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(57) Abstract: The invention relates to an electrochemical device (100) having electrically controllable optical and/or energy
transmission properties comprising a substrate (40), a functional system (60) formed on the substrate and a cover film (56) formed
on the functional system. The functional system comprises a bottom electrode coating (46), formed on the substrate, a top elec-
trode coating (54) and at least one electrochemically active film (48, 52) located between the two electrode coatings, the electro-
chemically active film being able to switch reversibly between afirst state and a second state having optical and/or energy trans-
mission properties different from the first state. The cover film defines et least one surface cavity (66) that passes through the cov-
er film without penetrating the top electrode coating and the device comprises electrical connection means (70) arranged at least
partialy in at least one surface cavity for electrical contact with the top electrode coating.
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ELECTROCHROMIC DEVICE

The present i nvention relates to the field of
el ectrochem cal devices having electrically controllable
optical and/or energy transm ssion properties.

These are devices certain characteristics of which my
be nodified wusing an appropriate source of electrical
power, nost particularly the transm ssion, absorption and
reflection of certain wavel engt hs of el ectromagneti c
radi ati on, particularly in the visible and/or in the
infrared. Transmission is generally varied in the optical
(infrared, visible and ultraviolet range) and/or in other
ranges of the electromagnetic spectrum hence the device is
said to have variable optical and/or energy transm ssion
properties, the optical range not necessarily being the
only range concerned.

From t he t her mal st andpoi nt, gl azi ng whose
transm ssion / absorption / reflection may be varied wthin
at least part of the solar spectrum allows the solar heat
influx into roonms or passenger areas/conpartnments to be
controlled when it is fitted as the external glazing in
buildings or as windows in transportation neans of the type
conprising autonobiles, trains, airplanes, etc., and thus
it allows excessive heating of the latter to be prevented
should there be strong sunlight.

From the optical standpoint, the glazing allows the
degree of vision to be controlled, thereby making it
possi bl e, when it is nmounted as exterior glazing, to
prevent glare should there be strong sunlight. The glazing
may al so have a particularly advantageous shutter effect.

Figure 1 illustrates a device 1 equipped wth a
functional electrochromc system 2 of the all-solid-state
type, that is to say that all the filns of the functional
system have sufficient mechanical strength to be deposited
on one and the sane substrate 4 and to adhere to said
substrate. This is because the filnms of the electrochromc
system 2 are for exanple inorganic or nade of certain
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organic materials that have sufficient nmechanical strength,
such as PEDOT.

More particularly, by way of exanple, this system 2
conpri ses :

- an alkali barrier film 8 made of S10;,;

- a bottom electrode coating 10 forned on the substrate 4
and made, for exanple, froma film of SnO,:F, I1TO or an Ag-
based nultil ayer;

- a cathodic type first electrochromc film 12, namely, for
exanple, a film of tungsten oxide into which [lithium ions
are inserted (WO,:Li);

- an electrolyte film 14 for exanple mde of tantalum
oxi de ;

- a anodic type second electrochromic film 16 for exanple
made of a tungsten-doped nickel oxide (NiwQ.); and

- a top electrode <coating 18 formed on the second
el ectrochromic film 16 and consisting, for exanple, of a
film of an I1TO (tin-doped indium oxide) or an Ag-based
mul til ayer

The device 1 illustrated furthernore conprises:

- an electrically insulating cover film 20, for exanple
made of Si0,, of the electrochromc system 2, the film 20
here acting as a moisture protection film protecting the
functional system 2 from noisture, and as an antiref |ection
coat i ng;

- a first strip 24 for connecting the bottom electrode
coating 10, placed directly on the latter; and

- a second strip 26 for <connecting the top electrode
coating 18, placed on an inactive region 10B of the bottom
el ectrode coating 10, the top electrode coating 18 being,
in part, deposited onto the strip 26.

It should be noted that the drawing is clearly not to
scale, the strips 24 and 26 and the substrate 4 having
t hi cknesses of the order of a mllineter whereas the set of
films 8, 10, 12, 14, 16, 18 and 20 have a thickness of the
order of a mcron.

The region of the bottom electrode coating 10 on which
the strip 24 is placed is for exanple obtained by placing a
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mask on the bottom electrode coating 10 during the
deposition of the films 12, 14, 16, 18 and 20, hence the
strip 24 may be positioned directly on the coating 10 after
the deposition of the films 14, 16, 18 and 20.

The strip 24 may also be placed after deposition of
the bottom electrode coating 10 and before deposition of
the other filnms by protecting it with a mask during the
deposition of the these other filns.

As for the strip 26, this is placed on a region 10B of
the bottom electrode coating 10 that has been isolated from
the rest of the coating 6 by laser ablation of the coating
10 along the length of this region 10B. The ablation is
carried out bef ore t he deposition of t he first
el ectrochrom c film 12 so that the film 12, which s
electronically insulating, fills the cavity 28 forned by
the |aser ablation.

A mask is partially placed above the strip 26 during
the deposition of the films 12, 14, 16, 18 and 20 and
gradually renoved so that a part of the top electrode
coating 18 is deposited directly and is therefore in
contact with the connection strip 26.

Nevert hel ess, such a device has the drawback of being
relatively expensive to fabricate.

The object of the invention is to provide an
el ectrochem cal device having electrically controll abl e
optical and/or energy transmission properties that costs
less to fabricate.

For this purpose, one subject of the invention is an
el ectrochem cal device having electrically controll abl e
opti cal and/ or ener gy transm ssion properties and
conprising :

- a substrate;
- a functional system forned on the substrate conprising:

- a bottom electrode coating formed on the substrate;

- a top electrode coating formed on the bottom

el ectrode coating; and

- at least one electrochemcally active film |ocated

between the bottom electrode <coating and the top
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el ectrode coating, the at |east one electrochemcally

active film being able to switch reversibly between a

first state and a second state having optical and/or

energy transmssion properties different from the
first state when electrical power is applied to the
termnals of the bottom electrode coating and the top
el ectrode coating; and
- a cover film formed on the functional system in which the
cover film defines at l|least one surface cavity that passes
through the cover film wthout penetrating the top
electrode coating and in which the device conprises
el ectrical connection means arranged at least partially in
at least one surface cavity for electrical contact with the
top electrode coating.

Such a device have the advantage of allowing the
el ectrical connectors to be positioned after the deposition
of all the films, including the cover film It thus becones
possible to obtain the device by cutting a notherboard.

The connectors are either placed on the notherboard
before <cutting, or placed after the cutting on the cut
substrat es. In both cases, the not herboard my be
fabricated on another production site and stored for an
indeterminate period of tine before cutting, thus for
exanpl e of fsetting t he seasonal demand for fitting
wi ndows /curtain walls.

Furthernore, any suitable device size may be obtained
by cutting a single-sized notherboard.

These conbined features thus result in greater
flexibility in the production Jline and potential cost
reductions.

Particul ar enbodi nents of the device according to the
invention furthernore conprise one or nore of the follow ng
t echni cal f eat ures, applied in isolation or in any
technically possible conbination:

- the at least one surface cavity is obtained by |aser
abl ati on;

- the electrical connection nmeans conprise a conducting ink
that is flowed into the at |east one surface cavity;
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- the cover film and the functional system together define
at | east one partial cavity passing through the cover film
and the top electrode coating wthout penetrating the
bottom electrode coating, the at |east one partial cavity
separating the top electrode coating into at Ileast two
electrically isolated regions, nanely a free region and an
active region which is able to control the functional
system

- the device conprises at |east one bottom electrode
el ectrical connector arranged in the free region of the top
el ectrode coating for electrical contact with the bottom
el ectrode coati ng;

- the bottom electrode electrical connector is arranged on
the cover film and soldered through all the films down to
the substrate;

- the cover film and the functional system together define
a total cavity passing through all the filnms at |east down
to the bottom electrode coating inclusive, separating the
bottom electrode film into at least tw electrically
isolated regions, nanely a free region and an active region
which is able to control the functional system

- the device conprises at | east one top electrode
el ectrical connector arranged in the free region of the top
el ectrode coating for electrical contact wth the top
el ectrode coati ng;

- the electrode electrical connector is arranged on the
cover film and sol der ed, preferably ultrasonically
sol dered, through all the films down to the substrate,;

- the top electrical connector is electrically connected to
said connection neans arranged in the at |east one surface
cavity;

- the cover filmis electrically insulating;

- the cover filmis based on S10,;

- the functional system is an all-solid-state system all
the filnms of the functional system being forned on the
substrate; and

- the functional system is an electrochromc system the
system conprising a first electrochromc film capable of
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switching from the first state to the second state by
insertion/renmoval of ions, an electrochemcally active ion

st or age film for storing t he same i ons by
i nsertion/renoval, the ion storage film preferably being
el ectrochromic and thus formng a second electrochromc

film and an el ectrolyte film between t he first
el ectrochromc film and the ion storage film t he

electrolyte film providing the nobility of the insertion
ions between the first electrochromic film and the ion
storage film

Anot her subject of the invention is glazing conprising
a device as described above, the substrate being a sheet
providing the glazing with a glass function.

Anot her subject of the invention is a process for
fabricating an electrochem cal device wth electrically
control |l able optical and/or energy transm ssion properties,
conprising steps consisting in:

- depositing a bottom electrode coating onto a substrate;

- depositing at least one electrochemically active film
onto the bottom el ectrode coating;

- depositing a top electrode coating onto at |east one
el ectrochem cal |y active film t he at | east one
el ectrochemcally active film being capable of swtching
reversibly between a first state and a second state having
opti cal and/or energy transmssion properties different

from the first state when electrical power is applied to
the termnals of the bottom electrode coating and top
el ectrode coating;

- depositing a cover film onto the functional system

- carrying out an ablation of the material of the cover
film so as to form at |east one surface cavity that passes
through the cover film wthout penetrating the top
el ectrode coating; and

- adding electrical connection means arranged at |[east
partially in at least one surface cavity for electrical

contact with the top electrode coating.

Parti cul ar enbodi mrents of the fabrication process
according to the invention furthernore conprise one or nore
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of the following technical features, applied in isolation
or in any technically possible conbination:

- the ablation is a laser ablation;

- a step of printing the electrical connection neans by
injecting a conducting ink into the at l|east one surface
cavity;

- a step of ablating the material of the cover film and the
top electrode <coating so that the cover film and the
functional system together define at Ileast one partial
cavity passing through the cover film and the top el ectrode
coating w thout penetrating the bottom electrode coating,
the at least one partial cavity separating the top
el ectrode coating into at least tw electrically isolated
regions, nanely a free region and an active region which is
able to control the functional system

- a step of depositing at Ileast one bottom electrode
el ectri cal connect or in the free region of the top
el ectrode coating for electrical contact with the bottom
el ectrode coating;

- the bottom electrode electrical connector is arranged on
the cover film and soldered through all the filns down to
the substrate;

- a step of ablating the material of all the filnms at |east
down to the bottom electrode coating inclusive so that the
cover film and the functional system together define a
total cavity passing through all the filns at |least down to
the bottom electrode coating inclusive, separating the
bottom electrode film into at Jleast tw electrically
i solated regions, nanely a free region and an active region
which is able to control the functional system

- placing at least one top electrode electrical connector
arranged in the free region of the top electrode coating
for electrical contact with the top el ectrode coating;

- the electrical connector is arranged on the cover film
and soldered, preferably wultrasonically soldered, through
all the filns down to the substrate;
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- the top electrical connector is electrically connected to
said connection neans arranged in the at |east one surface
cavity;
- the cover filmis electrically insulating;
- the cover filmis based on S10,;
- the functional system is an all-solid-state system all
the films of the functional system being deposited on the
substrate; and
- the functional system is an electrochromc system the
system being forned by deposition of a first electrochromc
film capable of switching from the first state to the
second state by i nsertion/renoval of i ons, an
el ectrochemcally active ion storage film for storing the
sane ions by insertion/renoval, the ion storage film
preferably being electrochromc and thus formng a second
el ectrochromic film and an electrolyte film between the
first electrochromic film and the ion storage film the
electrolyte film providing the nobility of the insertion
ions between the first electrochromc film and the ion
storage film

The invention will be better understood on reading the
followng description, given nerely by way of exanple and
with reference to the appended drawings, figures 2 to 7 of
which illustrate the process for obtaining the device
illustrated in figure 8.

Figures 2, 3, 5 and 7 are schematic cross-sectional
views whereas figures 4, 6 and 8 are schematic top views.

Figure 2 corresponds to a cross-sectional view of the
substrate equipped with filns of the functional system and
of the cover film before |aser ablation.

Figure 3 corresponds to a cross-sectional view along
the line I11I-111 in figure 4.

Figure 5 corresponds to a cross-sectional view along
the line V-V in figure 6.

Figure 7 is a cross-sectional view along this sane
line after el ectri cal connecti on nmeans have been
positioned .
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The drawings are of course not to scale, so as to be
readabl e .

Figure 1 illustrates a device 100 conprising a
substrate 40 on which have been deposited:

- an alkali barrier film 44;

- a bottom electrode film 46;

- a first electrochromc film 48 formed on the bottom
el ectrode coating 46;

- an electrolyte film 50 forned on the first electrochromc
film 48;

- a second electrochromc film S2 formed on the electrolyte
film 50;

- a top electrode <coating 54 formed on the second
el ectrochromic film 52; and

- a cover film 56 fornmed on the top electrode coating 54.

The expression "a film A formed (or deposited) on a
film B" should be understood throughout the text to nean a
film A forned either directly on the film B and therefore
in contact with the film B or forned on the film B with one
or nore films interposed between the filmA and the filmB.

The substrate 40 thus illustrated is for exanple
obtained by cutting a notherboard onto which the filnms 44,
46, 48, 50, 52 and 54 have been deposited beforehand.

The filnms 44, 46, 48, 50, 52 and 54 form an all-solid-
state electrochromc system 60, that is to say all the
films of which are deposited onto the sanme substrate 40.

As a variant, the system 60 is not electrochronc,
t hat is to say a system the optical transm ssi on
(absorption and/or reflection) of which is reversibly
controlled by electrically <controlled oxidation/reduction
of the films, but for exanple thernochromically

General ly, t he system is an all-solid-state
el ectrochem cal functional system 60.

The expression "cover filnf is understood to nean a
film formed on the functional system 60. The existence of
internmediate filnms between the cover film 56 and the system
60 is not ruled out. The cover film 56 is not necessarily
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the last film deposited onto the substrate 40 and nmay be
covered with other filns.

In the exanple illustrated, the cover film 56 covers
the whole of the functional system 60. Mre generally, the
cover film 56 at |east partially covers the functional
system 60 at least in its active part, preferably the whole
of its active part is covered.

The cover film 56 is for exanple electrically
i nsul ating .

The expression "electrically insulating" is of course
a relative expression because a zero conductivity is not
required. This nmeans that the cover film 56 has a
resistivity greater than all the filnms of the functional
system 60.

In the exanple illustrated, the cover film 56 acts as
a noisture barrier film preventing water nolecules from
penetrating into the functional system 60, which would
damage the system 60.

The <cover film 56 also acts as an antiref lection
coating by wvirtue of a refractive i ndex t hat is
intermediate between that of the nedia |ocated directly
above and below the film 56.

The cover film 56 is for exanple nmde of a ceramoc,
for exanple SiO,- It has for exanple a thickness of between
10 and 300 nm

As a variant, there are several cover filns 56.

It is of course the sane for the electrode coatings,
the electrochromc materials and the electrolyte which my,
as a variant, be made of a nunber of filnms of any suitable
type.

The expression "conmprises a film should in fact be
understood to have a broad neaning that does not exclude
there being two or nore filns.

The alkali barrier film 44 is for exanple made of S10,
or another material of any type able to present a barrier
to the alkali netals present in the substrate 40 and thus
pr event damage to the bottom el ectrode coating  46.
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Furthernmore, the film 44 plays a role as a tie film because
of its good adhesion to the substrate 40.

The bottom electrode coating 46 is mde of a film of
Sn02 :¥. The coating 46 has a suitable thickness such that
its resistance per square is less than or equal to 20 Q/D
for exanple a thickness of between 50 nm and 1 m cron.

Cenerally, the bottom electrode coating 46 and the top
el ectrode <coating 54 are produced from materials of any
suitable type and each coating has a resistance per square
of less than or equal to 20 Q/D.

The upper electrode coating 54 is for exanple nmade of
ITO for exanple with a thickness of between 50 nm and 1
mcron .

The top electrode <coating 54 has a resistance per
square |ess of than or equal to 20 Q/D.

The first electrochromc film 48 is for exanple of the
cathodic type, for exanple a film of tungsten oxide into
which lithium ions are inserted during the deposition to
form wQ.:Li, or a film of tungsten oxide onto the surface
of which film 48 lithium ions are deposited. As a variant,
any suitable electrochromc nmaterial may be used.

The second electrochromc film 52 is anodic if the
first electrochromic film 48 is cathodic and is cathodic if
the first electrochromic film 48 is anodic. In the present
exanpl e, it is mde of a tungsten-doped ni ckel oxi de
(NiwO,). As a variant, an electrochromc nmaterial of any
suitable type may be used, for exanple a film of IrQ,.

The filnms 48 and 52 given in the above exanple act by
varying the absorption coefficient.

As a variant, the film 48 and/or the film 52 are nade
of an electrochromc mat eri al that acts by varying the
reflection coefficient. In this case, at least one of the
films is based on the rare earths (yttrium or |anthanun) or
an My/transition nmet al alloy or a netalloid (like Sb
whet her doped or not, for exanple doped with Co, WM, etc.)
The other film my be an electrochromic film that acts by
varying the absorption coefficient as above (made of WO,
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for exanmple) or sinmply a nonelectrochromc ion storage
film

Furthernore, one of the tw film 48 and 52 is not
necessarily electrochromic, that is to say that its optical
properties do not vary significantly. The two filns are

generally, in the case of an electrochromc system an
el ectrochromic film and a ion storage film for storing the
insertion ions, which ion storage film is optionally
el ectrochrom c. An exanple of a nonelectrochromc i on
storage material is Ce0, (cerium oxide) .

The electrolyte film 50 is mnmade of any suitable
mat eri al able to provide the nobility of the insertion
ions, while still being electronically insulating.

The electrolyte film my for exanple be a film of
Ta,0s having a thickness of between 1 nm and 1 micron, for
exanpl e between 100 nm and 400 nm

The insertion ions are preferably Li* ions in the case
of the aforenentioned electrochromic films. As a variant,
H* ions or Na*, K' or other alkali-netal ions may be used in
the case of electrochromc systens.

The substrate 40 is a sheet providing a glass
function .

The sheet may be flat or curved and be of any size, in
particular having at |east one dinension that is [|onger
than 1 neter.

The sheet nmay advantageously be a sheet of glass.

The glass is preferably soda-line-silica glass, but
other types of glass like borosilicate glass may also be
used. The glass may be clear or extra-clear or even tinted,
for example tinted blue, green, anber, bronze or gray.

The thickness of the glass sheet is typically between
0.5 mm and 19 nm particularly between 2 mm and 12 nm even
between 4 mm and 8 nm but preferably 1.6 mm The sheet of
glass may also be film glass of thickness greater than or
equal to 50 pm (in this case, the multilayer EC and the
el ectrode coati ngs TCO TCC are deposited usi ng, for
exanple, a roll-to-roll process)
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As a variant, the substrate 40 is produced from a
transparent, flexible material, for exanple from a plastic.
The substrate 40 illustrated in figure 1 was obtained

by depositing various filnms onto a notherboard and cutting
the substrate 40 from the notherboard, for exanple using

t her mal cutting, for exanple laser cutting, or using
mechani cal cutting.

As illustrated in figures 3 and 4, tw cavities 64
called "total" <cavities pass through the thickness of all

the filns deposited on the substrate 40.

As a variant however, the alkali barrier film 44 is
not penetrated.

CGeneral ly, at | east one total cavity 64 passes
through, in particular, the cover film 56 and the bottom
el ectrode coating 46 so that the bottom electrode coating
46 is separated into tw electrically isolated regions,
nanely an active region 46A able to control the functional
system 60 and an inactive region 46B.

The cavities 64 have for exanple a width of between 1
mcron and 1 cm and preferably between 100 microns and 1
mm They are for exanple obtained by thermal ablation, for
exanpl e |aser ablation, or by nmechanical ablation.

In the exanple illustrated, the cavities 64 are two
parallel straight trenches placed near two opposite edges
of the substrate 40, respectively.

As a variant, the cavities mght be for exanple a
single cavity 64 that forms a trench, for exanple a
straight trench, near one edge of the substrate, or even a
cavity formng a frane, for exanple a rectilinear frane,
that runs alongside the four edges of the substrate over
their entire length, thus defining a central active region
and a peripheral inactive region that surrounds the central
region .

Placing the electrical connectors of the top electrode
coating 54 on the inactive region 46B does not create a
short-circuit, as explained in nore detail below
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As illustrated in figures 5 and 6, the substrate 40
then undergoes other ablations that form cavities 66, 68
perpendicular to the cavities 64.

These cavities so formed are of tw types: cavities
called surface cavities 66 and cavities called partial
cavities 68.

The partial cavities 68 have a function analogous to
that of the cavities 64. They particularly pass through the
cover film 56 and the top electrode coating 54 but do not
pass through the bottom electrode coating 46.

Here, two cavities form straight trenches alongside
two edges, perpendicular to the edges of the cavities 64,
which trenches run the entire length of these edges. The
cavities 68 have for exanple a width of between 1 mcron
and 1 cm and preferably between 100 microns and 1 mm They
are for exanple obtained by thermal ablation, for exanple
| aser abl ation.

In the sane way as for the cavities 64, the partial
cavities 68 may, as a variant, be of any suitable nunber
and pattern so as to electrically isolate the top electrode
coating 54 into two electrically isolated regions, nanely
an active region 54A, able to control the functional system
in conmbination wth the active region 46A of the bottom
el ectrode coating 46, and an inactive region 54B.

As a variant, these trenches might for exanple be a
single trench, for exanple a straight trench.

Placing the electrical connection nmeans of the bottom
el ectrode coating 46 on the inactive region 54B does not
create a short-circuit.

The inactive region 54B is arranged so as to at |east
partially face the active region 46A of the Dbottom
el ectrode coating 46 so that the connectors of the bottom
electrode coating 46 may be sinultaneously placed in both
these regions and thus soldered through all the filns
without ~creating a short-circuit - this is explained in
nore detail below.

The active region 54A is arranged so as to face the
inactive region 46B of the electrode <coating 46 for the
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sanme reasons as those relating to the connectors of the top
el ectrode coating 54.

The surface cavities 66 pass through the cover film 56
Wi t hout penetrating the top electrode coating 54. As
illustrated in figure 7, the cavities 66 are intended to
receive the electrical connection neans 70 of the top
el ectrode coating 54.

In the exanple illustrated, there are four cavities 66
formng straight trenches parallel to the cavities 68 and
| ocated between the latter. They extend along the entire
l ength of the edges.

As a variant, the cavities 66 are of course of any
suitable nunmber and pattern that allows electrical contact
with the top electrode coating 54.

Generally, the surface cavities 66 extend at |east
into the active region 54A of the top electrode coating 54
so as to allow electrical contact with the latter in this
region 54A and thus allow the functional system 60 to be
controlled via the electrical connection neans 70.

The cavities 66 have for exanple a width of between 1
mcron and 1 mm They are for exanple obtained by pulsed
| aser ablation or by plasma etching.

The electrical connection neans 70 illustrated are for
exanpl e obtained by inkjet printing.

As a variant, the electrical connection neans mght be
metal wires arranged in the cavities 66 or any other
sui tabl e means, such as netal strips.

Figures 7 to 9 illustrate the connectors 72, 74 for
connecting the electrode coatings 46, 54.

The connectors 72 are the connectors of the bottom
el ectrode coating 46.

The connectors 74 are the connectors of the top
el ectrode coating 54.

The connectors 72 are for exanple netal strips or
bands soldered to the substrate 40. They may for exanple be
ultrasonically sol dered.

Because the various filnms are very thin, any soldering
of the connectors 72, 74 perforates the filnms and short-
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circuits the bottom and top electrode coatings 46 and 54.
Thus, the connectors 72, 74 are placed in regions
corresponding to an active region 46A, 54A of one of the
two coatings 46, 54, but in an inactive region 54B, 46B of
the other of the electrode coatings 54, 46.

It should be noted that an electrical insulator 78
advantageously fills the cavities 64 so that the conducting
ink 70 can be printed as far as the connectors 74 without
creating a short-circuit wth the bottom electrode coating
46. Furthernore, this has the advantage of protecting the
functional system 60.

To fulfill its anti-short-circuit function, t he
insulator 78 fills the cavities 68 at |east beneath the
connection neans 70 and at least as far as the first
el ectrochromic film 48.

The insulator 78 advantageously fills the cavities 64
along the entire Ilength of the active region 54A and
advant ageousl vy, furthermore, at least partially fills the
inactive region 54B, particularly when the connection neans
70 are printed.

In the figures, the insulator 78 fills the entire area
and entire thickness of the cavities 68.

The insulator may for exanple be S10, deposited into

the cavities 64 by printing. It may, nore generally be
SiQ,, SiuN,, Si «QN,, or some conmbi nati on of these.
In the case of nmetal wires however, it is possible to

place the wres between the active region 54A and the
connectors 74 without creating a short-circuit, so that the
insulator 78 in the cavities 66 is no |onger necessary,
even though it preferably remains in place to protect the
functional system 60.

It should be noted that the cavities 64 are optional
si nce, for exanple, it is possible as a wvariant to
establish an electrical <connection wth the top electrode
coating 52 by bonding a netal band to the electrical
connection means 70.
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In this variant, a busbar having a conductive adhesive
face is bonded directly to the electrical connection neans
70, making the cavities 64 redundant.

In this case, the cavities 64 my nevertheless be
replaced with partial cavities of the sanme type as the
cavities 68, so as to limt the risk of a short-circuit.

The busbar may take any suitable form and particularly
the form of a frame that covers as best as possible the
entire area of the active region 54A

Anot her possible advantage of this variant, in which
there is no total cavity 64, is that four connectors 72 may
be placed on the four edges of the device. In this case, an
electrically insulating band wll for exanple be provided
bet ween t he busbar and t he connectors at their
i ntersection.

Accor di ng to anot her advant ageous variant, an
additional total <cavity runs alongside the edges of the
substrate around the entire circunference of the substrate
so as to prevent any short-circuiting by contact of a
conducti ng el enent with the edges. This cavity i's
advant ageously produced in the imediate vicinity of the
edges so that the active area of the functional system 60
is not overly reduced.

A second electrical insulator 80 fills the cavities
68, advantageously at least along the entire length of the
active region  54A with the aim of protecting t he
functional system 60.

This second insulator may be for exanple a material,
for exanple sio02, deposited into the cavity 68 by printing.

The device according to the invention therefore has
many advant ages.

As explained hereinabove, the device has the advantage
of allowing the electrical connectors to be positioned
after the deposition of all the filns, including the cover
film It thus becones possible to obtain the device by
cutting a notherboard.

The connectors are either placed on the notherboard
bef ore cutting or placed after cutting on the cut
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substr at es. In both cases, the notherboard may be
fabricated in another production site, stored for an
indeterm nate period of tine, etc., before being cut.
Furthernore, any suitable device size may be obtained
by cutting a single-sized notherboard.
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CLAIMS

1. An electrochem cal devi ce (100) having electrically
controllable optical and/or energy transmssion properties
conpri si ng:
- a substrate (40);
- a functional system (60) formed on the substrate (40) and
conpri sing
- a bottom electrode coating (46) formed on the
substrate (40) ;
- a top electrode coating (54) fornmed on the bottom
el ectrode coating (46); and
- at least one electrochemcally active film (48, 52)
| ocated between the bottom electrode coating (46) and
the top electrode coating (54), the at |east one
el ectrochem cal l y active film (48, 52) being able to
switch reversibly between a first state and a second
state havi ng opti cal and/ or ener gy transm ssi on
properties di fferent from the first state when
el ectrical power is applied to the terminals of the
bottom electrode <coating (46) and the top electrode
coating (54); and
- a cover film (56) fornmed on the functional system (60) in
which the cover film (56) defines at |east one surface
cavity (66) that passes through the cover film (56) wthout
penetrating the top electrode coating (54) and in which the
device (100) conprises electrical connection rmeans (70)
arranged at least partially in at |least one surface cavity
(66) for electrical contact with the top electrode coating
(54)

2. The device (100) as clained in claim 1, wherein the at
| east one surface cavity (66) forms a trench.

3. The device (100) as clained in claim 2, wherein the
trench is straight.
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4. The device (100) as claimed in any one of the preceding
clains, wherein the at least one surface cavity (66) is
obtained by laser ablation.

5. The device (100) as clained in any one of the preceding
cl ai ns, wherein the electrical connection neans (70)
conprise a conducting ink that fills the at Ieast one
surface cavity, for exanple thick film Ag ink wth or
wi thout glass frit.

6. The device (100) as clainmed in any one of the preceding
cl ai ns, wherein the <cover film (56) and the functional
system (60) together define at |east one partial cavity
(68) passing through the <cover film (56) and the top
el ect rode coating (54) wi t hout penetrating the bottom
el ectrode coating (46), the at Ileast one partial cavity
(68) separating the top electrode ~coating (54) into at
least two electrically isolated regions, nanely a free
region (54B) and an active region (54A) which is able to
control the functional system (60)

7. The device (100) as claimed in claim 6, conprising at

| east one bottom el ectrode el ectrical connect or (72)
arranged in the free region (54B) of the top electrode
coating (54) for el ectrical cont act wth the bottom

el ectrode coating (46).

8. The device (1000 as clained in claim 7, wherein the
bottom electrode electrical connect or (72) is arranged on
the cover film (56) and soldered through all the filns down
to the substrate (40)

9. The device (100) as clainmed in any one of the preceding
cl ai ns, wherein the <cover film (56) and the functional
system (60) together define a total <cavity (64) passing
through all the filnms at least down to the bottom electrode
coating (46) inclusive, separating the bottom electrode
film (46) into at least tw electrically isolated regions,
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nanely a free region (46B) and an active region (46A) which
is able to control the functional system (60)

10. The device (100) as clained in claim 9, conprising at
| east one top electrode electrical connector (74) arranged
in the free region of the top electrode <coating (46B) for
electrical contact with the top electrode coating (46A)

11. The device (100) as claimed in claim 10, wherein the
top electrode electrical connect or (74) is arranged on the
cover film (56) and soldered, preferably ul trasonically
sol dered, through all the filns down to the substrate (40)

12. The device (100) as claimed in claim 10 or 11, wherein
the top electrode electrical connector (74) is electrically
connected to said connection nmeans (70) arranged in the at
| east one surface cavity (66)

13. The device (100) as clained in any one of the preceding
cl ai s, wherein the cover film (56) is electrically
i nsul ati ng

14. The device (100) as claimed in claim 11, wherein the
cover film (56) is based on S O,, Si =Ny, Si XOS,NZ, or sone
conmbi nation of these.

15. The device (100) as clained in any one of the preceding
clains, wherein the functional system (60) is an all-solid-
state system all the films of the functional system (60)
being formed on the substrate (40)

16. The device (100) as claimed in claim 15  wherein the
functi onal system (60) is an electrochronic system t he
system (60) conprising a first electrochronic film (48)
capable of switching from the first state to the second
state by insertion/renoval of ions, an electrochenmically

active ion storage film (52) for storing the same ions by
i nsertion/renoval , the ion storage film (52) preferably
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bei ng el ectrochrom c and t hus form ng a second
el ectrochrom c film (52), and an electrolyte film (50)
between the first electrochronic film (48 and the ion
storage film (52), the electrolyte film (500 providing the
mobility of t he i nsertion i ons bet ween t he first
electrochronmic film (48 and the ion storage film (52)

17. The device (100) as clained in any one of the preceding
clainms, wherein the functional system extends over all of
the visible surface of the device.

18. The device (100) as claimed in claim 17, wherein the
functi onal system extends from each edge to the opposite
edge of the surface.

19. dazing conprising a device (100) according to any one
of the preceding clains, the substrate (40) being a sheet
providing the glazing with a glass function.

20. A process for fabricating an electrochem cal devi ce
(100) havi ng electrically controllable opti cal and/ or
energy transmission properties, conprising steps consisting
in:

- depositing a bottom electrode coating (46) onto a
substrate (40);

- depositing at least one electrochenically active film
(48, 52) onto the bottom electrode coating (46);

- depositing a top electrode coating (54) onto at |east one
el ectrochemcal ly active film (48 52), the at |east one
el ectrochemcal ly active film (48, 52) being capable of
switching reversibly between a first state and a second
state having optical and/or energy transmission properties
di fferent from the first state when electrical power is
applied to the terminals of the bottom electrode coating
(46) and top electrode coating (54);

- depositing a cover film (56) onto the functional system
(60) ;



10

15

20

WO 2012/007334 PCT/EP2011/061407

_23_

- carrying out an ablation of the material of the cover
film (56) so as to form at |east one surface cavity (66)
t hat passes through the cover film (56) w thout penetrating
the top electrode coating (54); and

- adding electrical connection nmeans (70) arranged at | east
partially in at |east one surface cavity (66) for
el ectrical contact with the top electrode coating (54)

21. The process as claimed in claim 20, wherein the
coatings (46, 54), the active film (48 52) and the cover
film (56) are sputter deposited, preferably over all of the
surface of the susbtrate.

22. The process as clained in claim 20 or 21, wherein,
after deposition of at least the active film (48, 52), the
susbtrate is cut in different pieces so as to form several
devices with at |east several of the pieces.

Sputter deposition
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