(12) PATENT (11) Application No. AU 200033005 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 774653

(54) Title
Electrochemical device, such as an electrically controlled system with variable
optical and/or energy properties

(51)7 International Patent Classification(s)

GO2F 001/155 HO1M 004/74
GO2F 001/153
(21)  Application No: 200033005 (22)  Application Date: 2000.03.17

(87)  WIPO No: WO000/57243

(30)  Priority Data

(31)  Number (32) Date (33) Country
99 03420 1999.03.19 FR
(43)  Publication Date : 2000.10.09

(43)  Publication Journal Date : 2000.12.07
(44)  Accepted Journal Date : 2004.07.01

(71)  Applicant(s)
Saint-Gobain Glass France

(72)  Inventor(s)
Claude Morin; Fabien Beteille; Jean-Christophe Giron

(74)  Agent/Attorney
Griffith Hack,GPO Box 1285K,MELBOURNE VIC 3001

(56) Related Art
JP 57-056824
WO 1992/018896
US 4874229




PCT ORGANISATION MONDIALE DE LA PROPRIETE INTELLECTUELLE
Bureau international

DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION EN MATIERE DE BREVETS (PCT)

(51) Classification internationale des brevets 7 : (11) Numéro de publication internationale: WO 00/57243
GO2F 17155, 1/153, HOIM 4/74 Al

(43) Datc dc publication intcrnationale:28 septembre 2000 (28.09.00)

(21) Numéro de 1a demande internationale: PCT/FR00/00675 | (81) Etats désignés: AU, CA, CZ, JP, KR, PL, US, brevet européen
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, [E, IT,

(22) Date de dépdt international: 17 mars 2000 (17.03.00) LU, MC, NL, PT, SE).
(30) Données relatives 2 la priorité: Publiée
99/03420 19 mars 1999 (19.03.99) FR Avec rapport de recherche internationale.

&\.‘A\-Co\oo;n c~\t.>s :ﬁo.«‘g

(71) Déposant  (pour tous les Etats désignés sauf US)Y

SARNT-GOBAIN—VITRAGE [FR/FR]; 18, aven
d'Alsace, F-92400 Courbevoie (FR).

(72) Inventeurs; et

(75) Inventeurs/Déposants (US seulement): MORIN, Claude
(FR/FR]; 37, rue de la République, F-92800 Putecaux (FR).
BETEILLE, Fabien [FR/FR]; 11, me Claude Fouillet,
F-75017 Paris (FR). GIRON, Jean-Christophe [FR/FR],
36, rue Traversidre, F-75012 Paris (FR).

(74) Mandataires: RENOUS CHAN, Véronique etc.; Saint-Gobain
Recherche, 39, quai Lucien Lefranc, F-93300 Aubervilliers

(FR).

(54) Title: ELECTROCHEMICAL DEVICE, SUCH AS AN ELECTRICALLY CONTROLLED SYSTEM WITH VARIABLE OPTICAL
AND/OR ENERGY PROPERTIES

(54) Titre: DISPOSITIF ELECTROCHIMIQUE, DU TYPE SYSTEME ELECTROCOMMANDABLE A PROPRIETES OPTIQUES
ET/OU ENERGETIQUES VARIABLES

(57) Abstract

The invention concems an electrochemical device, NN < NN N N
in particular an electrically controlled system with variable N O\ N\ O\ AN N \ _f ral
optical and/or energy properties, comprising at least \\ O\ N O\ AN O\
a substrate provided with a stack of functional layers N AN AN AN N
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including at least one electroconductive layer A based on /—
metal oxide(s) and at least an electrochemically active 30
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layer F. Said layer A forms part of a multicomponent Ay
electrode E associating with the layer A at least a material EL \ “\\\\\\\\ N2
B more conductive than the former and/or at least a ////////// / //—\«28
network C of conductor wires or conduction bands. The 3
invention also concemns its uses, in particular in glazing. \\\\\‘\\\\\\\\\\\\\\/— 21
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L'invention a pour objet un disposi-
tif électrochimique, notamment systeéme \ \ N\ \ 2
électrocommandable 2  propriétés  optiques et/ou \ \ \ \ \ \ /
énergétiques variables, comportant au moins un substrat

porteur muni d’un empilement de couches fonctionnelles

dont au moins une couche A €lectroconductrice 2

base d’'oxyde(s) métallique(s) et au moins une couche F électrochimiquement active. Ladite couche A fait partie d’une électrode
multi—composantc E associant A la couche A au moins un matériau B plus conducteur qu'elle et/ou au moins un réseau C de fils
conducteurs ou de bandes conductrices. L'invention a également pour objet ses applications, notamment dans des vitrages.
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_1_
ELECTROCHEMICAL DEVICE OF ELECTRICALLY CONTROLLABLE

SYSTEM TYPE HAVING VARIABLE OPTICAL AND/OR ENERGY
PROPERTIES

The invention relates to electrochemical
devices, in particular of the type comprising at least
one carrier substrate provided with a stack of
functional layers comprising at least one electrically
conducting layer and at least one electrochemically
active layer. More particularly, the invention
envisages electrically controllable systems having
variable optical and/or energy properties, in glazing
applications or mirror applications.

The reason for this is the increasing demand
for so-called "“smart” glazing whose properties are
capable of variation.

Thus, from the thermal standpoint, glazing
whose transmission/absorption can be varied within at
least part of the solar spectrum allows the solar heat
influx into rooms or passenger areas/compartments to be
controlled when it is fitted as external glazing in
buildings or as windows in means of transportation of
the type comprising cars, trains, aircraft, etc., thus
allowing avoidance of excessive heating of the latter
in strong sunlight.

From the optical standpoint, the glazing allows
the wvisibility to be controlled, and when it is
installed as exterior glazing this makes it possible to
prevent glare in strong sunlight. It may also have a
particularly advantageous shutter effect, either used
as exterior glazing or if used as interior glazing, for
example for equipping intérnal partitions between rooms
(offices in a building), or for isolating compartments
in trains or aircraft.

There are many other applications: for example,
glazing having variable .light transmission/reflection
may be used to make rear-view mirrors, which can darken
as required in order to prevent dazzling of the driver
of the car. They may also be used for road sign panels,




10

15

20

25

30

35

-2 -

or for any display panel, for example so as to reveal
the pattern or message only intermittently, in order to
attract greater attention.

One particularly interesting application of
systems having variable 1light absorption relates to
display screens, in particular those with which
televisions and computing hardware are equipped. The
reason for this is that this type of glazing makes it
possible to improve the <contrast of the image,
especially taking ambient brightness into account.

The interest which glazing of this type can
arouse 1is the reason for the many systems which have
already been studied.

Two systems are of more particular interest for
the invention: viologenic systems and electrochromic
systems.

Viologenic systems allow the transmission or
absorption of glazing which 1incorporates them to be
modified, essentially in the visible region. They
generally comprise Jjust one “active layer” based on
polymer, on gel or on liquid comprising a so-called
cathodic active material, such as viologenic molecules,
together with a so-called anodic active material, such
as dimethylferrocene or phenazines. Some examples of
these are described in patents EP-0 612 826 and
US-5 239 406.

As is known, electrochromic systems include a
layer of an electrochromic material capable of
reversible and simultaneous insertion of ions and
electrons and whose oxidation states corresponding to
the inserted and ejected states have a distinct colour,
one of the states having higher light transmission than
the other, the 1insertion or ejection reaction being
controlled by a suitable electrical supply. The
electrochromic material, wusually based on tungsten
oxide, must therefore . be pléced in contact with a
source of electrons, for example a transparent

electrically conducting layer, and with a source of
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ions (cations or anions), for example an ionic
conductive electrolyte.

It is moreover known that, in order to secure
at least about a hundred switching operations, there
must be associated with the layer of electrochromic
material a counterelectrode which is itself capable of
reversibly inserting cations, symmetrically with
respect to the layer of electrochromic material so
that, macroscopically, the electrolyte appears as a
single ion medium.

The counterelectrode must consist of a layer
which 1s either neutral in colour or at least
transparent or with little colour when the
electrochromic 1layer 1is in the coloured state. As
tungsten oxide 1is a cathodic electrochromic material,
that 1is to say a material whose coloured state
corresponds to the most reduced state, the material
used for the counterelectrode 1is generally an anodic
electrochromic material based on nickel oxide or on
iridium oxide. It has also been proposed that the
material used be optically neutral in the oxidation
states concerned, for example cerium oxide or organic
materials such as electronically conductive polymers
(polyaniline, etc.) or Prussian blue.

A description of systems of this type is found,
for example, in European Patents EP-0 338 876,
EP-0 408 427, EP-0 575 207 and EP-0 628 849.

Currently, these systems may be arranged in two
categories, according to the type of electrolyte which
they use:
> either the electrolyte is in the form of a polymer or
of a gel, for example a- polymer exhibiting protonic
conduction, such as those described in European Patents
EP-0 253 713 and EP-0 670 346, or a polymer exhibiting
lithium-ion conduction, such as those described 1in
Patents EP-0 382 623, EP-0.518 754 or EP-0 532 408,
> or the electrolyte 1is an inorganic layer which is
ionically conductive but electronically insulating;

these systems are referred to as “all-solid” electro-
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chromic systems. For the description “all-solid”
applied to an electrochromic system reference may be
made to the European Patent Applications EP-0 867 752
and EpP-0 831 360.

There are other types of electrochromic
systems. Mention may therefore be made of “all-polymer”
electrochromic systems, where two electrically conduct-
ing layers are arranged on either side of a stack com-
prising a cathodic-colouring polymer, an electrically
insulating but ionically conductive polymer (very
particularly conductive for H' or Li*) and finally an
anodic-colouring polymer (such as polyaniline or
polypyrrole).

Finally, there are also “active” systems in the
sense of the invention which combine viologenic
materials and electrochromic materials, for example
having the sequence conducting electrode/inorganic
layer or polymer having electrochromic properties/
layers (liquid, gel, polymer) having viologenic
properties/conducting electrode.

These systems comprising reversible insertion
material(s) are of particular interest in the sense
that they allow modification of absorption within a
wavelength region which is wider than that for
viologenic systems: they can absorb variably not only
in the visible region but also, in particular, in the
infrared region, and this can make them useful
optically and/or thermally.

A point which 1is common to these different
systems, described below by the term ™“active” systems
is that their transmission/absorption state 1is con-
trolled by applying a pbtential difference to their
terminals, generally formed by two electrically con-
ducting layers between which the electrochemically
active layer(s) lie(s). When these systems are part of
“active” glazing, the .electrically conducting layers
are preferably transparent (or at least one of them is
transparent if the other is chosen to reflect in the

visible region in a mirror application). The material
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needed when selecting the nature of these electrically
conducting layers has therefore to be both sufficiently
conductive and sufficiently transparent in the ranges
of thickness usually encountered in the field of thin
layers. The selection usually concentrates on a doped
metal oxide material, such as fluorine-doped tin oxide
(Sn02:F) or tin-doped indium oxide (ITO), which may be
laid down on various substrates, either hot (in
particular by pyrolysis on glass, as in the CVD method)
or cold (vacuum techniques of cathodic sputtering
type) .

However, it has been found that, at thicknesses
at which they are still transparent, layers based on
this type of material are not fully satisfactory even
though they do permit the functioning of active
systems.

They are insufficiently conducting and increase
the response time of the active systems on application
to their terminals of an electrical supply appropriate
to change their transmission/adsorption state (the
state described below for greater simplicity by the
term “coloration” state, even if the modification of
properties also operates outside the visible region).

In addition to the fact that they reduce the
switching speed of the systems (“switching” or
“response time” being the period of time necessary for
the entire active system to have changed its coloration
state) the layers contribute to the creation of an edge
phenomenon, i.e. non-uniformity in the change of state
of the system within its surface, with a change in
“coloration” in the sense of the invention which is
almost immediate in the zénes near to the current leads
supplying the electrically conducting layers, arranged
at the periphery of the systems, and which propagates
progressively toward the centre of the surface of the
active systems. Now, in certain applications, in parti-
cular glazing for buildings or automobiles, the final
user generally desires the fastest possible response

time and may, in addition, prefer a progressive,
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uniform change of coloration over the entire surface of
the active glazing.

For the purposes of the invention, “higher-
conductivity” describes a material B which, in the form of
a layer, has a surface resistance “surface R” lower than
that of the layer A. For the purposes of the invention,
again, “combination” indicates that the elements concerned
are electrically connected one to the other, either by
direct contact or else through conducting elements/layers.

The reason for this is that increasing the thickness
of the layer A to heighten its conductivity (i.e. lower
its surface resistance) is a limited solution: firstly in
terms of cost and of manufacturing time for the layer in
question and secondly in terms of optical appearance:
above a certain thickness layers of this type begin to
absorb in the visible region. Now, very particularly for
active glazing, as required by its application, it is
generally desirable to ensure maximum light transmission
in the “uncoloured” state.

The material B defined above may be combined with the
layer A in two different ways: according to a first
version it may be in the form of at 1least one layer
combined with A and in electrical contact therewith.

The characteristics and thicknesses of the layers may
then be optimized so that the multicomponent electrode
which combines them has, overall, the required levels of
transparency and surface resistance.

A second version consists in incorporating the
material B in the layer A, in particular in the form of
fibres or of small particles. It is also possible to use
a layer A based on doped oxide, for example SnO, : F, which
is laid down in a known manner by liquid pyrolysis using
appropriate organometallic precursors and adding, to the
liquid phase comprising these precursors, fibres or
metallic particles, or spraying them at the surface of the
substrate simultaneously with the 1liquid phase (for

example fibres with a diameter of the order of 10 um and a

H:\jolzik\keep\Speci\33005-00.doc 20/10/03
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length of about 1 mm). The location of the fibres in the
layer is random, “percolating” over the surface of the
substrate coated in this way. In this situation the doped
metal oxide of the layer A also fulfils the function of
fixing the metallic fibres B.

The third version consists in combining the layer(s)
of type A with a network of conducting elements, in
particular based on a metal of intrinsically higher
conductivity than the material of type A. Actually, as
described in detail below, this network may be composed of
linear elements visible to the eye at close quarters but
sufficiently discreet to be compatible with most of the
applications envisaged in glazing for buildings or for
vehicles. It is then advantageous for these elements to
be dimensioned and arranged so that their visibility is as

low as

H:\jolzik\keep\Speci\33005-00.doc 20/10/03
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possible. Generally, success can be obtained by making
this network almost impossible to discern, at least
when the system is in the coloured state.

It will be noted that, 1in the same active
system, these different versions are alternative or
cumulative.

The point common to these versions is that the
additional conducting element, namely the material B or
the network C, allows the overall electrode formed in
this way to overcome a threshold of conductivity, so
that the entirety of the electrode experiences the same
potential difference at almost the same time as soon as
the voltage 1is applied to the system, and this
significantly reduces the switching time and reduces or
even eliminates the “coloration front” effect mentioned
above. And this highly interesting technical result is
not obtained by compromising the optical quality of the
system if:
> either this additional element itself has little or
no absorbency in the visible region, so that being
transparent it does not noticeably change the
appearance of the glazing or the range of transmission/
absorption within which variation can be made using the
action of an electrical supply (type B layer),
> or this additional element is sufficiently discreet
not to have any adverse effect on the overall
aesthetics of the active system (type C network).

The layer(s) A is/are advantageously based on
metal oxide rendered conductive by doping. This may in
particular be doped tin oxide, in particular doped with
a halogen of the type comprising fluorine (SnO; :F) or
with antimony (SnO; :Sb); or zinc oxide doped, for
example, with aluminium (ZnO :Al) or with tin (ZnO :Sn)
or with fluorine (ZnO :F) or with indium (ZnO :In). It
may also be tin-doped indium oxide, such as ITO.

According to the.first version the layer(s) B
is/are advantageously essentially metallic, in
particular based on at least one noble metal or based

on an alloy comprising a noble metal of the type
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comprising silver Ag or gold Au or copper Cu or
aluminium Al. The layér selected is preferably one
based on an alloy of silver with another metal, such as
nickel or titanium. The reason for this is that it
makes the layer much less susceptible to oxidation, in
particular when it is in electrical contact with layers
of electrochromic materials in an “all-solid” system.
Gold is a material even less susceptible than pure
silver to oxidation, but it is less satisfactory from
an optical standpoint, being less neutral in
transmission. The combination of a type A layer and a
type B layer 1is of particular interest: as already
seen, it allows sufficient enhancement of the
electrical conductivity of type A layers with layers B
which have low thickness and therefore no excessive
adverse optical effect. This is also a novel means of
incorporating layers B in electrodes, in particular
silver layers, the use of which has hitherto posed the
problem of protecting these from attack, in particular
by oxidants. Thus type A layers can be used to
“protect” type B layers, in particular from
oxidation/degradation, the 1layers A having a double
function as protection and electrical conductor, indeed
a triple function with an added optical function when
the thicknesses of the type A layers are adjusted as a
function of those of the tYpe B layers to optimize the
optical appearance of the entirety by interference
interaction between these different layers. It is thus
possible, for example, to reduce the light reflection
induced by the layer B.

| As mentioned above, the characteristics of the
layers incorporated in the multicomponent electrodes are
chosen so that they are essentially transparent in the
visible region.

' -According to the second version the small
elements of the type comprising fibres; particles or
grains which are incorporated in the layer may be of
the metal also mentioned for the layer B: Ag, Au, Cu,
Al, or else based on steel, Cr, Ni alloy, etc.
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In a first embodiment of the third version of
the invention, the network C advantageously includes a
plurality of conducting strips, in particular
essentially parallel each to the other and obtained by
screen printing, using a paste-like suspension of
silver-type metal and a low-melting-point frit in an
organic binder. The screen printing may be carried out
on a glass-type carrier substrate, which may then be
covered with at least one electrically conducting
layer A in order to form an electrode according to the
invention. One version consists 1in carrying out the
opposite operation, namely laying down the network C on
the electrically conducting layer A. The technique of
deposition by screen printing on glass is known per se
for laying down conducting networks for other
applications, and very particularly for forming heater
networks for vehicle glazing, in order to allow
demisting or defrosting by resistance heating. For
further details of this technique reference may be
made, for example, to the patents FR-1 464 585 and EP-
0 785 700. Since the desired function here is
different, the specialist will need to determine the
strip width and the strip spacing which are most
appropriate to give the Dbest compromise between
conductivity and aesthetics (for example a strip width
of 0.1 to 0.5 mm and a strip spacing of 1 to 5 mm).

According to a second embodiment, the network C
includes a plurality of essentially metallic conducting
wires, preferably surface-laid on a sheet based on
thermoplastic polymer. As for the first embodiment,
there are known techniques for laying down conducting
wires on films, for example polyvinyl butyral films,
which are combined by lamination with glass to form
laminated glazing, the network having a demisting/
defrosting function by means of resistance heating. It
is therefore ©possible .to - adapt these techniques,
optionally with adjustment of the configuration, the
spacing and the dimensioning of the wires, to design a
network which, combined with the thermoplastic film,
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will be pressed onto the type A layer, itself arranged
on the remainder of the stack of functional layers of
the active system, in particular by a 1lamination
technique. For further details concerning the technique
of laying down these wires reference may be made, in
particular, to the patents EP-0 785 700, EP-0 553 025,
EP-0 506 521 and EP-0 496 669. The wires may be 1laid
down in the form of curves or straight 1lines. 1In
outline the process consists in using a heated pressure
roll to press the wire onto the surface of the
thermoplastic film, the wire being fed to the pressure
roll from a supply reel with the aid of a wire-guiding
device.

According to another embodiment, there may be a
wider interpretation of the network C, and this may in
particular be two-dimensional, in the form of a fabric,
net or nonwoven obtained by weaving or knitting and
sufficiently fine and/or with a sufficiently high mesh
size not to impair visibility. There may also be
introduction of this type of material between the sheet
based on thermoplastic polymer which serves in parti-
cular for the lamination of the system and the type A
layer.

This type of material, which is flexible, may
preferably be obtained using metallic wires, in
particular with a diameter between 10 ym and 100 pm.
The mesh size, the spacing of the knit and the type of
weaving may Dbe modified as appropriate. Thus,
preference is given to wires with a diameter of from 15
to 25 pym with a knit structure and with mesh spacings
of the order of from 1 to 3 mm.

The “network” alsb comprises metallic layers of
sufficient thickness to give a severe reduction in
light transmission, or even to be opaque, and which
undergo treatments so that they are rendered
discontinuous. This may .-be .a treatment by etching a
metallic layer laid down by cathodic sputtering, where
the etching may be effected by laser in order to leave
“wires” (for example of width 0.3 mm and separation of
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1.5 mm) or a two-dimensional grid. The metal in the
layer may be stainless steel, copper, silvered copper,
aluminium, or gold in particular.

It is also possible to treat the metallic layer
by perforating it to give regularly distributed
openings. This metallic layer may also be replaced by a
perforated metallic sheet inserted between the stack of
the active system and the lamination intercalation (a
sheet thicker than a 1layer, for example with a
thickness of from 10 to 100 um).

If the substrate is sufficiently rigid, as is
glass, it is also possible to adapt the screen-printing
technology described above by etching shallow lines on
the surface of the glass, parallel lines which will be
filled with the screen-printing paste, giving a screen-
printed network which 1is particularly discreet and is
at the same time conducting.

Provision may advantageously be made for the
two-dimensional network C of grid or fabric type, even
in the event that it is self-supporting, to be embedded
at the surface of the thermoplastic polymer film
serving for lamination of the glazing. It may have been
preembedded, like the conducting wires mentioned above.
It may also be embedded in the film during the course
of the lamination.

Rather than the screen printing of conducting
wires, these wires may be laid down, for example as
tungsten wires, on substrates which may have been
previously provided with a conducting layer of doped
metal oxide type, and retained at the periphery of the
glazing by means of a suitable double-sided adhesive,
which can also have a seaiing function.

In one preferred embodiment of the first
version according to the invention, the multicomponent
electrode comprises at least one layer A and at least
one layer B in electrical contact, at least one of
these optionally being in contact with at least one
layer D of dielectric material, and all of the
superposed layers A, B and D preferably forming a stack
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of layers with interference interaction. The stacks of
layers found here may actually be rather similar to
those used as low-emission/solar protection stacks for
glazing in buildings or vehicles, stacks of the
following outline type:

dielectric coating®/silver/dielectric coating®,
with optionally a fine layer of protective metal at the
Ag/dielectric interface. The dielectric coating may be
a layer or superposed layers based on metal oxide
(SnO,, 2n0O, TiO,, Si0O,, Tay0s, Nb,0Os, etc.) or silicon
nitride or oxynitride (SiON, Sis3Ny) Oor a mixture.
Reference may be made, for example, to the stacks
described in patents EP-0 611 213, EP-0 678 484 and
EP-0 718 200, or else those used to equip glazing
marketed in the “Planitherm” range by Saint-Gobain
Vitrage. The application here is different and it is
therefore necessary to adapt these stacks by replacing
one or both of the abovementioned dielectric coatings ©®
and @ with one or more doped oxide conducting layers
(of type A). The interposition of electrically insulat-
ing layers between the superposed conducting layers and
the rest of the active layers in the system must be
avoided. On the contrary, there is no reason not to add
dielectric insulating layers to the conducting stacks
of type (layer A/layer B) or (layer A/layer B/layer A)
on the opposite side from the remainder of the
functional layers, for example on the side facing the
carrier substrate. The resultant stacks may be of the
type:
substrate/dielectric D/layer B (Ag type)/layer A (ITO
type) /remainder of the functional stack in the active
system. |

These layers D then fulfil an optical function
and/or a function of anchoring type B layers to the
substrate, and/or fulfil a function as a barrier to the
migration of species coming from the substrate (for
example alkalis coming from the glass). As mentioned

above, the dielectric materials may be in the form of
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oxide, oxycarbide or oxynitride of a metal or of
silicon, or be based on silicon nitride.

Some examples of this type of electrode are
ITO/Ag/ITO, Ag/ITO and dielectric/Ag/ITO with optional
interposition of thin layers of partially oxidized
metal at the Ag/ITO interface, the second ITO layer
protecting the silver layer while participating in the
electrical conductivity of the entirety.

The multicomponent electrodes according to the
invention are provided with appropriate current leads
of a type known in the art, in particular in the form
of metal braids or shims.

As mentioned above, the invention 1is parti-
cularly applicable to an electrochromic system with at
least one carrier substrate and a stack of functional
layers comprising at least, 1in succession, a first
electrically conducting layer, an electrochemically
active layer liable to reversible insertion of ions,
such as H', Li' or OH", of anodic or, respectively,
cathodic electrochromic material type, a layer of
electrolyte, a second electrochemically active layer
liable to reversible insertion of ions, such as H', Li’
or OH, of cathodic or, respectively, anodic electro-
chromic material type, and a second electrically
conducting layer, with at least one of the electrically
conducting layers in the form of a layer A based on
metal oxide(s) and being part of a multicomponent
electrode E.

It is also applicable to any viologenic system
with at least one carrier substrate and a stack of
functional layers comprising at least, in succession, a
first electrically condﬁcting layer, a film having
viologenic properties in the form of a polymer, of a
gel or of a suspension in a liquid medium, and a second
electrically conducting layer, with at least one of the
two electrically conducting ‘layers being of type A
based on metal oxide(s) and being part of a multi-

component electrode E.
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The invention thus relates to all the types of
“active” system described in the preamble to the present
application.

According to one aspect of the present invention,
there is provided an electrochemical device being an “all-
solid” or “all-polymer” electrochromic system, in
particular an electrically controllable system having
variable optical and/or energy properties, including at
least one carrier substrate provided with a stack of
functional 1layers comprising at 1least one electrically
conducting layer A based on metal oxide(s) and at least
one electrochemically active layer F, wherein said layer A
is part of a multicomponent electrode E combining with the
layer A at least one higher-conductivity material B
wherein the material B is in the form of at 1least one
layer combined with the layer A and in electrical contact
therewith, and/or at 1least one network C of conducting
wires or of conducting strips, wherein the network C
includes a plurality of conducting wires in the form of
essentially metallic wires surface-laid on a sheet based
on thermoplastic polymer.

According to a further aspect of the present
invention, there is provided glazing incorporating the
device.

According to a further aspect of the present
invention, usage of the device is provided.

According to a further aspect of the present
invention, it is advantageous for the stack of functiomnal
layers to be arranged between two substrates, each of
which may be rigid, of glass type or rigid polymer, such
as polycarbonate or PMMA (methyl polymethacrylate), or
semi-rigid or flexible of PET type (polyethylene
terephthalate), all of these being preferably transparent.
They may also be absorbent or otherwise.

Another subject of the invention is glazing
incorporating the device/active system described above,
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said device using as carrier substrate at least one of the
rigid constituent substrates of the glazing and/or at
least one flexible substrate combining by lamination to
one of the rigid constituent substrates of said glazing.
Another subject of the invention is the use of the

device and of the glazing described above for making
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glazing for buildings, in particular exterior glazing or
internal partition glazing or door glazing or roof
windows, glazing equipping internal partitions or windows
or roof windows in means of transport of the type
comprising trains, aircraft, cars and boats, glazing for
display screens of the type comprising computer or
television screens, or touch screens, or spectacles,
camera lenses or protection for solar panels.

Another subject of the invention is the use of the
device described above for making electrochemical energy-
storing devices of battery of fuel-cell type, and the
batteries and cells themselves. The reason for this is
that it 1is of very particular interest the battery
applications to use the version of the invention
consisting in the use of an electrode comprising a
rerforated metallic sheet or metallic grid. Since
batteries are frequently produced on rather thin plastic
substrates (of PET type, about 30 pum) if the conducting
layers are flexed they are in danger of 1losing their
electrical continuity. A thicker metallic “grid” allows
this continuity to be assured more effectively.

The advantageous characteristics and details of the
invention are apparent from the description below of
various non-limiting embodiments, with reference to the
attached drawings, which show:

in Figure 1: +viologenic glazing according to an
embodiment of the present invention;

in Figure 2: a first example of electrochromic
glazing of “all-solid” type according to an embodiment of
the present invention;

in Figure 3: the optical and electrical
characteristics of the glazing according to Figure 2; and

in Figure 4: a second example of electrochromic
glazing of “all-solid” type according to the invention.

To make figures easier to read they are highly
diagrammatic and do not necessarily reflect the relative

scale of the various elements which they show.
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EXAMPLE 1

Figures la and 1b show a transverse section of a
viologenic system using an “active” layer 3 of the type
described in the abovementioned patent application
EP-0 612 826 and based on polymer and arranged between two
clear silica-soda-lime glass substrates 1 and 5 of 4mm
thickness. (Figure 1b is a view taking a section at right
angles to Figure 1la).

The two substrates 1 and 5, each coated in advance
with an SnO; :F layer 2 and 4 and laid down in a know
manner by CVD have each then been provided with a network
6 and 7 of conducting strips, using a silver paste and the
well known technique of screen printing. The conducting
strips have a width of 0.33 mm and are essentially
parallel one to the other and separated one from the other
by a distance of about 2 mm. A peripheral seal 8 ensures

that the system does not leak.
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There are therefore two multicompohent
electrodes combining a screen-printed conducting
network and a doped oxide layer. The layers of SnO; :F
may be replaced by a layer of ITO or SnO; :Sb, for
example, and have a thickness of about 400 nm. It will
be noted that the addition of a screen-printed network
which raises the conductivity of the electrode can
allow the conducting layers laid down to be of lower
thickness while retaining the benefits of the
invention, namely a diminution in the coloration front
effect and a smaller switching time. If the thickness
of the layer of SnO; :F (or ITO) is reduced in this way
there can be a significant reduction in the cost of the
active glazing. The current leads are formed by screen
printing perpendicular to the screen-printed conducting
strips, parallel and at equal distances of 2 mm.

EXAMPLE 2

Figure 2 represents an embodiment of electro-
chromic glazing according to the invention: this is
electrochromic glazing with a laminated structure and
two panes of glass, in a configuration adapted, for
example, for use as glazing in a car sun-roof: two
clear panes of glass 21 and 22 are shown, with an
electrochromic functional system 23 of “all-solid” type
formed by the stack of functional layers which follows,
and a sheet of polyurethane PU 24 (the sheet of PU may
be replaced by a sheet of ethylene vinyl acetate EVA or
of polyvinyl butyral PVB):
> a first 400 nm electrically conducting layer 25 of
SnO,; :F, laid down on the glass 22 using CVD,
> a first 40 nm layer 26 of anodic -electrochromic
material made of (hydrated) iridium oxide IrOyH, (which
may be replaced by a layer of hydrated nickel oxide),

“> a 100 nm layer 27 of tungsten oxide,

> a second 100 nm layer 28 of hydrated tantalum oxide,
> a second 370 nm layer -29 of cathodic electrochromic
material based on tungsten oxide H,WOs3,

> a second 50 nm layer 30 of ITO.
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The entirety of glass pane 22/functional system
23 is then laminated to glass pane 21 via the sheet 24
of PU of thickness at 1least 1.24 mm which has been
functionalized by laying down a network 31 of 1linear
metallic wires parallel one to the other. (It is also
possible for this to be a sheet of EVA or of PVB, as
stated above, for example with a thickness of the order
of 0.76 mm) .

The network is laid down in a known manner by
the process described in the abovementioned patents. As
is known, the current leads are two shims arranged on
the opposing margins of the sheet 24 of PU, applied
with the aid of a soldering iron. They may also be
metallic wire braids. The electrical contact between
these current 1leads (not shown) and the underlying
electrically conducting layer is obtained by pressure,
at the time of the lamination.

The glazing therefore uses a standard electrode
on the glass pane 22, namely a monolayer of SnO; :F (or
of ITO, for example) and a second electrode according
to the invention combining an electrically conducting
layer of ITO with a network of metallic wires. As in
Example 1, this configuration allows the use of 1ITO
layers alongside the PU film which are thinner than
those necessary 1in the absence of the conducting
network 31. This network 1is formed, for example, by
linear parallel wires, made of tungsten or of copper,
optionally covered with graphite, of diameter 25 pm on
average (for example between 10 and 50 pym). Each 1line
is separated from the adjacent line by a distance of
2 mm (for example between 1 and 5 mm). This dimension-
ing 1s appropriate so 'that the network, although
visible at very close quarters, is still very discreet
and even invisible in the coloured state, an aesthetic
requirement which applies in the context of glazing for
a car roof. ’

Figure 3 indicates the optical and electrical
behaviour of glazing according to this example and

measuring 35 x 35 cm?.
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The graph 3 describes the optical appearance
and the electrical behaviour of the glazing during
switching. The X axis gives the time T expressed in
seconds and the Y axis (on the left) gives the value
for light transmission T, expressed in % and (on the
right) the current i in mA at the terminals of the
glazing. The curve Cl gives the change in T, at the
edge of the glazing and the curve C2 gives the change
in T, at the centre of the glazing. It can be seen that
the two curves are (almost) superposed, and this proves
the absence or the virtual absence of coloration front.
The curve C3 shows how the current i changes.

EXAMPLE 3

Figure 4 shows another version of "“all-solid”
electrochromic glazing according to the invention. As
in Figure 2 and Example 2, two panes of glass 21 and 22
are seen, combined by lamination with the aid of a
film 24 made of PU (or PVB: polyvinyl butyral), the
layer 26 made of anodic electrochromic material, the
layer 29 made of <cathodic electrochromic material,
these being separated by the layers 27 and 28, forming
the electrolyte. By way of contrast, the electrode 25’
arranged on the glass pane 22 is now formed by a stack
of layers comprising a 34 nm layer 25(a) of SnO; on
which there is a 10 nm layer 25(b) of silver, on which
there 1is in turn a 50 nm layer 25(c) of ITO. This
three-layer structure 1is obtained by cathodic sput-
tering assisted by a magnetic field, in a known manner.
The layer 25(b) of silver is optionally provided with a
thin layer 25(d) of metal intended to protect it during
laying down of the layer 25(c) of ITO, when this latter
is laid down by a reactiﬁe method in the presence of
oxygen.

The resultant stack is rendered highly
conducting by the presence of the layer of Ag, the
light reflection from which is lowered with the help of
the underlying layer of SnO, and of the layer of ITO
lying thereupon, which serve as antireflective layers,
by appropriate choice of their thickness. It will be
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noted that it is necessary here for the layer 25(c) on
the silver to be conducting in order to ensure that a
voltage is applied to the remainder of the functional
layers in the system, but this is not necessary for the
layer 25(a) underneath the silver, which essentially
has an optical function and which is an insulating
dielectric. It 1is <certainly possible to consider
replacing this layer (totally or partially) by ITO or
SnO; :F in order to retain its optical function while
at the same time again increasing the conductivity of
the entirety of the layers 25(a), 25(b) and 25(c) 1in
the multicomponent electrode.

The second electrode 30’ is also a multilayer
stack, for example one laid down by cathodic sputtering
and composed of a first 50 nm layer 30(a) of ITO, of a
second 10 nm layer 30(b) of silver and finally of a
third 34 nm layer 30(c) of ITO. It is preferable here
for the layer 30(a) and the layer 30(c) to be conduct-
ing, although they fulfil the same optical function
with respect to the Ag layer 31(a) as the layers 25(a)
and 25(c) with respect to the silver layer 25(b), since
it is simpler to terminate the stack in a conducting
layer to which the connecting elements can be affixed,
these being here the metallic shims arranged on the
sheet of polymer serving as a lamination intercalation.

Prior to the invention, a system of this type
operated with a first 150 nm layer of ITO (adjacent to
glass pane 21) and a second 300 nm layer of ITO
(adjacent to PU 24). It can be seen, therefore, that
the invention allows the use of much thinner layers of
ITO or of SnO; :F, and this has a significant impact on
the cost of the final .glazing. The invention also
allows the use of Ag layers with high electrical
performance, but without the known disadvantages of
these (very reflective appearance, a certain degree of

fragility, etc.).
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It is to be understood that, if any prior art publication
is referred to herein, such reference does not constitute
an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any

other country.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language oOr necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features in various embodiments of the invention.

H:\jolzik\keep\Speci\33005-00.doc 20/10/03




10

15

20

25

30

35

- 22 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Electrochemical device being an “all-solid” or ™“all-
polymer” electrochromic system, in particular an
electrically controllable system having variable optical
and/or energy properties, including at least one carrier
substrate provided with a stack of functional 1layers
comprising at least one electrically conducting layer A
based on metal oxide(s) and at least one electrochemically
active layer F, wherein said 1layer A is part of a
multicomponent electrode E combining with the layer A at
least one higher-conductivity material B wherein the
material B is in the form of at least one layer combined
with the layer A and in electrical contact therewith,
and/or at least one network C of conducting wires or of
conducting strips, wherein the network C includes a
plurality of conducting wires in the form of essentially
metallic wires surface-laid on a sheet based on

thermoplastic polymer.

2, Device according to any one of the preceding claims,
wherein the layer(s) A is/are based on doped metal oxides
chosen from at least one of the following doped oxides:
doped tin oxide, in particular fluorine- or antimony-dope,
doped zinc oxide, in particular aluminium-, tin- or
fluorine-doped, and doped indium oxide, in particular tin-

doped (ITO).

3. Device according to any one of the preceding claims,
wherein the material B is essentially metallic, in
particular based on metals or on their alloys, for example
Ag, Au, Cu, Al, or on alloys of Ag with another metal, in

particular nickel or titanium.

4. Device according to one of the preceding claims,
wherein said multicomponent electrode E is essentially

transparent in the visible region.
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5. Device according to any one of claims 1 to 3, wherein
the network C is based on a fabric, a net or a metallic
nonwoven, in particular a network obtained using metallic
wires of a diameter between 10 and 100um, and is
preferably a network surface-laid on a sheet based on

thermoplastic polymer.

6. Device according to any one of claims 1 to 3, wherein
the network C is obtained by etching or perforating a

metallic layer or a metallic sheet.

7. Device according to any one of the preceding claims,
wherein the multicomponent electrode E comprises at least
one layer A and at least one 1layer B in electrical
contact, at least one of these layers optionally being in
contact with at least one layer D of dielectric material,
and all of the layers A, B and D form a stack of layers

with interference interaction.

8. Device according to claim 7, wherein the 1layer(s) D
have an optical function and/or a function of anchoring
the other layers B to the carrier substrate and/or a
function as a barrier to the migration of alkaline species
coming from the glass, in particular in the form of oxide,
oxycarbide or oxynitride of a metal or of silicon, or

silicon nitride.

9. Device according to any one of the preceding claims,
wherein the multicomponent electrode(s) E comprise(s) the
sequence ITO/Ag/ITO or Ag/ITO with optional interposition
of thin layers of partially oxidized metal at the Ag/ITO

interface.

10. Device according to any one of the preceding claims,
wherein the multicomponent electrode(s) E is/are provided
with current leads, in particular in the form of metal

braids or shims.
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11. Device according to any one of the preceding claims,
wherein said stack of functional layers comprises at
least, in s8uccession, a first electrically conducting
layer, an electrochemically active 1layer 1liable to
reversible insertion of ions, such as H', Li' or OH", of
anodic-colouring or, respectively, cathodic-colouring
electrochromic material type, a layer of electrolyte, a
second electrochemically active layer liable to reversible
insertion of ions, such as H', Li' or OH", of cathodic-
colouring or, respectively, anodic-colouring
electrochromic material type, and a second electrically
conducting layer, with at least one of the two
electrically conducting layers in the form of a layer A
based on metal oxide(s) and being part of a multi-

component electrode E.

12. Device according to any one of claims 1 to 10,
wherein said stack of functional layers comprises at
least, in succession, a first electrically conducting
layer, a film having viologenic properties in the form of
a polymer, and a second electrically conducting layer,
with at 1least one of the two electrically conducting
layers being of type A based on metal oxide(s) and being

part of a multi-component electrode E.

13. Device according to any one of the preceding claims,
wherein the stack of functional layers is arranged between
two substrates, each of which may be rigid, of glass type
or rigid polymer, such as polycarbonate or PMMA, or semi-
rigid or flexible of PET type.

14. Glazing incorporating the device according to any one
of the preceding claims, said device using as carrier
substrate at least one of the rigid constituent substrates
of the glazing and/or at least one flexible substrate
combined by lamination with one of the rigid constituent

substrates of said glazing.
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15. Use of the device according to any one of claims 1 to
13 or of the glazing according to claim 14 for making
glazing for buildings, in particular exterior glazing or
internal partition glazing or door glazing or roof
windows, glazing equipping internal partitions or windows
or roof windows in means of transport of the type
comprising trains, aircraft, cars and boats, glazing for
display screens of the type computer or television
screens, or touch screens, or for making spectacles or

camera lenses or protection for solar panels.

16. Use of the device according to any one of claims 1 to
13 for making electrochemical energy-storing devices of

battery or fuel-cell type.

17. A device as claimed in any one of claims 1 to 13, and
substantially as herein described with reference to the

accompanying drawings.

18. Glazing as claimed in claim 14, and substantially as
herein described with reference to the accompanying

drawings.

19. Use of a device as claimed in claim 15 or claim 16,
and substantially as herein described with reference to

the accompanying drawings.

Dated this 14" day of April 2004
SAINT-GOBAIN GLASS FRANCE

By their Patent Attorneys
GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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