Sol ar control glazing with |ow solar factor The present invention
relates to a transparent substrate bearing a solar-control multilayer
stack and 5 also to a nultiple glazing incorporating at |east one
such transparer0isiMisti#esde beari ng a sol ar- cont r ol bOH/EPRaLAY 0SB&AK.
The sol ar-control stacks, also referred to as solar- 10 protection
stacks, to which the present invention relates, conprise functional

| ayers that reflect infrared radi ation, such as silver-based |ayers,
conbi ned with whi cFeire eontrel |Ea3ing didiediaw edleat ifaRpEasi ch
serve to reduce the light reflection and 15 to control other
properties of the stack such as the col or, but which also serve as
tie and protlé& i vBTEBSRF ngs TSR f uRELPEREI W er & Theansparent
sol ar-cgnér?ub?tafalt% Q@éﬂﬁlﬂinig/ @o@baiam—bm@ttulr_nctiriuqrmlll?ly@ygrﬁack and
surroun ielectric.layers. Mre recent st acks cont.ai ni ng
Chree funct PR Tayer SCL6tbabe P IRRY nanCe MRSt it Pondeddy aris
have been propdsed damsgredemtt o Sulrstthertd njveameirihe sol svlpreot@ctiroh
while retai .urlQitﬂégrer}i gtyg%tk_possi ble I'ight transm ssion. Each _
functional [ayer is spaced out by at |east one 25 dielectric coating
so that each functional layer is surrounded by dielectric coatings.

The various frayess1 9f-¢hee s BCk takks,f 041 &xanRlrer rdeposs t ad byo1ar-
sputterio(gzﬂg| under reduced pressure enhan,cel'_g by a magnetic fjeld, jn a

wel | - kn BEPEE L3P e m t . r d¥nt $§Vent HORET ST Mibt
however |i mrie@dtied,t hi Soparis€ul EFunkayenadepobaydod proeess. rdiibser
sol ar-contrql fstack are.used in the Broducti Qn-of sol ar-proiecti on

. . in ﬁare rad at1?$f guc a? silver-baged %¥ers,
gl azings, inorder to tTeduce e 35 Ti'sk Of excéssive overheating,
f or exanpl e cofibamegnclvwisdd splateh hawicrg |zartge efl laxdd cgur fatebsclitiec t o

sunshi ne and Jbia gl JiEAUCR R Al ~LRld ol N iAo r1 et i P IR
accorded in sumer. The transparent substrate then often consists of
a sheetldf §Paseontinl | pthay Aroperdesexahpltbe FREFGE nedchf ag the
plastic fil mogweh) apud RETiéROIyBIdYILne d engphthal atgy fhtdoradi Che i s
then 5 encl osed  bet ween tgg s%ets .of agLa S by neaps of%][an adhesi ve
pol ymer fil MP&G¢R9Es HPVB EpdiiRATHA" ti?)ﬁ? Sor 1BIA $RIGTEHE S hy |
acet ate) fi lsmaicksor deontmnflgr m adraraimat edtwyt azi mgyctaroreric| osky @

t he inside |.tipl j . LS : [

let as litt félrgg Glgé%‘gi ﬁ%eg%ﬁ%%?&e%%‘?gggy%’%bl g]r%%%a |821%rg}nl%éa2%t dos

t hr ough?9 t harniteingngaythieg funausenddvdayersl atdwebyehowossl ayhan

factor (FS @k @k fhhcit%okﬁ%‘ie\il%ﬁze@sgh'h)év‘éeﬁi'eref%b';?rci%sé& i dfer to

guarantee a certain |evel of |light transm ssion ( So as to provide

a suffici enfUEPEE ofMPFPYRi &S ofCLA%i RFXIRELAN dWHéj.leTh%%%alnlng
s;)memhat hcomhbi ct irllaﬂ@#re%qri r@aﬁHi$1%><pr elgif%ﬂ’dﬁe vu'br_sihsthnmmto&i n ? Each )
gl azi ng havin  hi sel ectivit S i ne the ratio 20 the
light tr ansﬁlug‘gi%&ﬁn%& tﬁ@@&l arl%/ac?%%?egrheg‘égso?ééfr - Ebnt r]beiasgct acKy®

al so ha2® adieweenirssi veogt inhg clsonmakbsti tepossithinettionedduteyehe 1oss
of heat by - el.engt:h i ced i.atjon. e i

t he thernal gﬁr%gglgg%ﬁlggln kg’? Pg?%g%gége Ogalcjyrl?l ng.s %n% Br(rea(tirg(%gsz eﬁ%e/l‘rasgy
| osses and Réattinfy ¥oxtls arca E0Fdepempoda, PeRAsigRC thvardm 653 oMg
(TL) is theypersentagecdf pilesuftel d@Mardedhtoy ldmadgfedild umdant 465,
transmtted by the gl azing in the vjsible range. The solar factor (FS
30 or g) is@t h#eperERAYRgedBfLFhciHenfMegnetder ct¥REr at To% Wit s,
on the »me hardntdbnecity rotanssivetred byimhesql as nghasd,parcideiar

ot her hand, absor?ed byL the latter then radiated in the direction
opposite théaggﬁr &Pof EﬁSng?rﬁac?ﬁsrespect to the glazing. 35 - 3 -
triple glazings in which the sheet of glass bearing the stack is

conbi ned wi trﬂe%e sCHla[P—r{onoct & Qéﬁssgﬁ%t sl € TRY 04y be
provided with coating, the nultilayer solar-control stac bei ng In
contact wtRI5 sheaTRetRITSPacelbeineen tHe grdss sheetsdupg the

35 risk of excessive overheating, for example of an
enclosed space having large glazed surfaces, due to

sunshine and thus to reduce the air-conditioning 1load



35 notor vehicle glazing, for exanple w ndshields but al so other

wi ndows of the vehicle such as the side wi ndows, rear w ndows or roof
windows. In this field, the - 5 - windows are often | am nat ed, t hat
is to say t R 2HelAiAL864te bearing the stack is COWBIFRROWH (958540
anot her transparent substrate, that nmay _or may not bear a stack, by
means of an adhesive plastic fil mgener%l 'y 5 made of PVB, the

sol ar-protection stack bg@a ositioned on the inside of the | am nate
in contact wi?h“FhedPVRL i 1 e WEws MiSt getetRA 15 e SERST&R Hon
order to adagiten oofhenshapesicftd hefvehi sheet Waehh ghesspybgtutat et i may
sheet of gla e petati C out a_hi.gh
tenperature a Sl'Ssdo“t hgogugg%ﬁg%g e(E:])%l 5%%5‘ ,gcﬁf &fasEg gt éli gﬁ%%nggcg as
subj ect ed t o2 aPR&at (paleattenters wt¢a¢pmbhal@t¢buéhémi ngriqleat sethen
wi th or Wt@&{élé@éa db%%'e'eﬂg &?S%hbg%g ac?@"%l‘éﬂstsh b;';“m%%'t'&f‘ aR

form ng operation while esu bstrate is at enperature. In

order to redifEEties Me%f huat SWAR cAS edt BVE tR @lﬁﬁféﬁﬁée@u@ﬁ/rtaﬁé
vehi Clte éh][%hghaz%me @m;zléh?%/{r 1{1#@@&@ lflilloﬁr@ﬁlf P@a%rrﬁdl E@btcgﬂal S
prevented from assi roug e glazi ecting i is
"s the rol e GITR Tdntd i aér cSBELBRSgn S mitier | i | of
reflects i nfmateiblad kiion. is an essential elenent in the

sol ar - cQ trol stack. However, a | arge part of the heat radiation is
al so transmitted by 25 visi ble radiation. In order to reduce the
transmi ssi ontiof this pwraeof thee rEH@zingdi anisén did t @sgo 1sdyded ©lse

el i mnation p(}gsshhﬁé n@&ﬁapf e%'&?c'f;@hl%y ded nﬂ@{ae@lé@dpagsor&hrbhghs
necessary to | ower | evel 1 g ht transm ssi on. Sever al

sol uti ons ha%aboelefn %‘Po%%%eﬁh%’é i—FrpHT‘B%E 8prgra :21ae 10675 364 solar
pr ot egt [ OnV\/FHalcleicﬁ& aim ][tgﬁ heaxifugki gbﬁevéanﬁmw&yoaeemﬁ:aMesEbtﬁt i@n
provi ae atru sati sfactor ars a stac |ng
P ve siPaert bl es srar Eashr edvalopto dahe T i 1)
dielectric cuat aagstco:om;mvseiea di elettidierabsoeent ot édilamination
consi sting af, g dd\la or NaN. The,jnfermedyat g di & gelniq Co%bh%ﬁﬁc%&‘ﬁg
transpar ent an 0O not contaln an abso ent nateri a The

obt ai ned i n TRFUHIKATISH DN WIRCP s ES deriish ngo sabitefisct 6r y IBeEanse

it is not neifsialg enoHghnanditendsitowaisd , pl&d@l@lé’wlw tBearg@hior or
that is_not right; froma comercial view 0i.nt rtherrmre al tT eﬁgh

the 10 Spopqutﬁ orl it e HARFN ISR ol 519 i $heel Oilvdl y feckpire,

observed in sfct]gwﬁmr&xa:rﬂd d0athat atihe disperai mmmfembsaislsj?lomlbhat
the color vari,e th i1n.refl]ec S r

si de and on ahkesstac Osa%lﬁ%rgd er%%c% J\C/%(rglia :lg)%n&ci‘;)fl;1 %t #%I ék%egges
of 15 | ayer swafeldregtdt adckfrRaednt rappit beani oTHAD 20005020uG8owe  ithe

the name of ﬁ%ﬂﬂd%éafé P&%%Eb%rg lwa%toeds&f%@g £Rn acmier

vehicle in | ass s eet bear s stack havin hr ee
si | ver - Base®Tanttt |Jd3h'3a‘5|eﬁ| A&t e Gi9ESS |y et @%Jd?er easi ng

t hi ckness from the gl ass sheet which bears them This docunent

descri bes a stac a high light transm ssion which b
to form a SadrE) & T o ae T 5 Cpetetancs e
factors, forirexatmpite bighhefonder odf 259%mitrkmtopdéTal tpanpeitted by
obt ai ned do {1 %Pg%l&? 185‘&{’18‘ kz‘is%'lteerf Jdhatmal e ? r%gc%Bm(%s
comer ci al vi ewpol I'cular the co or inre on’rs
di stincBPy purpe mdtmmsp@bc@nﬂ@m‘e ngt amamaﬁtoﬁn@rgeheCamgﬁea@ﬂoao

observati on.,Moreoyer, oﬁh%héeb%‘ét 'h\ﬁntcy qbf.aled, | 8rLLEATEVEL YD OWhe
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descri bes scﬂle?rz%t%‘é‘i‘»l o‘ﬂngFﬁfl ﬁ&hetrh@%ldacl@%@lﬁﬁe@w#%ht58nﬁﬁt§é§
three |ayer siifn sthyeatBaviing @k i Acreasitg bbbokness tgiarsbngcé r em

the glass. The sol ar-protection do Q_Ib?e | azi ng conprising this stack

- 7 - has a Sty f“ﬁ‘c@b  GPHG dr° g: oz@&ﬁ)ﬂl‘?ﬂg to exanples 1 and 2
35

These solar~protection glazings are in general

assembled into multiple glazings such as double or



30 a fluctuation of the thicknesses of |ayers during the

manuf acturing tinme of a batch of coated substrates or a |ack of
transverse uniformty following a variable deposition rate over the
| ength of theo cadimiesis®b Anot her object of the i nueryBrEoilyds8540
provi de a coated substrate that can easily be nmass-produced on an
industrial scale at an advantageous cest price. - 8 - The invention
relates to a transparent substrate bearing a solar-control multilayer
stack conpr itstirrglatglaaastgm funcdtignathd ayeest baSedlass abesatengathe
that 5 refl ynfra iy atk + apgp e o
coatings so at e%&réhé%%%??%ng??ﬁaggg F)rs} ;f%ﬁ%ez)u %I[ @itggnéﬁg%élﬁf
dielectric d”(haltci}hg@taYn e H@Ygréa’éerbq haogidequayitlpy Foating, the

characteri zeglidy thar t Be18t-aeknEoBRr i sesciat pkeagt one Rhsardentich
| ayer of 10 netallic nature that is absorbent in"the visible

radi ati on spetd rdthSidi SREEESFEER FES fdeds SPSSte -stack, and in
that the ratio of the optical thickness of the transparent di el ectric
coati ng positioned, between the sggond and third f nctl onal

crarting 15 T oRetia tubetrate, PRSP he Dbt 1SS nitknEed s BHE 1PRa
transpar ent adicedagcitar cfooatniatgtqms:athlqnedtbely@hhlenhegI daste fghetingal

llayer is betyegn 1525 ang 3,01 pfgugﬁégiﬂ bejmeen 1. la d 5229 ﬁg

It has been found that this conmbination of features aC| itates t

easy obt8i nish§edfs a cdat e@msifsst re®e WM Fehi ghhSol &espsdEads onto

per f or Wance,metdﬁﬁnllc%lt os@@é/s.wst h &l ow solsar J;aeqt&falwt%cv&éiblae high
selectivity, which ?fﬂ t? El easant and stable esthetic 2 ‘%pear ance.
d-t'h

It has al so BeertY £VFt 3 YT sPhI é5F8 MR IESi Y T Hi S 'O
val ue of b* tihe tqlmssi s}sda@tts offoke@artthanlér pioefiereaid iyorof, |wisish tbiaa

3, and an a af ¢V t.i Qn 5C. of a* .i.n reflect
on the substérg‘algt e55| ?1% 0 ?les’tg%ﬁm%%g % pre er%blofe]taqleosns 3 ﬁha{n
2.5. This r@ngaesisessuf Py i gtangfb@d;amsegt tendpr ésemnéegofthen abzsoibent
layer of metagldlc Ja LHeert;ae_L@fjsaciv%rpdaﬁj’ébOtlrt hﬁap@tlﬁ@t&@%éé@%m

bet ween color, stability, solar 35 factor and ht” transm ssion. -
9 - allows &rleia&HtenltadPQ‘FF%ﬁl?%Spé%S FH?O@F%@%OEPaé:ie&mW]%%Hate

att enu?]tl onintshatad Soff ocsayindabnt a@r@&ayn&tr:&&fef@peédbﬁﬁﬁe (k’.tt|1é§e
not sufficient t ave an apprecia ptical effect. For ampl e
The exti not BT CAOBF | ks TR5T S S5B0hm RS pref iy TEaD LR
0. 3 andZ@dvastrggeausirg,| ess vhaoh otergaabkttioe0the Thewatairdratli ohapér
the refract N t S ng t

wavel engt h Ir?\lé%eged&é g&bsltr}gfn%/alaf%cf%dp% r?# m%tg%%ithefto%on%%x?p%‘?
t he present blaﬁ\?ﬁélntqunSllﬁ%ropbiaéala tttﬁrtd@m@s bp Ceéeriamepar @nd to

diel ectricsiwskl bes Cae!;%!t@éled lf%b@&t&@% f;.%di OVﬁt'}Q becpul-ai edoopiical
thickness = d nultipli P geonetric

(physi cal ) Fﬁlsé’%%sst%f lt qr&;ﬁerf?ﬁlaﬁégtro#w nhe|a§ at VR ERnts
refractive iesdexiabiig nesnsssng 1tnhehé@ti@egm Rt ogmabay NEheet 026902 X

550) 2) - 0 165 x 55 whi ch I h
P(efrazztl)ve TARY L8 utr% %%e?l% at tlﬁg V\%JIV% e%‘t %f{la%g% ﬁr%fewe%n
t ranspar ent 5@|0e|Cecandc HHAiG ng aingl coapesikdl by saetveraatodna:iyeﬁép €heto
total opticghgthi ckﬂg_ss?ohugg@lg&a &[E( ndi el egtri f%co%l ng to he

considered is thé sumof the optica nessés df e vari ous
| ayers. 30 TReMFBUEEE] cd%rtﬂdémbfom héhabéimrftfl sayeptvengerald the

nature gdat ths cabsasbent ifnéhesydsi bl erspegly ugk sker gienbgl avedenay ed
sinply as absorbent |ayer ggy for exa | e be det erm ned by an XP
s

(X-ray phot 58FEERFBHI C %1'5‘3 étsrsé)’sc%tﬁﬁj afaly sty PendPsittacke theg
- absor bent deayerdi nsttatp@.staﬁk ardidhem iinght rebsaept | @hepr opetd ys o

t he substrate beae[1 t he S ack ue tso t |s Ia%e{ mjgﬁrﬁ e det ecrt edd
and measured’i w1 iYni SHed-pF o %t réady %8s efinHve
mul ti pl e gl gZkagyorstedain witanijeased gl azrngr Woclemeans thakern ftd he

35 obtain a mechanical strengthening of the sheet.

In the case where the ccated glass sheet must undergo a



The netallic nature of a layer of this type may be denonstrated in
particular by XPS profiling (X-ray photoel ectroni c spectroscopy
profiling with a profiling gun using argon ions in the energy range
from1l to 259Q AKADY/4786% | ayer in question in theP@FABR2011/058540
Deconvol uti on anal ysis of the speciation of the chem cal elenent or
el ements forming the absorbent |ayer ma§ show the presence of the
netallic state of one or nore of these elenents, attesting to the 30

netal | i c nathfat ofreqeneayer 1tGife e iR TI52 D FRi §24RalVEdivs
t echni que, igakisi howey e idie: pessi hhe bhatrt heo speeddidoOn Anakrsiks
of an absorbent |ayer o .nEt allic n tgre gl SO Cthows. t he_presence .of
oxi di zed or HFt%#T f BPAEof % he®BYAsT i Paerdt™ S et of Eloélﬁglﬁflén%
of the | ayerandtsr evaempliegdueedd poldatiieort ,of sbhetlimger deferged to
manuf act ur e ,or_ dur.] rofijling. Wi ][E}qygv till -
reputed to hhaévreedlg{ 5%% aLFI |%c}) nlat{q %r e;@f#@gfﬁ;} - 14coer ai na‘ei{:lae:e's , kvtlﬁg?ut
signal int ensigynof 1t heocpxildiniednsr/ oni tariekal fRrasetbled eheahbgive
dom nant conpargds tos4bat i 9f thepsBLal bicikopBechyl 1hNBpEGSERGE to
al one of the signal linked to the netallic formon a_portion _of the 5

layer will BESufipéPeRtifo S LBE t hi’s PAFEE d<° afoaBsGiERC T dFer

of rTe]E al l'i f f@éwrﬁ;s,l nxlaiﬁ@ah ars,tﬁtsahfild abevenidh tdmnp@ﬁ@ra@fes of the
sacrifici.a ayers aver of netalljc, nature oSited in _contac
oiih andbhereel See e erbadth e far ELHS ot SRR oIES R eTatLes
si gni fi cant Inoaixi idiezeibror ni Eradptlesei t bér bynather idelposi t that pl asmre
of said diel i I i ted t a S t Lo
t r eat ment W%%{le&nla]b%gtggg%ggggt if%%xo%hﬁiygéﬁ oaffg;ifggggn Zq?:l% J_Cln
ori gi nat i ng 9%iota sapdddi eseectatly aydma osthenphger ¥liegml hiigride

nature. 15 XB3 aalysismohitPeadayer of getsl hbeehakuperw hhxthenre
typi cal l&é show a gradient in the speciation profile w
n

p h a
si gni fiéant ¥fuctfiom of URRkieRghal lavetfe PallﬁéaF‘Bﬁﬁm oRased on
appr oachi ng giierdmt esfacaow tdxisdizéadidlEatg i €réaymeat ) nfbhegsgample
scenari os, f.or an absorbent, 20 | ayer of _netalljc ure.consisting of
hi ghl y reactkﬁ/e %?%]?ll%?s,t%%%h tzaills{err'ia o?rpZ'r, %Jﬁd g%i nglglgt hlogkntia:glée
that is not tueratnenrtge, farrekbmphle | BagetrhancTpalet he IXPSxpddfziinkgng

anal ysi s nayiﬁ%ﬁqaé ongerg s %%l(farpa&ﬁiq{ t%}ﬁee@%@d@{_al lic form

(Ti), especially due 25 to a se ution o i nterfacial zone
of the Elyer of netallic nature toward the inside of the layer during

the course oft the pnebi ldd analy/sis: &heny1sds thenmbetf eundaiin
Lhe 208 Profiling analysto hat  ortggate, £ram gl dhzd of i helsd
constituent tglenents oro eksenentise opetrhensbger beht thayeincildese diighdl s

w1 have a:@ﬂﬁgtgqgfOEhé“lffﬁﬁiMaﬁ@ ng - reflected by the glazing

25 in the visible range, and cof color in refliection and in

transmission. Market demand is for glazing with a light

reflection that is moderate but not too low in order to

avoid the “black hole” effect when looking at a facade

under certain low light conditions. The combination of

30 a high selectivity with a moderate 1light reflection

sometimes leads to purple colors in reflection being

obtained which are neot very esthetic.

Sclar-protection glazing is also used in the field of
35 motor vehicle glazing, for example windshields but also
other windows of the wvehicle such as the side windows,

rear windows or roof windows. In this field, the



profile of the layer with a predom nance of the signal originating
fromthe | owest oxidation stage which will 35 be established on

nmovi ng away fromthe interface with the neighboring | ayer responsible
for the intéfd R IoKI4E86%Nn or nitridation. Wt hi n RdwBER2M1a0 585 40he
WO 2011/ 147864PCT/ EP2011/ 058540 - 13 - present invention, for
reactive el ements having several stabtedoxidation stages, the

predom nance of the XPS signal linked to the | owest stabl e oxidation
stage of thevigwiestd t aeat oditementarvinatiethentsabdf itshet@absevbetats Fager

on at |east QnadiQidd 0OBeQtihhe @ahksosbgnk liayerohsi A0 ARSI d86€H10
be proof of the netallic nature of sajd absorbent |ayer. For exanple,

for an absorJ@NSRERAHT oS UOSTEARIEEm of PAEL AMRY ¢ Mat Y d&FSsi P& under
a m;jxed Zi ncs-ﬂaidk,oxbgembayigr ,oftg@naaah§§%$e][ YRiaG&lilcy ﬂdi)lrﬂi eg@ﬁéﬁalh¥ee
oxi datiop stages: Ti 2+, _TL3+ and Ti4+.. The | qwest. oxi dation stage for
a layer gf ﬁlﬁ%% 1 &that 8§é’of 1?‘?ﬁas t%eaﬁ?rta%@rczzﬂﬁfle TiS%i‘,CQ‘t he}gglnq
rel ative i ntperssittiyorgfd whnch:hva | I:'Ln.tsynieca?f y téecebainbiddton inhecpotacon
of the layer,f t%l‘?étﬁ/éf)%&ﬂ%ﬁﬂ@ 9«*_{98!’0&4@,9Im‘?{é'tdggrér?e\’reil-ls&%ém%r\tr &
barrier layer for protecting the functional Tay I's a sacrificra
metal |ayer int Mildnyer 3daRth facthoxsmpedandeonsliebd- tBhen the
transparent (dirReGitd Gd Iy tdieedd dsherh P odued . LSl dCes tBbhsrdayer 1S
very thw 20 it has little infl u,egﬂ{:]e on the optical pr%pertl es.
However :Ui f G@F& 1RA t PRAy &t sfack! FisTSRPERASTARE 2T gH1S t BpRT &R Ef e
heat treat merfuilpgrdi ngith hiisssatddli cial hewel asuldpugheni ag andhedt
metal |ayer g fendered, (icker Laoorderitatarma sutbiciente, o
oxi di zabl e f‘g fetal 17 ¢ Feserve T ntorder o protec e FUrict ‘onal
| ayer. Substwdrthicaltl y réeieént coeltithgeknedssaofilidd s bhyee | sviddnveried
to oxide. | VAT 1 QU I i C I i t

0 d1& ST, | ause i gg% ALl h Cv?rlzhllg A ONS,1G000 e@% Ngs 0

the invention | ncluding diel ric coating thicknesses,

of thisl30 &Rl Z6arssetiticci al netal |ayer nust be included in the
total thickness of the dielectric coating in question if its physical
t hi ckness in _oxi djzed form exceeds 2.5 nm ich corresponds to
around 1.4 nm &9t 4 Oajée‘?i‘é‘b%qu%da%PnE Bgﬁe&i ﬁ%&ﬁgfeﬁﬁ‘?r hehe
rati o 35 calpreldtsie@ens cdo ridte t hushiclee itHmowadcouwtie t heldhimg barther
| ayer custo I ed.| st | &h st t [

hi gh-tenger g?luwrle?)if?g%t %}rlgg%lrgrg%t .ﬁ%’g .%Cg&ness g pﬁggggg??gn fo ?I? he
layer th@t PasspogsiBizsoudnathedgilazapoaldy crébiagtihg chtmayhiis is
particul ar gl as@an @bsenkentyd @%Ina1s HrN0oba 0EACOW £ Reterial
included. If _an outer protective |ayer made of 5 sacrificial nmetal_is

used to prot®@t tFefsealk dRditAirsg Neaf1dreR nentt ahd P& okFaF2etP by
this treat menemeftt hen f ithies hesll pr ot rol hethikCknessevér f he oxagjeed
| ayer must be oun%ed in the 1_[ati 0 .caﬁl.cul at.ions. The_sane ig al.s
true i f theP8&driPlci alSnet@lti T8 afd 105Por MBS EhSPar®ht
di el ectzdc. visible preesieritiadescin pbroar whemwegeametthe thamdmessisn of
| ayers of a L ti:l.ayer..st Ay Qf vwhe f.ere i o]
Goomei i C {RckiaSasa Ty e P A e A (7 5 ol FoltR e
conpr ehensi ¥ imdRaéiodn Phe ot darsiibsefatensidh e &hg ofnkwraned ay
fluorescence @XB) cdeviiae M thedeyed #POtH dbaRer $hee 1dstactdom {H0S) .
This device is calibrated for each nmaterial on the basis of 5 to 10
coat ed sanplté&n6f 1SR Rat erial in 20 question in known thi cknesses,
distribzped between 2 and 300 nm both as single |ayers and as | ayers
i nserted intso var ilousofttacokss hf a gat erial is %egent. as multiple

| ayers in a SUSER; tHe 1otE° t AP ERnESS 0PI Frat 6Fi alr i “Fedlitet”
from an XRFpapéakegsisnas 28idescri betaabove t héhet he ndissimirbut | binglof
the total thi r e of e Lpdividyal 1ayer f the

is allocate r\%\ﬂgﬁ&?ﬁg\égi'd 0 15_1%1 prntct)jpi I :Sﬁgb)r%ggurélrrent dcs)efsot h% stg%:LE,

for exanpl e S@itekfBRECHYd 98B ZXPS -profiling, to which reference is made
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propeses a multiple glazing, one glass sheet of which



- 15 - the oxidizing plasna used to deposit the next dielectric
layer, is in general given as an equivalent thickness of Ti02 because
it is the final material that is found in the conplete coatln and
because it (WO i3PELL¥EB¢Drmthat the thickness is

titanium equivalent 10 geonetric deposited. the georret r| C

t hi ckness thickness The of thickness e§pressed as is nearly doubl e
the netallic titanium as r.esen of the abso bent er .i,n_a
stack cont ai Ehrg'stHaree'Sts‘ilcf]?/e EB' asel fUréES orfd vleiy%’ cgn ?(1 pgtional
nonol i t hi ¢ subgdrat ennatechf tdkardarst cdredr Lgkasdibagchgia thiackness
of6nm|eadstoatoal [ | 0af e e qf
at |east 25%° &Dre]f era I)?llgfl% tt ﬁl% %t &89%5% Iﬁr%fe%gp&?%f g?gg$§££$£} ot
| east 35% Z20iNSuptrab¥leN neffaks forefrerdiake adiadsotéat ¢<a@/@n¢$1c|a@r@e
in partiegul &:grerw Mg &8, nbt c%nta@trn Ny %so%gﬁt ﬁ'afce¥11a4n
My, alloys t \er eof . and %geferab y Ti and its alloys. Wien the, coated
substrate migte upgePHo CPSadngatin reat hemElonsen; sth&' e Erbl §irade Sof
oRe offthe fredd O%ﬂiﬂlsﬂﬁbabﬁ B@ca:ﬁ]lcse gﬁt iﬁ nidtt, rféluuaﬂ agﬂoadghoyas]d
t hereof, or as in allo ne e other netals cited a

Lhe beg! nni AERAS ¢ ¥ %?aapasﬁ 4Bl phorar dbi 3 I Thathas | b ofoEng 1ont
optical thi WSaotohmmaanspareemomtel eertImenmcaltengabblsothbnetdhe
bet ween.t.he 0 f i I WVASlS t

substr atd - (Rre BT our o 55° dSRared as TR+ ahebar ane o Santer c
coating or 03 i® @héeéptﬂdcah §5qvhrﬁ@kr9es®cbf1@h§h@t n&het danppasénn

di el ectric C&@E};&&%@Q%Mv@é‘%@@y&@@ @:Bfoka%riegcgweél al ayer betn
between 1.3 and 2.6, advantageously between 6 and 2 Wen - 16 -

there are onty FRFEBCELABt iBhatlP apePstEaEs)  stdf PRSt Funthfosdrck

| ayer is thesicté;dcsctawﬂglgfr@m vheisubshrate. die t herielares deaur of
functioggl |l ayers Pe | ast er is the fourth, and so on if there
are nor FED f%%t?%%% | ayers. The stability of the color in
a | arge-scal e mass production is an inportant elenent for

guar ant eei ng, {Ta%glf f cNSt st i r
10 corrparl son cﬁb{ 0] ffé#f%rgrw(gt?%ggygégﬁgC%Po'}rLﬁlﬁH%e?Hg%t an PR
fol lowi ng a Fdigiimteondepcrhbeshi T kragsasten He2 7 Hy@r §0Has® b@SKOT

quantified wéﬂhéﬂ.e ahd @i iéh Mat heradd caheber Mmiars The §tulex Qfav(i@lgor
vari ati on i n _manuf acfure has (%)e n called ' |tacol " and. H% en 15

def i ned4By ttrﬂa‘fef%l? oo ReRet | DRRCBEPR&E of 2¥eESE KDE S| @ﬁ’e,&&"*
and Ab* are Hdwee daf Hlereneesnbettheennthe 20-dn gitest gvasseshand tiheéch
| owest val ues J1esp ivel f e t sses
of each sil \joer Haygggand eacﬂcﬁmgﬁgpacfees%rqg)%% \é\%t %lt%%%oaﬁégﬁg 3
the stack varigh ndﬂ@'h@uaﬁfa}ﬂwi‘pﬂm oWhpchusn®y 5% ‘I'thmed/attgesf@fmaﬁd
b* are the %&[@]B 1\9<Zﬁléi@*b’€u%a%ﬂ%1é5 MRASKIRG: UNdes - t heoll | uyingnt
D65/ 10. Prefe the ratio he optical thickness of the third
t r anspafént @%ﬂ%ﬁtrﬂ §0Eo§txlaﬁ§’193 qfo R BpEF&alod ht Tknekleorrihsal

transparent ;Qﬂ@@@ﬁ:{é§ ebahi Ed3QPosht | peed heteveesthbeifi tz:&tlt@mda
second functional |a er%%herel nbel ow al so referred.to as secon

transparent di®t ecit TRy ofr FBB) fs HOIREER613 é{ﬁawEO%Ht 11
advant ageouspart sssldhavhd. dolandlhaxzefabbylbsssst dast@nztlivt phaple
been found t t ur kes l e ko il ie a
Del t acol valétl}gil n%éeﬁ}gﬁél oﬁugﬁn egstg%: gggof Fesgﬂghaﬁngﬁg V\é%
2011/ 143864 RETY EPAOII¢DE85M0re0gr » PElater é@ﬂ?ctwﬁtsw apbéaigepesd s
than 0.7. It. éﬁaﬁﬂ}@lfaﬁév@]‘ to achieve a Deltacol value in reflection
on the stack side of 1ess than 5.5 and a Deltacol value in reflection
on the substrate side of |ess than 2.65. 5 Preferably, the ratio of

t he opti cal @éﬂ&k@esquﬁctamosecmdawmm erfti 1didel legt ISia(inQG@bib@gnm
to the opti ess Q thet anspar ent dlelei‘arlc co |ng

hi ck
s 1 ompy LAk« e SCubebn e PR 0T T biBer oatn Y srar

35 of which comprises three layers of silver hav1ng an
increasing thickness starting from the glass. The

solar-protection double glazing comprising this stack



15 first transparent dielectric coating D1 to the optical thickness
of the transparent dielectric coating positioned beyond the | ast
functional |ayer is between 0.3 and 3.3, advantageously between 0.5
and 2.7 and Waairidhlyaisgdaveen 0.8 and 2.5. It is tIROY/EPI0Erl AOSSERO
achieve b* values in transm ssion of less than 1, or even at a
negative. Preferably, the ratio of the ‘bptical thickness of the third
transparent dielectric coating D3 to the 25 geonetric thickness of
the third fd¥& iomflanyEctkrarad nif feond ¢ hea codsding et ¢ hexanpbes ol

al so referregd @ has 4iB)ad suRatveem b3 andy @@ma@y@m@g@@fuéﬂﬂ for
between 6.4 and 11 and favorably_ between 6.6 a 10. 30 Preferably,

the ratio oPQﬂﬁ%Qﬁ&%nﬂ%?%??hlER%@ES SPCFHéSthlN?H%%unq?ﬁﬁﬂn4%@era
|R3 to the geonmtun (:I_ltd}itclﬁm&?n(ifsstﬂtﬁl seiaprskdamct é chlaﬂ:ailay£rbetter
starting.fraom.,the sub te (h qvglom1also referred.to_ as .l

o 1 s v R2)
bet ween 0. 45°Aid 2P éﬂ?ag PiHien®0. 5 S VAkY 1
favorably b@tnﬂaemlﬁ)téllaee@ ar2. thﬁwes&ppnséeloénttlaé Bahheélbf{ tdfe the

val e in 140 D011 ROIBEH CraO T Gedet0 1R "EAFIetToR on the

stack side of less than 5.5. Respecting these various ratios between

the optical gndi ckness@s &53 ddes t banspas enhvdhel 8t i @@atpiﬂ&ﬁ%d% a
and/ or i@ eonetric thicknesses of the functional |ay eri@dlscussed
or

above fhYor STARSEASERN ngSBPSET8bFar - CYIRtT 019 st aBk havP T AFgRtTOL
ener gy perfaumaideyerat Basck pl easant asdsstabl e edfectand a &o Y
selectivity ry.particularl en these ratios are all produced in
10 conbinatpoﬁ%éﬁﬁﬁgnsﬁégb %lwg gg%ﬁfélﬁégg ‘produced in an
industrial installation since it has a good col or stablllty in a
manuf act ur i AGok@leG agEGeLRALoL S 18R5Y 1h0ehPSBACT:s | lerias BREN Lobity
that it is also possibfe to nore easily obtain a | evel of reflectlon
exani net® on S¥ES{tEE &t ackasi ded haPLPaSibder aRBSRRAPEPtI cuUPRFD| eskn

than 20% | i rihisshiway ont haaqdeﬂheqtefq@dtrisjndeorpr eAkSembatien & heidd ack
is placed at position 2 %POSIL on IW;nv ntionaluxkbelng t he outf
face), is nBEEE i GAES aE2 hot"FTHE West FPEt FHERiSi R 117 bubhtHe
coated 20 shbstinat e. rAdedaridenry heutleli nwépnti.on, the absorbent | ayer
of netallic nature that absorbs in the visible radiation spectrumis
| ocated on the inside of the stack, that is 25 to say between the
substrat@ afdcihelresdt] adte q%sth@oiw@ntmnthé fionaia ker alffs preemiible

dielectric geathdg PRsisingneshbeyond thsatast shuaet-henal chayehasso
that there is al ways _at | éast a signi ficant thickness_of transpar%?t

diel ectric RREEr PRTIGAT GFaSRHULY O 1% EBP ot e Shfst et e. ©

final netal liisc }ﬁbOt eali vetouhes | ayeEoSK\brChvzhﬁlé’Oﬂ@lﬁl nes usetlyt Olow
protect the sta urln a bse ue Peat tre anple a

| ayer of a FER ﬁ%P f T ? ox?ﬁ? |ngl§%?% heat’ %t

t r eat neN% |modndepat90beoénﬁha Bhadspafehheoxpder 35 is not
considered to be an absorbent |ayer according to the invention. It is
a protective outer layer which is not |ocated on the inside of the
stack. - 18nothggorciiingt @ ondhenboteheh®n of St he PF@eHGeom @rated

portion of aubkapspar eptich ehagt récl%QachQla&cRPSbﬁfl ofed '@6&\6@6”1:@“6
of the functlgnal l.ayers and %8 abs beqhﬁﬁﬁ‘ er so Rgﬁt t

absorbent | &¢&1SCEi8R PRESENELHO ot eSSty ec‘-’e is
coati ng30 I nat mmcﬁjﬁmﬂimn@f ithewidHi e gsefsersed]l avwetboutu Hone vigie
this being a_neces for.the | atj.on, of e Lhvention, to
e a cer aEREEERHEAPg, CAbGo A PG st AT P T e
di el ectric deaki ngfposireheredsbet wethosaldyabSol bening ayer aamdi @mee of

the nei ghbolEiieggsfi‘EF‘Lghit %B% B%gr %hb”l%g% be PRed Pé%h&@ deposit the

functional layer an e absorbent | aye optionally mnt a separate
sacrificial layer, in a sane neutral or at the 15 very |east not very

35 Another object of the invention is to provide a coated
substrate that can easily be mass-produced on an

industrial scale at an advantageous cost price.



on a functional |ayer having a common interface with it. It is thus
possible to conbine the role of protecting the functional |ayer by a
sacrificial layer with the role of absorbent |ayer in one and, the
sane 5 | aye™nidM A TREhE material. The naterial(ﬁc?iﬁ?%ﬁi&ﬁQQ§§4o

| ayer may hence be one of the nmetals often used for the sacrificial

| ayers, for exanple titanium N Cr, Nb Br=zr. This greatly sinplifies
the stack deposition process. It should clearly be understood in 10
this case that a sacrificial layer as used in a known manner on the
functional I®Byer isvéatfehy exildized, tpr efr abkynspapéet el gubsitdiazed,

by the d ition pl el ectri, [ ' t
that thi s | B I BotodeEarP Sy PU e T Mo TR TR T | Bkt
In the case Mste hefubsdipeal |baeral Sessicaysnt e msitewfal that

sacrifickal laygl-@accosdipg,rtg thizgipkeberrethenboditent +ofntharent
present invention, It wll be thicker than a sinple sacrificial

layer. In tHI@EETEC WePRtEBAE B0 afPaf g bfEnekiaaetont 3L 20 ithe
degosi ti 0{1 ﬁé@sjfmt thetd h133t;f @,h:bﬁ}éf?_a@eh;aye{iﬁa_r@ttqg_ti Qi‘t&d’d:%hﬁ,f[ efll aBy ng
subsequent heat treatnent resulting in_the. oxi ion of thi :
such as a t GUGHEMT TG ARG/ 8F BAIng hedt (PETATSE . %50 atbobBeht cre

| ayer for visidile radhatiseswhath weklstal smehavahsatb@bc | edsyenpveprt
one portion |£-s; 1 hi , tallic ccoy di to,t

defi ﬁi t:‘:lgn d?%/teénlgjb%ve&w{%hi%g&%se%ét haeﬂgég]égngs g{éppggfedv\%\ng?fﬂge
t hi cker tharrashisation neeecteay #od obt diogitgd va | el 1n$iddsef ptien
required by dihejabsgrhent, layer . cipoerReibi @ ofnd hbst 802l a¥@hckness
pl aying the role of sacrificial barrier, becom ng transparent during
manuf act ure Vf t RBEr eddyAERAE Moat 84S<G65ER &t e. €93t THbuUl BOEFEAPPFd0e
noted that thedddckinesssefom®etahdt tansfiorordctionaxi deyduri Bgatrtheng

depositipn process,depends, on several factors and o articul on
t he spegg ofi!]icﬁré %Bﬁvﬁ}r&bsﬁ%rhes’po%ﬂ n%h(l:'heOpstl}B:srlr a%gl‘f%?%s?heo%e\%?}ge
for depositimigndlayersnspacenneciicdrclirtie tdve tpowerpappt 1 @ned obelyend
cathodes (Mol - 128 RuAPHILALLNG LAY cQ)e WHLGBehesHldS 1hd 3.0,
certain oxidizing lTevel of the plas and 1n aresidence tine in this
pl asma. Thi PisfefpPly disiwardtilort ha&beer’tmde in the description,

in particular in the exenplary 5 enbodi nents, between the absorbent

portion, in the formof "absorbent |ayer” and the oxidize

DoCr i 112Pal Hor PRgn DEa t AEUTGr kb7t - tcecCPUBLTABSPR S1E » GRRFHEPS
| ayer”, everfddilitesed wohporddgnsobeathtngn g®aki tgpdtreain shbstrate
deposi tion qf,.qne_and. t.he _ rof 0. si teri ) e
passage froSn"lotgle o hof’ﬁgggt ggégeﬁ gSg éjrea%fu%aﬁl{%% _p%gglrtegénlgytgg
oxi dation. Rraferabtly, an dissor beptalt ayércisrposianconedt et weenhigh

thefir st andsecondfupcty onghl ayemns sThi Splaaabhangeied e Mi1d Nesthetic
absorbent | ayer goes agai nst the_teaching of docunent_ US 2009/ 0047466

Al cited abPRPEHIANG] - hbs beenatéandecrattqund stidusithossi ppesible
surprisingl yso tioeaskbyi 0Pt at Ba@nvar waiom sof as* f act eranbnisexanpbe
of | ess than 28% in double glaziE an ﬁven % | ower than_26% t han
24% by |1 miSTy T eher By CaBSBPpY| 61 t6 SABRIR" st pr efeFRBLY “Fo
45% at nost ,vashiaohi @v,oi kst wdwen obf | gatli 615 °6f, heviary i cafligcoibnaon
t ougheni ng ,<dhat ks S hani P ngt-heni.ng
heat treat ngtﬁfé él#lﬁ%gr er t%lév]\?t%gt%%%s 2§M?ﬁergehgf E]‘%%?Eﬁgé\n ?hggt geLr@=8§k
of the Slpporharmbredki ng when the latter is made of ordinary glass or
of a simlar brittle material. Furthernore, this arrangenent
according to the invention nmakes it possible to easily obtain a_light
reflection oB¥et vEASBALt HE sBBEPF AF &30 RGGF Shi ERe i §7REEPCE0 P owaD
for exanpl e aisd@asit Ndwed 1 nme-HIUE horavei denadsbtackibelipt the
ef fect when %%e. rgalaazi ng I.s . bserveg ﬁnder ceriai n | ow,a itent Iitht
condi tions. SHiEHT af TALT0r FHYCER Rl Twertite Taies miREE T t

35 factor and light transmission.

A transparent dielectric coating is a coating which



Preferably, when the multilayer solar-control stack is deposited on a
sheet of standard soda-line clear float 25 glass having a thickness
of 6 mm the total |ight absorption AL of the coated nonolithic
glazing is ato|ust/2Brae4and preferably of at | eastr@f)hbpITily d5gpu0
absorption value is nmeasured on the finished product, that is to say
that if the coated glass sheet is 30 +nfended to undergo a

hi gh-tenperature heat treatnent such as a toughening and/ or bendi ng
operation i rmlokdes td fbrenlt herddimshen ptodupesst hebrpgph aWsdhpuion
value Is measuspt alder Whisdeal dreatip . 14 18 ansagdvaghageouse

rati o between the small anpunt of 35 absorbent nateri used and t
ef ficiency SYHERFe@ODT 1HEYol &f) 1hEtept sufbiclenk ckerbpyg, 2the

color vari atdpﬁté@ﬁié@@b;{@&:ﬂeféfﬁh@boﬁ@ﬁ éRarfef & ﬁCth@nekQQK@eJlaﬁ
on the SFbSthJSEtsfe Si.de |s ess tg%@ 3, advant a?eougg}/ l.ess t 2O 5
preferab R ]é)ndaﬁr r 2B v F eRECERAAPSY 2 18Pyt IB

coat ed substarra:t edwrildeEaued,y tihes sappear anceqofa IwWticcld .iln refl ecti on
on the substrate side is not very sensitive to the vagaries of nass
production on an industrial scale which nmay lead to fluctuations in
the thicknes¥es verideitayeds e i mgipecddoei omdao Pleftdiabryrione

col or vari atyan Al1tacoly ddd fgflgect icgn | ‘E?i'éed ahvefehhenst aﬁ.‘e‘rys' dgeli s
| ess than 10, and advant agequsly | ess tha I'n the Same way

coat ed SPibstSHRSEANE Iy ol?tlélfﬁé'&ntt hewéﬁﬁé& aﬁ@é ofORRFER |1'=1f15the
refl ection @ﬁets!‘eeltsta;ﬂsvsmﬂﬂom,s n@heverdpﬁﬁ§1tl valbanbbg vagar i €ge of
mass production on _an_ in gi E scal vf; % %/ fI uct ua hons
in the thi ckHESSESTEF % h 113 Elﬁﬁrl"ﬁgl Guct ]ochu élfsépgblé

t he vari ati drd lefwiay efrmcintur*lal n reflection on the substrate si de,
during a variation of the angle of observation of between 0 and 55,
are at nost 3.7 as an absolute val ue, advantageously at nost 3.1.
Preferabby, the vari@®ptbeebfthaickneseft edtmeht anl 1@ 6 Bubst rat e
side, during a variati on of the angle of observation between 0 and

55, is between - This gives arti cuI ar advant a eous
col or st abi N yh qujﬁn %é%ﬁ/eq%ﬂrqleg%kfea @ﬁé%l HRessrees

littl e accondiyeg tim tdjlﬁeﬁmgfore sfhdohset yati O.?I'i,rtﬁml a?@iﬂ‘mdcﬂ:ﬁfb index
accordi ng t%bltt rr%v%rr% %fnet r%%ﬁ%sﬁg_lv_er Pr ﬁf erably, when the

mul tilayer SO &r-cont ol Sstack eposi 84"6n%a sheet of standard
soda-li#® clear float gl ass havi ng a thickness of 6 nmand when this
coated 35 sheel, is pwyed .as, douplee gl aai Agswi.t b (@8et her ghagt s0f

standard soda-11me clear float gl ass having a thi ckness of 4 mmt hat
is uncoated, the solar factor FS WD 2011/ 147864PCT/ EP2011/ 058540 -
26 - of thelﬁomlle:rglrﬂz_aamg 1% @ dtdmrh A8Me adiat ageousd Ymd €851 4 han
26% and t he Ilgtrt]Il tran ssion TI5E’5 s | ess than 57% advantageously
oss than 546 SN PARIFEELY PEsSSPRER or equal o 519 1t Lo thus
possi bl25to 5 obta| n a transparent glazing that forns an effective
sol ar-protectd o er ab e.s r.ate ar | st agk
has a sel ect(:irl%w #gﬁgl% %Der(r?ét h(glné]{g%gﬁadvg%tsﬂ;tggl usIFQL(g o#gﬁﬁégggat(gf
than 1. 94 aﬁ@vfea‘@d}r abaye@s,gr@m ertatrn pmqmenthh@kgeaék D§ the
deposi t ed OFEr%n%B%‘?cEn‘Ef ﬁ@mﬂé%ﬂir@ ehegl fdooat ghass having a

t hi ckness of nm and when this_ coated sheet is nounted as doubl e

gl azing wit ﬁué{‘n@tfhéfnesﬁ@étlcéfl §hardBFESE8dRTI Fhe EREAPUF| aYSIS- gl ass
havi ng 30t hi ckness of 4 mmthat i s uncoat ed. Transparent dielectric
coati ngs ar%well gwnlnthefl S _deposi ted

sputtering. “Phert e WaA €16 abt e lﬂﬁt é&’ﬁﬁr‘f@ea d aty%r %lrﬁ?fr%]sjsicfo
make a |i st na@Qutrker ebhtheds. iheyrheatl nigenehal wksdebe osq;ymittrdrd,es

wey of examihs S PEER, TR B S S AP R R h e IR A T s
Zr 02, Nb205ex¥0RleTibEr YOBGeMiNGDk, OH oRr, XMFOx(X-T=0x, p@@@b@ﬁtmm
35 spectroscopy) analysis of the stack.

For the purposes of the invention, the presence of the



positi oned under one or nore functional |ayers conprises a |ayer
based on a zinc oxide that is WD 2011/ 147864PCT/ EP2011/ 058540 - 28 -
optionally doped, for exanple with alum numor with galliu i n
direct cont 3@ 283W31488%4inctional |ayer or |ayers. Pc%h/e“-" ‘53::1/6%%40
may have a particularly favorable effect on the stability and

corr osi on 5 resistance of the functiénall Iz ayer, especially when it i's
silver. is also favorable to the i venent_of the electric
conduct i VI tyakﬁﬁo Lt verYBhsdd IHYer St rrgﬁg eRer 15T e‘IL 87 bb ERCHIER léi)n

| ow em ssi vigyopént past i chd asuldst raget heaheay theatinenk. db8 to this
pdvant ageous] dyed Nubtanspa Bl Il eChil ALl RS Ll oned yadel
each function aY nprises ael based on a zinc-tin mx

oxi de havi ngpmﬁm ereem apobrd amrmlaﬂellghta ofutthpbadgaaziegser

around 15 80p4 by wej,ght0h é'l@%n.n%r efigliah YndMh 0418 ¢ hap eaeura@a%@%
of tin and at |east around 90% of "zinc, in direct contact with

functional |HWRFLEHLE aydist ThiNIASEY 0 de PRANFETRSHIEGH Font @ﬁlatof

zinc OX: deI U&;@g&u@é‘t@:} ntdbrﬁﬂis@dm‘ér@@t 1wkl tﬂm%ua@t lg@f@éeﬂl’?y%rftﬁr
particularly en it is based gn silver,.is a ntaeous or_the
resi stance of'% thPEnctt]?Wer}tayegp?SlifﬁgaHﬁh ta‘enf)1 afur 4t 3s @

treat ment ofsddwei fioughient ayge andiay bendepgsiype. iftheecahbinatfioom ah

this mxed q g 0 t i u
functi oﬁn’gl 2@% él%{&lf#g %@\HEE%I n%lm@%(a e(;c%fo e f‘l([:]C%:nt%lgnlI%gglje afld oF
20% by wei gmxmlzech by the lcevidl zdmnd dukaamali @LeERg i Eb%dﬁ@plstl@tl@@

the most advant a9eoysxst AUGEW @nfort Nse aoothf asd swneﬁeofsuﬁo@%q%fe@%k
during a high-tenperature heat treatnent. 30 Preferably

substrate i 'e@shédeagmestantar $h€odaoaF e %qqtd?t@fas? ﬂﬁ%t|§htehe
substrate besiysniiedd Oloﬁ@éyllﬂ@ta’ﬁlﬁcbaQEtﬁ@r fsak ahegopirbalict and
gl azi ng. _Preferabl e substrate .is a sheet of exctra clear 35 gl ass

havi ng 491 gtrrﬂ Y %sjrf% 1Bt egﬂ‘t—eatt v e901575(5d:'bar Ben greater than

or equal to 91% and even greater than or equal to 92% One

articul arl ef ed 1/ 86 / ;05854 294 e
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The material of the absorbent layer may optionally be



10 respect all these ratios simultaneously. According to another
advant ageous enbodi nent, the geonetric thickness of the second
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35 of the layer, for example due to pcllution of the layer
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t hi ckness of the final transparent dielectric coatin ﬁ%})OSItI oned
beyond the P |1%8%141ht86%nal |ayer, starting fromEFe BRAStHAB54
| ess than 2.6, preferably less than 2. advant ageously | ess than 2,
makes it possible to easily obtain a'v 1ow solar factor, for
exanple of the order of 25% . conbi ned with a .high ect|V|t

exanpl e, cl 0s¥F tHA5CRT At %Bﬁstsl?na\jm tJ‘rﬁlJC<’;?r]r"f“’|l?'hyg (?f th%ngfi QXZEd or
absorption, rfttidedrfermef conldverehess tdvam k0% chmnlsarad;ll boofhihe
georet ri ¢ th%fepﬁasm%fta 340 168, 9208BI 1nd MELDERS 0T IR | 85! the

t ranspar ent ectric coa I's favorabl'y greatér tha
Furt her nor e, sidnal cbmk%r‘é@l @he 1@ tedAbicnde i (I sai BoFhi P of the

optical thi ckngsseg; of bae e i sangt |@§tdbééB§B@r%'P1tlsd'PAﬁéf ri§ an

coatings, nmakes it possible to easily avoid %reen color 1n

refl ecti on APINCHibstrdeE A%k PP§Hr f IBESHng?a phAbeE
coldor tc\ztlak&ci]\fé) say t’:t*lfe OEagéef&?,ﬁr s&@rﬁﬁ&ﬁlﬁi m;eéﬁ,ablay g@mﬁenf-l
an ile a li ect onontes rate |et [
hi gh enough W%t%]r%ec? trba%l‘g% ‘Fl%os‘b#%%k hol ecog %& thg Otgeﬁot
too high in @I@ib&cﬂncavolaiyelazzbé paridexanpl e af tlhetmder n&yl6beo

2091 n 98Dl & a2 e 3P RELILIAD Y. oL N ﬁ@&gwnglkﬁeg' S8y the

conbi ne he opti cal Thi ckness onetric
t hi ckness ofdemBsigiiqget meesme. 60AndaLg pieleshbl¢ b]e%mé%nd‘ﬁpézﬁéltgdz

and al so W the g ra&kOb f athsugsegaéﬁtcmelartcmn@nﬂ h@hi@ueé&abﬁasto
| R2 of between 35 2.6, and/or aratio with the é)lca

t hi ckness oft® {ﬂégéétéPnbeQ%eﬁyeeﬂ dtd PLEFOGRE AT IR TERR
optical thickiaessdpél&dttdct hayept itealtHehi dgnessopf mehell WO nature.
2011/ 147864RCT/ EP2011/ 058540, ; 3 | ast. t &n ectric
coati ng Bg%\e %y%l%nag t}f‘e ﬁa or Of rng?a@% agu%% EFLIl then
t hi cknesses tofpitdeel goatsiheygs &2 qnoacnlerm‘ b@t wele®d 1S£ﬂ.€823a':rtdLC81 4prpfils

al so advant ggagy Satos&%%&%%aalt' &Baﬁetﬂeh' osf5 Shduldangousit khe

has been found that thi's makes it possible to reduce the green )
col oration dtetael kbl §PTMN Pef REREPSRNGAIt HE S uBBERALECS dbith opald

exgrrpl e a* gﬂ)?ﬂfeﬁ{thﬁik@nlé){/eﬁggﬁh it Qesd, tsﬁ;reemrﬁm,y s eaLgr a%)@%ﬂbeﬁgl

and eve reater n -2. _ Furthernore, i.s .al so i ossi bl e

Fo bt aPR el Tl OF 1 el Al Sho ey BB Vi e Frgh i senrE st

| ess t han 40%taemh£]vse,n eﬁchemth?an &BYZ rTheandvéaviiog ext éhdskhess
ltipl I

multipl e ol az{ng compLi si0g, 8l 15| ofst oDeSYbsiEateRERT NG the

sol ar-contr |Ia er s descri ove hé Substrate i's
preferably aX%‘?ne@trOéfllgﬁ’@ndaﬁalﬁééla Imae gless. nPr eter@dr y, shave any

substrate isg.ashegk QheeXbiise C}n@@élghésswﬁvl 89 |'Q£‘}Be&£§]ﬁ'§{ﬂ §Sie0n
of greater than 90% _qor even greater 20 an or e to 91% and

even gréat ertq han éﬁléqBQMPBl@?%o%&hﬁar ﬂPEEFﬁF‘Ei‘raﬂar ef¥rept the
Sﬁbst rate i Slémegiﬂsfﬁe@@mwmdﬁut@etwaﬁ@ ﬂﬁéklghEAEVbﬁ Q\I(er)lalyyér
the conpany AGQ d ass _Europe ention.provi des 4 Very us

sol ar - pr ot ecégA %ﬁ?pl%o HWZi fg. %Tﬁgogéaﬁeg surbsftaSFa Y ogl %'15
mul til ayer stk tkepr bkerfabind assebkedPss opmo £ plrey ghaalngisf (bhat
exampi e as Ao A ! EBhe 8&?&&98? S ' 3k e Ebrhs Qi[heda% a

bwldmg t he ar radi ation first strl esthe coat e ass
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35 be established on moving away from the interface with
the neighboring layer responsible for the interface

oxidation or nitridation. Within the context of the



The invention al so extends to a | am nated gl azing conprising at |east
one transparent substrate as 15 descri bed above joined to a sheet of
gl assy material by neans of an adhesive plastic. Such glazing is
advant ageousty amexy ms7ggazi ng for a notor vehi cl e.poT/ER® 11ASES 43N
wi Il now be described in greater detail, 20 in a non-limting manner,
with the aid of the preferred exenpl ar y3erbodi nents bel ow. Exanpl es
25 Exanmple 1. A 2 mby 1 msheet of standard soda-line clear float
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35 calculations do not thus take into account the thin

barrier layer customarily used in the stacks which must

not undergo high-temperature heat treatment. The



10 of each of these two transparent dielectric coatings is forned

from cat hodes of a zinc-tin alloy containing 52% by wei ght of zinc

and 48% by weight of tin in order to formthe spinel structure of

zi nc st annat®o ZEh04786/% second zinc-tin mxed oxPER/ RN /037540

each of these 15 two transparent dielectric coatings, having a

geonetric thickness of around 18.4 nm fids deposited fromtargets of a
f

zinc-tin allqy, containing 90% by wei ght of zinc and, 10% by wei ght _of
FIn The ittt Sharie RotEageronr Shendarra msedhay essaPly
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"(TL)" means tha]é t he va asured |n trans neans

hat) the onraRatl Lhe vaLESeRR AT T RIERS e | L 3k Ol hay P PELAAES
and "(Rv)" nesrsidduantt hefvahee stacrkeasimedexampéél edttihon:hon ah@ of

substrate (g} érgﬁﬁﬁggggg@e | Sl%fh t@%’%&&l&ék% uﬂaggeg}a’%\?&erg}f

absorption val ue ubstrate as _
cal cul aBéd advorldl nda o ndfeENAEY st dhddr din - tlllﬁ - liteiratysser vébe

that the COltq{l%]ér[égseéé egki A Obtatpedi L 81 a%l%%%' € ﬁ@dp(éﬁ%rt&%ﬁﬂg@d
to comrerci al demand. The |l evel of reflection on t he substrate side

is not too B%w, UIhiER &P6i dRTEHNT bERERTROPRY WRNSE 3Gl dFHESR héDh

mrror effecathe Theecangul ayf vardrat i @alsu@fal@@hor ahe clkowsand perfe@hby
accept abl e, and t he nuf act ur| ng stabilit articul arl
BT R 6 e Var

d
As a vari antS°HHeEA RF dE*61Prf othl%l?]f%% g?c’) nﬂthe

35 sacrlflCLal layers for protecting the silver that are
produced by deposition of metallic titanium on the

silver, which is converted to TiO; under the action of



geonetric thicknesses of the various functional |ayers were nodified
according to the indications of table 1. As regards the transparent
dielectric coatings, the sane principle as in exanple 1 was used,
that is to Sy ZBL1Haa786ky are formed of two | ayerB;Tr /e 0dfl AMSS8540
| ayers of which has a fixed thickness and the other |ayer has a

conpl ementary thickness in order to obtl@ m the optical thickness
indicated in the table. As regards the various absorbent |ayers, when
one of the VdEltiesc80dABENg Austassa Abdses A&y o, deppsikearidia hanext
there is no ghsrdentc | aygdratishig Lg%?t%tr'aqn gqfveH‘ea@Qt@ke!qHﬁQfent
fi ni shed product and that_ the sacrlfl cial layer Ti used has, been
converted t FOGIESH & ditPndPadreiss ddesss fibl?e d%b%%tt@%@eth%l that
foll owi ng | ayersourddeinoshéerompakues 3baitidicaned daranldins Absin
Abs2, Ab 3 g{resp nd to t%u orretrlc t hi cknesses of the absorb&qt
layers iR the ¥ nisHeY prb s TEEEERT n The TEBTE A 1 ¥ het R0
2011/ 147864%@%1/@5@5@&@% 48ia absldllbmattlloatyervsnate PDS4 .t i Onlee
on the insi t riant, arrier er

and/ or B3 a(r%gugfrt)e:%?r:eez g&kaSA? \i%%l% thf}t%lﬁlgggt’o I'slg gﬁig éa§% O%f
obt ai ned fr drht@rdéyani ¢ ho@@oﬁfﬁtﬁl@)( byhs phDEEF| ngemfasﬁ@@t r ads or

slightly oxidizivwi0 HOsPheNi@esEhe g gsioyi t ysof nbhLe1 §t agkub WS the
manages bo be reduced and, tgerefore t he selectlviig nana es to be

i nproved? 10EHRTEE i vERERERPFR 1°TCo at PgEadxafpl é: as
listed in taiﬁmﬂ;eamd 2, shows a stack out side of the |nvention, t he
structure 15 of whichi sdescri bedbypat ent appli cati on US 2009/ 0047466 Al
by German et al. In this conparative exanple, there is no transparent
di el ectric dati mpdkndga isfanthdsorbentbkager lefye¥ nmr20 of JFrack
deDOS' ted Or&c;nh:%tlgtll%%]s %Hf‘éef Cgl%elaiba@@%l S@Hﬁc%hgﬁiﬂéa laye 8 BZ

| i ght -absorbing dielectric coating. protective yers Bﬁs

are forhed fMOSYA1E thdhCof Sﬁh@frad@poéqét% fafom st andaf ¢ %]aﬁt%degbﬁss
Ti 02, the tnraRSpar eat ﬂth@d:}e@ééé;c goakl hgs D2zasd 1_{53 ar echermeds D§h 25
ZnSnox, theta%)bsor ent ﬁer Abs3 | for d of T| ?nd 04l|s foré’r?d of
Si 3N4. The & &r?é’u% |”1€ay8f’§ e § 8t vy . 1PRET
substrate | ;'pm@era@flyglcafésatl Nedeer rads oanldndmomazt edrefictable bf tde
absorbent |3yer..3QsLi N on the glass is not counted as a dielectric
since it |s ot transparent The optical thicknesses are cal cul ated
accordidg to the fornula indicated above using the virtual refractive

i ndex. The refiraghievadtidex (5 rghgidd %‘sdﬂﬁéﬂtﬁjelayse@ He1ddat
of zinc- 35 tin oxide js 2.03 and the refractiye index n(550) of Ti o2

is 2.5, For ithePaat a2 s ond1CEhe Whi BRness of Tt he War rrer s Ngr Hieop
thaE 5exceed CoCT, nrnll *e 2n5 VtﬂJ?cgﬂslh {(ﬁHé’B@éPCEbEZa}:Jetﬂe&Eﬁﬂ@O Ti 44
- nm - t hi ckness corr sponln

t ranspar ent a(ﬁl?jellrpst r at| henTE CoFOR&PEi & é‘l%srtdrl ?e?t 'S Ef]é‘%?
for thids exarrme@t(:ltfsaa/meem:,alm ai:edpaeﬁerdbhg nedENGIO core tdﬁa tasi s
of the spectfah dat, Qte%m%se%d N e glocwenty,py. ngr T &y aé dlé% I's

observed that the properti es obt'ai néd ar'e ndt sdtistactory,
particul ar ftheresfer L4 n@fefiNecd oty avéthi ghiey ol bhed cahgrt H@e’qa@tt

reflections ciQeadr apweey ak0WneWdeghndi ¥8S o thbaghraetgphef fect
particularly in reflection on the subsfrate side. Exanple 30. 15

Exanpl e 30 is an exenplary enbodi nent of the invention which
conpri s&s f(E’htéferﬂth'yonaﬂhd ay@t*ﬁoobfsiﬁneeropﬁheatb ahechasse fdfvethe

Lransparent JLgLeabire C9ALINgS; hechhitl (ANParel Sheleely e

second and third functlonal layer, starting from the
substrate, {hereinbelow also denoted as third
transparent dielectric coating or D3) to the optical
35 thickness cof the final transparent dielectric coating
positioned beyond the last functional layer is between

1.3 and 2.6, advantageously between 1.6 and 2.6. When



The conposition of the various transparent dielectric coatings is the
sane as in exanple 1, except that in exanple 30 the coating 04 has
the sanme conposition as the transparent dielectric coating D3 fro
exanpl e 1 2HQAPkWAATERA transparent diel ectric codftT4fF W&BQW
same conposition as the transparent dielectric coating D4 from
exanple 1. The optical thi ckness of the&aat i ng D1 is 38.3 nm 30
that of coating 02 is of coat.i 03 1s,123.8 ha
of coating OAG%E 154 SOﬁfl'nY §Ellﬁeteh ungyt 109l ngaﬁrﬁ 3{137“2?)5’ nﬂH%Tﬁlgs
geonetric thiwkaeissesl of Laperfuhet i ahal |tayierd naderoingi | feomar éhe
respecti veI y | | owing: 1! 4 n nd
35 R4 = rﬁetﬁégtom teI oﬁhg%% faﬁcrés1 g;%rf%l?cgl ver a%[y rls %@
standard proltc’e&:ttlil/eydeayes e fofurddor id4n@i ab met dlf ofhare ﬁﬁﬁfmﬁlpéﬁ
becane t S%B:?é'rgrﬁmhp funéglonélhqg};éysshed product. A protective

| ayer acrificial netal Ti,” intended to form at the sane
tinme, the absorbent layer Abs2 in the finished product, is deposited
froma ti tanmgn té\fagﬁtliﬂyadmutﬁ}@ %oatd”fosrihler@ dllh&@bl—)@,c@meo tmbes
silver |ayer havi ng, a conmon Igt eéf age WI% he _oxi di.zi n

at nospher e é?rci D nkS iR i MPP he? BepBiFTfa Sf’rt ﬁBaFSPFSWHS Igyer
will partialhanuobdciwes t hifs sayerodfctt | bdni aoms Theegeonptaliidcy. For

t hi ckne of t he f de it su t at
ther e oiai OTR T | HuntesS GaRaF Soaz TP Rt alT e Ratire. 7
whi ch forms neﬁlm@meﬁplﬂayeﬂgm2fh1aot1ngtaomh|0cffknte§% dhigkpespgs

order to obtg# nihAi S dfUCKNRSS Q;ee@psﬁugﬁﬂiflé&ehﬂtml acfhé n'af_i@edof .2
product which is not, Heat- treatable af h|(gﬁ(15 temperature, 1, of

titani um werdihenadciCaet Garmylaepddict etPdwe t RE I%S?@rr YaEJrEl”%/Je‘Pn Ilﬁ1

the sane wamarmﬁa&ytﬁir@f h&ss paeof cﬁlm depasiated “onatdie 1sid veeen

| ayer | so, as, to. qbt bsor bent er Abs3 of 9 Ain the

fini shed”prd r}ecbggyl' a% SRS oebci%ai ed ‘are the fol l owing: the

selectivity is 2.036; the energy absorption is 42.7% the sol ar

factor g is 24.5% the IiEh ran %Eion TL is 49.9% The color in
A

transm ssi oy j;s, [ gL gEent * 25 ol l owi ng val ues: a*TL = -6.5;
b*TL = -1. q%e Color in'r Ihéti;o_lb-{a he stack side is represented
by the follow ng values: IRc = 43.3;“a*Rc = -5.5; b*Rc = -2.5. The
color in reflection on the substrate side is represented by the
follow ng val ues: .L*Rv, 5 Qa*Rv

variations of" c%ﬁlb?h 5 ef‘?ré%t £5n o % Eggugﬁ%ﬂ%’reensﬁ%ell%%c%%el nthe
t he angké ofhnﬁmfa/ambmi betdetene Olawedsb5yaanest hespeFkowehy: OShlaf‘t
ar =-2.4; %11 g g 0eBundngaididexnal vardatd oo Deliacol o« R‘é)ll'v%r
1.2. 35 Exanples 31 to 36. WO 2011/147864PCT/ EP2011/ 058540 - -
Exanpl es 31 tavse and ehrepreld buensparpetsahBlRayrARdCaESRE] ﬁé tae

Etlructur es Ssl,traé]@lr via@ fexiﬁﬁheﬁd&aleZ%yT@ﬁ_lﬁ f ber encess arze. specirhieed
elow. 5 In exanple e trans oatjng 01 i
formed from ‘g‘;g?l @gl f‘ﬂ'iq Khes§T @76 %?ﬁ kﬁ7§ §£ aﬁraﬁues
opti cal 26hi ckaressread WBiewm die Zrﬂ()],urmheantr arspar&ht dielectric coating
D2 is fornmed froman optical thickness of 118.6 nmof Si3N4 and from

an 10 optical thickness of 39.5 nmof Zn0O; the transparent dielectric
coating 03 iRrdimraklly s ohhan r@;itllocalfthh@kr@@:tgcgfl Iiickimed S 3Nge

and from an &Pﬂ&a{ré%ﬁé‘?@ﬁ% eiezéceﬁef AaQirdnthi heo t Eﬁ@se@rt%fal

dielectric coating 04 1s formed froman optical "15 thickness of 17.9
nm of ZnO aﬂéhﬂf‘%]@?ﬁsa% ofthi catbehi ckFeREPR¥eDs. 9 iR IFCIgisha. CPAt1NY

exanpl e332, M@lﬁi@m@arww@rel adtd | ricead i nghd4 dezcner mednkramnan
optical thickness of 17.9 nm.of ZnO.and 20 %rom n optical th| ckness

of 26.9 nm of2¥§203. hﬁ?eejt”rbﬁ?é’b"areﬁtls& el L&FPFE=doat Thgs 1, G5°IRG
D3 are fornedrdngrmtdret sdde lraterical soasiexanpl e32)1 tie 2<7eiamlen 0.3

according to the;sgme conditions, 2> hasexample 331, he draaspanenl
less than 0.7. It has been found that this feature
35 makes it possible to easily achieve a Deltacol value in

reflection on the stack side of less than 3.



Exanpl es 37 and 38. 35 WO 2011/147864PCT/ EP2011/ 058540 - 48 - The
differences are specified below In exanple 37, the absorbent [|ayer
Abs3' of netallic nature is positioned under the functional silver

layer 5 | R3.yd tag1i admaey of Ti of 1.2 nmof geomeigrgpiiakmess4ol n
exanpl e 38, the absorbent |ayer of netallic nature that absorbs in

the visible spectrumconsists of a 10 ggometric thickness of 1.5 nm
of Pd inserted between two | ayers of Si3N4 having an optical
t hi ckness ofPrZe{fef‘raMﬁachhit; herathial eiasdentl ythennd .pl.aced bHet V\El@'llils

t he protect |(_:‘vaeS IearyeC the 1?1 f]thagoajbe‘% Lgé ei ecjgéff%&pfl mgn A

table 1, the valtue of for t sor ent a er een aced
bet ween par @d?taﬁécseSlﬁiiﬁ tOIfe tossinhAbs|Sim enderataeétgﬂoly Waﬁalte this

layer is notydf aglon ol ML YRl e@cativendien 1khe saguencesof the
act ual structure since the absorbent |layer is in reality beyond the

| ayer Bl 2 encl osed between two Si3N4 20 |ayers. The sequence is in

reality t he Hrlfle@Wing:, .thé | RALB/ Slf3M4{eAb<sﬂ>f§t§N4ﬁcZ$@ihZ§@9/dﬁ2the
The optical thi clé[tgcss of ZS Sds nm and .t he |caI t hi ck{uassl of
7SO is 29. SnA™ o WViSHT RS Cto&‘tddtt’ St leg  cptica
t hi cknesses tofiddmestswo bayershof Sir3dWgpastenth 28Bimdkesract ot@batoind 46

coness 28 act ol
of table 1 P aare oS Ethy” GO BaRTrat TR, | Bgt ¢
Y sot 10VTEunGtiguel Jawes (DFEinbaloRORldo ORFeBSH t@gis Tirst

Q,'L 9ElL tran'E&ent9%heléJE%1é égaﬁingl%gllxi NhE Het@&en 11 314

| 99 4 OE1L. 807 903
nd 3.4, advantageously between 1. 2 and 3.

Preferably, the ratio of the cptical thickness of the
15 first transparent dielectric coating D1 to the optical
thickness of the transparent dielectric coating
positioned beyond the last functional layer is between
0.3 and 3.3, advantageously between 0.5 and 2.7 and
favorably between 0.8 and 2.5. It is thus easier to
20 achieve b* wvalues in transmission o¢f less than 1, or

even at a negative.

Preferably, the ratio of the optical thickness of the
third transparent dielectric coating D3 to the
25 geometric thickness of the third functional Ilaver
starting from the substrate (hereinbelow alsc referred
to has IR3) 1is between 6.3 and 13, advantageously
between 6.4 and 11 and favorably between 6.6 and 10.

30 Preferably, the ratio of the geometric thickness of the
third functional layer IR3 to the geometric thickness
of the second functional layer starting from the
substrate (hereinbelow also referred to as IR2) 1is
between 0.45 and 2.8, advantageously between 0.5 and

35 1.7 and favorably between g.5 and 1.2, These
preferential values of the IR3/IR2 ratio make it

possible to more easily achieve a Deltacol value 1in
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reflection on the stack side of less than 5.5.

Respecting these various ratios between the optical
thicknesses of the transparent dielectric coatings
and/or the geometric thicknesses of the functional
layers discussed above favors the obtaining of a solar-
control stack having high energy performance that has a
pleasant and stable color and a high selectivity, very
particularly when these ratios are all produced in
combination. This stack may be easily mass produced in
an industrial installation since 1t has a good color
stability in a manufacturing tolerance that is easy to
respect. It has been found that it 1s also possible to
more easily obtain a level of reflection examined on
the stack side that is lower and in particular less
than 20%. In this way, the reflection inside premises,
when the stack is placed at position 2 (position 1
conventionally being the outer face), is not too high
so as not to restrict the vision through the coated

substrate.

According to the invention, the absorbent layer of
metallic nature that absorbs in the wvisible radiation
spectrum is located on the inside of the stack, that is
to say between the substrate and at least the last
portion of the final transparent dielectric coating
positioned beyond the last functiconal layer, so that
there 1is always at least a significant thickness of
transparent dielectric material on top of it, relative
to the substrate. A final metallic protective outer
layer which is sometimes used to protect the stack
during & subsequent heat treatment, for example a layer
of a few nm of Ti, and which will oxidize during said
heat treatment in order to become a transparent oxide,
is not considered to be an absorbent layer according to
the invention. It is a protective outer layer which is

not located on the inside of the stack.
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5
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According to one embodiment of the invention, a portion
of a transparent dielectric coating 1s positioned
between one of the functional layers and an absorbent
layer so that the absorbent layer is on the inside of
the transparent dielectric coating. In this embodiment,
it will be preferred, without however this being a
necessity for the implementation of the invention, to
use a ceramic cathode for depositing the portion of
transparent dielectric coating positioned between said
absorbent layer and one of the neighboring functional
layers 1in order to be able to deposit the functional
layer and the absorbent layer, optionally with a
separate sacrificial layer, in a same neutral or at the
very least not very oxidizing atmosphere so as to

facilitate the deposition process.

Preferably, said absorbent layer is positioned in the
immediate wvicinity of a functional layer. This
arrangement has proved advantageous for various
reasons. Not only is this proximity of the functional
layer beneficial feor obtaining a good optical result,
but in addition, given that the absorbent layer has a
metallic nature, it can be deposited in the same
deposition zone under a neutral atmosphere as the
functional layer, which facilitates the process for
forming the stack. In the manufacture of a complex
stack having a large number of layers, this is a
significant advantage which limits the size of the
device. Furthermere, the metallic nature of the
absorbent layer makes it possible to obtain a
relatively high deposition rate. This advantage,
combinred with the proximity of the functional layer,
facilitates the stack-forming process which is already
very sophisticated moreover due to the presence of at

least three functional layers.

I
n
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The expression “in the immediate proximity” should be
understood to mean that there i1s no dielectric coating
or portion of dielectric coating having a thickness of
greater than 7 nm, preferably of greater than 5 nm,
5 advantageously greater than 3 nm and even 1 nm, between
the functional layer and the absorbent layer. On the
other hand, this means that there can be, for example,
a thin layer of oxide obtained from the sputtering of a
ceramic target of oxide in a neutral atmosphere or an
10 atmosphere containing a very low proportion of oxygen.
It may be, for example, a thin layer based on TiOg,
optionally doped for example with zirconium or with
niobium or in the form of a mixed oxide of TiO; with
the oxides of Zr or Nb, or based on aluminum-doped ZnO,
15 a thin layer obtained from a ceramic cathode of the
corresponding oxide. It may also be a thin layer of
NiCrOx, or a similar layer, for example followed by an

absorbent layer of NiCr.

20 The absorbent layer, in the immediate vicinity of the
functional layer, may be positioned on top or
underneath the functional layer. Advantageously, it is
positioned on top. This makes it possible to reduce the
risk of heating of the stack when the incident

25 radiation enters through the substrate, since a portion
of the heat radiation 1s already reflected by the
functional layer. When the stack risks heating beyond a
certain level and when the substrate bearing the stack
is made of glass, there is a risk of fracture of the

30 substrate due to thermal shocks during the exposure of
the glazing to sunshine with zones of shade. Therefore,
the substrate must undergo a mechanical strengthening
treatment in the form of a high-temperature thermal
toughening, which leads to an increase 1in the

35 production cost.

Preferably, the absorbent layer is positioned directly
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on a functional layer having a common interface with

it. It 1is thus possible to combine the role of
protecting the functional layer by a sacrificial layer
with the role of absorbent layer in one and the sanme

5 layer with the same material. The material of the
absorbent layer may hence be one of the metals often
used for the sacrificial layers, for example titanium,
NiCr, Nb or Zr. This greatly simplifies the stack
deposition process. It should clearly be understood in

10 this case that a sacrificial layer as used in a known
manner on the functional layer 1s largely oxidized,
preferably cbmpletely oxidized, by the deposition
plasma of the dielectric coating deposited next, so
that this layer becomes essentially transparent for

15 visible 1light. In the case where the absorbent layer
also plays the role of sacrificial layer according to
this preferred embodiment of the present invention, it
will be thicker than a simple sacrificial layer. 1In
this way it will remain, after possible o¢xidation by

20 the deposition plasma of the following layer and
opticnally after any subsequent heat treatment
resulting in the oxidation of this layer, such as a
toughening and/or bending heat treatment, an absorbent
layer for wvisible radiation which will also have, at

25 least over one portion of its thickness, a metallic
nature according to the definition given above. In this
case, the layer as deposited will be thicker than what

is necessary for obtaining the level of absorption
required by the absorbent 1layer, one portion of this

30 layer, playing the role of sacrificial Dbarrier,
becoming transparent during manufacture of the ready-
to-use coated substrate. It should clearly be noted
that the thickness of metal transformed to oxide during

the deposition process depends on several factors and

35 in particular on the speed of the conveyor transporting
the substrate into the device for depositing layers in

connection with the power applied to the cathodes {for
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a sputtering device), which results in a certain
oxidizing level of the plasma and in a residence time
in this plasma. This is why a distinction has been made
in the description, in particular in the exemplary
embodiments, between the absorbent portion, in the form
of “absorbent layer” and the oxidized sacrificial
portion, in the form of “protective layer” or “barrier
layer”, even 1f these two portions result in reality
from the deposition of one and the same layer of a
single material and the passage from one to the other

takes place gradually by progressive oxidation.

Preferably, an absorbent layer 1is positioned between
the first and second functional layers. This
arrangement of the absorbent layer goes against the
teaching of document US 2009/0047466 Al cited above,
but it has been found that it is thus possible,
surprisingly, to easily obtain a very low solar factor,
for example of less than 28% in double glazing and even
lower than 26% than 24%, by limiting the energy
absorption to 48% at most, preferably to 45% at most,
which avoids the obligation of having to carry out a
toughening heat treatment, that is to say a mechanical-
strengthening heat treatment, in order to withstand
thermal shocks without risk of the support breaking
when the latter is made of ordinary glass or of a
similar brittle material. Furthermore, this arrangement
according to the invention makes it possible to easily
obtain a light reflection observed on the substrate
side which is not too low, for example at least 9 to
11%, in order to avoid a “black hole” effect when the
glazing 1is observed under certain low ambient light
conditions. This arrangement according to the invention
also makes it possible to obtain a very good angular
stability, and also a small variation of the color in
reflection when there is a fluctuation of the

thicknesses of layers during the time for manufacturing
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a batch of ccated substrates or a lack of transverse
uniformity following a variable deposition rate over
the length of the cathodes.

5 According to one embodiment, the stack preferably
comprises only a single absorbent layer. This
advantageously simplifies the manufacturing process and
facilitates the adjustment of the properties of the
stack. On the one hand, the location of any absorbent

10 material to a single place on the stack facilitates the
manufacture thereof by the fact that the complexity of
the structure of the stack 1is not increased by the
existence of various sites of light absorption. On the
other hand, the single 1location of light absorption

15 ©provides a greater flexibility for the development of
the optical properties of the stack and may in
particular improve the angular stabkility of the color
in reflection and increase the manufacturing
tolerances.

20
According to another embodiment, the stack preferably
comprises several absorbent layers, each of them being
positioned in the immediate proximity of a functional
layer. This arrangement makes it possible to distribute

25 the light and energy absorption over the whole of the
stack taking into account portions reflected by the

functional layers.

As has been stated above, the functicnal layers are
30 advantageously formed from noble metal. They may be
based on silver, gold, palladium, platinum or a mixture
or alloy thereof, but also based on copper or aluminum,
alone, as an alloy with one another or as an alloy with
one or more of the noble metsls. Preferably, all the
35 functional layers are based on silver. This is a noble
metal which has a very high efficiency of reflection of

infrared radiation. It is easily used in a magnetron
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device and 1its cost price is not prohibitive, in
particular in respect to its efficiency.
Advantageously, the silver 1is doped with a few percent
of palladium, aluminum or copper, in a proportion, for
example, of 1 to 10%, or else it is possible to use a

silver alloy.

According to certain advantageous embodiments of the
invention, there are four functional layers, which
makes it possible to more easily obtain a particularly
high selectivity for low solar factors. According to
other advantageous embodiments of the invention, there
are only three functional layers, which 1s a favorable
compromise between obtaining a high selectivity and the
complexity of the stack which influences the

manufacturing costs.

Preferably, the abscrbent layer has a thickness of at
most 7 nm, advantageously at most 5.5 nm, favorably at
most 4.5 nm and even 4 nm, and preferably of at least

0.5 nm, advantagecusly of at least 1 nm.

Preferably, when the multilayer solar-control stack is
deposited on a sheet of standard soda-lime clear fleoat
glass having a thickness of 6 mm, the total 1light
absorption Ap, of the coated monolithic glazing 1is at
least 25%, and preferably of at least 30%. This light
absorption value 1is measured on the finished product,
that i1s to say that if the coated glass sheet 1is
intended to undergo a high-temperature heat treatment
such as a toughening and/or bending operation in order
to form the finished product, the 1light absorption
value is measured after this heat treatment. It is an
advantageous ratio Dbetween the small amount of
absorbent material wused and the efficiency of the

effect on the solar factor.
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Preferably, the color wvariation Deltacol {as defined
above) in reflection looked at on the substrate side is
less than 3, advantageously less than 2.7, preferably
less than 2.4 and preferably 1less than 2.2. Thus a

5 coated substrate is obtained, the appearance of which
in reflection on the substrate side 1is not very
sensitive to the vagaries of mass production on an
industrial scale which may lead to fluctuations in the
thicknesses of the layers during preduction.

10
Preferably, the color variation Deltaccl in reflection
looked at on the stack side is 1less than 10, and
advantageocusly less than 5. In the same way, a coated
substrate is thus obtained, the appearance of which in

15 reflection on the stack side is not very sensitive to
the vagaries of mass production on an industrial scale
which may lead to fluctuations in the thicknesses of

the layers during production.

20 Preferably, the variations o¢f a* and b* in reflection
on the substrate side, during a variation of the angle
of observation of between 0 and 55°, are at most 3.7 as
an absolute value, advantageously at most  3.1.
Preferably, the wvariaticon of a* in reflection on the

25 substrate side, during a variation of the angle of
observation between 0 and 55°, is between -3.1 and 2.5.
This gives a particularly advantageous ceclor stability,
since the overall appearance of a facade varies little
according to the angle of observation, for example

30 according to the movement of the observer.

Preferably, when the multilayer solar-control stack is
deposited on a sheet of standard soda-lime clear float
glass having a thickness of 6 mm and when this coated
35 sheet is mounted as double glazing with another sheet
of standard soda-lime clear float glass having a
thickness of 4 mm that i1s uncoated, the solar factor FS
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of the double glazing is less than 28%, advantageously
less than 26% and the light transmission T, is less
than 57%, advantageously less than 54% and preferably
less than or equal to 51%. It is thus possible to
obtain a transparent glazing that forms an effective

solar-protection screen.

Preferably, the substrate bearing the stack has a
selectivity of greater than 1.9, advantageously of
greater than 1.94 and favorably of greater than 1.898
when the stack is deposited on a sheet of standard
soda-lime clear float glass having a thickness of 6 mm
and when this coated sheet is mounted as double glazing
with another sheet of standard soda-iime clear float

glass having a thickness of 4 mm that is uncoated.

Transparent dielectric coatings are well known in the
field of layers deposited by sputtering. There are many
suitable materials and it is pointless to make a list
thereof here. They are in general oxides, oxynitrides
or metallic nitrides. Among the most commeon, mention
may be made, by way of example, of Si0O;, TiOz, SnOaz,
Zng, ZnAlox, SisNg, AlN, Al,03, Z2rQsz, Nb>0s, YOx,
TiZrYOx, TiNbOx, HfOx, MgOx, Ta0Ox, CrOx and Bi,O3 and
mixtures therecf. Mention may also be made of the
following materials: AZO, ZTO, GZ0O, NiCrOx, TXO, ZSO,
TZC, TNO, TZ30, TZAO and TZAYO. The expression “AZO”
relates to an aluminum-doped zinc oxide or to a mixed
oxide of zinc and aluminum, preferably obtained from a
ceramic cathode formed by the oxide to be deposited,
either in a neutral or slightly oxidizing atmosphere.
Similarly, the expressions ZTO or GZO relate
respectively to mixed oxides of titanium and zinc or of
zinc and gallium, obtained by ceramic cathodes, either
in a neutral or slightly oxidizing atmosphere. The
expression TXO relates to titanium oxide obtained from

a ceramic cathode of titanium oxide. The expression ZS0
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relates to a zinc-tin mixed oxide obtained either from
a metallic cathode of the alloy deposited under an
oxidizing atmosphere or from a ceramic cathode of the
corresponding oxide, either in a neutral or slightly
5 oxidizing atmosphere. The expressions TZO, TNO, TZSO,
TZAC or TZAYO relate respectively to titanium-
zirconium, titanium-niobium, titanium-zirconium-tin,
titanium-zirconium~aluminum or titanium-zirconium-
aluminum-yttrium mixed oxides, obtained from ceramic
10 cathodes, either in a neutral or slightly oxidizing
atmosphere. All these materials cited above may be used
for forming the transparent dielectric coatings used in

the present invention.

15 Preferably, at least one of the transparent dielectric
coatings comprises at least one layer based on a zinc-
tin mixed oxide containing at least 20% by weight of
tin, for example around 50% in order to form Zn;Sn0,4.
This oxide is very useful as a transparent dielectric

20 coating 1in a stack capable of undergoing a heat

treatment.

Preferably, the lower transparent dielectric coating
positioned between the sheet of glassy material and the
25 functional layer comprises at least one zinc-tin mixed
oxide containing at least 20% by weight of tin, and the
outer transparent dielectric cecating alsc comprises at
least one zinc-tin mixed oxide containing at least 20%
by weight of tin. This arrangement 1is very favorable
30 for protecting the absorbent layer and the functional
layer both with respect to oxidation originating from
the outside and oxygen originating from the glassy

material.

35 Preferably, the transparent dielectric coating
positioned wunder one o©or more functional layers

comprises a layer based on a zinc oxide that 1is
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optionally doped, for example with aluminum or with
gallium, in direct contact with the functional layer or
layers. The =zinc oxide may have a particularly
favorable effect on the stability and corrosion
resistance of the functional layer, especially when it
is silver. It is also favorable to the improvement of
the electrical conductivity of a silver-based layer,
and therefore to obtaining a low emissivity, in

particular during the heat treatment.

Advantageously, the transparent dielectric coating
positioned under each functional layer comprises a
layer based on a zinc-tin mixed oxide having no more
than around 20% by weight of tin and at least arocund
80% by weight of zinc, preferably no more than around
10% of tin and at least around 90% of zinc, in direct
contact with the functional layer or layers. This mixed
oxide having a high content of zinc oxide under and in
direct contact with the functional layer, particularly
when it is based on silver, 1is advantagecus for the
resistance of the functional layer to the high-
temperature heat treatment of the toughening and/or
bending type. The combination of this mixed oxide
containing a high content of zinc under the functional
layer with a =zinc-tin mixed oxide containing at least
20% by weight of tin in the lower and cuter dielectrics
constitutes the most advantageous structure for the
good resistance of the stack during a high-temperature

heat treatment.

Preferably, the substrate is a sheet of standard soda-
lime-silica glass. This is the substrate best suited
for serving as a base for solar-control glazing.
Preferably, the substrate is a sheet of extra-clear
glass having a light transmission of greater than 90%,
or even greater than or equal to 21%, and even greater

than or equal to 92%. One particularly preferred
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substrate 1is the glass sold under the trade mark
CLEARVISION® by the company AGC Glass Europe.

According to one advantageous embodiment, the geometric
thicknesses of the first, second and third functional
layers (respectively IR1, IR2 and IR3), starting from
the substrate, are increasing. This configuration,
particularly when it is combined with a ratio of the
optical thickness of D2 to the optical thickness of D1
between 1.25 and 3.1, and with a ratio of the optical
thickness o¢f D3 to the geometric thickness of 1IR3
between 6.3 and 13, facilitate the obtaining of a
particularly high selectivity for a very low solar
factor such as a sclar factor of less than 28% in
double glazing as discussed above, in particular a
selectivity greater than or equal to 1.98, in
combination with a c¢olor in transmission having a
strenger Dblue component, without too pronounced a
tendency toward the green/yellow domain, that is to say
with a wvalue of b* in transmission of less than or
equal to 1, and preferably less than or equal to 0.
Indeed, one particularly bothersome problem of high
selectivity having a low solar factor is the natural
tendency toward green colors that are not desired from
a commercial viewpeoint. This arrangement also makes it
possible to obtain, at the same time, a light
reflection examined on the glass side which is not too
high, in particular less than 19% in double glazing,
but above all it makes it possible to obtain light
reflections as low as 8 to 9%. This arrangement also
makes 1t possible to easily obtain a low wvalue of
Deltacol in reflection onn  the substrate side.
Preferably, this embodiment is also combined with a
ratio of the optical thickness of D3 to D2 of between
0.5 and 1.7, advantageously between 0.5 and 0.8 or
between 1.25 and 1.7 and/or with a ratio of the

geometric thickness of the layers IR3 to IR2 of between
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1 and 2.8, advantageously between 1.8 and 2.8 and/or a
ratio of the optical thickness of D3 to the optical
thickness of the last transparent dielectric coating of
between 1.6 and 3, advantageously between 2.35 and 2.75
and/or a ratio of the optical thicknesses of the
coating D1 to the last transparent dielectric coating
of between 0.3 and 2.1, advantageously between 1.4 and
2.4, It id1s also advantageous to respect all these

ratios simultaneously.

According to another advantageous embodiment, the
geometric thicknesses of the first, second and third
functional layers, starting £from the substrate, are
decreasing. In this decreasing configuration of the
thicknesses of the functional layers, the ratio of the
optical thickness of the third transparent dielectric
cocating D3 to the geometric thickness of the third
functional layer IR3 is preferably between 7 and 11. In
this decreasing configuration of the thicknesses of the
functional layers, the ratio of the optical thickness
of the first transparent dielectric coating D1 to the
optical thickness of the transparent dielectric coating
positioned beyond the last functional layer is
preferably between 1 and 2.5. This configuration,
particularly in combination with said ratios,
facilitates the obtaining of a low solar factor with a
minimum of energy absorption, for example of less than
or equal to 42% and even less than or equal to 39%,
which is advantageous by the fact that it makes it
possible to obtain a coated substrate having a very low
solar factor, in particular between 23% and 25%, which
does not require mechanical strengthening by heat
treatment of the coated substrate as discussed above.
Furthermore, this configuration makes 1t possible to
easily obtain a very low variation of a* in reflection
on the substrate side during a wvariation of the angle

of observation between 0 and 55°, for example between -
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1.5 and 1.5. Preferably, this embodiment is also
combined with a ratio of the optical thickness of D3 to
D2 of between 0.3 and 0.7, and/or with a ratio of the
geometric thickness of the layers IR3 to IRZ2 of between
5 0.5 and 1.1, and/or a ratio of the optical thickness of
D3 to the optical thickness of the last transparent
dielectric coating of between 1.3 and 2.6, and/or a
ratio of the optical thicknesses of the coatings D2 to
D1 of between 1.6 and 3. It is moreover advantagecus to

10 respect all these ratios simultaneously.

According to another advantageous embodiment, the
geometric thickness of the second functional layer IR2
1s at least 5%, preferably at least 10%, ¢greater than
15 the geometric thicknesses of the first and third
functional 1layers. This configuration, particularly
when it is combined with a ratio of the optical
thickness of D3 to the geometric thickness of 1IR3
between 7.2 and 13, preferably between 7.2 and 10, and
20 with a ratio of the optical thickness of Dl to the
optical thickness of the last transparent dielectric
coating between 1.3 and 3.3, preferably between 1.6 and
2.7, facilitates the obtaining of a low wvalue of
Deltacol in reflection on the layer side, in particular
25 of less than 3. This arrangement also makes it possible
to obtain, at the same time, a light reflection
examined on the glass side which is high enough, in
particular greater than 17% in double glazing, for
example between 17 and 20%, so that the glazing gives a
30 certain brilliance to the facade of the building if
such is the desired effect. Preferably, this embodiment
is also combined with a ratio of the optical thickness
of D3 to D2 of between 0.4 and 1.1, advantageously
between 0.4 and 0.75 and/or with a ratio of the
35 geometric thickness of the layers IR3 to IR2 of between
0.4 and 0.9, and/or a ratic of the optical thickness of
D3 to the optical thickness of the last transparent
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dielectric coating of between 1.75 and 3, and/or a
ratio of the optical thicknesses of the coatings D2 to
D1 of between 1.6 and 2.7. It is alsc advantagecus to

respect all these ratios simultanecusly.

According to another advantageous embodiment, the
geometric thicknesses of the three functional layers,
starting from the substrate, are equal to within a
difference of 10%, preferably equal to within 8% and
advantageously equal to within 4%. This configuration,
particularly when it is combined with a ratio of the
optical thickness of D1 to the optical thickness of the
last coating between 1.2 and 2.1, and with a ratio of
the optical thickness of D3 to the optical thickness of
D2 between 0.5 and 0.8, facilitates the obtaining of a
bluish color in transmission, that is to say b* of less
than 1, preferably of less than 0, and alsc a very low
variation of a* in reflection on the substrate side
during a variation of the angle of observation between
0 and 55°, for example between -1.2 and 0.8.
Preferably, this embodiment 1is also combined with a
ratio of the optical thickness of D3 to the geometric
thickness of IR3 of between 8§ and 10, and/or with a
ratio of the geometric thickness of the layers IR3 to
IR2 of between 0.9 and 1.1, and/or a ratio of <the
optical thickness of D3 to the optical thickness of the
last transparent dielectric coating of between 2.15 and
2.6, and/or a ratio of the optical thicknesses of the
coatings D2 to D1 of between 1.5 and 2.6. It is also
advantageous to respect all these ratios

simultaneously.

According to another advantageous embodiment, the
geometric thickness of the second functional layer,
starting from the substrate, is at least 10% less than
the geometric thickness of at least cone of the first

and third functional layers and is less than or equal
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to the thickness of the other of these two functional
layers. Preferably, the other of these two functional
layers has a geometric thickness at least 4%,
advantageously at least 8% and favorably at least 10%
greater than the thickness of said second functicnal
layer. This configuration, particularly when the ratio
of the optical thickness of the transparent dielectric
coating D3 to the optical thickness of the final
transparent dielectric coating positioned beyond the
last functional layer, starting from the substrate, 1is
less than 2.6, preferebly less than 2.2, advantageously
less than 2, makes it possible to easily obtain a very
low solar factor, for example of the order of 25%,
combined with a high selectivity, for example, close to
or at least 2, with a minimum of energy absorption, of
the order of or even less than 40%. This ratio of the
gecometric thickness of D3 to the geometric thickness of
the last transparent dielectric coating is favorably
greater than 1.3. Furthermore, this configuration,
combined with said ratio of the optical thicknesses of
the third and last transparent dielectric coatings,
makes it possible to easily avoid a green color in
reflection on the substrate side without risk of
obtaining a purple ceolor, that is to say a* of greater
than -5, preferably between -1 and -3, while having a
light reflection on the substrate side that is high
enough in order to aveid the “black hole” effect but
that is not too high in order to avoid dazzle, for
example of the order of 16 to 20% in decuble glazing.
Preferably, this embodiment 1is also combined with a
ratio of the optical thickness of D3 to the geometric
thickness of IR3 of between 6.6 and 10, preferably
between 7 and 9.2, and alsc with a ratio of the
geometric thickness of the layers IR3 to IR2Z of between
1 and 2.6, and/or a ratio with the optical thickness of
D3 to D2 of between 0.4 and 1.1, and/or a ratio of the
optical thickness of D1 to the optical thickness of the
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last transparent dielectric coating of between 0.5 and
2.7, and/or a ratio of the optical thicknesses of the
coatings D2 to Dl of between 1.15 and 3.4. It is ailso
advantageous to respect all these ratios
simultaneously. It has been found that this makes it
possible to reduce the green coloration of the coclor in
reflection on the substrate side, for example a¥*
greater than or equal to -4, preferably greater than -3
and even greater than -2. Furthermore, this also makes
it possible to obtain particularly low energy
absorption wvalues, for example of less than 40% and

even of less than 38%.

The invention extends to multiple glazing comprising at
least one substrate bearing a solar-control multilayer
stack as described above. The substrate is preferably a
sheet o0f standard soda-lime glass. Preferably, the
substrate is a sheet of extra-clear glass having a
light transmission of greater than 90%, or even greater
than or equal to 91%, and even dgreater than or egual to
92%. One particularly preferred substrate is the glass
sold under the trade mark CLEARVISION® by the company
AGC Glass Eurcpe. The invention provides a very useful

solar-protection multiple glazing.

The coated substrate of the multilayer stack 1is
preferably assembled as multiple glazing, for example
as double or triple glazing, so that, when it 1is
mounted on a buillding, the solar radiation firstly
strikes the coated glass sheet on the side without the
stack, then the stack, then the second glass sheet, and
then optionally the third if it is triple glazing. The
stack 1s therefore, according to the convention
generally used, in position 2. It is in this position

that the solar protection is the most effective.

Preferably, when the substrate bearing the multilayer
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stack is a sheet of 6 mm standard clear glass and when
it is mounted as double glazing with a sheet of
standard clear glass with no coating having a thickness
of 4 mm, the double glazing thus formed has a solar
factor of less than 30%, for example between 23 and
26%, a light transmission greater than or egual to 44%,
an external light reflection, therefore on the glass
side of the coated glass sheet, of between 7 and 19%,
preferably between 11 and 19%, with a bluish color in
external reflection characterized by a wvalue of b* of

less than a*.

The invention also extends to a laminated glazing
comprising at least one transparent substrate as
described above joined to a sheet of glassy material by
means of an adhesive plastic. Such glazing 1is

advantageously used as glazing for a motor vehicle.

The invention will now be described in greater detail,
in a non-limiting manner, with the aid of the preferred

exemplary embodiments below.

Examples

Example 1.

A 2m by 1 m sheet of standard soda-lime clear float
glass having a thickness of 6 mm is placed in a
sputtering device, enhanced by a magnetic field, at
reduced pressure (around 0.3 to 0.8 Pa) of the
magnetron type. On this glass sheet a multilayer solar-
control stack is deposited in the manner explained

below.

A first transparent dielectric coating is deposited on
the glass sheet. This first coating is formed of two

layers cof zinc-tin mixed oxides deposited in a reactive
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atmosphere consisting of a mixture of argon and oxygen,
from cathodes of zinc-tin alloys of different
compositions. The first zinc-tin mixed oxide is formed
from cathodes of a =zinc-tin alloy containing 52% by
weight of zinc and 48% by weight of tin in order to
form the spinel structure of zinc stannate Zn,Sn0O4s. The
second zinc-tin mixed oxide ZnSnOx, having a geometric
thickness of arcund 9.2 nm, is deposited from targets
of a zinc-tin alloy containing 90% by weight of zinc
and 10% by weight of tin. The thickness of the first
layer of zinc-tin mixed oxides 1s the balance with
respect to the thickness of the second layer in order
to achieve the geometric thickness corresponding to the
optical thickness of the first transparent dielectric
coating D1 indicated in table 1 below. In table 1, the

thickness values are given in angstrom (A).

An infrared-reflecting IR1 functional layer, formed of
silver from a target of practically pure silver
sputtered in a neutral atmosphere of argon is then
deposited on the first transparent dielectric coating
D1. The geometric thickness of this layer IR1 is given

in table 1 in angstrom (A).

A layer of titanium Ti is deposited from a titanium
target in a neutral atmosphere directly onto the silver
layer that has & common interface with 1it. Firstly,
this layer serves as part of the absorbent layer Absl
in the finished product. It is furthermore intended to
also form a protective layer for the silver layer IRI1,
or barrier layer BI1, as sacrificial metal. The
oxidizing atmosphere of the plasma during the
deposition of the following layer, described
hereinbelow, will oxidize the sacrificial layer Bl of
titanium. The total geometric thickness of the layer of
Ti as deposited is sufficient so that there remains in

the finished product some Ti of metallic nature which



[296] EFir 1-61/-1 1898/ | Ol.p 1 699 | wiz | ETCTl 1-Tha 1-0-1
19G | | 191 J 11 ri | ou | 1-171 1-55-1 1-1.- 1 z | t | 17]
| F-c[ 0¥ A ey [Thrl 571 #CT/EPZ011/058540

- 37 -

1-167.-1 1-2291 1.79-171 1206l 1939-1 17979-1 Fiorl F6-971 1| nu
I
I
I

forms the absorbent layer Abs 1 having the geometric
thickness specified in table 1 which is 1.3 nm for
example 1. To obtain this thickness of absorbent layer

in a finished product which is not heat treatable at

5 high temperature, 2.7 nm of titanium were in fact
actually deposited on the silver layer. The protective
layer Bl therefore has a geometric thickness of 1.4 nm,
indicated in angstrom in table 1. For a stack intended

to underge a toughening, bending and/or hardening

10 treatment (which hardening treatment is a toughening
treatment in which the rapid —cooling is less
proncunced), between 3.9 and 4.7 nm of titanium would

be deposited under the same conditions. The thickness

of the protective layer converted to oxide which

15 exceeds 2.5 nm (value corresponding as oxide to 1.4 nm
of geometric thickness of Ti of the protective layer Bl

as deposited in the case of a non-toughenable stack)
will have to be added to the thickness of the
dielectric coating which follows for the calculation of

20 the ratios according to the invention, therefore
excluding of course metal that absorbs in the visible

spectrum.

As a wvariant, it is also possible to deposit in
25 addition, directly onto the absorbent layer Absl before
depositing the following dielectric coating, a thin
layer of 1 to 2 nm of TiOx or of ZnOx optionally doped
with aluminum, in a neutral atmosphere starting from a
ceramic cathode respectively of optionally doped
30 titanium oxide or zinc oxide. This thin layer then
constitutes the barrier layer Bl for protecting the
silver and Ti of the absorbent layer. The total layer

of Ti is then only 1.3 nm.

35 Similarly, the following layers are then deposited on

the protective (barrier) layer Bl:
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A second transparent dielectric coating D2, a second
functional layer IR2, a sacrificial layer B2 made of Ti
of 1.4 nm that does not, in this example 1, constitute
an absorbent layer in the finished product, a third
transparent dielectric coating D3, a third functional
layer 1IR3, a layer of Ti having a total geometric
thickness of 2.8 nm are deposited on the layer Bl. This
last layer of Ti is intended to form, in the finished
product, an absorbent layer Abs3, the 1.4 nm geometric
thickness of which is indicated in table 1, and also a
protective sacrificial layer B3, the geometric
thickness of which is also 1.4 nm. The two absorbent
layers are therefore, according to the invention,
located on the inside of the stack. Next, a fourth and
last transparent dielectric coating D4 is deposited on
the layer of Ti. This fourth transparent dielectric
coating D4 1is formed of two layers of zinc-tin mixed
oxides deposited in a reactive atmosphere constituted
of a mixture of argon and oxygen from cathodes of zinc-
tin alloys of different compositions. The first =zinc-
tin mixed oxide ZnSn0Oy, having a geometric thickness of
around 9.2 nm, is deposited from targets of a zinc-tin
alloy containing 90% by weight of =zinc and 10% by
weight of tin, referred to hereinbelow as ZS09. The
second zinc-tin mixed oxide is formed from cathodes of
a zinc-tin alloy containing 52% by weight of zinc and
48% by weight of tin in order to form the spinel
structure of zincg stannate 22510y, referred to
hereinbelow as 7%305. The thickness of this second layer
of zinc-tin mixed oxides is the balance with respect to
the thickness of the first layer to attain the
gecmetric thickness <corresponding to the optical
thickness of the fourth transparent dielectric coating
D4 indicated in table 1 below.

The second and third infrared-reflecting functional

layers, IR2 and IR3, are formed of silver from a target
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of practically pure silver sputtered in a neutral

atmosphere of argon, in the same way as the layer IRLI.

The second and third transparent dielectric coatings,
respectively D2 and D3, are each respectively formed of
two layers of =zinc-tin mixed oxides deposited in a
reactive atmosphere constituted of a mixture of argon
and oxygen from cathodes of zinc-tin alloys of
different compositions. The first zinc-tin mixed oxide
of each of these two transparent dielectric coatings is
formed from cathodes of a zinc-tin alloy containing 52%
by weight of zinc and 48% by weight of tin in order to
form the spinel structure of zinc stannate Zn,;Sn04. The
second zinc-tin mixed oxide ZnSn0,, of each of these
two transparent dielectric coatings, having a geometric
thickness of around 18.4 nm, is deposited from targets
of a zinc-tin alloy containing 90% by weight of zinc
and 10% by weight c¢f tin. The thickness of the first
layer of zinc-tin mixed oxides of each of these two
coatings is the balance with respect to the thickness
of the second layer of each of these twoe coatings in
order to achleve the geometric thickness corresponding
respectively to the optical thicknesses of the second
and third transparent dielectric coatings D2 and D3

indicated in table 1 below.

In table 1, the wvalues of +the wvarious ratios of
thicknesses of the transparent dielectric coatings and
functional layers discussed above have also been
indicated. BAs discussed above, these ratios are
calculated without taking into account the thickness of
the protective sacrificial metal layers Bl, B2 and B3,

each having 1.4 nm of Ti.

This coated glass sheet is then assembled as double
glazing with another 4 mm sheet of clear glass, the

coating being positioned on the side of the space
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inside the double glazing. The space between the two
sheets is 15 mm and 90% of the air therein is replaced
with argon. By observing the dcuble glazing on the
glass side of the coated substrate, the stack being
placed at position 2, that 1is to say that firstly the
glazing provided with the stack observed on the glass
side, then the sheet of clear glass without layer are
observed, the optical and thermal properties indicated
in table 2 are noted. In the present invention, the
following conventions are used for the measured or
calculated wvalues. The 1light transmission (T.), the
light reflection (R}, the 1light absorption (Ap)
(percentage of 1light flux - of 1lluminant D65 -
absorbed by the glazing in the visible range) are
measured with illuminant D65/2°. As regards the color
in reflection and the color in transmission, the CIELAB
19876 (L*¥a*b~*) values are measured with illuminant
D65/10°. The solar factor (FS or g) 1s calculated
according to the EN410 standard.

In table 2 the wvalues of selectivity (S) and of
Deltacol are also indicated, and also the values of the
variations of a* and b* in reflection on the substrate
side during a variation of the angle of observation
between 0 and 55°, respectively referred to as “Shift
a*” and “Shift b*”. Deltacol (Ry) means that the index
of variation is obtained in reflection on the substrate
side, whilst Deltacol (Rc) means that the index of
variation is obtained on the stack side. For the values
of colors, “(Ty)” means that the wvalue i1s measured in
transmission, “(Re)” means that the value is measured
in reflection on the stack (layer) side and “(Ry)”
means that the wvalue is measured in reflection on the
substrate (glass) side. Column Az of table 2 takes up
the energy absorption values of the coated substrate as
a simple sheet, calculated according to the EN410

standard.

0



j

at -

Ww--1 9'1- 9'0- 0 0 at- 6'0- 9- 01.1 6'Z- 30 1I. t-

ETV

rn-

V4 -

L W TE- L- t- St- Pt- VE- L- 3 Z.. ONsq 6' 31-

ru- 9'31- ye- E- L- | tn.- | 604- wa- | E6 1C 6- 6401-

3411-

10

15

20

25

30

35

WO 2011/147864 PCT/EP2011/058540

- 41 -

It 1s observed that the colors in reflection obtained
are agreeable and correspond to commercial demand. The
level of reflection on the substrate side is not too
low, which avoids the “black hole” while avoiding the
mirror effect. The angular variations of color are low
and perfectly acceptable, and the manufacturing

stability is particularly good.

As a variant, the zinc-tin mixed oxide of the wvarious
transparent dielectric coatings was replaced by one of
the following series of layers for D1, D2 and/or D3:
T102/%2n0:B1 or TZO/Ti0,/Zn0 or Sn02/Zn0/Sn0,/Zn0 or
Zn0:Al/Z2505/72n0, by one of the following series for Dl:
SisNs/Zn0 or ALN/ZnC, and one of the following series
for D4: Zn0/Sn0, or Zn0O/TZ0 or 2Zn0:R1/ZS05 or
Zn0/Sn0,/S1i3Ny or Zn0/Sn0z/A1N, optionally with an outer
protective layer. Each time, the geometric thicknesses
of the various constituents were adapted as a function
of their wvirtual refractive index (as described above)
in order to obtain the optical thickness of the
corresponding transparent dielectric coating as
indicated in table 1. The actual refractive indices
n(550), at the wavelength of 550 nm, of the dielectric
materials used are the following: for TiQ,,
n(550) 2.5; for SisNg, n(550) = 2.04; for Al;03,
n(550) = 1.8; for ZS05 and 2809, n(550) = 2.03; for
AlN, n(550) = 1.9; and for TZ0, n(550) = 2.26.

Substantially the same properties were obtained.

It

According tc other wvariants, use is made of Nb, Cu, a
ZnAl alloy, a ZnTi alloy, Cr, Zn or NiCr in order to
form the absorbent layers Absl and Abs3. At the time of
deposition, a sufficient thickness was deposited in
order to obtain the same total light absorption value
on the finished product. The sacrificial layer on IR2

was Ti.
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According to yet other wvariants, in the transparent
dielectric coating D4, the sequence of zinc-tin mixed
oxides was replaced by the sequence Zn0:Al/Ti0, or TZO,

5 by the sequence Zn0:Al/Sn0,/TiC, or TZO, or else by the
sequence Zn0:Al/ZS0S5/Ti0; or TZO.

According to another wvariant, the barrier layer BZ,
formed of sacrificial metal Ti, is replaced by a TXO
10 layer, that is to say a Ti0; layer obtained from =z
ceramic cathode of TiO, by sputtering in a neutral or
slightly oxidizing atmosphere. This makes 1t possible

to reduce the emissivity of the stack.

15 Examples 2 to 29.

Examples 2 to 29 were carried out in the same manner,
according to the same structures and with the same
materials as example 1. In these examples however, the
20 optical thicknesses of the wvarious coatings and the
geometric thicknesses of the various functional layers
were modified according to the indications of table 1.
As regards the transparent dielectric coatings, the
same principle as in example 1 was used, that is to say
25 that they are formed of two layers, one of the layers
of which has a fixed thickness and the other layer has
a complementary thickness 1in order to obtain the
optical thickness indicated 1in the table. As regards
the various absorbent layers, when one of the values
30 Absl, Abs2 or Abs3 is zero, this means that there is no
absorbent layer at this location of the stack in the
finished product and that the sacrificial layer Ti used
has been converted to oxide TiOx during the process for
depositing the following layers. The non-zero values
35 indicated in columns Absl, Abs2, Abs3 correspond to the
geometric thicknesses of the absorbent layers in the

finished product. As is seen in the table, all the
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absorbent layers are positioned on the inside of the

stack.

As a variant, the barrier layers B2 and/or B3 are
formed by a layer TXO, that 1is tc say a layer TiO0;
obtained from a ceramic cathode of TiOyx by sputtering
in a neutral or slightly oxidizing atmosphere. The
emissivity of the stack thus manages to be reduced and

therefore the selectivity manages to be improved.

Comparative example 1.

Comparative example 1 (Cl), listed in tables 1 and 2,
shows a stack outside of the invention, the structure
of which is described by patent application
US 2009/0047466 Al by German et al.

In this comparative example, there is no transparent
dielectric coating D1, it is an absorbent layer of 2 nm
of TiN deposited on the glass that forms, at the same
time, a light-absorbing dielectric coating. The
protective layers Bl and B2 are formed from 5 nm of
TiO,, deposited from a ceramic cathode of Ti0O;, the
transparent dieleciric coatings D2 and D3 are formed of
ZnSnOx, the absorbent layer Abs3 is formed of TiN and
D4 is formed of SisN4. The three functional layers are

formed of silver. The substrate is made of glass.

In the ratios indicated in table 1, the absorbent layer
TiN on the glass is not counted as a dielectric since
it 1s not transparent. The optical thicknesses are
calculated according to the formula indicated above
using the virtual refractive index. The refractive
index n{550) of silicon nitride is 2.04, that of zinc-
tin oxide is 2.03 and the refractive index n(550) of
Ti0; 1s 2.5. For the calculations, the thickness of the

barriers of Ti0O, that exceed 2.5 nm, i.e. 2.5 nm
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(5 nm — 2.5 nm), 1s added to the thickness of the

corresponding transparent dielectric coating.

The properties indicated in table 2 for this example Cl
were calculated according to EN410 on the basis of the
spectral data disclosed in the document by German et
al. It is cobserved that the properities obtained are not
satisfactory, and in particular the colors in
reflection are highly colored and the light reflections
are very low, which gives a “black hole” eiffect

particularly in reflection on the substrate side.
Example 30.

Example 30 1s an exemplary embodiment of the invention
which comprises four functional layers of silver. There
are hence five transparent dielectric coatings, the
fifth transparent dielectric cecating being referred to
as D5,

The composition of the various transparent dielectric
coatings is the same as in example 1, except that in
example 30 the coating D4 has the same composition as
the transparent dielectric coating D3 from example 1
and that the transparent dielectric coating D5 has the
same composition as the transparent dielectric coating

D4 from example 1.

The optical thickness of the coating D1 1is 38.3 nm,
that of coating D2 is 81.8 nm, that of coating D3 is
123.8 nm, that of ccating D4 is 171.5 nm, and that of
coating D5 is 72.5 nm. The geometric thicknesses of the
functional layers made of silver are respectively the
following: IRl = 4 nm, IR2 = 9.8 nm, 1IR3 = 14 nm and
IR4 = 18 nm. Deposited on the first layer of silver
IR1, was a standard protective layer made of

sacrificial metal of 1.4 nm which became transparent in
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the finished product. A protective layer made of
sacrificial metal Ti, intended to form, at the same
time, the absorbent layer Abs2 in the finished product,
is depcsited from a titanium target 1in a neutral
atmosphere directly onto the silver layer IR2 having a
common interface with it. The oxidizing atmosphere of
the plasma during the deposition of the following layer
will partially oxidize +this layer of titanium. The
geometric thickness of the layer of Ti as deposited is
sufficient so that there remains in the finished
product some Ti of metallic nature which forms the
absorbent layer BAbs2 having a thickness of 4 A. 1In
order to obtain this thickness of absorbent layer in a
finished precduct which is not heat-treatable at high
temperature, 1.8 nm of titanium were in fact actually
deposited on the layer of silver. In the same way, a
layer of 2.3 nm of Ti was deposited on the silver layer
IR3 so as to obtain an absorbent layer Abs3 of 9 A in

the finished product.

The properties obtained are the following: the
selectivity 1is 2.036; the energy absorption is 42.7%;
the solar factor g is 24.5%; the light transmission Ti
is 49.9%. The color in transmission 1s represented by
the feollowing wvalues: a*q, = -6.5; b*y, = -1. The color
in reflection on the stack side is represented by the
following wvalues: L*pe = 43.3; a*ge = -5.5; b*pe = =-2.5.
The color 1in reflection on the substrate side 1is
represented by the following vwvalues: L*zy = 39.3;
a*py —2.2; b*zxy = —-3.4. The variations of color 1in
reflection on the substrate side according to the angle
of observation (between 0 and 55°) are the following:
Shift a* = =-2.4; Shift b* = 0.5. The index of variation
Deltacel (Ry) is 1.2.

Examples 31 to 36.
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Examples 31 to 36 are carried out in the same way and
according to structures similar to examples 1 to 27.

The differences are specified below.

In example 31, the transparent dielectric coating D1 is
formed from an optical thickness of 57 nm of Si3Ng and
from an optical thickness of 19 nm of Zn0; the
transparent dielectric coating D2 is formed from an
optical thickness of 118.6 nm of 8SisN; and from an
optical thickness of 39.5 nm of Zn0O; the transparent
dielectric coating D3 1is formed from an optical
thickness of 39.1 nm of SisNy; and from an optical
thickness of 26 nm of ZnO; and the transparent
dielectric coating D4 is formed from an optical
thickness of 17.9 nm of Zn0 and from an optical
thickness of 26.9 nm of Si3Nj.

In example 32, the transparent dielectric coating D4 is
formed from an optical thickness of 17.2 nm of ZnO and
from an optical thickness of 26.9 nm of Al;03. The
transparent dielectric coatings D1, D2 and D3 are
formed from the same materials as examples 1 to 27 and

according to the same conditions.

In example 33, the transparent dielectric coating D1 is
formed from an optical thickness of 57 nm of TiO, and
from an optical thickness of 19 nm of Zn0. The
transparent dielectric coatings D2, D3 and D4 are
formed from the same materials as examples 1 to 27 and

according to the same conditions.

In example 34, the transparent dielectric coating D1 is
formed from an optical thickness of 57 nm of ZS05 and
from an optical thickness of 19 nm of Zn0; the
transparent dielectric coating DZ is formed from an
optical thickness of 20.5 nm of ZnGC:Al (ZnO decped with
2% by weight of Al), from an optical thickness of
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118.6 nm of ZSO5 and from an optical thickness of 19 nm
of Zn0; the transparent dielectric coating D3 is formed
froem an optical thickness of 13 nm of Zn0:Al (Zn0 doped
with 2% by weight of Al), from an optical thickness of
39.1 nm of ZS0O5 and from an optical thickness of 13 nm
of Zn0; and the transparent dielectric coating D4 is
formed from an optical thickness of 17.9 nm of ZnO:Al
(Zn0 doped with 2% by weight of Al), from an optical
thickness of 23.5 nm of ZS05 and from an outer layer,
that is part of the transparent dielectric coating D4,
of 3.4 nm of optical thickness of TiO, deposited on the
layer of ZS05.

In examples 35 and 36, the structures are again similar
to examples 1 to 27, but the absorbent layer Absl has
been modified. In example 35, the absorbent layer Absl
is formed of 2.3 nm of Cr. At the time of the
deposition, a gecometric thickness ¢f 2.3 nm of Cr 1is
deposited from a metallic cathode of Cr sputtered in a
neutral atmosphere, and then 1.4 nm of Ti is deposited
which acts as a protective sacrificial layer Bl, the
latter oxidizes during the depositicn of the second
dielectric coating in order to form transparent TiO;.
In example 36, the absorbent layer Absl 1s formed of
1.8 nm of Zn. At the time o0f the deposition, a
geometric thickness of 1.8 nm of Zn is deposited from a
metallic cathode of Zn sputtered 1in a neutral
atmosphere, and next 1.4 nm of Ti 1is deposited which
acts as a protective sacrificial layer, the latter
oxidizes during the deposition of the second dielectric
coating in order to form transparent TiO,. The

properties are given in table 2 below.

Examples 37 and 38.

Examples 37 and 38 are also produced in the same way

according to structures similar to examples 1 to 27.
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The differences are specified below.

In example 37, the absorbent layer Abs3" of metallic
nature is positioned under the functioconal silver layer
IR3. It is &a layer of Ti of 1.2 nm of geometric

thickness.

In example 38, the absorbent layer of metallic nature
that absorbs in the visible spectrum consists ocf a
geometric thickness of 1.5 nm of Pd inserted between
two layers of SiasNy having an optical thickness of
23.6 nm each, the whole assembly being placed between
the protective layer Bl and the transparent dielectric
coating D2. In table 1, the value of 15 A for the
absorbent layer has been placed between parentheses in
the column Absl in order to signify that this layer is
not in fact in the correct location in the seguence of
the actual structure, since the absorbent layer is in
reality beyond the layer Bl, enclosed between two SizNg
layers. The sequence 1s in reality the following:
/IR1/B1/8isN;/Abs1/Si:N4/Z805/ZS09/IR2/ ... The optical
thickness of ZS05 is €9.2 nm and the optical thickness
of ZS09 is 29.6 nm, to which it is necessary to add the
cptical thicknesses o¢f the two layers of SiszNg, which
makes a total of 146 nm for the transparent dielectric

coating as indicated in column D2 of table 1.
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CLAIMS
1. A transparent substrate bearing a solar-control

multilayer stack comprising at least n functional
5 layers based on a material that reflects infrared
radiation and (n+1l) transparent dielectric
coatings so that each functional layer is
surrounded by transparent dielectric ceoatings, n
being greater than or equal to 3, characterized in
10 that the stack comprises at least one absorbent
layer of metallic nature that is abscrbent in the
visible radiaticn spectrum and is lcocated on the
inside of the stack, and in that the ratio of the
optical thickness o0of the transparent dielectric
15 ceating positioned between the second and third
functional layer, starting from the substrate, to
the optical thickness of the £final +transparent
dielectric coating positioned beyond the last

functional layer is between 1.25 and 3.0.

20

2. The transparent substrate as claimed in claim 1,
characterized in that the ratio of the optical
thickness of the transparent dielectric coating
positioned between the second and third functicnal
25 layer, starting from the substrate, to the optical
thickness of the final <transparent dielectric
coating positioned beyond the 1last functional

layer is between 1.3 and 2.6.

36 3. The transparent substrate as claimed in either of
claims 1 and 2, characterized in that the ratio of
the optical thickness of the transparent
dielectric coating positiconed between the second
and third functional layer, starting from the

35 substrate, to the o¢ptical thickness of the
transparent dielectric coating positioned between
the first and second functional layer 1is between
0.3 and 1.7.
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The transparent substrate as claimed in one of the
preceding claims, characterized in that the ratio
of the optical thickness of the transparent
dielectric coating positioned between the first
and second functional layer, starting from the
substrate, to the optical thickness of the
transparent dielectric coating positioned between
the substrate and the first functional layer is
between 1.15 and 3.4, preferably between 1.2 and
3.

The transparent substrate as claimed in one of the
preceding claims, characterized in that the ratio
of the optical thickness o©¢f the transparent
dielectric coating positioned between the
substrate and the first functional layer, starting
from the substrate, to the optical thickness of
the transparent dielectric coating positioned
beyond the last functional layer is between 0.3
and 3.3.

The transparent substrate as claimed in one of the
preceding c¢laims, characterized in that the ratio
of the optical thickness of the transparent
dielectric coating positioned between the second
and third functional layer, starting from the
substrate, to the geometric thickness of the third
functicnal layer is between 6.3 and 13, preferably
between 6.4 and 11.

The transparent substrate as claimed in one of the
preceding claims, characterized in that the ratio
of the geometric thickness of the third functional
layer, starting from the substrate, to the
geometric thickness of the second functional layer

is between 0.45 and 2.8, preferably between 0.5
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and 1.7.
8. The transparent substrate as claimed in one of the

preceding claims, characterized in that said
5 absorbent layer 1s positioned in the immediate

proximity of a functional layer.

9. The transparent substrate as claimed in claim 8,
characterized in that the abscrbent layer is
10 positioned directly on a functional layer, having

a common interface with it.

10. The transparent substrate as claimed in one of the
preceding claims, characterized in that the stack

15 comprises only a single absorbent layer.

11. The transparent substrate as claimed in one of
claims 1 to 9, characterized in that the stack
comprises several absocrbent layers, each of them

20 being positicned in the 1immediate wvicinity of a

functional layer.

12. The transparent substrate as claimed in one of the
preceding claims, characterized in that all the
25 functional layers are Dbased on silver or silver

alloy.

13. The transparent substrate as claimed in one of the
preceding claims, characterized in that the
30 absorbent layer has a thickness of at most 7 nm,

preferably of at most 4.5 nm.

14, The transparent substrate as claimed in one of the
preceding claims, characterized in that, when the

35 multilayer solar-control stack is deposited on a
sheet of standard soda-lime c¢lear float glass

having a thickness of 6 mm, the total 1iight
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absorption A;, of the coated monolithic glazing is
at least 25%.

The transparent substrate as claimed in one cof the
preceding claims, characterized in that the
variations of a* and b* 1in reflection on the
substrate side, during a variation of the angle of
observation of between 0 and 55°, are at most 3.7

as an absolute wvalue.

The transparent substrate as claimed in one of the
preceding <c¢laims, characterized 1in that the
substrate bearing the stack has a selectivity of
greater than 1.9, preferably of greater than 1.94

and advantageously of greater than 1.98.

The transparent substrate as claimed in one of the
preceding clalnms, characterized in that the
substrate is a sheet of standard soda-lime-silica

glass.

The transparent substrate as claimed in any one of
the preceding claims, characterized in that the
geometric thicknesses of the £first, second and
third functionail layers (respectively IR1, IR2Z and
IR3), starting from the substrate, are increasing,
in that the ratio of the optical thickness of D2
to the optical thickness of D1 is between 1.25 and
3.1, and in that the ratio of the optical
thickness of D3 to the geometric thickness of IR3

is between 6.3 and 13.

The transparent substrate as claimed in any one of
claims 1 to 17, characterized in that the
geometric thicknesses of the first, second and
third functional layers, starting from the

substrate, are decreasing, in that the ratio of



- 51 - CLAIMS 1. A transparent substrate bearing a solar-control

mul tilayer stack conprising at | east n functional 5| ayers based on a
material that reflects infrared radiation and (n+l) transparent
dielectric t%orlqts/ls‘go’stelhat each functional |ayer iP%TS/%g‘?%lﬂz%%B%
transparent di el éctric coatings, n being greater than’ofr equal to g
characterized in 10 that the stack conmpgises at |east one absorbent

| ayer of netallic nature that is absorbent in the visible radiation

spectrumand is legat gﬁt%a&hetl'l{‘élitcﬁ@s@ dhe +$eackn i apd Ef‘aﬁ%%réﬁ@

ratio of the optical thickness of the transparent dielectric

coating positionédeBechedr tHasEbnB3ari® t kied Fanmativdfal thhgkress
starting fromthersubst rafied traddie @Rt Qalydhinkness wicwdwen f7 nahd
transparent diel S tric CoaltjEn p ﬁiti oned by ond the ] ast func]t(i onal
| ayer is between (1\1 5 3.%& Zg . THhé %t P%s%bﬁ e?ﬁtjs‘ilag]stt?}éjt% £\
cl _ai nmed bn cl ai mof, tﬂfmrﬂi::t@tri'_zealnispa;hat tiﬁl_elea:tird)_cofcotahetn@ptlj]ca’to
t hi ckness of thet!;n;aans% rtq_%tald' elfg,gitcrﬁn%s%oatl _positio ﬁaéx?%é{‘fgﬁt

the second and third functional ayer, starting from

substrate, to théiepectalict hicolehdsy ofpasidifdnesl toeuesshr efhte  last
di el ectric coatinpgnpesihihaned heyenadpthgckast tuacbignal layer is
between 1.3 and 2.6. 30 3. The transparent substrate as clained in
either of clains 1 and 2, characterized in that the ratio of the
gpti cal1¢ Ei cknesghef t%ﬁ%sk:@%@?llﬂarsﬁ!ﬂistd:aﬁlee%@ il GeRid Nt ]Emg} téxﬁ@egg
etween the second _and thjr unctional layer, startin rom.t he
substrate, to th&q86fﬂiscalhlthF8kng?§ okaf%E}/‘ﬁéd]ffs?)eacg enfgdi écl%@éftriEhe
coat i ng positi ongéohetween thhiekhiesst cednd secEubrifdinbinonaind laykryés
bet ween 0.3 and oo 11/ 147864RCT/ EP. 4Q. - =+ 4.1 dhe
t ransparent substﬁ%t elg\g %?aiirréeadggn%g’rfe Efr%t_%%ga%rgggegftng?%?%n&a—”
characterized i ngtRaterhetpani otbe t@ecsptréal thiekpessedf ¢he the
transpagent 5 di elegkrigngoatiing peshti-opadibet yeenst harfi eshtanghe
second functional |ayer, starting fromthe supstrate, _to the optical
t hi ckness of the@ftaRspafentdi eg%iLF?t]: cbRtFREEPBsi ©F ondd bk? wedhe
the substrate andebhetkiesttHivkidsanabf | aper iss ddbedseveen. 2. Encantl
3.4, preferably between 1. d 3._ 5. Th nspar.ent strate a
clainmed in one anfjhelnprtéjcang?tnqbec %?%r%, Oghécg-‘%ctooﬁlfe& isclr%%t%%}ae‘o’t%egf
rati o 15o0f the opti catot hitdknesepbficehe ttlanspemeshnt difel etheic last
coatlngpositi On%gaHEF‘ﬁ%Htt hE St iRt e%@ég- &&191%' bekwbHACl analng
| ayer, starting fromthe substrate, to the optical thickness of the
transparent diel éefric coating positioned 20beyond the | ast
functional |ayer is between 0.3 and 3.3. 6. The transparent substrate
as claimed i,n one_of the preceding,clains, characterjzed in that the
ot o 25 of A S S4TSR CRRGs S bR LLAGS: AtnerataRe. drelbt (JHE of
coating positionedabhetween the sadond @mirddiex fadhct ionalthlaayerthe

starti fromth gt e, .t o] I G Lhi Ss .thiyd
functi on%SaI | ayer Sﬁéﬂggg&gen’tégk@%sﬁ, n%#;f gcrhaebl %eet \%é%é\é]%éfmafnd
11. 7. The transpavens,sgfsintang dsragt ailmedsithsbrnetef ehe maeddity

claims, charactepizgdyin thatrdhensatbe alyst he Peon®t riget hizgknessr of
the third functional 35 | ayer, starting fromthe substrate, to fhe
geonetric thicknE8§ oPPRtHEdecdith FHIRTS ondf | Byer TPs HétSnectPiot 23t

ang 2.8, prefelra_bh)ighﬁtaﬂ@efbfo%ﬁqe-l5§t- ogﬂmi:ihgr-i_ﬁ-bghﬁeéﬁallsp_a'rm_
substr as cla In _one ,of the precedin ,al ng,. characterilzed In
t hat sg-‘g[g 5absorgg‘rﬁt | & i po@??tipongaei ngf‘ﬁéoi mvedi grahe@ pr%’(ﬂﬁ%

of a functional khyekne8s ¥le ¥ anspanentpsilbslr ahéciaseskaiofedd nis
cl aim 8, charact Séi&%gni B.Ehghdt B%qbsor bent | ayer is

22. The transparent substrate as claimed in any one of
35 claims 1 to 17, characterized in that the
geometric thickness of the second functional

layer, starting from the substrate, 1is at least



10positioned directly on a functional |ayer, having a conmon
interface with it. 10. The transparent substrate as clained in one of
the preceding clains, characterized in that the stack 15conpri ses
only a singlwoabsor pemgéayer. 11. The transparent sebgtra0el AS58540
claimed in one of clains 1 to 9, characterized in that the stack
conpri ses several absorbent |ayers, eadt of them 20bei ng positioned
in the immediate vicinity of a functional |ayer. 12. The transparent
substrate as cl ailfiE®d lassnehef: tthe preoedimg cllaicmeshaofcter ilzedti n
that all the 25f i gpal,.l.ay. r a n I S al .
13. The transpar (Lalc%fés gsttrhat eﬁg]gsﬁ gp?reg%qr% ﬂﬁqﬁ%ﬁgl !Lg %%%gah%y
cl ai ns, characterizedeiss thaant & 3eabsdr bent tlhéyethhéknasﬁhl@:ﬁ(né@§

of at nost 7 nm gyef.erapl ynabeat JB0sturfh 8 JHH1 114ayeme t 5 RESPAr eRbit,

substrate as clained in one of the preceding clairfs, charact er| zed in
that, when the 35-hful tfRRyer &4 artlednt PBE1&RAck G depois t e@f onthe
sheet of standard: 0 d ddre: chealebloat @loass AVDRY tﬂhékﬁb@i&c@fl 6

mm the total 011/ 147864PCJ/ EP2011/ 058540 -

TbSor ot i on AL of g&”ﬁe%@a% HonobhE i &GP hei FGANEDAPoPEasflisAsCtEIFs
The transparent sudestinag e pxssrltmmmd:l |]memnedofthhe ﬂ)BSCEdIfImglCd:h.@Il’leﬂ
characterized in 4 th of refle n

t he substrate si egl?etdrdrlﬁtggﬁﬁél g':{}?)gln 01?9 %EBSE f%o sgé%/gt |tglr%n
betweenl@ and 55,2 -dre Qe bRy 71ess aphabsdt 4t eavlaané_agq?ﬁgsly less
transparent substdipie ;as clained in one of the preceding clains,
characterized in that the substrate bearing the stack has a
selectivity of greater than 1.9, preferably of greater than 1.94 and
advant ageously. ofrrgs et &fispavent. 88osThetér assparLinteds ubst &a&emaaz
clainmed in one of ,the precedi g .cl a JEj %}‘aract rlzed i thato cal
substrate is a shéle % eﬁlae r&nso %aF si I é gl%gs h'ﬁ'ue p
transpadent substtrl’ai@raﬁsclcafn@a it dine aeongftitie preclenesy ofailRs,
characterized in {habelhecgeamel rigy t ihcknesses, of nhie dHd siat%%&d
and third functional ?ayers respectively | , Starting
fromthe substrattde a%om%réasﬁﬁgwhwqawa@ft H@Yreétsl 01%3 ttﬁ’e Bpti dal

t hi ckness of D2 tederoptieal 4t hckness of DL is between 1.25 and
3.1, and in that the ratio of the optical thickness of 03 to the
geonetric thickness of 1IR3 is between 6.3 and 13. The transparent
substraké as24l aiaredmuht Apyeoneylefziclgal nsordpt bsiily char aciesdsizedone
that the geonetrig H{H Ca[%%scseﬁugfst%g%eflé t, 1%%%’29 gﬂd LRLTd e tpe
functi onal Iayers Al ing fromthe subs are decreasing, in
that the ratio oforecesgng tHeigpt. cal thi ckness of the third
transparent dielectric coating 03 to the geonetric thickness of the
third functional layer ]R3 is between 7 and 11 and in that the ratio
of the opticat- t i ckils¥&etdt ne RFEEE t CRAPFACERE didt ect?Ret co8fPng
D1 to the opticaltidisplgiess okubBerbkanspar eiita idier e@hﬂ@npo&mmgof
posi ti oned beyond the | ast func? onal .l ayer |s bet t Irtld

20. The transpar 20t at® adcl dHEES n zgny %on& 818 cl &i g}arc’gy
17, characteri zedhatettildt Myhenegeonett ian tahihaleness pdfasttties.second
functional layer IR2 is at least 5% preferably at |east 10% greater
than the geonetric thicknesses of the 15 first and third functional

| ayers, in that the ratio of the optical thickness of 03 to the
geonetric thickness of IR3 is between 7.2 and 13 and in that the
ratio of the optical thickness of DI to the optical thickness of the
| ast 20 transparent dielectric coating is between 1.3 and 3.3. 21The
transparent substrate as clainmed in any one of clains 1 to 17,
characterized in that the 25 geonetric thicknesses of the three
functional layers, starting fromthe substrate, are equal to within a
difference of 10% in that the ratio of the optical thickness of D1



