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(57) Abstract: The invention relates to glazing (1) comprising afirst glazing sheet (10; 10A, 10B) forming a substrate on which at
least one film of an electrochemical system (12) is formed, said system having optica and/or energy-related properties that are
electrically controllable, a second glazing sheet (14) forming a counter-substrate, and athird glazing sheet (18). The substrate has
characteristics that allow it to be obtained by being cut from a motherboard on which motherboard at least one film of the electro-
chemical system (12) isformed. The substrate is located between the counter- substrate (14) and the third glazing sheet (18) and is
set back relative to the counter-substrate (14) and relative to the third glazing sheet (18) over the entire circumference of the sub-
strate (10; 10A, 10B).
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ELECTROCHEM CAL GLAZI NG HAVI NG ELECTRI CALLY CONTROLLABLE
OPTI CAL AND ENERGY- RELATED PROPERTI ES

Background of the invention

The present i nvention relates to the field of
el ectrochemcal nultiple glazing units having electrically
controllable optical and/or energy-related properties.

Certain characteristics of these glazing units can be
nodi fied using an appropriate power supply, especially the
transm ssi on, absor ption and reflection of certain
wavel engths of electromagnetic radiation, especially in
the visible and/or infrared, or even the diffusion of
l[ight. The transmssion is generally varied in the optica
(infrared, visible and ultraviolet) range and/or in other
ranges of electronmagnetic radiation, hence the device is
said to have vari abl e opti cal and energy-rel ated
properties, the optical range not necessarily being the
only range in question.

From t he t her mal st andpoi nt, gl azi ng whose
transm ssi on/ absorption/reflection may be varied within at
| east part of the solar spectrum allows the solar heat
influx into roons or passenger areas/conpartnments to be

controlled when it is fitted as exterior glazing in
buildings or as wndows in transportation neans of the
type conprising autonobiles, trains, ai r pl anes, shi ps,
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
possible to prevent glare should there be strong sunlight,
when it is nmounted as exterior glazing. It may also have a
particularly advantageous shutter effect.

Description of the prior art
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WO- 2005/ 007398 descri bes | am nat ed gl azi ng
i ncorporating an electrochromc, and nore particularly an
all-solid-state, el ectrochem cal system havi ng
electrically controllable optical properties.

All the filnms of the electrochromc system are fornmed
on the sane glass substrate.

The substrate is lamnated to a counter-substrate via
a lamnation interlayer so as to form a lam nated glazing
unit .

For certain applications such as in buildings, it is
necessary for the substrate to be able to wthstand
significant tenperature gradients. This is because, since
the films formed on the substrate are absorbent in a
plurality of solar spectral r egi ons, the substrate is
liable to becone very hot, especially in its central part.
As for the peripheral part of the substrate, this is
generally shaded, especially by the frame that holds the
gl azi ng. Because of this, the peripheral part remains
cooler than the central part.

The tenperature differences between the central part
and the peripheral part of the glazing then induce
mechani cal stresses liable to break the glazing.

This is even nore critical when the substrate is nade
of colored glass or, nore generally, made of gl ass
absorbent in certain regions of the solar spectrum

Brief description of the invention

The obj ect of t he i nvention is to provi de
el ectrochem cal glazing having electrically ~controllable
optical and/or energy-related properties able to wthstand
signi ficant t her mal stresses while also limting the
manuf acturing cost.

For this purpose, one subject of the invention is a
gl azing unit conprising:

- a first glazing sheet formng a substrate on which at
least one film of an electrochem cal system is forned,
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sai d system havi ng opti cal and/ or energy-rel at ed
properties that are electrically controllable;

- a second glazing sheet formng a counter-substrate; and

- a third glazing sheet;

i n which:

the substrate has characteristics that allow it to be
obtained by being cut from a notherboard on which at |[east
one film of the electrochen cal system is forned;

the substrate is located between the counter-substrate and
the third glazing sheet;

the substrate is set back relative to the counter-
substrate over the entire circunference of the substrate;

and

the substrate is set back relative to the third
gl azi ng sheet over the entire ci rcunference of t he
substrate

One possible way of preventing the glass substrate
from br eaki ng consi sts in thermal |y or chemically
t enperi ng it so that it can withstand a tenperature

di fference between a point on the central part of the
substrate and a point on the edge of the substrate of at
| east 50°C and preferably at least 100°C

However, the films of many el ectrochenical syst ens
havi ng electrically controll abl e opti cal properties are
liable to be severely danmged if they wundergo the thernal
t enperi ng applied to the glass sheet, and it is not
possible to chemcally tenper the glass sheet while the
filme are present on it.

Ther nal t emperi ng in fact consi sts in rapi dly
cool i ng, using air jets, the glass sheet heated to above
600°C, for example to 630°C

Cheni cal t emperi ng consi sts in imrersing the gl ass
sheet in a bath of nolten salts (KNOB for soda-line
gl asses) . Above a certain tenperature (400°C) , there is a
chemi cal exchange bet ween KNO, and NaNC3  salts, K*

replacing the smaller Na*. This replacenent conpresses the
outer surfaces of the glass sheet and nakes the glass nore
resi st ant to mechani cal forces or to t enperature
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di fferences between the edges and the center of the gl ass.
The nature of the ions depends on the chem cal conposition
of the gl ass.

The sane also applies to toughened glass, which is a
thermally tenpered glass the heating and principally
cooling paraneters of which are different from the thermnal
tenpering paraneters (longer cooling tine)

One possible solution would therefore consist in
depositing the film of the electrochromic system on the
substrate after the latter has been tenmpered or toughened.

However, this solution remains expensive.

So as to reduce cost, one idea of the invention is to
cut the substrate after the filnms have been deposited so
as to obtain a plurality of substrates from the sane
not her boar d.

Cutting from a notherboard furthernore has the
advantages of making the production |ine nore flexible, of
maki ng the production process nore stable and of providing
hi gher yields.

However, tenpered or toughened glass is difficult or
even inpossible to cut.

Setting one substrate back relative to the counter-
substrate and to the third glazing sheet mekes it possible
to use glass that has, for exanple, not been tenpered or
even toughened. This has both the advantage of naking it
easy to cut the glass, and therefore obtaining the
substrate by cutting it from a notherboard, and the
advantage of not risking damage to the filns of the
functional system

It has in fact been shown that the reason that such
gl ass breaks is because of danmage, even mcroscopic
damage, to the surface state of the edges during the
operation of shaping the glass and/or the manufacture of
the glass and/or during even a very slight inpact of the
edge of the substrate with an external elenent.

This danage nmay be inpossible to detect and nmay
mani f est itself only  when t he gl azi ng is heated.
Fur t her nor e, such an inpact may well occur after the
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manuf act ure of the gl azing, for exanple during its
transportation or while it is being fitted into a
bui I di ng .
Each inpact is liable to cause a mcrocrack in the

surface of the edges of the substrate and each m crocrack
is liable to initiate crack propagation in the presence of
a thermal gradient between the center and the edges of the
gl azi ng .

Setting the substrate back relative to the counter-
substrate and relative to the third glazing sheet ensures
that the glazing is held wthout contacting the substrate
and ensures that the substrate is protected from any
i nadvertent contact.

For exanple, glass that has not been tenpered or
toughened may then be used as a substrate if the surface
state of its edges is good enough. Experinents have shown
that a thermally cut glass that has not been tenpered or
even toughened may have sufficient mechanical strength.

Fur t her nor e, glass that is neither tenpered nor
toughened has fewer particles contamnating its surface,
which particles are liable to cause defects (pinholes,
short-circuits, etc.) in the final glazing.

Finally, glass that has not been tenpered is flatter,
whi ch  nakes | am nati on easi er and allows a thinner
am nation interlayer to be wused. The glass is even
flatter if it has not been toughened.

According to particular enbodinents, the glazing unit
according to the invention furthernore conprises one or
nor e of t he foll owi ng t echni cal f eat ures, appl i ed
individually or in any technically possible conbination:

- the substrate is set back relative to the counter-
substrate and/or the third glazing sheet over the entire
ci rcunference of the substrate by at | east 1 mm
preferably at least 2 nm nore preferably at least 5 mm
and even nore preferably at least 10 mm

- the substrate is made of glass that has not been
thermal |y t enmper ed, preferably t hat has not been
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chemically tenpered and nore preferably that has not been
t oughened;

- the substrate is obtained by thermal cutting of the
not her boar d;

- the substrate is able to wthstand a tenperature
difference between a point on the substrate and a point on
the edge of the substrate of at |east 50°C and preferably
of at least 100°C

- the substrate has a 4-point bending strength greater
than or equal to 75 MPa, preferably greater than or equal
to 100 MPa and nore preferably greater than or equal to
120 MPa;

- the counter-substrate and/or the third glazing sheet are
made of toughened or tenpered gl ass;

- the counter-substrate is intended to be placed on the
outside relative to the substrate, that is to say on the
side on which sunlight is incident;

- the electrochem cal system is fornmed from a nultilayer
of films conprising successively, from the substrate, a
first electrode <coating, a first electrochemcally active
film an electrolyte film a second electrochemcally
active film and a second electrode <coating, all the filns
of the nmultilayer being formed on the substrate;

- the glazing is multiple glazing, the third glazing sheet
being spaced from the substrate and separated from the
substrate by a layer of gas or vacuum

- the substrate is surrounded by said layer of gas or
vacuum preferably over the entire circunference and the
entire thickness of the substrate,;

- the glazing conprises a joint surrounding the substrate
and in contact wth the substrate over at |least part of
the circunference of the substrate, preferably in contact
with the substrate over the entire circunference of the
Substrate ;

- the substrate is made of soda-line-silica glass;

- all the filnmse of the electrochem cal system are forned
on the substrate;
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- the glazing conprises a fourth glazing sheet formng a
second substrate, the second substrate being set back
relative to the counter-substrate and to the third glazing
sheet; and

- the glazing conprises a lamnation interlayer, t he
substrate being lamnated to the counter-substrate via the
| am nation interlayer.

Anot her subject of the invention is a process for
manufacturing a glazing wunit, conprising steps consisting
in:

- depositing at least one film of an electrochem cal
system said system having optical and/or energy-related
properties that are electrically controllable, onto a
first glazing sheet that fornms a notherboard and cutting
from the notherboard a substrate provided wth at |east
one film of the electrochem cal system

- securing the substrate obtained by cutting to a second
gl azing sheet that forns a counter-substrate; and

- securing the counter-substrate to a third glazing
substrate,

in which the substrate is a glass sheet chosen and
arranged so that:

- the substrate is l|ocated between the counter-substrate
and the third glazing sheet;

- the substrate is set back relative to the counter-
substrate over the entire circunference of the substrate;
and

- the substrate is set back relative to the third glazing
sheet over the entire circunference of the substrate.

Accordi ng to particul ar enbodi nent s, t he

manuf act uri ng process accordi ng to t he i nvention
furthernore conprises one or nore of the followng
t echni cal f eat ures, applied i ndi vidual |y or in any
technically possible conbination:
- the substrate is nmade of glass that has not been
thermally t enper ed, preferably t hat has not been
chemcally tenpered and nore preferably that has not be
t oughened;
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- the counter-substrate and/or the third glazing sheet is
made of glass, the process conprising a step of tenpering
or toughening the counter-substrate and/ or the third
gl azi ng sheet;

- the cutting of the substrate from the notherboard is
carried out wusing a thermal cutting nethod, for exanple
| aser cutting;

- the glazing wunit is noved wthout the substrate being
placed in contact with a gripping or handling elenent;

- the at Ileast one film deposited on the notherboard
conprises at least one electrode coating, in which process
all the films of the electrochem cal system are preferably
deposited on the notherboard, and in which the substrate
obt ai ned by cutting is preferably | am nat ed to the
count er-substrate;

- the substrate is set back relative to the counter-
substrate and/or the third glazing sheet over the entire
ci rcunference of the substrate by at | east 1 mm
preferably at least 2 mm nore preferably at least 5 mm
and even nore preferably at least 10 nm

- the substrate is able to wthstand a tenperature
difference between a point on the substrate and a point on
the edge of the substrate of at |east 50°C and preferably
of at least 100°C

- the substrate has a 4-point bending strength greater
than or equal to 75 MPa, preferably greater than or equal
to 100 MPa and nore preferably greater than or equal to
120 MPa;

- the counter-substrate is intended to be placed on the
outside relative to the substrate, that is to say on the
side on which sunlight is incident;

- the electrochem cal system is fornmed from a nultilayer
of films conprising successively, from the substrate, a
first electrode <coating, a first electrochemcally active
film an electrolyte film a second electrochemcally
active film and a second electrode coating, all the filns
of the nultilayer being fornmed on the substrate;



10

15

20

25

30

35

WO 2012/007335 PCT/EP2011/061408

_9_

- the glazing is a multiple glazing unit, the third
gl azi ng sheet bei ng spaced from the substrate and
separated from the substrate by a |layer of gas or vacuum

- the substrate is surrounded by said |ayer of gas or
vacuum preferably over the entire circunference and the
entire thickness of the substrate;

- the glazing conprises a joint surrounding the substrate
and in contact with the substrate over at |east part of
the circunference of the substrate, preferably in contact

with the substrate over the entire circunference of the
Substrate ;

- the substrate is nade of soda-linme-silica glass;

- all the filnms of the electrochemcal system are forned
on the substrate;

- securing a fourth glazing sheet that forns a second
substrate to the counter-substrate, the second substrate
being set back relative to the counter-substrate and the
third glazing sheet; and

- lamnating the substrate to the counter-substrate via a
| am nation interlayer.

Anot her subject of the invention is a process for
manufacturing a plurality of glazing units, each glazing
unit being obtained by a process as described above, the
substrate of each of the wvarious glazing wunits being
obtained by cutting them from the sane notherboard.

Brief description of the draw ngs

The invention wll be better wunderstood on reading
the followi ng description, given nerely by way of exanple
and with reference to the appended draw ngs, in which:

- figures 1 to 3 are schematic cross-sectional views of a
glazing unit according to three enbodinents of the
i nvention;

- figure 4 is a schematic view showng a process for
measuring the strength of the edge of a glass sheet; and
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- figure 5 is a graph illustrating the results of an
experiment neasuring the strength of the edge of various
cut glass sheets.

The drawings are of course not to scale, for the sake
of clarity, because the thickness differences, especially

between the substrate and the deposited | ayers, are
substantial - for exanple differing by about a factor of
500 .

Description of the preferred enbodi nents

The glazing wunit 1 illustrated in figure 1 is a
double glazing unit.

It conprises a first lamnated glazing pane 2 and a
second glazing pane 4 spaced from the first glazing pane 2
and separated from the latter by a layer 6 of gas, for
exanpl e argon, or by a vacuum 6.

However, the invention is not limted to this type of
gl azi ng. Possible wvariants include single glazing, t he
glass sheets of which are all lamnated together, or

triple glazing or any other nultiple glazing.

The term "double glazing" 1is understood to mean an
assenbly of two spaced glazing panes separated by a |ayer
of gas or vacuum and the term "triple glazing" i's
understood to mnmean an assenbly of three spaced glazing
units separ at ed by two | ayers of gas or vacuum
respectively. As described above, at least one of the
spaced glazing panes of a multiple glazing wunit my be
| am nat ed .

The lam nated glazing pane 2 conprises:

- a first glazing sheet 10 formng a substrate on which an
el ectrocheni cal system 12 is fornmed, the electrochem cal
system having electrically controllable optical and/ or
energy related properties, this system being called a
"functional™ system in the renmainder of the description;
and



WO 2012/007335 PCT/EP2011/061408
- 11 -

- a second glazing sheet 14 forming a counter-substrate,
the counter-substrate 14 being laminated to the substrate
10 using a lamnation interlayer 16.

The functi onal system 12 is of the all-solid-state
type, that is to say that the film of the functional
system 12 are fornmed on the sanme substrate 10. Further
details will follow

In the case of figure 1, the functional system 12 is
formed on the outside face 10A of the substrate 10, that
is to say the face on which sunlight is intended to be
i nci dent

The second glazing pane 4 conprises a third glazing
sheet 18.

The substrate 10 is |ocated between the counter-
substrate 14 and the third glazing sheet 18. The substrate
is furthernore set back relative to the counter-substrate
and to t he third gl azi ng sheet over its entire
ci rcunference

The substrate is set back relative to the counter-
substrate and the third glazing sheet by at least 2 mm
for exanple.

The substrate 10 is thus nade of glass that has not
been tenpered. It may, for exanple, be a soda-linme-silica
gl ass .

The term "soda-linme-silica glass" is understood to
mean a glass the conposition of which conprises silica
(S10,), as a network-form ng oxi de, sodium oxide (soda,
Na,0) and calcium oxide (line, CaO . This conposition
preferably conpri ses the follow ng constituents havi ng

contents by weight that vary wthin the Ilimts given
bel ow :

Sio, 60 - 75%

Al 233 0 - 10%

B,03 0 - 5%, preferably 0%

CaO 5 - 15%

MyO 0 - 10%

Na,0 5 - 20%

K,0 0 - 10%
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BaO 0 - 5% preferably 0%
Soda-linme-silica gl asses have a relatively high
thermal expansion coefficient, general ly between 7><10-6 K-'
and I1oxlo “& K*,

However, as a variant, a glass of any suitable
conposi tion, for exanpl e a hi gh t her mal expansi on
coefficient glass |ike soda-linme-silica glass, may be used
or, also as a variant, a glass with a thernal expansi on
coefficient | ower than that of soda-line-silica gl ass,

like borosilicate glasses or a film glass, may be wused.
This substrate nmay be float gl ass, gl ass manufactured by
the fusion-draw (up & down) process, or an extrenely thin
film glass (50 um thick, for exanple)

It should be noted t hat the term "borosilicate
gl asses" is understood to nean glass having the follow ng

conposition by nass:

Sio, 78 - 86%
B,0, 8 - 15%
A1,0, 0.9 - 5%
MO 0 - 2%
CaO 0 - 1.5%
Na,0 0 - 4%
K,0 0 - 7%
For exanpl e, the substrate 10 is thinner than the
counter-substrate 14.

The substrate 10 has, for exanple, a thickness equal
to 4 mm or less in the case of soda-line-silica glass, for
exanple a thickness equal to 1.6 mm

The substrate 10 is able to withstand an edge stress,
generated by a 4-point bending test, that 1is greater than
or equal to 50 MPa and preferably greater than or equal to
80 MPa.

The substrate is also able to withstand a tenperature
di fference between a point on the central part, or any
ot her point, of the substrate 10 and a point on the edge

of the substrate 10 of at least 50°C and preferably of at
| east 100°C.
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As for the counter-substrate 14, this is nmade of
thermally or chemcally tenpered glass, toughened gl ass,
or even glass that has not been tenmpered and the thernal
expansion coefficient of which is near to that of the
substrate 10, when the latter is mnmade of |ow thernal
expansi on coefficient gl ass. The counter-substrate is
preferably nmade of thermally tenpered glass. The glass is
for exanple a soda-line-silica glass.

The third glass sheet 18 is nmade of thermally or
chem cal ly tenpered glass or of toughened glass and
preferably of thermally tenpered gl ass, for exanple a
soda-linme-silica glass. This glass may also be |[|ani nated
if necessary, especially in the case of a skylight for
safety reasons.

However , as a variant, the counter-substrate 14
and/or the third sheet 18 are made of a flexible material,
for exanple a plastic.

The counter-substrate 14 and/or the third glazing
sheet 18 have for exanple a thickness greater than or
equal to 2 mm in the case of tenpered or toughened soda-
linme-silica glass, preferably a thickness greater than or
equal to 5 mm

As illustrated in figure 1, the glazing  unit 1
defines an internal space 34 around the substrate 10 and
between the substrate 10 and the third glazing sheet 18,
separating the substrate from the third glazing sheet.

The internal space 34 is filled with a gas such as
air, argon, krypton or a mxture of these gases, or else
it is under partial vacuum in which the pressure is for
exanple less than or equal to 10 nbar.

The substrate 10 is thus surrounded by the internal
space 34, further reducing the risk of damaging the
substrate 10. In particular, the substrate 10 is freed
from any edge stress due to a direct contact wth another
element of the glazing unit 1.

The glazing unit 1 conprises neans 26, 32 for holding
the counter-substrate 14 and the third glazing sheet 18.
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These holding neans conprise a spacer bar 26 and an
adhesive joint 32

The spacer bar 26 is arranged around the substrate 10
and between the counter-substrate 14 and the third sheet
18, along the edges of the counter-substrate 14 and the
third sheet 18.

The spacer bar 26 is designed to keep the counter-
substrate 14 separated from the third glazing sheet 18 by
a certain distance.

The spacer bar 26 is thus rigid, unlike the joint 32.
The spacer bar is for exanple a strip, for exanple a netal
strip.

The adhesive joint 32 is designed to hold the
counter-substrate 14 and the third glazing sheet 18
t oget her.

The adhesive joint is provided between the counter-
substrate 14 and the third glazing sheet 18 for exanple
over the entire circunference of the edges of the counter-
substrate 14 and the third glazing sheet 18.

The adhesive joint 32 surrounds the spacer bar 26.

It is for exanple made of a polysulfide.

It should be noted that the joint 32 also seals the
internal space 34.

The glazing wunit 1 furthernore conprises sealing
neans 28, 30.

The sealing neans conprises a first seal 28 placed
between the substrate 10 and the counter-substrate 14 and

around t he functi onal system 12 over its entire
circunference, sealing the latter. It is for exanple nmade
of polyisobutylene . This seal 28 ensures the vacuum

tightness of the internal space 34 and the functional

system 12.
Two seal s 30, whi ch may al so be made of
pol yi sobutylene or of another suitable nmaterial, extend

between the counter-substrate 14 and the spacer bar 26 and
between the spacer bar 26 and the third glazing sheet 18,
respectively, so as to seal the internal space 34 at the
spacer bar 26.
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However , it should be noted that the holding and
sealing nmeans are, as a variant, different. The nunber,

arr angemnent and the nature of +the holding and sealing
means are of any suitable type.

Next, the glazing unit 1 is encapsulated in a frane
(not illustrated) of any suitable type.
As illustrated in figure 1, the glazing | unit 1

advant ageously conprises a solar-protection film 20 forned
on the inside face 14B of the counter-substrate 14, that
is to say the side facing toward inside the building. This
film reflects in the near infrared and thus limts the
heat influx through the glazing unit 1.

Fur t her nor e, the glazing wunit 1 also advantageously
conprises a lowE (lowemssivity ) film 22, forned on the
outside face 18B of the third glazing sheet 18, that
reflects the radiation in the range emtted by a black
body at a tenmperature of 20°C, nanely in the mid-infrared,
and thus prevents radiative heat loss from inside the
building - especially wuseful in the wintertine.

In the ~case of glazing possessing ot her gl azing
sheets, the lowE film 22 is advantageously fornmed on the
sheet that is closest to the inside of the building and
the film 20 is forned on the glazing sheet closest to the
out si de .

The functional system 12 will now be described in
greater detail.

In the present exanple, the functional system is an
el ectrochromic system t hat is to say a system the
transparency of which is reversibly switched by applying
an electric field; but, nore generally, as a variant, the
functional system may be an el ectrochemi cal system of any
suitable type having electrically controllable opti cal
and/ or energy-related properties.

As a variant, the functional system 12 is for exanple
a gasochromic system or a system the transmissivity of
which does not vary in the visible range but in other
ranges of the electromagnetic spectrum for exanple in the
infrared .
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Since the electrochromc system is of the all-solid-
state type it conprises for exanple:

- a first electrode coating fornmed on the substrate 10,
for exanple based on tin-doped indium oxide (ITO or a Ag-
based TCC (transparent conductive coating) ;

- a first film of an electrochronic material fornmed on the
first electrode coating, for exanple based on nickel oxide
or iridium oxide or a mxture of both;

- a film forming the electrolyte is formed on the first
film of electrochronic material and is, for exanple, based
on tantalum oxide or a W03/ Ta,0: bilayer;

- a second film of electrochromc mat eri al is formed on
the film forning the electrolyte and s, for exanple,
based on tungsten oxide; and

- a second electrode <coating is forned on the second film
of electrochromic naterial and is, for exanple, based on
| TO

However, as a variant any suitable all-solid-state
el ectrochromic system night be used.

Applying a first electrical pot enti al between the
el ectrode coatings causes alkali ions such as H* or Li* or
K* or even Ag* to be inserted into the first electrochromc
film and i ons to be extracted from the second
el ectrochrom c film causing the functional system 12 to
beconme col ored.

Applying an electrical potential of opposite polarity
causes the same ions to be extracted from the first

el ectrochrom c film and to be inserted into the second
el ectrochronic film causing the system 12 to becone
bl eached.

Such all-solid-state el ectrochrom c systenms may be
switched a very large nunber of times and for nore than
ten years, permtting them to be used as architectural
gl azing .

The lamination interlayer 16 ensures adhesion between
the substrate 10 and the counter-substrate 14 such that
the counter-substrate 14 supports the substrate 10.
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The lamnation interlayer 16 here is in contact wth
the functional system 12 of the solar-protection film 20.

The lamnation interlayer is for exanple a film mde
of a thernoplastic, for exanple PU (polyurethane), EVA or
PVB.

The [ am nati on i nterlayer 16 typically has a
t hi ckness of between 0.3 mm and 5 mm

The lamnation of the counter-substrate 14 and the
substrate 10 is achieved by nmeans of the [|amnation
interlayer 16. The lamination is typically obtained by
heating the glazing unit 1 to a tenperature of about 120°C
for 15 min, but there are many heating options.

EXAMPLE

The substrate 10 is a 6 nm thick sheet of soda-Iline-
silica glass.

The functional system 12 is an all-solid-state
el ectrochrom c system deposited directly onto t he
substrate 10 and consisting of the following multilayer,
starting from the substrate 2:

a 500 nm thick film of I1TO formng a first electrode
coating / a 55 nm thick film of iridium oxide formng a
first electrochromc layer / a 100 nm thick l|ayer of WO; /
a 300 nm thick Jlayer of tantalum oxide formng the
electrolyte / a 400 nm thick Ilayer of H'-doped tungsten
oxide formng a second electrochromc Jlayer / a 100 nm
thick layer of ITO formng a second electrode coating.

The lamnation interlayer 16 is in contact wth the
functional system 12. The lamnation interlayer is a 0.76
mm t hi ck sheet of polyurethane.

The interlayer 16 is in contact wth the functional
system

The solar-protection film 20 is a silver (Ag)
uni l ayer, bilayer or trilayer film formed directly on the
inside face 14B of the counter-substrate 14.

The lowE film is an Ag unilayer, bilayer or trilayer
film forned directly on the outside face 18A of the third
gl azing sheet 18.

All the films are produced by magnetron sputtering.
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The arrangenent of the device 1 is therefore the
foll ow ng :

(building exterior) tenpered or toughened glass sheet
/|  solar-protection film / 0.76 nmm thick polyurethane
am nation interlayer / 100 nm of ITO / 400 nm of tungsten
oxide / 300 nm of tantalum oxide / 100 nm of tungsten
oxide / 55 nm of iridium oxide / 1.6 mm thick sheet of
glass that has not been tenpered or toughened / gas-filled
cavity / lowE film/ 6 nm tenpered glass sheet

Fi gure la illustrates a variant of the first
enbodi nent of figure 1, in which equivalent elenents have
been gi ven i denti cal ref erence nunbers. Only t he
di fferences between the glazing unit of figure 1 will be
descri bed bel ow

In this variant, the spacer bar 26 is arranged
between the substrate 10 and the third glazing sheet 18.

The seals 30 are still placed between the substrate

10 and the spacer bar 26 and between the third glazing
sheet 18 and the spacer bar 26.

The adhesive joint 32 here is placed directly in
contact wth the substrate 10, which allows the active
area of the functional system 12 to be increased

The internal space 34 around the substrate 10 is
el imnated .

The internal space 34 here only extends between the
substrate 10 and the third glazing sheet 18.

Figure 2 illustrates a second enbodinent of the
invention in which equivalent elenents have been given
identical reference nunbers. Only the differences between
the first enbodinent will be described bel ow

The functional system 12 here is fornmed on the inside
face 10B of the substrate 10.

The seal 28 is absent as it is no longer required

The outline of the lamnation interlayer 16 follows
the edges of the substrate 10.

In this second enbodinent, the films are |ess
mechanically stressed and the electrochromc filns can
therefore be nore fragile.
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The first electrochromc film is for exanple a
tungsten oxide film into which Ilithium ions are inserted
during deposition formng WQ.:Li, or a tungsten oxide film
onto the surface of which film Ilithium ions are deposited.

The second electrochromic film is for exanple nade of
tungst en-doped nickel oxide (NiwQ).

The insertion ions are in this exanple Ilithium ions
but they may also be other alkali ions such as H+ or K+ or
even Ag+.

It should be noted that the functional system 12 wll
advant ageously be covered by a protective film for exanple
made of S10, deposited onto the functional system 12.

Figure 2a illustrates a variant of the second
enbodi ment of figure 2 in which equivalent elenents have
been gi ven i denti cal reference nunbers. Only t he
differences between the glazing of figure 2 wll be

descri bed bel ow.

This variant is analogous to the variant of figure la
of the first enbodi nent.

In this variant, the spacer bar 26 is arranged
between the substrate 10 and the third glazing sheet 18.

The spacer bar 26 presses against the substrate 10
around the functional system 12.

The seals 30 are again placed between the substrate
10 and the spacer bar 26 and between the third glazing
sheet 18 and the spacer bar 26.

The adhesive joint 32 is placed directly in contact
with the substrate 10.

The internal space 34 around the substrate 10 is
el i m nat ed.

The internal spacer bar 34 only extends between the
substrate 10 and the third glazing sheet 18.

Figure 3 illustrates a third enbodinent of the
invention in which equivalent elenents have been given
identical reference nunbers. Only the differences between
the first enbodinment wll be described bel ow

Here the functional system 12 is not an all-solid-
state system that is to say only sone of the filns of the
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functi onal system 12 are deposited onto a first glass
substrate 10A, the rest being deposited onto a second
gl ass substrate 10B.

The substrates 10A and 10B have t he sane
characteristics as the substrate 10 of the aforenentioned
enbodi nent s, t hat is to say that they are set back
relative to the counter-substrate 14 and the third glazing
sheet 18 and that they have the sane characteristics as
the substrate 10.

The substrates 10A and 10B are furthernore |am nated
to the counter-substrate wusing a lamnation interlayer 16.

The functi onal system 12 illustrated in figure 3
conpri ses :

- an electrode coating 12A fornmed on the substrate 10A;

- an active nmedium 12B; and

- an electrode coating 12C fornmed on the counter-substrate
10B.

The active nmedium may be of any suitable type, that
is to say any organic, polynmer or hybrid medium

EP- A- 0612826 descri bes for exanple organic active
media. They are generally gels or organic solutions that
can under go a reduction-oxidation reaction when an
el ectrical pot enti al is applied - these becomng colored
or bl eached accordingly.

WO A- 03/ 098339 descri bes an al | - pol yner active

medi um In these systens, two pol yner el ectrochrom c
films, into which and from which ions can be inserted and
extracted respectively, are separated by an organic

el ectrolyte

EP- 0253713 and EP-0670346, EP-0382623, EP-0518754 or
EP- 0532408 descri be hybri d el ectrochrom c systens. In
these systens, the electrochromc filme are solid-state
films, for exanple identical to those of the all-solid-
state systens, but the electrolyte is a polyner or an
organic gel. It my be formed by a lamnation interlayer
which is an ionomer.

The seal 28 in this third enbodinent has both a
sealing function and a holding function, the substrate 10A
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being held secure to the substrate 10B by the seal 28
alone, which is for exanple made of polyisobutylene.

Fi gure 3a illustrates a variant of the third
enbodi nrent of figure 3 in which equivalent elenents have
been gi ven i denti cal reference nunbers. Only t he
differences between the glazing unit of figure 3 wll be

descri bed bel ow

This variant is analogous to the variants in figures
la and 2a.

In this variant, the spacer bar 26 is arranged
between the substrate 10 and the third glazing sheet 18.

The spacer bar 26 presses against the substrate 10
around the functional system 12.

The seals 30 are again placed between the substrate
10 and the spacer bar 26 and between the third glazing
sheet 18 and the spacer bar 26.

The adhesive joint 32 is placed directly in contact
with the substrate 10.

The internal space 34 around the substrate 10 is
el i m nat ed.

The internal space 34 only extends Dbetween the
substrate 10 and the third glazing sheet 18.

The advantage of the third enmbodinment relates to the
intrinsically lower possible cost of the functional system
conpared to the systenms of the two first enbodi nents.

The all-solid-state system according to the two first
enbodi nrents has the advantage of allowing the substrate 10
to be cut from a single notherboard on which all the filns
are present, whereas in the third enbodinent only the
el ectrode coating is optionally present on the notherboard
from which the substrates 10A and 10B are cut. Both the
cost and the flexibility of manufacturing the glazing
according to the two first enbodinments may thus prove to
be nore advantageous despite the intrinsically higher
cost .

Figure 4 illustrates the test that was carried out on
the glass sheets intended to be used as substrates. It is
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a standard 4-point bending test as defined for exanple by
the DIN EN 1288-3:2000 standard.

This test consists in cutting a test piece from a
glass sheet and placing the test piece on two parallel
support rollers 40 spaced 100 nmm apart.

Two rollers called load rollers 42, parallel to each
other and parallel to the support rollers, are spaced 20
mm apart and are placed symmetrically wth respect to the
pl ane of symetry of the two support rollers.

The load rollers are applied to the glass sheet along
the direction of the symretry plane and toward the support
rollers with a load that increases at a constant rate of
2N mm2s until the glass sheet breaks.

The nmoment at which the sheet breaks determnes the
bending strength of the test piece.

Experinents were carried out on 9 sets of glass
substrate sanples using the 4-point bending test described
above so as to evaluate the bending strength of each of
t he sanpl es.

In the following, abbreviations have been wused to
describe the process used to cut the test pieces tested:

- LBIS stands for |aser beam induced separation: a 1064 nm
wavel ength 10 W Nd: YAG |laser was used, the cutting speed
was about 100 mis;
- TLS stands for thernal | aser separation: a 10.6 pm
wavel ength 150 W CO, | aser was used, the cutting speed was
at least 600 mMis;

- ETC stands for electro-thermnal cutting, a process
devel oped by PicoDRILL, a conpany based in Lausanne
(Switzerland) , which <consists in cutting the glass by
locally heating it along the cutting Iline using an

el ectrical discharge between two conducting points through
the glass. This local heating may optionally be followed
by cooling, for exanple using conpressed air. The voltage
between the two points is about 2 to 25 kv, typically 10
kV for a cutting speed of the order of cnis;

- ETEC (or ETC Chanf ering) stands for electro-thermal edge
chanf eri ng, also a process developed by PicoDRILL in
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Lausanne (Switzerland) , which consists in heating, W th
dielectric | osses, an end of the glass to be chanfered,
using a strong electric field generated at a conducting
point that noves along this end. This heating results in a
local stress which leads to a part of the end "debonding”
in the form of a glass fiber which can then be renoved.
The speed of this process is typically about 20 - 30 mis;
- mechani cal cutting wth 45° shaping ("45") or rounded
joint shaping ("C") , mechanical cutting wth a dianond
wheel and grinding;
- PLX gl ass: soda-linme-silica gl ass, the composition by
wei ght of which is the follow ng:
Sio, T72%
A1,0; 1%
B2C3 0%
CaO 9%
MyO 3%
Nao,0  14%
K,0 0. 5%
BaO 0%
i mpurities: 0.5% and
- Borofl oat gl ass: borosilicate gl ass, the conposition by
wei ght of which is the follow ng:
Sio, 81%
B233 13%
Al2AB 2%
Na,0 4%
For each set, approximately at least five 140 nmm x 50
mm x 50 nmm sanples were studied. The nine sets of sanples
tested were the follow ng:
- LBIS PLX: PLX glass, LBIS l|aser cut;
- TLS PLX: PLX glass, TLS laser cut;
- TLS Boro: Borofloat glass, TLS |aser cut;
- PLX_ 45: PLX gl ass, nechanical cut with 45° shaping;
- PLX C: PLX glass, nmechani cal cut with rounded joint
shapi ng;
- Boro_45: Bor of | oat gl ass, nmechani cal cut with 45°

shapi ng;
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- ETC. PLX glass, ETC cut; and
- ETC Chanf ering : PLX glass, ETC cut + chanfering.

The results are presented in figure 5 and in the
tabl es bel ow

The ordinates of figure 4 show the break probability
of the sanple according to Weibull statistics.

The abscissae of figure 4 indicate the nmaxinmm 4-
poi nt bendi ng strength.

Table 1 illustrates, for each set, the bending
strength of each sanple tested in MPa. The second colum
presents the calculated break probability at this test
strength. The nunber of rows in a colum corresponds to
the nunber of sanples tested.

Table 2 presents the sane results as table 1 except
that the calculation of the break probability has been
replaced by the Weibull statistic relative to the break
risk and the bending strength has been replaced by its
logarithm This table corresponds to the values plotted in
figure 5.

In a building application t he substrate wi ||
preferably have a 4-point bending strength greater than or
equal to 75 MPa, nore preferably greater than or equal to
100 MPa and even nore preferably greater than or equal to
120 MPa.

Al the thermally cut glasses were shown to neet this
criteria, unlike the nechanically cut gl asses.

It was also observed that soda-line-silica glass can
perform as well as a low thermal expansion coefficient
gl ass such as borosilicate glass.

Chanfering was found to have a significant effect on
ETC cut gl ass.
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It also proved to be possible to use thin toughened
gl ass .

It was thus possible to identify glasses that would
both lend thenselves well to being cut from a notherboard
and that would support a functional system that would
cause the central part of the glazing to becone very hot
in a building application.

The arrangenment of the glazing furthernore enables
t he gl ass substrate to retain its edge strength
properties, which are related to the ability of the
substrate to wthstand a large tenperature difference
between its center and its edges.

Anot her subject of the invention is a process for
manufacturing a glazing unit 1.

The process conprises steps consisting in:

- depositing all the filnse of the functional system 12
having electrically controllable optical and/or energy-
related properties on a notherboard and cutting the
substrate 10 from the notherboard;

- laminating the substrate 10 to the counter-substrate 14;
and

- securing the counter-substrate 14 to the third glazing
sheet 18.

Furthernore, the substrate 10 is a glass sheet that
has been chosen and arranged such:

- the substrate 10 is located between the counter-
substrate 14 and the third glazing sheet 18;

- the substrate 10 is set back relative to the counter-
substrate over the entire circunference of the substrate;
and

- the substrate 10 is set back relative to the third
glazing sheet 18 over the entire circunference of the
substrate 10.

The substrate 10 is cut for exanple wusing a thernmal
cutting nethod, for exanple a laser cutting method.

The process furthernore conprises a step consisting
in thermally or even chemcally tenpering or thermally
toughening the counter-substrate 14 wusing the well-known
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air-tenpering or air-toughening process before |amnation
to the substrate 10.

Fur t her nor e, the third glazing sheet 18 is for
exanpl e tenpered or toughened before it is secured to the
counter-substrate 14.

According to another feature of the process, t he
glazing is noved, wthout touching the substrate 10, wth
a gripping or handling elenment, so as to further reduce
the risk of damaging the substrate 10. An additional step,
during t he manuf act uri ng process, may consi st in
protecting the edges of the glass after the cutting step,
advant ageously before any other step, using a polynmer,
| acquer or any other material (applied by extrusion,
spraying, etc.) . This protective element may be renoved or
left in place when the glass is fitted into a double
glazing unit.

The glazing wunit 1 obtained by the process has all
the features described above.
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CLAIMS

1. A glazing unit conprising:

- a first glazing sheet formng a substrate on which at
least one film of an electrochem cal system is forned,
said system havi ng opti cal and/ or energy-rel ated
properties that are electrically controll able;

- a second glazing sheet formng a counter-substrate; and

- a third glazing sheet;

wherein :

the substrate has characteristics that allow it to be
obtai ned by being cut from a notherboard on which at |[east
one film of the electrochem cal system is forned;

the substrate is |ocated between the counter-substrate and
the third glazing sheet;

the substrate is set back relative to the counter-
substrate over the entire circunference of the substrate;
and

wherein the substrate is set back relative to the third
gl azing sheet over the entire circunference of the

substrate .

2. The glazing unit as claimed in claim 1, wherein the
substrate is set back relative to the counter-substrate
and/ or t he third gl azi ng sheet over t he entire
ci rcunf erence of the substrate by at | east 1 mm

preferably at least 2 nm nore preferably at least 5 mm
and even nore preferably at least 10 mm

3. The glazing unit as clained in either of clains 1 and
2, wherein the substrate is nmade of glass that has not
been thermally tenpered, preferably that has not been
chemcally tenpered and nore preferably that has not been
t oughened.
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4. The glazing  unit as clained in any one of the
preceding clainms, wherein +the substrate is obtained by

thermal cutting of the notherboard.

5. The glazing  unit as clained in any one of the
precedi ng cl ai s, wher ei n t he substrate is able to
withstand a tenperature difference between a point on the
substrate and a point on the edge of the substrate of at
| east 50°C and preferably of at |east 100°C.

6. The glazing  unit as clained in any one of the
preceding cl ai s, wherein the substrate has a 4-point

bendi ng strength greater than or equal to 75 MPa,

preferably greater than or wequal to 100 MPa and nore
preferably greater than or equal to 120 Mra.

7. The glazing  unit as clained in any one of the
preceding clainms, wherein the counter-substrate and/or the
third glazing sheet are nmade of toughened or tenpered

gl ass.
8. The glazing  unit as clainmed in any one of the
precedi ng cl ai s, wher ei n t he count er -substrate is

intended to be placed on the outside relative to the
substrate, that is to say on the side on which sunlight is

i nci dent
9. The glazing  unit as clained in any one of the
preceding clains, wherein the electrochem cal system is

formed from a multilayer of filnms conprising successively,
from the substrate, a first electrode coating, a first
el ectrochenical ly active film an electrolyte film a
second el ectrochenical ly active film and a second
el ectrode coating.

10. The gl azing uni t as clained in anyone of the
preceding clains, which is a multiple glazing unit, the
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third glazing sheet being spaced from the substrate and
separated from the substrate by a layer of gas or vacuum

11. The glazing unit as claimed in claim 10, wherein the
substrate is surrounded by said |ayer of gas or vacuum
preferably over the entire circunference and the entire
t hi ckness of the substrate.

12. The glazing wunit as claimed in any one of the
preceding clains, conprising a joint surrounding the
substrate and in contact with the substrate over at |[east
part of the circunference of the substrate, preferably in
contact with the substrate over the entire circunference
of the substrate.

13. The glazing wunit as <claimed in any one of the
preceding clainms, wherein the substrate is nade of soda-
lime-silica glass.

14, The glazing wunit as <claimed in any one of the
precedi ng cl ai s, wher ei n al | t he filnms of t he
el ectrochem cal system are formed on the substrate.

15. The glazing unit as clained in any one of claims 1 to
13, conprising a fourth glazing sheet formng a second
substrate on whi ch sone of t he filnms of t he
el ectrochem cal system are forned, the second substrate
being set back relative to the counter-substrate and to
the third glazing sheet.

16. The glazing wunit as claimed in any one of the
preceding clains, conprising a lamnation interlayer, the
substrate being lam nated to the counter-substrate via the
[ ami nation interlayer.

17. A process for manufacturing a glazing unit conprising
steps consisting in:
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- depositing at least one film of an electrochem cal
system said system having optical and/or energy-related
properties that are electrically controll able, onto a
first glazing sheet that fornms a notherboard and cutting
from the notherboard a substrate provided wth at |[east
one film of the electrochem cal system

- securing the substrate obtained by cutting to a second
gl azing sheet that forns a counter-substrate; and

- securing the counter-substrate to a third glazing
substrat e,

wherein the substrate is a glass sheet chosen and arranged
so that:

- the substrate is |located between the counter-substrate
and the third glazing sheet;

- the substrate is set back relative to the counter-
substrate over the entire circunference of the substrate;
and

- the substrate is set back relative to the third glazing
sheet over the entire circunference of the substrate.

18. The manufacturing process as claimed in claim 17,

wherein the substrate is made of glass that has not been
thermal |y t enper ed, preferably t hat has not been
chemically tenpered and nore preferably that has not be
t oughened.

19. The manufacturing process as claimed in either of
clainms 17 and 18, wherein the counter-substrate and/or the
third glazing sheet is nmade of glass, the process
conprising a step of tenpering or toughening the counter-
substrate and/or the third glazing sheet.

20. The manufacturing process as clained in any one of
clains 17 to 19, wherein the cutting of the substrate from
the notherboard is carried out using a thermal cutting
nmet hod, for exanple |aser cutting.
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21. The manufacturing process as claimed in any one of
claims 17 to 20, in which the glazing unit is noved
wi thout the substrate being placed in contact wth a
gri pping or handling element.

22. The manufacturing process as claimed in any one of
claims 17 to 21, wherein the at least one film deposited
on the notherboard conprises at least one electrode
coat i ng, in which process al | t he filnms of t he
el ectrochem cal system are preferably deposited on the
not her board, and wherein the substrate obtained by cutting
is preferably lamnated to the counter-substrate.

23. A process for manufacturing a plurality of glazing
units, each glazing unit being obtained by a process as
claimed in any one of clains 17 to 22, the substrate of
each of the various glazing wunits being obtained by
cutting them from the sanme notherboard.
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