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Window comprising ¢ solar contrel costing

1. Bield of the invention.

The field of the mysation is that of solac-control glasing unite consistiog of » plaziog substrate
bearing & maltthaysr wack at feast pos thin kyer of which confers said solarcontud ppartics. With this
functionat laver are associated dislertrin Yvers that have the ol in partivular of regulating retleetive,
tnsnussive, and hus properties and of protesting sgainst mmechantoal or chemiond depradation. of e
propertics of the glaztog vnil.

Mure precisely, the inveation relates to plazing units intended o adorn buildings but also motr
vehicled b these uses, certain required properties may ditfer as explained below.

The functivaalitics of solaccuntred glasing waits are muliiple. They relate w particular o the
prevention of heating of the wterior of the passenger sompartment of a mator vehivle, in partionlsr with
respect to the solar radiation passing through & Gunsparent reof, or of 4 building expised 10 solar
vasistion when g latter ds sefficrently intenve. Avcording o cortain einbodinents, this provention of
heating may be obtamed wihile munkining.a suitable Beht ransmission.

Glasing units, in particuler sulomotive plazing wsits, must also paticipate fn the sstablishment
of conditions allowiog fompettine © be rogulated during wintry periods by preventing energy loss o
the extenior o the passenger compannent or ailding. - The glazmg unitv must tws have fowel
propentiss: They oppose the smission of cnergetic mdiation from the passenger compuartiment or
huilding.

frvthe case of plasing unlts for badldings, (b e addition sequirad that they beable to withstand
heat treatments withowt their solour, o partioular o seflection, being substantially modified. The
ohjective is to be shie o place side-byends beattreated plazing v and dthers that bave not been,
withau differences in colowr heing obvious,

b the rext of the deseription, the optical properties ars defined $or glazing nrits the substrate of
which o5 made of ordinary-clear “float” olass of oo tickness, The choice of the substrate ohviously
mnflusnes these praperties. Far odioary clear glasy the lght ransmission voder 3 mm, 1o the shience of
amy lavers, is locuted st spproximately 80% and the reflection af spproximately B%, ay nasarediwdth a
source aecorging to the “davight dhamnant stendardizad D835 by the CIE, and wader 2 solid angle of
2%, The onergy measuroments, for their part, sre varried out socording to standard EN 410

¥

The e Uplas” fs understood e desionate an fnorganic gluss. By that, what 18 meant v a glass
of thivkness at loast larger than or squal 1o OO0 o sad st gt smadler than or equal o 200 mmy
preferably at least larger than or cqual o 1.3 nom amd at moest smaller than or squal to 100 mm,
coniprising sthicon @ ome of the tndispensible sonstituents of the glacs material, For cortadn applications,
the thickness may for exaupls be 1.5 or 1.6 now, or 2 or 2.1 mnn For other applications, &t will &

example be about4 or 8 . Sodadbae-silion plassesthat are-clese, eatrn clear or tinted i theldr bulk ar

The precence of o mululayer stack may caese colourackitad problems. Most often, the market

roguires that glazing units have, both in ranemisston and (o refiection, 8 Ut thatds a8 newttral ag possible

SZTNH-100019252
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snd therefies of grey appearance: Stightdy green or bindsh tnte are alse possible. Multilaver stacks, and

&5

i pasticular the natares, indices and thicknesses of the diclectric Tavers flanking the functional lavers,
srein particalar chosen o control tese tings,

Automstive glazing vaits may i theory be multipls dlazing snits o order to prvide theo with
botier in particular thermal fnsulation prapecties. I faey, such multiple plazing uniis are exceptional The
vast majority of these plazing units consint of single glazing units, Lo, sither of monolithic or minated
glazing vuits. In these two cases, if the B character 18 to be suitably exprased, the maltilayer stack
st be on a face that iy oot sheltersd from mechanical or chemical stresses, The Sacks in question must
therefore be very resistant to these possibls agaressions.

I practice, 10 lingit the sisk of degradation, multlayer stacks are nonmally placed on that face
of the glazing unit which is pomed owards the passenger compartment. Howeves, even in this position
they myust have a very good mechanical sirenpih,

The systems of layers apcording to the ovention mnst alen lend themselves o the faming of
they glazing units. Those used in vehicles are in partioular cobjected to heat treatmients duning the foruing
ard 1o particalar thie bending of he glwe shests, or even during the tempering intendsd o provide thent
i pacticalar with strengthened soschasical properties. The layers used according to the lnvention muy
withstand these treatorents without thelr propertiss beimy degraded. Troatments of this fype require
termperatures that exceed 650°C e a fow tens of munutes. Subjected to these femperatures the lavery
W preserve thelr qualities,

In masty applications wequiring hgh-hight-transinittance glasing wite 1o be provided, the choles
of the functional layers requires that the Iatter be particularty tunsparent. Must couvoonly, ong or more
setal Tnyers of very small thivknegs ave selected: for example, one or more silver layers placed batween
divlecteie layers that protect themn and ninimize both reflestion aod adindt neutrality, On the whols, the
obisiged systeras of hivery are hmited by @ covtnin o pardentar mechanical fragility, oven in the
presence of spesific protective favers.

For glazing waits that do net reguire 2 high bt vanemittance, sad sven possibly for glazing

uniix the trannmission of which must remain low, & mors diverse choice of systemy of lavers 18 avatlable.

2« Sotutions of the prior art

The prior art proposes whaeiog unite inclading layers thet are made of metals ve metal alloys
that absorb solar radiation, nitrides or oxvoitrides of various metals and In particudar of NiCr, Mo, W,
Ta, CoCr, AL Nboor 21 To susurs these metal Tavers have s good in purticular mechanical rosiqanes, &t
1% albso proposed o oprovide distectele favers that are koown o be relatively hard. Bothis Beld, the s
ysond fayers are lavers of silive, S, and of silicon gitride, SN

The previous propositions mest sonte at least of the sequirements of the envisioned uss of

glazing units geconding fo the invention, There nevertheless remaing o need for improvenent in

stanes i heat treatments,

25316, US 2012

particaler from the poiat of view of thie o

Documents US 201248 2

2538 and UR 201200225304 discloss wolarsontrot

glazingunite with a nickebohromonr-bived barrier possibl inserporating aircorii
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3. Objectivey of the lnvention,

The ohijsctive of the favention s in panticalar to mitigate these drawhacks of the prior art.

Muore preciscly, one objective of the vention, inat least one of ifs embodiments, is 1o provide
xglazing uolt eqwipped withoy malitlayer stack that iy able o vridergo s bigh-temperatune heat treatme,
such a8 & foropering andior hending heat treatroget, proforalily withoat stgnificasd wodification of g
b, it preticolor 1 refleciion substrate side, such that 3 noreheat-treated slaging unit can be fustaposed
with s heat-freated version withoul an observer bewng able to detect a sigmfcant differsnse 1 pveeslt
acsthetic appeurancs.

Yot another obiective of the invention, 1 at least one of #s ebodiments, 1B & provide &
glizing unit squipped with 3 mudtifaver staek having ¢ good stability from the thenual, chiemical snd
mechanical p‘@i’n: o view,
izt umt the sl iayer- stackoof which can be ';}‘ia.cad i axismatl pes-ition without m:e::ss;xriiy having

to-be protested Boovthe extenal ovvironmend by another subsiate,

4. Bupunary of the lavention,

The doventicn relatesdnasolascontrad glazing undl fosloding on s Jeast ong of the faces of a
ghizing sobstoate gauioiaees stack compriving & bast one solarradiatinr-absorbiog lover sod dicleatric
soatings Hanking said solarradiation-absorbing laver, charactorized fnithat the solarradiationsabsochmg
fayer iy g daver of & mstal alloy based o dircontum and chromim, comprinng st et 38% by welgly
chronriun and at feadt 30% by welglt airconinny, the mululayer stach conprising, benween the substrate
and the solarradintion-sbsorbing layer: and whove the solar-radiationshsorbing laver. wb leust ong
costing minde of a diclesivic material based on g compound selecied from silicon oxide, alominivm
axide, stHoon oipids, alomintum siode, mixed abmbimaesilicon nifrides, silivon oxynitvide and
shiminium oxyoiinde.

The gonersl pelncipke of the nvention b based o the pressrnoy of g msal solargadintions
cocased bebwese #b et o %m*z\ basabon sl losst one diclseisic matordal ;iijssa{i i (Ii;;ixgxz 1. Tix{:
fnventors have Seteomined that, surprisiagly, such a2 moltiliyer stack fas apocd cheminedy theemat and
smechadeal durgbilty: Specifivally, thie metal solasrudiatiomnabsorbing layer based on chronthan and
shroonduny causes a decrease I the transmission of solur energy, said layer preserving ity absoyption
propertics more pariioalarty alier o heat treutmend,

By Ylayer of 3 metad siloy” dor the solar-radiation-absorhing fayer. what s meant & o vy
having an essentially metal charscier, However, it is not sxeluded that this layer possibly contain a fow
traces of nitrogent or oxvpen Specifically, the atmosphers during the deposition of this metal laver may
consistof a pore noble gag for example HO% arpon, or the atmoesphere may containig Hitke niteogen ot
axyeen wipinsting oo noighbouning soney of deposition: by the case whore the diclectric hovers that
surround the absorhioy laver wre sibicon vivides, the metal targst intended o form the absorbing layer
may aven be placed inthe vame depesiticn chamber, without hand isolation fom the sones of deposiiion

of the watittides, beosose the sitrogen will principally be atteacted T the stlioon, Buthis-cag de
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suthonding atmosphere may Contain a relatively high percontage of witrogew, and therefore, sven
though the nitrogen will wssoviate principally with the silicon, the absorhing metal laver wall possibly
contain a Hitle oirogen,. without however losing s mstal character. In the case where the diclectric
favers that swround the absorbing layer are eotides or oxywdtrides, there may sven also be theeein a listle
oxygen origiostiog from the neighbhouring sones of deposition of the deposition simusphere.

Preferaldy, the layer comprises at least 35%, wnd advantageously at feast 30% and even at least
45% by weight zirconium, Freferably, the lagse comprises between 20 and 78% by weight zirconium,
advantsgeousty betwosn 25 and 75% or betwsen 30 snd 75% by weight 2irconium, and favoursbly
between 45 and 658% by weight zirconiun,

By “laver bassd on a diclectric materist?, what 1% also meant fs livers doped with st/ least one
wther element sad containing up o about st most 10% by weight of thiv other oloment, Such hiviers
having diclectriv properties that o practice: do-not differ Som lavers consisting of wid distesuwin
material. Thus, for example, when the layer is made of silicon oxide pe nlivide, sabd faver raay containup
to 1% by weight alundaium (for exauple, layers deposited by the cathode sputteriag process from a
sHicon target contalning /up to 10% by welght slomdndum). The dislectie lavers scearding 1o the
invention may Ruthermors copsist of 3 plaralite of individual levers compristng or consisting sssentiadly
of the abovematerialy. The dislectic bivers thay alse be deposited by the welbknown plasmsenhanced
chemien! vapowr depusition (PEOVD) techuique.

Thug, the. nvention inhased on 3 completely novel and dnveniive approach based on the
selectionnt 8 metad solar-radistionabsorsng laver that is based on analloy of chinnrium and girconium,

Advantagenusly, the glaamg onit according to the fovention iy Such shat e metal sclas
radigtion-absorhing layer based on chrominm and zivsomium alse comprises 8 supplementary metal
seleotad from T My Ta M Saand W,

Freferably, the solar-cadiative-sbeothongy faver bas & peomstris thiskaess comprised: between
0.5 and 30 nm, advantageonsly comprised betwsen 1 and 30 nm and preferably comprised beiween 2
and 25 niv.

A metal layer based on-chroming and 2irconium having such-thicknssses possesses nfiared
absorpion: properties tat dre mpst particalarty reguired for it to beused in axshitaciuend or-gatomotive
ghizing-unit sdtilayer stacks, or ws a glazed cloment of a housshold electval sppliance, sach as w
e door

Aveording by one sxtbodiment of e soveniion, the solarsadusion-abuarbing layer prefensbly
has a geometric thivkness comprised between 10 and 25 nn, and advantageousty comprised betwean 12
ard 22 vore Thy pebodbnent of the tovention s niost pasticalusty approgriate when the solarradintion:
absarbing layer form the or at least one fimcuonal laver of the muBitfaver stack, Le. i constituios the or
ong of the layers that are fundamental $o the obtaimment of the solar-contre] properties,

According v saother onbodiment of the wvention, the solar-radiation-absorbing laver

ably has a peometne thivkness somprised between 8.5 and 30 am, advastagesnsdy conapetand

betwesn'l asd 16 ni, and preferably comprised ‘Betwenn 2 and S om. “Fhite other enbodiment of the
invention i& moyt paticaluly approprigte when the selarradiationsshenrbing layer ds 2 faver

somplementary 1o the fhoestanal Tayer of the wultitaver stack, Le. 00 & layer nfended fo inprove this
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solar-vontrol praperties already obtuined with the vaeor more functional layers,
Aceording o one sdvantagsons srbodioent, the glazing vadt acconding o the nvention is such
that the layer made of diclectric material betwsen the substrate and the solaraadiationsabsorbing faver

3.

has an optival thickness of at least 10 nm and of ub most 200 m, prefienbly of at feast 20 nm and of &t

mast 180 nm
{physical} thickness of the laver in quesiion by the refractive index of the materia] from which it is
mads,

Agcording to one preferred embudiment, e glazing unit aceording to the invention i¢ such that
the layer made »f diglectric muterial located shove the salarradiation-absorbing layer has an optival
thickness of at feast 13 am and of at most 200 1un

Avcording o a first preforred erobodiment; the metal solarradiation-absorbing layer & the
basic functional lager of the multilayer stavk. The advantage of this swhilayer stack s that it is
extremely simple and very rosiztxat,

Proferably, the amliflayer stack comprises at least two solar-midiation-absorbing fayers. This
featare allows the optival and thermal properties of the mulitfayer stack to be more eustly adapisd to the
desidetata, Advantageously, these two solarradiation-shsorblog lavers are separated by a diglectrin

layer, for exsmple one made of siliven nitiide. The following is o partivularly sppropriate structure:

subniratei S NG CrZn SEN/C RS LK,

Aveotding to n second preforved embodinent, the glazing vt gccording to-theinvention is
such that the multilayer stask comprises at least one supplensentary ailver-based metal laver, such that
the or sach sitver-based layer s swrounded by o dislestrie scating. This diclecitic vosting may be
tormed from 8 vwterial such as deseribed above in relation to the other embhodiments of the invention, It
may also be s question of any dielectric material that ie well known in the fisld, sush ag for example ging
stannate v optinnally doped ZnQy

i this second embodiment, the bagie functivnal layer of the subilaver stack is the silver-based

layer, which reflects infraved radiation, theeeby allowing more sffsctive solar control while proveiviog a

prevents the nelilayer stack from bedng positioned 1o contast with the external environment gad
requires the multilayer stack o be protected using an additional substrate, The inventon have discovesed
that, surprisingly, the invention allows these drawbacks to be neitigated.

The combination of 2 silver-based layer with the selarradiation-absarbing layer allows on the
ane hand propesties of reflection of infrared radiution, shich properties sre procured by the silver-hased-
laver, xod propertivs of absorption of engrgetin solar radiation 1o be obtained simultanenusly,

According 10 a fisst preferred form of this second cutbodiment, at least vae of the dielectric
coatings comprises at least two dicleciric layers and the nietdl solar-eadiativa-absorbing laver fs nserted

between these two diglestric layers of fhis dielectric coating, The inventors Have observed that this
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contigneation sifectively separates the infrarsd-reflection fanction fom the solwradiation-shsorption
function, thereby allowing the two functions to e more castly aptimized, in panticalar whei #t is desired
to impreve the orystad quality of the cilver ke obinin 3 fower endssivity, for example using a Zn-based
fayer under the sifver, nanely what is ofien called g wetting laover, sadior abave the silver, without Toss
of the shsorpiion function of the metal solirradistion-absorbing laver. I addition, this arrangement
allows the metal solar-cadistivn-absorbing layer to be better proteciod during the heat treatment, i nrder
that i integrally proserve as far a8 posstble its absorption fanctis,

Preferably, the first dickotie layer, of the first digleciric coating, {.¢. the layer tht iy depusited
ou the glazing sobstate and that makes somact therewith, i a laver of mixed zine-tin oxide
advamtagsously containing at least 20% tin, and even mare preferably o layver of mixed sine-tin oxide in
which the zine-tin groportion v close to 30-30%% by weight (25000, This aemoperasnt i
adbvirtageous for the resibtance o high-tomperature heat treatment. The wised zine-tin onigde forms an
excelient barriey to thy alkali tons that migrate fom the glasing substeate at the high wmperanee of the
ot particudar tempening beat weatment. 1t also has and proserves a gowd adhesion with respect 1o the
dazing substrate, ¥t Ruthermons has a good deposition rale, compared, for sxample, to 50 or 8LO,
and it bas a good durability, compared, for exampls, to pure Zo0 or o bisnath oxide It may,
futheraore, by advantageous in that it has less teadsnsy to generate hase alter heat treatment of the
stack, compared, by example, o oxides of Ti o Fr. The oxide layer in divect contast with the substrte
advan ag.ec\u&i\» fiag a thickness of at Toast 5 nun, preferably of at losst § wa, and more pz‘efs—:rabiv of at
freated pi‘i‘.«du‘u‘l 0 beonsared: bl alxe the recistancs o ths heat treabment fo be oisured.

Preforably, said two diclectric layvers suclosing the metal solarradistion-abrorbing laver hased
wn chreniu and steconium are bused on sifioon nitride or aluminiom nittlde. This ensores g very good
protection o thy mstal solar-radiation-shsorbing layer during the high-temperaturs hest frentment.

Preferced, but peplimiting, sxampleg of this embodiment may be schematically represented as
follows;

GFSENCrar SN I Zo O A ALY SN 2ol A AZGHSNG Cr e Sy Ny

GOV AnO A AZOVDZnCH Agf AZOIDNSH N N

GBI Crde BNy D ZnCy A AT O I nlV g AZODIS NG TOR

IR N SR NG 2o Ap BB a0 A BT OP;

GHSLMArEr N NG AAS

G Zat¥Agia20vD LS M DAY A AT O RN TORY,

G/l Ag BRSO N O SN DVERD A BDSLN TORY,

G representing the subswrate, preferably a sheet of ardinary soda-lime glass; B representing a laver

WATORE

presenting « bawier o O oxidation of the slver, Le & kever such as well knows i the feld, AZG
reproseoting 8 barrier layer based on optionally sluminiunr-doped zing oxide. said laver being deposited
from # corane (optionally ahwminmum-dopedy e oxide (cathods) target sputiered in an arg;m“&sas@d
atmogphsre contaimng # fttde or no oxyvpers I3 reproseating vue or more dislectric Tuyers, in particula

baged on zine stagnsy; optionadly doped 2ot or ancther matorial known futhe field and suitable for thig

type of layer stack, for sxample Tith, 20, or @ mixtere thereofl or & nitride such ax AN The term
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“TOR represenis 8 proteciive fop laver containing T1 andiar Fr iy metal, oxidized or pitrided foem, The
expression “[ITOPRT msans that this protective top fayer is optional. As a varant, AZ0 may be replased
by ather barriers well known in the field and suitable for the properties desired fre the formed layer
systam, such as, Ko exanple, an oxide of Th, optionally doped with nlobium or zirconium, said oxide
preforably heing obtained from » cevamic target formed fom the oxide to be deposited; or pure Zr0.

The examples given above use Crée as solar-radiation-sbsorbing laver by way of concrete examples, but

Crdr may slse be replaved by gnother material based on zivconium and chrombum, such as CrfeNb,

CrarW, CrisNieie. in pure metal form or with traces of vitrogen or dxygen,

Preferably, in this fiest fornt of the second cibodiment of the invention, the systen of lavers
comprises, at least ones, the succession of following layere “sluminiun or silicon nitiide or & mixture
thereol'/ solar-radiation-abgorbing lyer / aluminium or silionn nitvide or & mixture thevent/ insroalating
teansparent oxide /wetting layer based on zine oxide / silver-based supplementary metal Taver”. it has
heen found that the use of w welting layer based on 260 with the insertion of an intercalating bansparent
oxide layer betwest the nitride laver protecting the solarradistion-absorbing layer and the wetting layex
allows the formation of unucceptable bleasishes in the visua! appearsnce of the conting substrate after
the latter Tas undergone 3 ligh-tepiperature heat treatment, which blemishes have a tendenoy to form
during the heat treaiment in the sbsence of this spacific succession of layers, to be greatly decreased or
prevented. It has abso been noted that without this intercalating transparent oxide laver, the electiond
resistanior. per wnit aves, and therefore alse the emissivity, have a temdency {0 increass untdesirably
fellowing the heat freatment, whereas by virtue of the presence of this intercalating oxide laver the
emisgivity 1 at least preserved, or even advantagecusty decreased, fullowing the heat teatment. The
mtercalating transparent oxide Tayer may be an oxide based on Za0, Salh, Ti0s, Zr(h ov a mixire

therent, while however being different from the wetting layer. Preferably, the intercalativg transparent

oxidde layer ia o isixed zinestin oxide containing st least 20% tin and ot leasy 10% zine.

According to a sesond preferred form of his seound embodinent, the silver-based
supplementary metal layer is located in the stack directly wn andior under the metal solar-tadiation-
absarbing layer,

The foventors have determined that, surprisingly, the precenve of the solapsradiation-absnrbing

layer allows the tisk of chemival deterisration of the sifverchased Taver to be decreased when suid aitvers

Pretorably, in this second form of the sevond embodiment, the glazing wnit aceording to the
nvention is such that the one or more siver-based metal layers, if there ae 3 plarality thereof, have a
thickness of at loast 8 n, preferably of al feast 13 nm and of &t most 23 am, and more preferably of st
teaet T8 v and of at most 22

Agcording to ds embodiment, the metal solur-tadiation-absothing laver prefarably has «
grometie thickoess comprised between 0.5 and § nm, and advantageously between 0.5 and § s
the stlver-based supplementary laver, or above the silver-based inver. Preferably, #tis plaged on either
side of the silver-based supplementacy metal layer, each layer preferably having u thickness comprised

it the range indicated shove, Le. preferably between 0.5 and § sina. 1t has been found that this is the best
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arrangenent to divieibute the shsorptivat of the solse radiatione oncsither side of e intbavedsrellecting

tasar,

According to 8 fisst prebored tapleneatation of the fiest embodiment, the glazing unit

sosording o the invsution tvosuch that i includes, on at least one of the faces of 8 wlazing substrate, a

wolslyyer stack comprisiag ot least successively

&

ataver made of a dieledivie matorial based vo ot Teast ong chemival compound selected
fromy the group covsisting of siliven axide, slumintmn oxide, siicon niivide,
shaminbunr wivide, mised  alenindonesilicon nitades, silicon oxyniiride, sud
ahuntiniuoy exynittide, and prefershly sclected from silicon witride, ahoniniom nitride
sl mixed dlumisivm-sificon niirides, the layer mude of dielecine material having s
optical thickness of 8t ket 10 p and of st nost 200 v, ol preferally of at least 20
nvand of gt most 180 new;
a sostal solavcadistion-abeoadbing layer mmpr§ sing 20 & T8% aund proferably 4% w
G5% by welght zirconiuns and at loagt 25% and preferably at doast 355 by weight
chmmium, amd §mving a gec}met.ric thickonesy ofal feast T, preforably of af Teast 3
a layer made of & diclectric material based on al least one ¢hensical componnd selseted
from te group comsisting of sieon oxide, alvvunium oxide, silicon nitride,
aluminivm adtdde, mixed slumislomesilicon  nitrides, sificon  oxyniteide, and

alumminim-ogyotinds, and preferahly selected Bom sticon nittide, aluminitin mm&a,

optical thickorse of al oast 15 notand of at miost 200 nim,

Avcordiog 1o & seoend preforred implenentation of the first smbodimery, the plasing wnit

according o the fovention & such that (inchides, on ot Jeast one of the Taoes of s glazing subsirate, 3

rantilayer stack comprising at least satcesstvehy

PR
»

&

3 lager made of & dielecivic materixd based on ul lesstone chemical sompound seleoted
from the group consisting of silicon oxids, sificon mitride, and silivon oxvaitide, e
Taver e of dielectric mnterial having an optisal thickness of at least 10 nmand of @t
maost 300 o, and preforaldy of at kast 20 v and of at most 180 my

a mstal voleradistion-absorbing layver comprising 20 o 75% and proforshiv 45 i
65%% by weight eimondionm and ot last 25% and proforably at least 35% by weight
cheomibuns, and baving a geometrly thickesss of at least 1 noy prefecably of at kast 3
st and of &l oot 38 o, and praferably of atleast 3 rveaodof ot most 28

a layer made of 3 dislestric material having an optical thickness of at least 15 o and
of gt sonet 400 am and preforably betwsen 28 and 200 oy, based on st Teast ¢ie
chendeal compound sslected from the growp vonsisting of silicon nitrids sad silicon

oxynitride.

Scsurding © one preferred nplomsniation of the fisst foroy of the seoend embodiment, the

systery of layers comprises o sibeehased supplomentary metad Joyery, whees 12 1, cach silver-based
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supplementary metdd Tayer belng surrounded by layers nade of diclostie material, sod somiprises @
feast onos the ollowing suscession of tavers: “slumisdum or silicon nitride oy 3 mixture thereof / sofur
radiationsahisorbing layer/ shiminhon or sfteon pitride or-a mixtars thereof A inforcalating transparent
maide / wetting fayer based on zine oxide / silver-hased supplomendary metal Taver™, in which succassion
the silver-based supplensniney metal Tayer has 3 geomelrie thickuesg of ot Teast 8 run and the solas
radiatiop-absorbing ipsr hava geomerty thidkiess comprised between 88 and' 8w Boomay be 4
guestion of a system of layers having two or three, or even fowr, sibver-based metal lavers, 4 solar
s‘adia:‘i,(m»a!)szorbiirigg tayer surrounded by de apesific dielentrie lavers preferably betngplived between the
firgt and seoond silvershased fayer av counted from the substrate. Tt hay besn diseovered that this
particulay suegession of avers allows the formation of oflored blemsivhes that are Bhseeesd affer hom
weatment when this sequenee & ot respectats aod i partiondsr when the intercadating trangparent oxide

iay;:r 1 ot proseid between the plicide ksyer that protects the sg}aramdiati0n~abssri}ing fayer and the

virte of the presence of ihis ixiu‘{:;t-'ctaktiing, oxide Iaver, the elpcirical vesistance por usit wes, and
therefore vatissivity as weell, i at Jeast pye&erv{‘& ar evenadvantageousty deorsased, follving the heat

Acucrding tr one preforred implementation of the second form of the senand embadiment, the
glasing ‘toit according to the invention v sach that it includes, on w Teast sise of the Frest of 8 glazing
subetrate, anutiiaverstack compriving s least suscesstvaly:

¢ glavermade of o digleetric ninterial based on at least cne chemisal compound selected
fom the group consiating of aluminhm sadior silivon cxynitride or nitvide, the layey
made o dicleciro misterial Baving b opticad thickntss 68 at Tea@ 10 nnvand of ot niost
00 nm, ad preferably of ar Teast 20 oo and of &t most 18¢G sy

s & metal solarradiatioeabsorbing fayer compeising 20 o 75% and prefershly 45 @
£3% by weight slreoniurn aad at Jeast 28% and proterably at least 33% by welghs
clrominm, and baving 8 geometrie thickness of st least 0.5 mm, preforably of af least |
om and of atmost S ony, and prefeeably of at least Uom and of at most 8 ooy

g osilver-bused supplomentary metad lover having a geometric fickness of at loast 8

an, proferably oof at feast 13 runy and of st most 22 sy

45 10 65% by svcig;m sirconivng, the weoudnder being formed fron clwomium, zmd

having a geomatris thickne

of at foast 8.5 wny, preforably of gt feast b oy and of ot
tost & nm, aod preferably of at foast 1 om and of at most § noy
& wlayer mudé of 4 dielecinic vutenial bg@sad G ssiiicmi aftride e exvhiteble Baving an
and 200 nm.
b the foue preosding inplonsuintons, other additional Tavers may be added, cither direotly to

the subsiats, or By way of externgd peotective layer, or inthe interior of the multilaver stack stack, in
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order to provide the haste mulidlayer siack with additional protection andior additional prapertics, such
as, for exonple, additional extemal probection fom mechamicnl or chemical apgrevsions, a bawier to
atkali metals originating from the cubstrate, different optical properties, an improvenen in the slearicad
properties of the wetal lagers, an inprovenent fn deposition rate, o any other additional fusetion. The
addivonal lavers must however preferably be chosen so that they do not disrupt the ability of the
sdtilayer stack to undergo & Wigh-fomperaturs heat toatment. In partivstar, care will advantageousty be
taken to cosure that these additionad layers do not undergo substaniial moditications, and in. particudar
strustural modifications, during the heat teatmens i order fo provent them from baing the vanse of
smodifisations of the-vpticdd propeties ofthe muditfayer stncloduring the heat reaiment

Heal teatments, in partioular bending/tenpering heat boatments, may dlso be the cawss of
relatively large modifications 41 optical proparties and in particalar hue,  Preferably, these variations
gt be mindinized such that whether heat-tooatad or oot e plaging anits Bhave s practically wnchanged
appearance,

Conventionally, the medsuwrament of solorimetric variations is performed b the coordinates of
the CIELAB system. Colorimetrie vartation is sxpressed by the expression denoted AB¥, expression
corresponding © the formuls

AE® = AL

where ALY 1 the difference between the LY colowr coordinates of the glazing unit before and after hewt

freniusnts

Aa® s the difference between the g% colowr coordingtes of the glazing unit balore and after

s

eat
treatment; and

Ab* s the difference between the B> colowr somdinates of the glazing unit bafore and after

.

1531
treatment.

More partiodarly, sud preforsbly, he glasing umit aceording to e invention exhiblis a
colorimetric varlation i refloctivn glass-Mce side, A%

- w3 A Doadow W
A"&E*;{S = (/\Exm Ii*;{y_ *L\b\‘({, }

smaller than B, prefurably smaller than 5, advantageously swaller than 3, and ¢ven preferably smallar

than 2, wherossid glaging unit b subjevted woa topperbie of at ot G307 and of at mont §76°C o7

wimates

The invention is particularly wsetul for obialniog a vy gond siability i e hue fo reflgction
substrate side during o bigh<empersture fenpering sedior bending heat weatnent. The e in teflsction
subateate side i3, by msoy applisaiions, the hue the most ahwvions o an cheerver, because it is this face
that drawe his attention under the conditions of useof the glazing uuit. The slightest difference inhue is
thoreBwe more cantly ssen

The invventors have obasrved that, surpeisingly, the brvention, with s metad absorbing laver
based on chiromivnt and zirconitm, slows s excoptions] hie stability ossfiention glass wids, that souldd

ant be so-eastly achioved with prior-arnt propositions, t be sclieved, and i pasiowise by using NiCras
I addhtion, the invention wiows e wlsirmtewide Rehtreflectines fo be npmased « tinde; s

often beitng desirad 8 commereid appioations
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Aulditionally, the ghwtog wit actording to e invention alss preferdbly exhibity w colorineiric
viriation do transodssion, AE% g

ABRy = (AL ANy
smabler than 8, preferably voraller than ¥, snd more preferably smaller than 3, when said glazing anit is
subjented o g temperaturs of at least 820°C ot ofat most 6700 for P ourutes,

The glazing ualt acconding to the nvention adiitinnally or not 1o the fwo preceding properties
exhibits 2 colorimstrs vatation reﬂt\ciion faversface side; A%, sach that:

ABRSL = ALY ;{( *&a*gﬁ AR, R }
sradler than 8, ol preferably smadler than 5, whensaid gluzing duit v subjecied o 3 tomperaturs of at
et 830°C and of at mos 870°C for T miguies

Aceonding o one particulir cmbodiment, the glazing unlt according to the invention is such
that the thickness of the metdl solat-cidiation-absorbing layer iy chosen sp that, fior 2 substrate made of
clear glags of 4 sun thickaess, the ight wwsmittance 1 4t oast eual t 2% and at most equal to 73%, In
the case of uve a8 a mototvehicke roal] the Heht ransoitisnee wall preforably he between 2 and 10%,
and advantageousty bebween & and 8%, In the vass of an arclitestural gpplivation, the lght tansmittanee
witl peeferably be betwsen 10 and 70%, advantigecusdy beteen 10% and 60%% favourably batween 10
sd FO%, and preferably betwesr 20 aud 4%, Spectficadly. the metal solar-radiationsabsorbing faver
seis the energy and bt trnsmiitanes: the groaterdhe thickness of said laver the wroter Hivabrorbance;

Aconsding 1o ang pattiveldr enbodimeny,. the dlazing unlt repurding 1o the Bivention 1 such
thiat the optieal thickuess of the dislectrie Tayers 10 chosen so that the layeraide feflecinge teat lsagt 19
and at most 858%. The dislecrric Tavers, wud in particnlar the top fayer. especially gt the reflectance of
the spntern. A g kiown, alisrnating lavers of bigh refrzotve index wod of fow mfrsctive index allows
reflectance 1o be controlled. The duckness of the Invees fs also 2 delvomining factor. Within the hmiis of

the thivknessss mdicated above, meressing the tuickness of the layer made of diclecinic muatertal fosutsd
above the metal solar-radiation-absashing layer decroascs the brightness of e reflection laver side wnd
morcases the refleviance substrate side

As g vardag, whes adow gl refleciance fe destred, in partiosdar laver side, preferably two, or
syarraiore thag fe, fuctonal lavers famed from sl solassadintion-abeorbing lavers ate provided,
with a dislearic layer between thege twvo layeey, the structire then for exanple being as followg
disteciric layer such s deseribad in e main clum ¢ solar-radiation-absorbing layer {dislestels layer
such av deseribed o the watnclaim Ssolar-radiation-absorbing laver / diclecivic lover such sy dessrbed
i the mabyelain The toral Sdckness dostred forthe abaorption of solar sadintion s subdivided o ey,
OF svar kD S8 Ry priis e tere we ahsorbing hivery used By vy of illusteative sxample, here s
preforred contede shanetrs: BLRNGURINSENIOrds RN, This structure makes it cusier 1o obtain a very
bw lght reffectance lapse side, fr oxanple only 2% creven only s

Aoording & one prefurred cubadineent of the invention. the light reflectance measubed
substrate side s gt Teant 2796 prafesably ot least 30%, and advantapeoushy st feast 38%. This fosturs
altows an sgresable acsthetie effeet that i preatly sppreciated i the conmrercial nwrkess of cerain
regiong, iy partiondae because of the glossy appearance ofithe fate of G glazing wnit, 1o be oblained.

The mndttlayer stack of the ghaamg vt according te the nvention allows this aesthetic effect o
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be orore casily nbtained, in pacticelar by sulfably adpsting the optival thickaess of the dlelectries in
order o sorreptly manage the optival interforence effect. Doe soitable means consists in lmiting the
optroat thiekness of the finst dielectric coating, fo the costing plaved between he substiate and fhe
sofar-radiation-absorbing layer, 1o a Tow value. However, this solution s limited bevause the thickness
of this first dislectric coating must be large enough (o allow the laver system o be heat treated at kigh
tomperature without deteriotation of s propertiey, 1o partoulae vig the migration of ehinents fom the
substrate. Ancther probfooed rucans consists iy the second dislecird voating, te. the conting plased
above the solarradistion-absorhing hayer; having « lorge optical thickness Conprived i w speeifio range.
Proforably, the second dislestrie coating, (& the coating plirved sbove the solar-radiatioreabsorbing
fayer, has an opiiesl thivkness (geometric: thicknesy winltplicd by the refractive indsx of the mteriad)
sorsprived batwess 70 and 170 s, preforsbly between 88 and 148 am, sod advantagecsly betwesn
P and 130 oo

Preferably, the Hght seflectance measured subsirate side s at least 2 times, advantagesasly a
feast 2.3 toves, and praferably af feast 3 times huigher tha the leht reffectance measueed on the ¢ide of
the muolulagsr stack. Preferably, the light reflectance measured substraie side f al feast 15% and
advantageounly at least 20% higher than the Hight reflectance measwrnd on the side of the mukilayer
stack. Given that e obiain the best solar-control effeat the layer i plaved 1o position 2 {counting from
thie exterion), this feature makes i possible 1o obtain an exterinr veflectancs (uuasured substrate side)
that allows the sought-after sgroeable aesthetic offest tor be schisved while preveniing the mirvor sifect

when the glazing uait i lovked through from the tnterior of the spaoed slosed off by the glazing unit,
thus improving Light transmission sod vidbility through the glagiog uait This combination of 2 high
sxterior reflectance, fo obtain @ soughi-afier sesthotio offect, and & low intenior reflectance 1s an essential
feature-of thivembodinent of the lavertion. The miveor effcet that would stherwise be seon Bony the
nterior, and that would otherwise provent correet vision teough the glazing dnit from de enclosurs
closed off by the ydariag wait, & s prevemad. A high optival thisknsss of the second dicieotis coating
is an wssendlal condliion,

Ascording to boe adventigecus smbodiment, to obtain tuy differcnee in Helt reflsctance
between the sabsteats side and the multlayer-stack side; the coating pade of dislestris muterial placed
abowve the solarradiation-absorbing layer comprives 2 materiad having @ high refiactve dex, ie 4
refractive ndex higher than 2. In the context of the proseat preention, Has higherefractivesindex

dielectric s 8 material that withstands the hest reagiment without signiSoant strocnral modificaiion. &

R

pecific example of such o material is doped titanium oxide, for example titanion oxide doped with
zivcontum or miobluny, wxd i paicudar a mixhue of thanhos oxide and zircontum oxide i amounts of
4o 60l ach. Another example of such 3 materiad ix dirooniim oxide, Preferably, this gh-index
srateriabis placed between the solarradiatioreabsorhing laver and the most eienior divieetrio nver of
the sack.

Preferably, thesystenm of Iayers ominatocin # thin protective Sayver based kot o mixed titaninoe

siromin oxids.

The glaziog wniis sccording to the bwvention may be tsed In varions applicatons bevause thefr

propertisy inay be adapted by adjusting the liysrs and i partiondar et ticknesses,
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Olazing units sccording 1o e hovention may be used in double glazing units, and in this case
the multilayer stack may be placed in the space between the two glass shests, thershy Himiting the tisk of
prechanical depradation in particelar, Nevertheless, one of the sgnificant features of the muoltilaver
stacks. propuased: for the glasing waits secording o the inventios s their resistance, bot fom 2

muchanical and chenioal point of view. In the eobodiments without any si?vgrabase{i suggsk:mez‘fziaw

this ragistance s such tha ':'he—-y may be used with the mudtilaver stack expa.s:x{, withiut awe other
protection, In the Iatier save, the glazing wnit may equally well be composed of o gingle alass sheet, the
maltilayer stacks being applied o nue face of this shieet. Tt may also by a questism of « laminaed glazing
unit comprising tve o more glagy sheets, the sheets being joined by means of intercalating
thermuoplastic sheats desonding to techniques that are conventional in thig fiehd,

In these single glazing unit applications, the mudtifayer stack 9 not protected from the
environment. Even in the cese of o laminated glazing uoit, the Tavees may be on an external face, so that
they may play thedr role n the conrol of energy transinission while scting on the emissivity of the
suefaee.

Whert the privileged functioanlity is the low-E character of the glasing wnit, the muliifayer
stack s prefeeably placed onthe face that is teoned trwards the futerior of the velicle or building, This
position leads 1o the gregtest veflection of infrared radiption of long wavelengihs, so as b keep heat
within the passetger compastiment o building. For vehicles, thie position corsesponds to the hayer being
on the face that b tured towards the pagsenger compartment. Tn s position the resistance of the
mltilayer sack is all the beder given that, 1o parttoudsr for tixed glazing units (roof, reae windscroes,
ofed, the siresses are relatively Hated,

The glazing enit sccording o the nvention may therefore be used a8 a ;hmi rotorvehicle
faoe exposed to- the passenger compastiient); and as an amhﬁtec-mmi,g.i;_azg_ng elemment,

More prrticalarly, the glazing unit according to the invention may be used 28 an openable
motor-vehisls rouf,

Specifically, mowe-vebicle munufactarars are fooking for a solution that avolds having to plave
w curistin-Osorend aesder the voad o provide protection fros the su The abisencs of sael a surtain would
lend to @ weight saving (6 kgt and therefore to a lowsr fuel consunption, snd hence to Tower U0,
coissions, Passenger thermal comfort st nonethekess b goarantend oven when no curiain i pressat,
Lo the passenger compartment nust not got 100 hot i sumoier aor 6o cold in winter. In an eleciric
vehicls, thers ix no heat engine producing beat that sxay be used to heat the passenger compariaosat f
the vehicle, and 1t 15 absohitely exsential io mubiain body heat in the interior {no foss theough the roof),

The ghemg uall scenrding o the lnvention may also be used as 2 glazed slement of 3
household electdeal appliancs such ae da overt door, where it may slso provide » sought-afier acsthetic
effect. I resivts well the various cherical andior mechanical aggrassions sucountered iy this parficudss
type of apphcstion.

As alrcady indicated above a nuntber of thues, the glasiog wnit according to the invention may

of conirse also be used as a glazed clonwent In a building. Yo this type of application, the glazing vait may
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form a double or friple glazing unit with the multilayer stack placed facing the space enclosed i the
mteror of the multiple glaging unit The glazing unit swy also form g laminated plazing wnit, the
multilayer stack of which wmy ke coutact with the thermoplastic adhesive muaterial joling the
subsirates ~ in. gegeval, PVB. The wazing unit according to the invention is however particularly eseful
when the multilaver siack s placed facing the extemal eavisnnment, whether this be in g single glazing
unitor 8 lamingted glazivg unit, ov indeed algo, optisally, 8 woltple glazing unit,

OFf course, the slading substrate nay be 2 bulk-tinted glass, such a5 8 gluss tinted groy, Blus or
gresn, In order to o addition ebeoth solar radiation, or 5o us fo form a private space from which litte
light is transoitied, in onder to coseedl the passenger compartment of a vehicks, or an office in g
building, from external obwervers,

As g variant of the various ¢nbodinents inchuding 8 silver-based supplementary metal layer,
the Tovention also tncludes the fntroduction ot ondy of a single-sitves-based metal tayer bt alio v,
st pven theee, or even four, sibver-based sietal Tavers: I thiveage, the one or more metal solareadiation-
sbsarbing layees may be placed in immedinte proxisily (on stther side oron ong side or the othery of 2
phurality of silverbased layers, or of exch thereof Avcording w a first tnplenentation of this variant,
the metal solarradiationsabsorbing lavers will prefersbly be placed on sither side of the first silver
ased metal laver counting from the subsirate, Acvonding o a second implementation of this variant, the
matal solarradiation-absotbing fayors will preforably be placed botoeen two disleotriv layers of & given
digleciric coaung. Dicleotric lavers based on aluminium andior silicon oxynittide or nitride are
preferably placed hetwesn each silver-based metal layer, in o repetition of the exaniples somprising a

single funcuonal layer.

Examples-of glacing unitvaccording - the isvention, butalso comparative exarples (B are

given in Table 1 below. The optical properties ars defined, Tor glizing anité the substrate, a single pane

of glass, of which was saads of vedingey clear “Hoat™ glass of 4 mm thickoess. The lavers-are i onder,

fromn left to vight, starting frow the glags. The approxinate geomettio thicknesses are exprassed dn .

Tables T and Tar Examples of glasing unity secording 1o the davention sod comparstive
examples stowing the performanse of glazing vty according to the lnvention to by compared with
glazing umits of the prior art, the contings being plased o clear glass having a thickness of 4 mm. The
hight transmittances {TL1 and hght refleciaitess Tayer side (Re) and glass sids (Rg) are also indicatsd (in
%) for vartuin examples. In the comparative examples below, NiCr s an alloy containing 80% Ni and
20% by weight Or. In the examples asverding 1o the invention below, Crde i an alloy coutaining 40%
Cr and 6655 by welght Zv.
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The metal solaroadiationabsorbing lavers and the diclectric layers were applied wsing a

cathode sputiering ehoigue ander conditions comyentionstly used in this type of techmigue. As a

varia, the dielectric favers could have been apphed using the well-known plasmacenhanced chentiesd

5 vapourdegositon (PECYIN keelhnigue,

The silicon-nitride diclectiic hyvers wers producsd from metal targets 1n an atmosphere

consisting of & ouixiure of srpon (30-70%) and nitrogen {

ol
z

T0-30%6) ut @ fotal prossurs of 4 oo 4083 Pad
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The clromium-zirconiom fayers (40% by weight Cr and 0% sirconium in the CeZe siloy) wers
deposited Fron metal cathodes fn an atmesphsre of argon alone. As a variant, the deposition atmoephere
of this CriZy metal alloy could have contained 4 e nitrogen vr oxygen origingting from neighhouring
zones of deposiiion. As & resudt thereotl the OrZy Taver Tormed, while preserving its essentially metal
sificore-onide dielestric layers were fnftally produced from a sthioondased target in an sumosphers
containitg argon and oxvEen.

On swuples, the lght transosttance TL and light reflectance substrate side were measured
under dlondoant 365, 2°. The CIE DYa*h? cologr sodrdinams were also-megsured before and after
heat treaument under Hwminant DES5, 109 The angle at which the measurerments were taken was 8%,

The samples were sulifected 1o 8 heat treatment tomprising mainienaaes at 870°C for 7 fuin
and 30 sep. The AR™ wvarintions in transmibssion and reflection sre also gwven i ihe tables. In the
examples, the notstion SIN designates sificon witride without representing a chemival formula, it being
understood. that the ‘producty obisined ‘are not necessarly rigorousty stolchiomettic, bt ae thige
obtained under the indicated deposition conditions and that are neighbours of stuichiometaie pradusts.
The layers made of SIN vay contain up (& about at most 10% by weight alundinivm originating fom the
target. The diclestric laver avconding o he invention may furthersore consist of a phirddity of
individual layers sompristog or consisting essentially of the same materialy as above:

The mechanical and chomival redistances of the glacing wnits according to the fnvention
without auny silver-based layer were characterized by suscessiul passing of the tests defined i standard

EN 10962 for what are reforred to as olass Boooatings. Pucthermions, the glazing units according to the
a the neutral alt spray ENSS) teataccording to standird IR0 $R272006, preferably torat least 10
days;
e the chimatic chambér tegt actording to standard BN 1036-2008, preforabily for at least 10 days;
w  ihe Cloveland tost according to standard 150 6270111998 preferably for at Jeast 10 days;
e the {80y) asid revistancs destaccording o standard EN 109642
= the sutopiatie web rads tost (AWRT) described belows & piston covered with w cloth wads of
sotton was brought inte contact ik the laver © be svalingted and oscillated aver fts suefice.
The piston bors a weight so a5 to apply a foree of 33 N to a finger having » dismeter of 17 mm.
The subbing of the cotton pyer the coated wrfive will damage removed thy Taver after ¢ certain
nuraber of cycles. The fest i3 used 1o defing the limit before the layer discolows {pastial
rerngeval of the lavery and woratcheg appedr i the laver, The estway camiedout for 1630, 100,
280, 500 and 1000 cyeles in various separate locations on the sample. The sample was
observad under an artificial sky in order 1o determing whether o discolouration ar soratohes
could be seen on the sumple, The AWRT result indicates the number of cyoles resulting in no
o very little degradation (invisible 1o the taked sye wnder a untforny artificial sky at 80 om
dixtanse from the sample); and

& ihe dry brush test (DRT} acvonding 1o standard ASTM DI486-00 (test mothod “A™), preferably
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for at feast TOU0 oveles,
btk befors and abier heat trestment iFindead one wore carrind out,

Table I the following examples were produced with other proportions of 8 sad T i the
i\A 1

solapradiationsabsorbing metal alloy, Just s for the preceding examples, example reference numbers
& motading the leter ("R} sre conpanstive sxamples, weforence numbers without this letter baing

examples ancording fo the bveention, The resulie {OK for good; RO for unaccepiable; and S for
satistictoryy of two chemical rosistance texte are also indionted: climatie shamber (00) and Cleveland

test (0w,
The same sttucture, a¢ follows, wis used: 30 mn SBNS o fonctional laver 30 nm 8idY (SN
1 means SuMy possibly doped with alumininm so as to make the indtial silicon targst conductive). The
arious layers ware deposited in the siowe way @s fn the prceding examples. The make-up of the
funvtionsd aver is given in Table I below. The Cr aad Zr percentagas with respest 1o the toial oy ae

wiven by weipht,

Funietdonat e z“{';' VVVVVVV ARy Rg iRg WG Ll
RO%s Coa0% B 1.44 30 ;z% R 0K
£0% Cora0% 2t 09 168 180 24 7 28 ok oK
A% O Ze | 063 143 46 26 |25 22 oK oK
25% CeIS% Ze 344 356 147 26 s 121 DK oK

“Table HE the compurstive sxsple and the example secording to the invention of multilayer
15 stacks wach deposited vn o glesing wbstate, collated i Table I below vontain & silver-based
supplomentary  mietsd loyer mwerted  botwesn twoe  mastal sc;iawaeiigi‘ig)sj}->_ejz}_>s<zg§‘>ing layers. The

erming! oglwi sonventions ave thesame as for the preceding tab

B |Conting | TLiRe Rg 0 |Clev
SR SN {40nm) NICe (¥ Ag {1 Rus)NiCe (Lnoy/8idy sq 1% 24 1206 liss ok ok
: {Soam)

: e P ome T

9 SN ($0nm) Crdi f,!nnzigtif}i\\zxz,l},ﬁ.,rx,r{s nm SN so tision lrel b low ok

The variation in the thicknesses of the dislentric lavers, within fossonsble bomits, did not
significantly affoct the modification in bue during the heat teatent, tor durability, bid of course #t

B mudified initial sesthetic appearance find v particudae tnitial hue).
An for the preceding exampla, the mstl selgrvadintionab sorbing layers, the sibver-based
suppdernpntary metal layers and the dicleotie iaytsrs' were sxg};g}iisci zm:ing a eathods sg}astis;ﬁimz ifscimique

have besn applied asing the xszeii»knmm piasmaﬁﬁnﬁsuwed chesgioal vapair depostiion {?ﬁ{?\a"i}}

B

(o4

technique.

Table 1V examplos 10-17 of the wubiilaver stack, sach of which wag deposited oo a shaeing
subsirate, and the reshlts of which are collated m Table TV bolow, more particulariy selated fo the
entbodiment of the invention i which the Hylit retlectance subsirate side was high, and in-particel

higher than the Hght reflectance smultifayeestack side. The solar-mdiativusabsorbing faver was an alloy

3 comprising $0%: chromiun and o miconiu The woninslogicoal sonventions wre the sares as for
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Table & The numbers betwveen parenthodes are the physieal ddeknesses fn am of the various favers. The
properties (in Y for the Hegbt tansmitance and hght reflectance} are given for a monolithic glazing nolt

after heat trentrocot, Theteom “TERO™ sopresente 8 nixed onide comprising 30% TI0s and 30% 210,

Ex. - Coatiig T R Rg
: SIN (13072 (6.7/SIN (30.6) T s v 345
77777777 SN (13Y/CeZs (10,3 4SIN (46, '?} | 235 3R 300
SIN QNG (SN @ b 126 1792 483
SIN (T2.2)CsZr gQaysiNgeny 222 18 [
| %N (16.4Y/Ce2r (T6HTZ0 (4. 1VSIN 29 33 (A6 a9
15  BINIYOR (1LETZO (GLAYSIN (28) T 27 ks
16 SIN (L3LAVCEZr (213 TZ0 (18.26SIN (313 108 (157 1512
17 ] SEN( RICE2r (147 E20 QASVSIN (251 23 ST

Table Vi below gives exauples with o stbvercbaged supplonsentany migind Tavess the s
sachintion-absorbing layer being f the first diclectric coating placed between the subsinns and the -t
sitver-based layer. The various lavers wire deposited uuder the same conditions ag Hor thi sxamples of
Table L The propertiey were measured iy the same way and sre given 1o Table Vb, The sxamples of
Table Va abounderwent & heat treatiment fdentical to that deseribed for the exampley of Table 1, and the
vaziations i the. properties thereot are, dn the same way given in o of AEY, oither In tranunission
AE% (or AE%0) o iy reflestion faver side (AR%p) or in eeflection glazing-subsirate side (A% In
adddittn, the fellowing sre also indivated: the coordinates 13,a%b%, and Y (Y representing either the
total light tansmuttance, or e total light reflectance) v fusmission (TLL o reflection glaging-
substrate side {Rg} and inreflection on the side of the systene of Tavers (Bo); the varation in ol ight
tratsmiftance {dn § and the variation in total reflection plaziog-subsirate side (Ax,) and on the side of
thi system o layers (g} The term “ZS05™ reprosents a mixed ino-tin oxide formed Foota catbode of
8 zite-tin alloy containing 82% by weight zine and 48% by weight tin, in such a way as to form the
spinel swuctors of sine stannate ZapSnll. The cxprossion YAZO” relates o an dlwninium-doped wine
oxide, obtained by cathode sputiering, of a sermnic cathode formed by the oxide to be depostied, in g
seuttad or shightly oxidizing stmosphere. ¢ a variany, AZQ could have been replaced by siher baners
well known oy the Geld and sppropriaie for the properties degdred for the Tayver svstem foroeed, cucl as,
for example, an optivsally niobiam- or 2treonium-doped Ti oxide preferably obtuined from a ceramic
tarpet fotned frone the oxide 0 be deposited; or puse <o B represents a laver that forus g barier 1o
the oxidation o the silver, such bardiers bong well known in the Seld. D ropresents sne or mose
dielectris bhuvers, i partividar based on aing staonate, optionally doped Znty, or another material known
i the feld aud adapted to s type of laver staek, for example 8 niteide such as AN M reprosents the

optionally sluminmn-doped ZaO-based weotling laver. IR represents the infraredereflectiog fanctiooal
tayers. ABS reprosents the selar-madiation-absexbing lager.

The cxatiples given i Table Viz are, in the sqone way, &;ﬁ;}lm with fwo silyerbased
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the seeond diclecirio soating placed between the Host silver-based layer and the sevnnd silver-based
tayer, The properties obtained wre wiven o Talile VIb in the sane way a8 for Table Vb The torm T204;
means & mixed tianium-cloonium oxide with 33% 2irconivm and 6536 titanium, f.e. an oxide that Is not
THEO (50750},

Talle ViIa below gives examples with three silvee-based supplomentary metal lavers, the solar-
radistion-sheorbing layer belng n the vt disfectrie coating placed betwsen the sobstrate and the Srst
sitver-based layer. The comresponding propertivs are given in Table Vilh, for & substrate made of 3 single
mor-heatareated pane of clear wlags of § o thickness, Theovalus of the solar factor () 1 wlso indivated.

Tabls VI below also givess

carpdes withvbsse atbver-based supplomentary metal Jayvers, but
s e the solar-radiation-abssehing Javer wus in the second disleride conting placed hetween the fiest
sitver-based layer and the second sifverbased layer. The eorresponding properties are given in Table
VD, fora substrate made of o sineks pondeatteaied pans of clegr elasg of 8 o thiskness. The value
of the solar factor {g) i also indioatad.

Of conesg, the tnvention s not mited to the mentionsd cxenplary smbodinents,
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Suechadalng dmpontok

1 Napinyvediv Bveg, amely ey tiveg hordozonak fegalibb sz sgyik oldalan tibbistepll steukitndt
turtalmaz, nlelvben lepalabb epy nupongdrds-elnyeld véteg €5 4 napsugsrzdscloyeld réteger kierefogd
dielektrikumbevonatok vannak, axal jellemerve, hogy @ napsugiezas-elnyeld réivg cirkoniumot ¢ kebmot
tartabinazd Bmdrvdestidteg, amely logaldhb 23 RBmeg? krdmot &y legalibb 20 Himets cirkéniomat tantalmiae,

2 tibbrétegd strukbirg 4 bordosd & a napsugdoadsecinyeld rdteg Koedit & a napsugdisisslnyeld réteg felett a

sxilichumeoxid,  abinighoreodd, szilioheneaittd,  alontinhsenisid,  slosinbioegaliciioraitnd  Reversk,
sxificinmeoniniteld &6 dhuminiameoxinitid alkoita oxoporthd] valasston vegyiiletst tartalmazs lepalihb egy
diclekiribumanyagehevanator mradnigs

2o Az 1o iptnypont seovintt lveg, axzal fellemerve, hogy 8 napsupdisy

sehreveld rdteg 25475 Wmegt
sirhGninot tavtatmas,

30A 2 igdnypont szeringi fiver, axzal jollemeave, hogy 8 napsugiezis-elnyeld véteg 4505 Wmen¥s
clrkdmumot tattalmg,

4, Az clded igényponick birmelyike szevintt diver, arzal Jellemezyve, hogy ¢ napsugieraselnyeld
rétegnek 0,8 €5 30 mn Kbeinty, olénybsen 2 &8 25 mn Kdabith geometrial v ISARSASE VAL

3. A A igéoypont szerintl iveg, szaal fellomeryy, hogy & napsugdrads-slnyeld rétagnek 10 ¢ 25 oo
kazotl clnpdssn 12 8823 o ket geometrial vastagsiga van.

6.A & igenypont szering Gveg, azzal jellemszve, hogy & nopsugdrzds-elnveld réopmek 0.5 & 10 am
kizitt, eldnysen 2 ¢ § no kOzomt geomenial vastagsden van,

7. Az olted igsnyvpontok birmelyvike szerintl Gvey, azzsl jsllenwrve, fogy 2 hordoxd dan napsugireds
clyyeld réreg kOzoR o dielekivihumanyag-rdivg optilnd vastagsdga lepalabl 10 nm & leefliebh 300
slbnydyen legalibb 20 non 8¢ legfoliehd 180 nm,

8. Az ol02d igenypontok barmslyike ssoroy ii_\-‘;‘,; azzal jellemerve, hogy a napsugiezas-elnyeld véisg
felait levd dislekuikumuanyag-réteg optkal vastagsign legalabl 13 tun & fegfeljebh 200 am.

8. Az eloed igdnypontok barmelvibe sxerintl fiveg, azaal jelemerve, hogy a Whlwdregll strokita

fegalably két napsogirzaa-einyell réteget tattaliaz,

100 Az el igenvpontok bdroelyike szerinti fveg, azzal jellemezve, hogy 3 tbbrstens strakna
fegaldbl egy tovabbi cxiistét fanwlimazd Ruordteget triabmaz, amely caletdt totalmazd  Sumdteglel

PO

sundegyibie diclehinikun bevonatial van kégiivdv
P& 180 tgdaypont seerlnt fiveg, wasad jeﬁemezv& hogy a diclelirikum bevanaiek lepaldbb sgvike
tegalabb ko dhichekiribuordtepet tirtaloae & 3 napsugirzde-clnveld réteg o alislelmibunn bevonat aen kit
diclekerikumecioge kowdt vao ¢ }h_zfziyg:zvg:,
P2 A UL igbaypont sgerind iveg, azaal jellemsrve, hogy @ nupsugiizas-elnyeld farndicpet Kvdivevd
ket dicloktribumedteg seiliclum-nitridet sagy alominfum-niteldet taetalmas.
13, A 10, igeaypont szerinti dveg, azzal jellamezve, hogy @ tovibbi exlistdt tartalmazd Soudteog 3

strekindban kézvetiontil a napsugiozds-elnyeld Borstegen dsdvagy az aatt van,

NH-100019283
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BOA 10-13. igénypont sderintt lvey, szzal jellemezve, hogy sz egy vagy 16bb rovibhi cotiatdt
tartalnazd fonwétegnek logaldbb 9 vum, ol0nyoven logaldbb 13 not s legfeliobh 23 o, eldnytsen legalibh 15
nog €5 kegfoliebb 22 mi vastagsdgs van

1S A 1034, igenypont szevinil Giveg, aezal jellenterve, bogy @ napsugdeads-clnyeld rétegnek 0,5 65 8
niy, eldnytoen Q.8 do § nm kOs0it grometrial vasiagsdgs vaig

16, Az eldzd igdnypontok birmelyike seorintt Gveg, saral jellomerve, hogy gz Bver lepalabd 63090 §x
legletiobb 670°C himérsdklatnek 7 perclp fartd aldveidsekor o trangamigs2ié Rolorhnetrial viltozass AR*TLy B«
ndl kisabb, elfnyfsen S-0é Kiscbh, mdg efénvisebban Tondl kicehh,

17, Azelfzd igénypontok Darmelyike seerinti tiveg, azzal jellemerve, bogy e tiveg legaldbd 830°C &5
feglediehb 670°C homdrsklotnek 7 perddy tarto altvetésekor az divegoldall reflesié kolovimetrlal viliozdss
AEFRg R-ndf kisebb, eldnydsen S-ndl Kisebh, wisg ¢lényasebben 3-ndl ksebb,

8. Az olb2b igduypontok binmelvike saerintl Sveg, azzal jellomerve, hogy » napsugdrzds-einyeld

Rwdleg vastagsdga Oy wn vilesatve, hogy 4 mim vastagsigd atded fveg hordozds eseddu g Bay
i

franszauasis

2% es lopfeliebh T8%.

('“

1R, Az eltzd doduyponol bivwmelyike seorintl Gveg, azesd fellemerve, Koy o dislahniking bevanatel
optikal vastagvdge Ggy vap vilasztva, bogy 3 sétegoldali sellexis legalabb 19 & logfeliebb 35%.

24, Az elozd udnvpontok birwelvike seevimi tiveg, azeat }eﬂemexve, hogy @ Bay hordazdoldalon
mrt reflexioia legalably 270, oldnydsen lgaldbb 30% & kiilonssen fegalably 3

21, Az eldzd igduyponivk Birmelyike szerinti fiveg, sezal jellenerye, hng,y a2 hordezd eldaldn mént
fenyreflexit lepaldbb 2oszer, «lfinyiiven legaldb 2.5-szer, kitlSntisen logaldbb Zoszor nagyobb, mint a
réteprendazer oldalin tadet Fnurefleus,

22, A 12, pdwvpoat seerintl Svey, seeal jellesweave, hogy a 10bbedtepdd stnikdrs a2 algbbi sorozatet
tartalorarzar sxifictes-oinid vagy ahondmienenitid réteg ¢ napsughreseinyeld rdtep 4 sziliclomeniinid VEQY
slominiporainid reteg 7 2 o, T vagy Fooxidet vagy eack keverckel tartaliinzs kozbsildatott atlateng
oxidretey, amely véleg a vedvesitdretagtd! Kiltnbizd / cinl-oxid nedvesitdnéten / tovabbi ezfiay tanafaxd
fmrétop,

30 A 22, igenypont szerintt veg, axeal jelomerve, bogy a tapsugdrzis-slnyeld fomrdtepnek 0.5 & §
e RGzOH peometriat vastagsaga van,

0A 22 vagy a 23 iguypont stotindi Oveg. sezal jellemesve, togy o kdzheikuioit 8ldtead
oxidrdtepet cink-on-onid kevereh vagy idndum-citkdniumeoxid keversk &6 aldnybsen logalabb 30% dnt s 1%
ciret fanalmasd cink-Gu oxid keverdk képeal,

gl Bveges

T

I8 Az oligd igdnypontok banmelvike seerintl napfényvedd Beeg alkabmazdss odpd

clemekant, Spilerek Gveges efomeként vagy bdsartisl efchtromes késaiilekek, példaul BB Drveges
op b £ 3 :

cleneként,
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