-
nexion électronique et mécanique comprenant deux
plaquettes de circuit, au moins une des plaquettes
étant un conducteur et/ou une connexion électrique
étirable produits par le procédé tel que défini par les
revendications 1 a 10.
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