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(57) ABSTRACT 

A glazing coated With at least one layer having thermochro 
mic properties comprising vanadium oxide, and also With at 
least one other layer having thermal properties, such as an 
infrared re?ecting layer, and/or at least one other layer 
having optical properties, such as antire?ection in the vis 
ible, and/or electrical conduction properties; and having a 
particular application for making solar control glazing. 
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GLAZING COATED WITH AT LEAST ONE LAYER 
HAVING THERMOCHROMIC PROPERTIES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to glazing in the 
broad sense of the term (any substantially transparent sub 
strate or assembly of substrates) Which is provided With thin 
layers having thermochromic properties. 

[0003] The invention relates more particularly to thermo 
chromic layers based on vanadium oxide. 

[0004] 2. Description of the Background 

[0005] Vanadium oxide has already been much studied. It 
is a material Which, as the temperature rises, sWitches at a 
temperature of about 70° C. from electrically insulating 
behaviour to electrically conducting behaviour due to a 
crystallographic distortion. This change in its electrical 
properties is accompanied by a change in its optical prop 
erties, essentially in the infrared (When the temperature of 
the layer exceeds the sWitch temperature, the layer becomes 
re?ecting and absorbent in the infrared). This is one of the 
rare thermochromic compounds knoWn to have such a 
transition at a temperature relatively close to room tempera 
ture, hence the interest that it has aroused in the production 
of glaZing Which can, for example, ?lter out solar radiation 
in hot Weather. 

[0006] To loWer the sWitch temperature of vanadium oxide 
to temperatures of about 25 to 55° C., a more appropriate 
temperature range for such a role, it has been proposed, for 
example in US. Pat. No. 4,401,690, to incorporate into it a 
dopant such as niobium, tantalum, molybdenum, iridium or 
tungsten. It has also been proposed, in Patent Application 
WO99/62836, to incorporate both tungsten and ?uorine into 
the vanadium oxide. 

[0007] HoWever, When this material is used by itself, in a 
thin layer, there are not many possible Ways to modulate 
jointly its optical and thermal, or even electrical, properties, 
depending on Whether the temperature is above or beloW its 
sWitch temperature. 

[0008] It is therefore an object of the invention to provide 
greater ?exibility in the various properties of this thermo 
chromic material, especially so as to be able to give glaZing 
Which has been provided thereWith more modi?able func 
tionalities or even novel functionalities. 

SUMMARY OF THE INVENTION 

[0009] The invention is a glaZing Which is coated With at 
least one layer having thermochromic properties and com 
prising vanadium oxide, Which can be substoichiometric in 
terms of oxygen, and at least one other layer having thermal 
properties, preferably at least partially re?ecting in the 
infrared, and/or at least one other layer having optical 
properties, preferably antire?ection properties in the visible, 
and/or at least one other layer having electrical conduction 
properties. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] Within the meaning of the invention, the term 
“glazing” as used herein is to be understood in its broadest 
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sense, namely any essentially transparent substrate or 
assembly of substrates, examples of Which Will be explained 
in detail beloW and Which may be of an inorganic nature 
(glass) or organic nature (polymer). Such glaZing may be 
rigid (glass or polycarbonate), semi-rigid or ?exible (poly 
ethylene terephthalate, polyvinyl chloride, etc.). In general, 
the glaZing in question comprises at least one rigid or 
semi-rigid substrate. It may also be incomplete glaZing, or 
glaZing not yet assembled, and in this case it may comprise 
only one or more ?exible substrates. 

[0011] Within the meaning of the invention, the term 
“vanadium oxide” as used herein is understood to mean one 
of the oxides of this metal Which has thermochromic prop 
erties, namely, essentially vanadium dioxide V02. Similarly, 
“substoichiometric in terms of oxygen” is understood to 
mean an oxide of vanadium having the formula VOX, Where 
x<2. This encompasses homogeneous structures (in Which 
the layer is in a suboxidiZed state) or heterogeneous struc 
tures (in Which the layer has a heterogeneous structure, With 
phases oxidiZed to a greater or lesser extent, such as con 
taining vanadium inserts still in metallic form, as Will be 
described in detail beloW). 

[0012] Within the meaning of the invention, each of the 
three types of layer that can be associated With the thermo 
chromic layers and Which are described above (thermal 
function, electrical conduction function and optical func 
tion) may in fact simultaneously ful?ll at least tWo of these 
functions: a conducting layer, for example based on a metal 
oxide, may also, given a suitable thickness and a suitable 
refractive index, have an optical function, especially that of 
reducing the glaZing’s re?ection in the visible. 

[0013] It is also possible to exploit the electrical conduc 
tion properties of an infrared-re?ecting layer. 

[0014] The invention has therefore developed an associa 
tion, on the same glaZing, of tWo very different types of 
layer, the properties of Which can be combined to give very 
novel results. If the vanadium oxide layer is combined With 
one or more layers having thermal properties, the associa 
tion comprises: 

[0015] on the one hand, a thermochromic layer—the 
“active” layer—Whose properties have tWo states 
depending on the operating temperature, but for 
Which layer there is little room to maneuver in order 
to establish compromises, especially betWeen ther 
mal and optical properties; and 

[0016] on the other hand, a re?ecting layer, or “pas 
sive” layer in that its properties remain substantially 
unchanged over the temperatures envisaged (normal 
outdoor temperatures throughout the year), Which 
layer can interact, especially interferentially When 
the layers are Within the same multilayer ?lm, With 
the thermochromic layer in order to increase the 
number of possible variations in the properties con 
ferred on the carrier glaZing. 

[0017] Advantageously, the abovementioned layer or lay 
ers having thermal properties (the “passive” layers Within 
the meaning of the invention) may, in a ?rst variant, be based 
on a metal or a metal alloy chosen from one or more of the 

folloWing metals: gold (Au), silver (Ag), nickel (Ni) and 
chromium (Cr), or alloys such as steel or Inconel. The metals 
or metal alloys may, moreover, be partially nitri?ed, espe 
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cially in the case of nickel and chromium. The preferred 
embodiment is silver—a selective metal—Which offers a 
good compromise betWeen optical properties (light trans 
mission) and thermal properties (re?ection in the infrared). 

[0018] According to a second variant, the layer or layers 
having thermal properties is or are based on one or more 
metal nitrides chosen from at least one of the folloWing 
nitrides: titanium nitride (TiN), chromium nitride (CrN), 
niobium nitride (NbN) and Zirconium nitride (ZrN). 

[0019] Advantageously, the layer or layers based on vana 
dium oxide—the “active” layers Within the meaning of the 
invention—is or are modi?ed so as to loWer their sWitch 

temperature TS to a value beloW 60° C. or beloW 50° C. or 
45° C., for example doWn to a range of values lying betWeen 
25° C. and 40° C. 

[0020] The modi?cation, as is knoWn from the above 
described prior art, may be chemical, by adding a “dopant”, 
especially a metal chosen from titanium (Ti), niobium (Nb), 
molybdenum (Mo), iridium (Ir) and tungsten The 
dopant may also be chosen from halogens, especially ?uo 
rine. It is possible to use several dopants. In general, the 
amount of dopant in the layer is betWeen 0.1 and 10 at % 
With respect to vanadium. 

[0021] The modi?cation may also be physical in nature, 
for example, by adjusting the deposition parameters for 
depositing the layer. 

[0022] This (chemical or physical) modi?cation Will 
therefore loWer the temperature at Which the vanadium 
oxide completely ful?lls its role of solar control layer, by 
making it effective as soon as the temperature reaches, for 
example, 25° C., 30° C., 50° C. or 60° C. It also has another 
consequence Which, unexpectedly, proves to be attractive for 
the glaZing user: it makes the sWitching of the layer visible, 
especially by appreciably increasing the light re?ection 
When the sWitch temperature is exceeded. The user can then 
appreciate the change in functionality of the layer With his 
oWn eyes. 

[0023] The layer or layers based on vanadium oxide must 
be at least partially crystalliZed in order to have the desired 
thermochromic properties. This crystalliZation may be 
obtained during deposition of the layer or by a treatment 
after the deposition process. This treatment, during or after 
deposition, may comprise a heat treatment or a bombard 
ment With a suitable ion beam. 

[0024] Thus, it is possible to use the technique of depo 
sition by sputtering, especially magnetic-?eld enhanced 
reactive sputtering, using a vanadium target, possibly 
“doped” Within the meaning of the invention, and in the 
presence of oxygen. To obtain the desired stoichiometry— 
that corresponding to the thermochromic crystalline phase— 
the amount of oxygen With respect to the inert gases, such 
as Ar, in the deposition chamber may be ?nely adjusted. It 
is also possible to start With a vanadium oxide target, 
especially in the form VOX Where x is betWeen 1.5 and 2.5. 

[0025] To obtain the required degree of crystalliZation, a 
heat treatment may be carried out on the substrate before, 
during or after deposition of the layer. This heat treatment 
may or may not be carried out in a vacuum When it precedes 
or folloWs the deposition. The ion bombardment treatment 
may also be carried out during deposition of the layer or 
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after deposition. Another Way of promoting the crystalliZa 
tion involves providing the layer With a suitable nucleation 
sublayer. This alloWs the temperature of the heat treatment 
required for crystalliZation to be loWered. The sublayer may 
also act as a barrier layer With respect to species migrating 
from the materials adjacent to the layer, most particularly 
alkali metal ions migrating from glass substrates, or even 
have an optical function. 

[0026] These sublayers, Whether they ful?ll one or both of 
these functions, may be made of silicon derivatives for 
example, especially silicon oxide (SiOX) (0<x<2), silicon 
oxynitride (SiON) or silicon oxycarbide (SiOC). They may 
also be based on silicon nitride (possibly containing a 
minority metal of the Al type) or based on Zinc oxide (ZnO). 

[0027] The thermochromic layer or at least one of the 
thermochromic layers may be based on vanadium oxide 
Which is generally substoichiometric in terms of oxygen, 
especially With a formula of the VOX type in Which x<2 and 
especially betWeen 1.50 and 1.95. The layer may be homo 
geneous in its composition and be suboxide. It may also be 
heterogeneous, With phases rich in vanadium oxide and 
phases lean in oxidiZed vanadium, that is to say, phases in 
Which the vanadium is in metallic or quasi-metallic form. It 
then has a structure of the cermet type, that is to say a 
structure comprising a ceramic (vanadium oxide, Whether 
stoichiometric, substoichiometric or superstoichiometric 
With respect to oxygen) matrix With metallic (vanadium 
metal) inserts. The advantage of this type of structure is that 
it is then possible to have a bifunctional layer: on the one 
hand, it is thermochromic as it contains vanadium oxide 
having this property and, on the other hand, it has thermal 
properties, especially infrared re?ection properties, because 
of the presence of vanadium metal (having properties similar 
to silver). Consequently, there is no longer any need to add 
to the layer an Ag-type re?ecting layer. Thus, the invention 
is also glaZing provided With such an overall oxygen subs 
toichiometric thermochromic layer, a layer having a cermet 
type structure, independently of any association With layers 
having functionalities other than a thermochromic function 
ality (a layer With an optical role, thermal role, electrical 
role, etc.). 
[0028] The thickness of the layer or layers based on 
vanadium oxide is chosen so as to take into account various 
parameters: When it is used by itself, it is generally necessary 
to ?nd the most acceptable compromise according to the 
application envisaged for the glaZing. This as because vana 
dium oxide is absorbent and quite colored in the visible (a 
pronounced “bronze” color) and it is generally sought to 
have the highest possible contrast in terms of energy trans 
mission TE, Whereas the coloration in the visible and the 
energy transmission are increasing functions of the layer 
thickness. 

[0029] According to the invention, it is associated With the 
other type of layers and its thickness is therefore to be 
chosen according to that layer When interferential interaction 
betWeen the said layers is desired. Usually, the layers based 
on vanadium oxide according to the invention have a 
thickness of betWeen 10 nm and 300 nm, preferably betWeen 
30 nm and 100 nm. 

[0030] According to a preferred variant of the invention, 
the layer(s) based on vanadium oxide and the layer(s) having 
thermal or optical properties form part of the same multi 
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layer ?lm of thin layers deposited on the same face of the 
constituent substrate or of one of the constituent substrates 
of the glazing. It is, of course, in this con?guration that it is 
possible to obtain glaZing With the most novel properties, by 
interferential interaction betWeen the tWo types of layers. 
Preferably, they have a common interface. (Alternatively, 
one or more thin interlayers may be interposed betWeen 

them). 
[0031] The type of multilayer ?lm capable of incorporat 
ing these tWo types of layers may be similar to the multilayer 
?lms With thermal properties already existing on the market 
or at the very least in the literature. Thus, loW-emissivity or 
solar-protection multilayer ?lms With the folloWing con?gu 
ration are knoWn: 

[0032] dielectric/functional layer/dielectric. 

[0033] More selective multilayer ?lms repeat this 
sequence in order to obtain con?gurations of the folloWing 
type: 

[0034] dielectric/functional layer/dielectric/func 
tional layer/dielectric With the functional layers 
being made, for example, of silver and the dielectrics 
(D) being in the form of layers or multilayer ?lms 
based on a material of the metal-oxide type, on 
silicon oxide derivatives or on nitrides, such as AIN 

or Si3N4. 

[0035] Thus, there are knoWn multilayer ?lms of the 
folloWing type: 

[0036] bearing in mind that at the interfaces betWeen the 
silver (Ag) layers and the dielectric (D) layers there may be 
thin layers having a sacri?cial function, nucleation function, 
etc. Reference may be made, for example, to the disclosure 
of the patents EP-628 528, EP-678 484, EP-718 250, EP-844 
219 or EP-847 965 for further details about the nature of the 
layers, their thicknesses and their method of deposition. 

[0037] By therefore adopting this type of multilayer ?lm, 
it is possible, according to the present invention, to substi 
tute at least one of the constituent layers of the dielectrics 
With the vanadium-based thermochromic layer. One of the 
dielectrics may thus be completely replaced With the vana 
dium oxide layer, or be in the form of a multilayer associ 
ating one or more conventional dielectric layers With a 
thermochromic vanadium oxide layer. 

[0038] In the speci?c case of the multilayer ?lms using 
tWo layers having thermal properties, especially tWo silver 
layers, it is preferable that it is the dielectric D2—the one 
Which lies against the tWo layers—Which is thus completely 
or partially replaced. 

[0039] The abovementioned conventional dielectrics may 
be chosen from ZnO, TiO2, SnO2, Nb2O5, Ta2O5, AIN, 
Si3N4, SiAlN, SiON, SiOC, SiO2, or a mixture of at least 
tWo of these materials. 

[0040] The aforementioned multilayer ?lms, using tWo 
silver layers and at least one vanadium oxide layer, are truly 
remarkable: they may give the glaZing exceptional solar 
protection properties When the Weather starts to be hot, When 
the vanadium oxide sWitches to a metallic state. Further 
more, this sWitching from the thermal standpoint can be seen 
by the user, giving it an additional aesthetic aspect. It may 
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thus provide enhanced visual comfort, Within a building or 
a vehicle ?tted With such glaZing, by alloWing the light to be 
screened in the event of strong sunshine. 

[0041] Another variant of the invention involves deposit 
ing the layer(s) based on vanadium oxide and the layer(s) 
having thermal properties on both faces of the same con 
stituent substrate of the glaZing, or on one face of a ?rst 
constituent substrate and on one face of a second constituent 
substrate of the said glaZing. It is therefore possible to 
associate tWo types of layers in their knoWn con?gurations 
on the same glaZing (on one side, for example the vanadium 
oxide layer possibly associated With a nucleation sublayer/ 
protective overlayer, and on the other side a multilayer ?lm 
having one or tWo functional layers as described above). 
This simpli?es the construction of the glaZing, but limits the 
overall performance of the glaZing by limiting the possible 
interferential interactions betWeen the tWo types of layers. 

[0042] According to one embodiment of the invention, as 
described above, it is possible to associate the thermochro 
mic layer or layers With one or more electrically conducting 
layers. These conducting layers may be made of a metal or 
a metal nitride, of the same type as the above-described 
infrared-re?ecting layers. HoWever, it is preferable to 
choose layers based on a transparent conducting oxide of the 
doped indium oxide, especially tin-doped indium oxide 
(ITO), doped (especially Al-doped) Zinc oxide or doped 
(especially ?uorine-doped or antimony-doped) tin oxide 
type. 

[0043] The main aim of such a layer is to be able to cause 
the thermochromic layer or layers to sWitch by heating using 
these conducting layers provided With suitable means of 
connection to a supply of electricity. The conducting layer 
heats up by resistance heating When it is supplied With 
electricity, and it transmits this heat to the thermochromatic 
layer in order to make it sWitch to its re?ecting/absorbent 
state When required. Many variants are possible. It is pos 
sible to adjust the level of electrical conductivity at the 
conducting layer (chemical nature, type of doping, thick 
ness, etc.), according to the type of thermochromic layer 
used (sWitch temperature raised or loWered by doping, etc.) 
and according to the respective positions of the conducting 
layer and the thermochromic layer. As an example, it is 
possible to use metal layers, such as Ag layers, having a 
thickness ranging from 5 to 50 nm, especially 8 to 30 nm. An 
ITO layer may have a thickness ranging from 50 to 500 nm, 
especially 100 to 300 nm. 

[0044] Thus, the tWo types of layers are preferably located 
either on the same face of the substrate or of one of the 
constituent substrates, or on the opposed faces of the said 
substrate. This is because When the envisaged substrates are 
made of glass, it is preferable for there to be only at most one 
thickness of glass separating the conducting layer from the 
thermochromic layer (preferably a relatively thin glass 
sheet, for example at most 2 or 3 mm in thickness). 

[0045] The electrical supply should be chosen according 
to all these parameters: the type of connection system used 
for the conducting layer may comprise tWo metal shims 
deposited along tWo opposed sides of the conducting layer, 
as may be knoWn in the case of heating layers for antifog 
ging or defrosting applications, With Which, for example, 
motor vehicle or aircraft WindoWs are ?tted. It is possible to 
chose a voltage supply or a current supply, With a signal 
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initiating the switching of the electrochromic layer, Which 
may be a square-Wave signal, or to provide an increasing 
voltage rise, for example, an exponential rise. 

[0046] Thus, it is possible to sWitch the thermochromic 
layer in tWo Ways: 

[0047] spontaneously, by the heating produced by 
solar radiation, for example; 

[0048] 
[0049] The electrical supply may be regulated by any 
electronic /computing means. If the vanadium oxide is not 
modi?ed/doped and its sWitch temperature is high, this 
possibly regulated electrical control may thus make it pos 
sible to obtain sWitching at a loWer ambient temperature, for 
example, around 30 or 40° C. The association of a thermo 
chromic layer With a conducting layer capable of being 
supplied With electricity therefore gives greater control of 
the sWitching state of the thermochromic layer, and greater 
?exibility. 

and/or by electrical control. 

[0050] The simplest con?guration is to have a sequence of 
the folloWing type: 

[0051] (1) -conducting layer/substrate/thermochro 
mic layer 

[0052] (2) -substrate/ conducting layer/thermochro 
mic layer 

[0053] (3) -substrate/thermochromic layer/conduct 
ing layer. 

[0054] Optionally, it is possible to insert, betWeen the 
substrate (if it is made of glass) and the conducting layer, a 
barrier layer of the SiO2 or SiOC type, Which is a barrier to 
alkali metals, in con?gurations (1) and 

[0055] Optionally, in con?guration (3), it is possible to 
provide a barrier layer betWeen the substrate (if it is made of 
glass) and the thermochromic layer. 

[0056] Optionally, in con?gurations (2) and (3), it is 
possible to provide a thin barrier layer, for example made of 
a metal oxide of the SnO2 type, betWeen the conducting 
layer and the thermochromic layer, particularly When the 
conducting layer is based on a doped oxide, such as ITO. 

[0057] These con?gurations may also include other layers, 
especially those having an optical function (on or under the 
thermochromic layer, on or under the conducting layer, 
betWeen the tWo layers When they are superposed, etc.). 

[0058] The glaZing according to the invention preferably 
comprises one or more rigid or semi-rigid substrates made of 
glass or of a polymer material of the polycarbonate (PC), 
polyvinyl chloride (PVC) or polymethyl methacrylate 
(PMMA) type. 
[0059] It may be “monolithic” glaZing (a single substrate). 
It may also be laminated glaZing or insulating multiple 
glaZing of the double-glaZing or triple-glaZing type. The 
glaZing may include at least one curved and/or toughened 
glass pane. 

[0060] The glaZing according to the invention may have 
pronounced solar control properties, especially With a reduc 
tion in their energy transmission ATE of at least 5%, a 
reduction in their light transmission ATL of at least 5% and 
an increase in their light re?ection ARL of at least 10% When 
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they pass from a temperature beloW the sWitch temperature 
of the vanadium-oxide-based layers to a temperature above 
it. 

[0061] The invention also provides solar control glaZing 
Whose thermal /optical behaviour is different, for example, 
depending on the season or the time of clay. 

[0062] According to another embodiment, the invention 
provides glaZing using at least one dielectric layer intended 
to antire?ect the vanadium oxide layer in the visible. The 
dielectric layer or layers are chosen by suitably selecting 
their refractive indexes, their positions in the multilayer ?lm 
and their thicknesses. They may, for example, be metal 
oxides such as TiO2, SnO2, Ta2O5, Nb2O5, ZnO and/or 
silicon derivatives such as SiOC, SiO2, Si3N4, SiON and/or 
AIN. 

[0063] As described above, it is preferable for all the thin 
layers With Which the glaZing according to the invention is 
provided to be vacuum deposited, especially by sputtering 
(at least the layers based on a vanadium oxide and advan 
tageously the other layers too). The conducting layers based 
on a doped oxide, especially F:SnO2, may also advanta 
geously be deposited by pyrolysis, especially by CVD or 
poWder pyrolysis, in a knoWn manner. 

[0064] Having generally described this invention, a further 
understanding can be obtained by reference to certain spe 
ci?c examples Which are provided herein for purposes of 
illustration only and are not intended to be limiting unless 
otherWise speci?ed. 

[0065] The examples Which folloW use layers deposited on 
2 mm thick clear silica-soda-lime glass by sputtering. (These 
results are obtained by mathematical modeling). 

[0066] The folloWing Examples 1 to 3b, relate to the ?rst 
embodiment of the invention, associating a vanadium oxide 
layer With multilayer ?lms comprising tWo silver layers. 

EXAMPLE 1 

[0067] The thin multilayer ?lm is as folloWs: 

[0068] glass/dielectric (1)/Ag/VO2/Ag/dielectric (3) 

[0069] 40 nm—2.0 index 10 nm 40 nm 10 nm 40 
nm—2.0 index 

[0070] The VO2 is not doped. 

EXAMPLE 1a 

[0071] The multilayer ?lm is identical to Example 1, but 
the V02 layer in this case is 60 nm thick. 

EXAMPLE 2 

[0072] The thin multilayer ?lm is as folloWs: 

[0073] glass/dielectric (1)/Ag/VO2‘/Ag/dielectric (3) 

[0074] 40 nm—2.0 index 16 nm 40 nm 16 nm 40 
nm—2.0 index 

[0075] The “VO2‘” here is VO2 modi?ed With a level of 
?uorine such that its sWitch temperature is loWered to about 
30° C. 
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EXAMPLE 3 

[0076] The thin multilayer ?lm is as follows: 

[0077] glass/dielectric (1)/Ag/VO2‘/Ag/dielectric (3) 

[0078] 20 nm—TiO2—2.45 index 16 nm 40 nm 16 
nm 20 nm—2.0 index 

[0079] The “VOZ‘” is identical to that in Example 2. 

EXAMPLE 3a 

[0080] Example 3a is identical to Example 3, except that 
the silver layers each have a thickness of 15 nm. 

EXAMPLE 3b 

[0081] Example 3b is identical to Example 3, except that 
the silver layers each have a thickness of 14 nm. 

[0082] The ?ve coated glass panes Were then mounted in 
a double-glaZing con?guration, With a second glass pane 
uncoated, made of clear silica-soda-lime glass 2 mm in 
thickness, and a gas layer of 12 mm thickness betWeen the 
tWo glass panes. 

[0083] The photometric measurements detailed in Table 1 
beloW Were taken on the side coated With the layers. 
Provision is made for the layers to be on the 2 face once the 
double glazing has been ?tted into the building (or the 
vehicle). (Conventionally, the faces of the glass panes of the 
glaZing are numbered starting from the outermost face.) 

[0084] TL means the light transmission, in %, using the 
D65 illuminant: 

[0085] Cold/hot means the color of the parameter in 
question, depending on Whether the temperature is 
above or beloW the sWitch temperature of the vana 
dium-oxide-based layers; 

[0086] TE means the energy transmission, in %; 

[0087] RL means the light re?ection, in %; 

[0088] Pa means the color purity in transmission, in 
%; 

[0089] M means the dominant Wavelength of the 
color in transmission, in nm. 

TABLE 1 

Example 1 1a 2 3 3a 3b 

TL(cold/hot) 32.4/ 24.7/ 26.3/ 21.6/11.4 24.4/13.3 26.2/15.4 
28.8 21.7 14.6 

M (cold/hot) 576/ 577/ 526/ 499/480 508/481 529/482 
563 567 483 

PC (cold/hot) 29/20 41/32 5/25 7.6/34 4.9/31 4.5/27 
TE (cold/hot) 22/15 19/11 13/8 10.6/6.5 12.2/7.5 14/8.6 
RL (cold/hot) 22/25 24/25 31/46 22/38 18/34 15/30 

[0090] From this data, it may be seen that there is an 
advantage in using such glaZing to equip buildings: the 
combination of silver layers With vanadium oxide layers 
makes it possible to obtain TE sWitching contrasts from at 
least 5% up to 8%, associated With strong TL and RL 
sWitching contrasts. 

[0091] By Way of comparison With double glaZing pro 
vided on the 2 face only With a 50 nm VO2 layer, a TE 
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(cold/hot) of 29.8 and 23.8%, respectively, a TL (cold/hot) of 
30.7 and 29.9%, respectively, and an RL (cold/hot) of 31% 
and 28%, respectively, are obtained. There is clearly a 
contrast in TE, but no contrast in TL and little contrast in RL, 
With a much less pronounced solar-protection effect. 

[0092] The glaZing according to the invention has an RL 
value, especially With regard to Examples 2 to 3b, Which 
varies considerably depending on the state, “cold” or “hot”, 
of the glaZing. The glaZing therefore becomes much more 
re?ecting as soon as it sWitches to its “hot” state, alloWing 
the user to “see” When the glaZing becomes more ?ltering 
from the thermal standpoint. This effect is attractive and 
novel. 

[0093] A useful criterion involves considering the TL 
(cold)/TE (hot) ratio, When it is sought to have the highest 
possible light transmission at loW temperatures and to have 
the loWest possible energy transmission at high tempera 
tures. With a comparative example using a 50 nm VO2 layer, 
this ratio is only 1.3, Whereas this ratio is greater than or 
equal to 2 in the case of the examples according to the 
invention. 

[0094] It may also be seen from these various examples 
that it is possible to adjust the parameter values in order to 
obtain the desired color, the desired TE level and the desired 
color intensity. Thus, it is possible to modify the thicknesses 
of the layers, to completely replace, or not, one of the 
dielectrics With V02, and to choose the dielectric With the 
most appropriate refractive index. 

[0095] It should be emphasiZed that Examples 3a and 3b 
in particular have a color purity in transmission of less than 
5% in the “cold” state. It is also possible in this state to have 
particularly neutral glaZing With a loW color intensity. 

[0096] The invention has therefore made it possible to 
develop glaZing Which has a very high thermal adaptability 
and is optically attractive by varying the synergy betWeen 
thermochromic layers and other layers. It alloWs the offering 
of summer/Winter glaZing by providing novel pairs of TL/TE 
values in the “cold” state and in the “hot” state. 

[0097] The invention is not limited to this speci?c com 
bination, rather it also encompasses a combination of these 
thermochromic layers based on vanadium oxide With one or 
more layers having an essentially optical role. Thus, it is 
possible to associate thermochromic layers With overlayers 
and/or underlayers based on a dielectric having a suitable 
refractive index in order to improve/re?ne the optical per 
formance. 

[0098] Example 4 beloW thus relates to the second 
embodiment of the invention, associating the vanadium 
oxide layer With one or more dielectric layers intended for 
antire?ection. 

EXAMPLE 4 

[0099] The multilayers ?lm, on the same glass as in the 
previous examples, is as folloWs: 

[0100] glass/TiOZ/VOZ/SnO2 
[0101] 130 nm 60 nm 50 nm 

[0102] In double glaZing With the layers on the 2 face in 
the same arrangement as in the previous examples, there is 
a TL contrast of 9.2% betWeen the “hot” state and the “cold” 
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state due to the V02 layer. However, TL levels higher than 
those obtained With just the V02 are obtained, namely 
53.4% in the “cold” state and 50.9% in the “hot” state 
(instead of 31.0% in the “cold” state and 29.5% in the “hot” 
state for a 60 nm layer of VO2 alone). The dielectric layers 
surrounding the V02 layer thus increase the TL by almost 
20% in the “cold” and “hot” states by interferential inter 
action. 

EXAMPLE 4a 

[0103] The multilayer ?lm, again on the same type of 
glass, is produced by substituting the TiO2 ?rst layer of 
Example 4 With a ZnO layer of suitable optical thickness (or 
any other layer having a refractive index of less than 2.45, 
especially betWeen 1.90 and 2.30). 

EXAMPLE 5 

[0104] The multilayer ?lm, again on the same type of 
glass, is produced by associating the VOZ-based layer With 
an ITO conducting layer. This is: 

[0105] glass/ITO/VO2 

[0106] 60 nm 

[0107] The ITO layer is provided With tWo copper shims 
and supplied by a voltage generator: its thickness and the 
voltage are adjusted so as to be able to sWitch the V02 into 
its absorbent state as required, even When the ambient 
temperature is beloW its sWitch temperature. 

[0108] The disclosure of France priority application FR00/ 
06585, ?led May 23, 2000, is hereby incorporated by 
reference. 

1. A glaZing coated With (1) at least one layer having 
thermochromic properties and comprising vanadium oxide 
Which is stoichiometric or substoichiometric in terms of 
oxygen, and (2) at least one other layer selected from the 
group consisting of layers having thermal properties, optical 
properties, electrical conduction properties, and a combina 
tion of at least tWo of said properties. 

2. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) thermal properties, and Wherein said proper 
ties are infrared-re?ecting properties. 

3. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) optical properties, and Wherein said properties 
are antire?ection properties in the visible. 

4. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) thermal properties, and said layer(s) comprise 
at least one metal or metal alloy selected from the group 
consisting of gold, silver, nickel, chromium, steel, Inconel, 
Wherein said metal or metal alloy is optionally partially 
nitrided. 

5. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) thermal properties, and said layer(s) comprise 
at least one metal nitride selected from the group consisting 
of titanium nitride, niobium nitride, Zirconium nitride, and 
chromium nitride. 

6. The glaZing according to claim 1, Wherein the layer(s) 
(1) comprising vanadium oxide is (are) modi?ed so as to 
loWer its (their) sWitch temperature TS to a value beloW 60° 
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7. The glaZing according to claim 6, Wherein the layer(s) 
(1) comprising vanadium oxide is (are) modi?ed so as to 
loWer its (their) sWitch temperature TS to a value beloW 45° 

8. The glaZing according to claim 7, Wherein the layer(s) 
(1) comprising vanadium oxide is (are) modi?ed so as to 
loWer its (their) sWitch temperature TS to a value betWeen 
25° C. and 40° C. 

9. The glaZing according to claim 6, Wherein the layer(s) 
(1) comprising vanadium oxide additionally contain at least 
one dopant selected from the group consisting of halogens 
and metals. 

10. The glaZing according to claim 9, Wherein the layer(s) 
(1) comprising vanadium oxide additionally contain at least 
one dopant selected from the group consisting of ?uorine, 
titanium, niobium, molybdenum, iridium, and tungsten. 

11. The glaZing according to claim 1, Wherein the layer(s) 
(1) comprising vanadium oxide is (are) crystalliZed at least 
partially by a heat treatment or an ion bombardment. 

12. The glaZing according to claim 1, Wherein at least one 
layer of the layer(s) (1) comprising vanadium oxide com 
prises vanadium oxide Which is substoichiometric in terms 
of oxygen. 

13. The glaZing according to claim 12, Wherein said 
vanadium oxide Which is substoichiometric in terms of 
oxygen has a formula VOX Where x<2. 

14. The glaZing according to claim 13, Wherein X is 
betWeen 1.54 and 1.95. 

15. The glaZing according to claim 12, Wherein the said at 
least one layer contains a vanadium-rich phase in Which the 
vanadium is in oxidiZed form and a vanadium-lean phase in 
Which the vanadium is in metallic form, and has a cermet 
structure. 

16. The glaZing according to claim 1, Wherein at least one 
layer of the layer(s) (1) comprising vanadium oxide is 
provided With a nucleation sublayer and/or a sublayer acting 
as a barrier to alkali metals. 

17. The glaZing according to claim 16, Wherein the 
sublayer comprises SiO2, SiON, SiOC, silicon nitride or 
Zinc oxide. 

18. The glaZing according to claim 1, Wherein the layer(s) 
(1) comprising vanadium oxide has (have) a thickness of 
betWeen 10 nm and 300 nm. 

19. The glaZing according to claim 18, Wherein the 
thickness is betWeen 30 nm and 100 nm. 

20. The glaZing according to claim 1, Which contains one 
or more substrates, and Wherein the layer(s) (1) and layer(s) 
(2) form part of a thin multilayer ?lm deposited on the same 
face of at least one of the substrates. 

21. The glaZing according to claim 20, Wherein the 
multilayer ?lm has a structure selected from the group 
consisting of D1/Ag/D2, and D1/Ag/D2/Ag/D3, Where D1, 
D2, and D3 are each a layer or a superposition of layers of 
dielectric, at least one of said layers being replaced With the 
thermochromic layer comprising vanadium oxide. 

22. The glaZing according to claim 21, Wherein the 
multilayer ?lm has a Dl/Ag/Dz/Ag/D3 structure, Where D2 
comprises at least one thermochromic layer comprising 
vanadium oxide. 

23. The glaZing according to claim 21, Wherein the 
dielectric is at least one selected from the group consisting 
of metal oxides, nitrides, silicon oxides, silicon oxycarbides 
and silicon oxynitrides. 
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24. The glazing according to claim 23, wherein the metal 
oxides are selected from the group consisting of ZnO, TiO2, 
SnO2, Nb2O5 and Ta2O5, and the nitrides are selected from 
the group consisting of AlN and Si3N4. 

25. The glaZing according to claim 3, Wherein the layer(s) 
(2) having optical properties comprises a dielectric that is at 
least one selected from the group consisting of metal oxides, 
nitrides, silicon oxides, silicon oxycarbides and silicon 
oxynitrides. 

26. The glaZing according to claim 25, Wherein the metal 
oxides are selected from the group consisting of ZnO, TiO2, 
SnO2, Nb2O5 and Ta2O5, and the nitrides are selected from 
the group consisting of AlN and Si3N4. 

27. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) electrical conduction properties. 

28. The glaZing according to claim 27, Wherein aid 
layer(s) (2) comprises a metal or a transparent conducting 
oxide selected from the group consisting of tin-doped 
indium oxide (ITO), doped Zinc oxide and doped tin oxide. 

29. The glaZing according to claim 1, Wherein the layer(s) 
(2) has (have) electrical conduction properties, and Wherein 
at least one of said layer(s) (2) is provided With connection 
means to an electrical supply. 

30. The glaZing according to claim 29, Which contains a 
substrate, and Wherein said at least one of said layer(s) (2) 
is placed on one face, and the layer(s) (1) having thermo 
chromic properties on the other face, of the same substrate, 
or both on the same face of said substrate. 

31. The glaZing according to claim 1, Which contains one 
or more substrates, and Wherein the layer(s) (2) has (have) 
thermal properties, and Wherein the layer(s) (1) comprising 
vanadium oxide are placed on one face, and the layer(s) (2) 
having thermal properties are placed on the other face, of the 
same substrate, or the layer(s) (1) comprising vanadium 
oxide are placed on one face of a ?rst substrate and the 
layer(s) (2) having thermal properties are placed on one face 
of a second substrate. 
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32. The glaZing according to claim 1, Wherein it com 
prises one or more rigid or semi-rigid substrates. 

33. The glaZing according to claim 32, Wherein the one or 
more rigid or semi-rigid substrates comprises a material 
selected from the group consisting of glass, polycarbonate 
(PC), polyvinyl chloride (PVC) and polymethyl methacry 
late (PMMA). 

34. The glaZing according to claim 1, Wherein it com 
prises a monolithic glaZing, a laminated glaZing, an insu 
lated double-glaZing or an insulated triple-glaZing. 

35. The glaZing according to claim 1, Wherein it has solar 
control properties, With a reduction in its energy transmis 
sion ATE of at least 5%, a reduction in its light transmission 
ATL of at least 5%, and an increase in its light re?ection ARL 
of at least 10%, When it goes from a temperature beloW the 
sWitch temperature TS of the vanadium oxide to a tempera 
ture above said temperature T5. 

36. The glaZing according to claim 1, Wherein it has solar 
control properties With a TL (cold)/TE (hot) ratio of greater 
than or equal to 2, Wherein TL (cold) is the light transmission 
beloW the sWitch temperature TS of the vanadium oxide and 
TE (hot) is the energy transmission above said temperature 

5. 

37. Aprocess for obtaining the glaZing according to claim 
1, comprising vacuum depositing at least layer(s) 

38. The process according to claim 37, comprising 
vacuum depositing layer(s) (1) and layer(s) 

39. The process according to claim 38, Wherein at least 
one of said layers vacuum deposited is vacuum deposited by 
sputtering. 

40. A method comprising sWitching the at least one layer 
having thermochromic properties of the glaZing according to 
claim 29 by said electrical supply. 


