; e3ehe. HGHTELG6 ﬁmm - 1 - PCT/FRO3/ 00702 TRANSPARENT SUBSTRATE
HAVI NG.AN ANTI TI NG W TH ABRASI ON RESI STANCE PROPERTI ES The
invention relates tgsffansparent, nost particularly 5 glass, substrates

whi ch are prow dgsdoweialloan antirefl ecti gn-coati ng W t pcaty 03007 St ance
properties. It also relates to their use as glazing or filters for display

screens, for S he f i i ection
coating deposﬁ%gp%%a ?r%‘fﬁgﬁﬁs}%@ga&% ‘ilﬁg’ﬁ%%%%@ta@&ﬁ%ﬁ#
reflection, and theref WI&H ABRASIONS RESTISTIANGE PRORERFIES on. A substrate
thus coated therefore sees an 15 increase in its transnmtted

light/reflected light ratio, thereby inproving the visibility of objects
pl aced behi n@hpt inVigBRire relasss: &@ (6 a@EHAERE tt h @ QfdX iRRITR i EM ect i on

effect, id igikbhen prefiBsabheeto prrvede batd fasesvided he witistraire with
this type of 20,co?ﬁing“ It can_then be eg&%oyg@)in.n&ny aeg%%%gtions, for
exanpl e for PPGLEEEFRGEACBai nCPRGIPE um*tdted” KBYPTES4Ght P nd t he
observer, orptopecenetit Ot @l s25 mgldteaning paeirofise sboglazicew oo t hat
what is in the,wi.ndowJs nore ar | i_Sti_ngui bl e
interior |i gEf‘ilﬁnSr?s Ifoovsl\; co%%ﬁé%ywi %éﬁqjte%élséxt e?%r graﬁ]ﬁ?%gm‘@%%e

performance efremnantirefl ection coating can be neasured or eval uated
accordingyto various criteria. Comng first, of course, are optica
criteria. For_an antireflection coati ng to be considered "good", it nust be
abl e to redudBet fanGtgion (ff |ant aphi el hestbpmargaling Serofided bstrate

down to a giyen piaideparedit exampder2fe Ohsevald 1%addcbesscsTheligid i | ayer
coating is oft%Teuse for gl zigg%in bui | di_ ngs and_aut onobi_| es.
0

|
conprises thFfEteCAePB3/ 0 rgf?%ﬁ]Fﬁ@B/dﬁﬁﬁfﬁ?ﬁerﬁé?emﬁ%ﬁhqayers
deposi ted onttrhassubstipat eA gabetazblty ahusl tcoansd daheofeflurgh sawk laow
refractive ig ers.. | nt | pat | [Weyg) 37006
teaches:%§nu?ﬂ??gég% anr}refﬁéct?%%ﬂ%%ggﬁéa t%§?%§2§F§1%%§e?ri¥§% on of
good opti cal rgtapit ythagelysoinasovieg advaat ages U991 keint s hi mpients qual ity
within a wdgipaage sdnAM! €8, OfyHdif! dences obkkguedt &-d hecherleCalhe 10
possi bly ranging from50 to_70 of inclinatigon. This type of coating is
parti cul ar| yMaFprer; anédredl eRtaasnréf@cty pé tylisz it gramy IR RiIGurft®er s.
Anot her anti pebkegkl wottoatddes | 6f Kiben, sub¥tdadd ngitl this plyael icf
antireflection fi.lmwhich is used, however, for display screens of any
type, an f oF %8 éﬁﬁre pl asma screens. Such a filmis generally conbined
with a transparent w ndow serving as filter for the display screen

It can then be employed in many applications, for
example for protecting a painting illuminated by a
light placed behind the observer, or for constituting
25 or forming part of a shop window so that what is in the
window is more clearly distinguishablef even when the
interior lighting is low compared with the exterior

lighting.

30 The performance of an antireflection coating can be
measured or evaluated according to various criteria.
Coming first, of course, are optical criteria. For an
antireflection coating to be considered "good", it must
be able to reduce the light reflection of a standard

35 clear glass substrate down to a given value, for

example 2%, or even 1% and less.

The multilayer coating is often used for glazing in

buildings and automobiles. It comprises thin

[T
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20 A plasma screen conprises a plasma gas, trapped between two gl ass
Sheets, and phosphors placed on the internal face of the rear sheet of the
screen. \Wen the screen is operating, the interactions between the plasna

gas 25 partiwdess Aadde phosphors causg the radiati opcogf nggqbbqaggnetl c
waves that lie within the near infrared between 800 ang {000 nm the

pr opagati on of se electro netic waves, ough the front face
of the screet ‘?fa“selffé“t]hael S véIF?OtSIlGl?EF ’g@ i nEBPPEFEfce,
especi al | y idendrwaXnse anf emuepfmﬂtoﬂl acfed hiegar bynand.sontredrbed ibg
infrared, for qexarizl e using renote control nmeans. Moreover, like all

el ectronic etftf pﬁ asma screens 35 possess addressing systens
(drivers) WhICh may generate radiation that is parasitic with regard to
ot her devic o uty Liablygy t th
whi oh t oy i SHE Al ThAcee  GpeR s O T S A R o0 Mo
elimnate, orubtilaxexerpnrézstleegies, t%%féﬁ)agébﬁén dreekkh £hEi ati on,

one sol uti onc£ONSH A8 I0F pbasangoagﬂ@:st fftyontnBacgl o6 tHaes stheam a
wi ndow t hat $ bot h tra% parent and net ized i.n order to 5 provide
g.

el ect r onagneAFRRYAE diOhg. "FRE5ALEARE ﬁd%&lﬁﬁy B Re Hn¥18F nore
nmetal | ayer sramgpeocfakinglelsl vef iayedencandbdiqoee toy tmeevemtalca@rl ds.
Thi s shi,el din adv (o] beApr VI s c t t two
nmet al z@er sp%%%]?{]éf %ﬁ‘gg Lksll argg 1 ?he@fdglrgésﬁf |I?ecltrﬁ§§on t he
gl ass subst rayee con§t| tcwtatnlglq helw ndmntamdllfaa:dtyng amr%u@@d or fatre

deposited o Qﬁgfﬁ I facing the screen.
General ly, t\lﬂln s adhesi vé-?yrtfe‘%lg’r?tL as an ant| reerctl%%tfunctl on (with respect
to light 15 radiation comng fromthe screen) in order to inprove the
brightness odnétigesCcagenrbyleetdushneokitenk ghy K:@éwzect&@ﬂs1étla¢safpl ays a
role in_protect the ¢ ndu ing .silver,layers,fr.omchemc corrosion. 20
The substrat? B#agﬁ &ﬁ%ﬁf%@"ﬁaaﬁ”&? )f/’glﬂlﬁﬁer}esd YPEss g?‘”ﬁﬁ?&ghened
gl ass. Provifed @nsplmyesmeem‘s éhcenpf type sabdt fareexbhpiei plasmeay on

t he oppositeg t\%&;ﬁr on tdie reg?_mangsf %ﬁg(hec ST wilth ahso an

adhesive fil m IS capa retain ng t | ass fragnents, oul d the
t oughened gl BEansparebn¥iNAYNesRTVERE @i ctulttﬁft héerortehe udisplavan
antireflectiga-dawction for the confort of the observer. The filmis placed
| ast on _the substrate, 30 as it would not be able to wthstand the various
treatmer%s that the substrate may undergo for the purpose of depositing
functi onal eAepkassa suf:éeﬁSCbﬂﬂpr$*seskaoblaetnal ghayetgapbedebetwekeh may

happen that, des al pr C h o 35
recei ve thist ﬁti%‘gssg’%g Egéd a%%a#?tﬂo ar ou‘;ﬁsuéb&?r I? gﬁ%ngh %gio%er ations
during the tf@%@ mefit theepean %b/%ﬁ—‘ut boft hdet recnarht sSWierensbevesregnd this

is prejudicigs B EQaEQnghe el { hepictiensubbagreand Hdepsisoagisof WO
03/ 074440 - 4 - CT/F [ 00702 the substrate itself.. The substrate WI [ 1

then be 4MnabParEChes uhf atdren PROSR QEFapr%tﬂseFuW?leﬁﬁﬂl@t‘thCQ the film

is placed onelbettxh@gmeti® waeesothhbelpeoweehie thendewri ihérdeddt o be
conmbi ned w t

rotect ve sarBuredy | 0N TE " A i AR RN 2R | A s
i npai rs the eh¢credhaghéeonc prapest i Bsiabd thuseghathez&rpott fiscdetfi nent of
the screen, may be the cause o0of very troublesome
30 interference, especially in the case of equipment
placed nearby and controlled by infrared, for example

using remote control means.

Moreover, like all electronic equipment, plasma screens

35 possess addressing systems (drivers) which may generate
radiation that is parasitic with regard to other
devices, such as microcomputers, portable telephones,
etc., with which they must not interfere.



10 vision, the filmthen having to be replaced. Thus, the object of the
invention is to provide a substrate, intended in particular for display
screen filters, which has at | east one functional elenment on 15 one face
and an antirgfl ; ating on its qpgosite face, J el roxur ed

t hat the subg rggzbzgggenot have defects of the scr a\t,\?r‘lhte/ypesrc?% l'eaving its
nanufacturing process and that the antireflection coating is dura@le and
abrasi on restSt aftiMpas€eor @tng &' tHRSi nVBRY | 0h2FRe L&HYCFRat e, tRE

especi al | y apgbpagasibfit bét enchaviadd agdt oheasheoreltich eoalsiatardnt of the
metal elenent.type on one face and an antireflection coatin n.t

opposite facg}a¥§n§538ﬁépggtgﬁriegr?%tt%Sfetﬁgsgﬁﬁét?gf%a?ngl&Iégﬂgh

abr asi on-r esthaaintisanbbsbr atcinsparent), agdi dneballizedeiimg évderd toy t he
antireflecti [ staskiaf nkhi Andise! 14 GH iaglis,havi ng
al t er nat ie:’flg ﬁ?aﬁggﬁdgggﬁggﬁggﬁsg }Sﬁ ilécgs.nbéo 'Phg'i ﬁ'\%ltelnti onl a slo Jr]el ates
to a transpamemt, cespeital | gngl a8, BeHSt et haviaueis arfsregiaddy on

coating on ag;hgast RRfedfceanahdracsesi sed hord hadethe §ubas! atmniigicl udes
an anti scratcﬁ coating having a resi st nceq of 35 a‘%‘?éeast 3H and with an

abr asi on r esFBLghEENGLERY! RAVAHE@ICIS 1oF RHPEADSITA BY t RafS caused
remai ns | essatharedsS%twsai flec@t ilygydra ngalier nefl ly lvlee awhickf laact i on
coating de froma stack.of thin 03/ 074440 - - PCT/ 702

di el ect rjpag I Sfiéﬁ?rof %lﬁptog %ftq ngdyfﬁeg%/gé’nd ?gow Fg?r a%tllax?g’ i nﬁ%ﬁ%cor di ng
to one featurenstheubuhgi Itheerwandowefansct fanitg cbhei rieeniepvsiansd on t he

substrate behapestbeal WiCtdPnaknebeURNicinn denaNd oo HS st st rate

coated first / the stack of antireflection layers does fulfill its
antirefl ecti 6ACiDOf Ghet BeNegs -dEsneEd lland thiiss aghesiy e Heé lIUBRS &% to be

treated in opdenrbe1dep9sht fensttopal elpients easpee: of ddie flages W t hout
i i e, since.the latter has al ready been

any risk of dammging the qgpposjite f
couted wWih ZROARERPBS (CORTEh HooR ﬁﬁef SEFEE By YheCELEEK t61 fprove
antirefl ecti eahel ayeightesor difngthe oseréeat une, redacingckthes Hagdd on

Si 3N4 or Sn02 L I rs.qdt een f iLn f hi ype of
conbi nati on 513%?§§§r%§%i'sé%§r tsallcéu agﬁéygo %br%%nlgesﬁg%%%{}@%%% itzhéso for
relatively | gogpdugtéas, sihaeri aversafrael Fhemieréeservpsionent.
Preferably, the stack conprises: -~ a high-index first layer (cl) having a

25 refractive index nl between 1.8 and_2.2 and_a geonetrical thickness el
bet ween 30 and@h80 SHRStrate odfi Adex WRIW MayePq c’??d‘ﬁa?ifngt%;}ﬁ'}eéfti ve

i ndex n2 betweaesloz5Suafdughéheanglasgeonetrical thickness e2 between 5 and
50 nm 30 -~ a high-index third layer (c3) having a refractive index n3

between 1.8 and 2.2 and a geonetrical thickness e3 between 70 and 120 nm
and Provided on the external face of the substrate, that is

to say on the opposite side from the screen and facing
25 the observer, is also an adhesive film which is capable
of retaining the glass fragments, should the toughened
glass break and fragment, and which furthermore
fulfills an antireflection function for the comfort of
the observer. The film is placed last on the substrate,
30 as it would not be able to withstand the wvarious
treatments that the substrate may undergo for the
purpose of depositing functional elements, such as the
stack of metal layers. However, it may happen that,
despite all the precautions taken, the face that has to
35 receive this film is scratched by the various substrate
handling operations during the treatment steps or even
by the treatments themselves, and this is prejudicial
both to the quality of the surface and the strength of



-~ a lowindex fourth layer (c4) having a refractive index n4 between 1.35
and 1.65 and a 35 geonetrical thickness e4 of at |least 80 nm The
i nventors thus had the not obvious idea of using the antireflection

mul til ayer s§gc gsion- resistant jantiscratch cqg/Rdfocrgest rates
that are 9 §?8§ ﬁﬁg 6 - PCT/FR03/30702 al ready large screen filters,

antireflection properties i_.ze, . such_as glazin di spl ay i.ch
hitherto useHhﬁléggFErFFFn%t§§iéanPﬁgsgﬁﬁtﬁg Chiyt &tﬁ?@Pa&’ qﬁg%le
Consequent | yrot be uBg@nah@nwaltobeekatraspéd.gl azing or a filter,
characterized in that it is conposed of the single substrate provided with
a stack of antireflection |layers on one of its faces and wth the 10
functi onal eFanEhErmbuene¢HnaanEhmefalM|eSem&ﬁﬂﬂdfom the purgelbof

el ectro E‘E%% eShysel reee;tc;vgt uﬁhdfofaﬁemtuwd@a)pkbcee b speci al |y
or e

i nt ended manu act re o ters for display screens such as pl asma
screens. 15 Whshnat siispdayl eERENeodies rePepdiede sfiions G #19amdd one

conducting nmghal l;ﬁ%%rect@fver atfiefetf avsinckepd thpn Id&warg&ﬂgnclmsng at

| east two silver ers Advg ggge%ﬁnéy .t he, condug %# er IS
based on 20 §PF9§F£ REEEBPmEL b PR LT er “BEad

fol | owi ng Se@@'@@@@tlgs?ﬂ\ﬁnﬂ ZoAubedg & ThazeSi BdM4 tzhé:nOdestmngnenﬁn df Zn0 /
Si 3M4. a varlant,  the a y of a 25 network of
3N, Appa vackant. geg; JRCEhanhaGi REPOL HBY EBRSEER

wres i | se o a conbi nation of a stack of
sil ver-based th|n Iayers and a network of wires in the formof a grid. The

functional e d r h O+su or
lr% pI ast| : fbc??fl&@gnged cdk efﬁ\bé(n@{bﬂ 8 30 +8UbsL 5L €2 OTa

deposited on to the substrate, qr else it na be
| ami nat ed beSHSEHTARS  pl BREPRASH | Ha BRECEFULRT cHA%s BdRRLEY 5%

substrate whereagrkhe Wit hés balﬂdq(éatsﬂ: adsmé hetneubshaat @leﬁﬁznltn cixhe case
of di spl scree , the functi eferably

ﬁgal ?#e IS g 2| %9 §H th an

antirefl tiBHe FE FPWTR 3 REY T EF t R 18% SREEAPE, &A1 65 o - ayer

stack or an aﬁhﬁslwmxﬂﬁlbeim@cehenréﬂlmhat\mh®35056nnete ﬁoes not

PCT/ FRO3/ 007 ?ef%ct'st wd | Qe preherdsd tQdise & sulsiyaly npde of
ass

unt oughened ¢ or the display screen application, since the substrate,
equi pped mntnm@méaemuwnmg fmeQQﬁﬁu an@nesbatandhf t PR RIEAN 5

antireflecti ogltay %r%s RY-ablks abg Brratachurediwchita | arge area and
easily cut to the mensi ons of display screen filters without any risk of

t he fuII% equi pped substrate breaking.
According to the invention, the substrate, especially a

glass substrate, having at least one functional element
of the metal element type on one face and an
antireflection coating on the opposite face, is

25 characterized in that the substrate includes an
abrasion-resistant antiscratch coating, said coating
being formed by the antireflection coating made from a
stack of thin dielectric layers having alternating high
and low refractive indices.

30
The invention also relates to a transparent, especially
glass, substrate having an antireflection coating on at
least one face, characterized in that the substrate
includes an antiscratch coating having a resistance of

35 at least 3H and with an abrasion resistance such that
the haze of the substrate that may be caused remains
less than 1.5%, said coating being formed by the

antireflection coating made from a stack of thin



10 O her advantages and becone apparent on follows, in conjuncts which: -
figure. 1 is a 15 filter according to features of the invention will reading
the description that on with the appended drawi ngs in schematic sectional

drawi ng of ayighgsi/AYaRkicoN conbi ned with a pl asma scr esgw/rré3 S06F02
illustrates a graph conparing various antireflection coatings; - figure 3

shows two i es of a coatin of the 20 filmtype and of the mulfil ayer
stack type, n%ﬁ?;@&tir\}& y;igﬁgf-s fi%ﬂrea tseifé}ﬁstlép ec?’ilgﬁal oidw o#o"én
al ternative feftractaveondidigeso the i nvention, conbined with a plasna
screen. 25 It should firstly be pointed out that the various dinensions,

especially thicknesses, of the elenments of the invention in the draw ngs
are not to ségicersdnohatc tingy Laatumssi drhe omekaid aker FJntH ¥ beqtion

il lustrates addsiangpangnt degadawel i rendad t oasbssdlded gordhe frint face
of a plasma screen"E. _Thi.s wi ndow constitutes a filter providing
el ect r omagnetiugcsfiosrdi §deprEdtedti 6FP25d t&Ati refl ection protection. 35 The

transparent window 1 is formed froma single substrate, such as a gl ass
sheet 10, on ich js deposite on_t.he.one_hand against, the internal face,
that facing fh&Secr&df, Sggf’itlr?géf u%%aftieodna?l’érc’gg%nt‘”g% E% 5§/365f4491 - 8 -
PCT/ FRO3/ 007 @2 thioefdediyioa siawdrof deesal fhhfell Rawi mentel eef Temmipret i c
shiel di ngoPr opgicldieh AW deseroad tiactdpnal aplopentn! daidinddy &

internal "antiréflection coating covering the nultilayer stack 20 5 and, on
the other ham¢ agegaisedthe exderndlo fdeeosbh £HACsHPHIILt € laMAnts PRt he

screen and fagiddo2 PEBS| ML PsehBbuta aHt idaser ot agkmddingi cthe
constitutes not only an antirefl ection coatl 39 but_al s

) n
abr asi onr esi SPRASIER iF8Geat SEnceattigy. Lato-eth %%basltl?%ﬂﬁgy %ﬁﬁ‘?’% RFEEDf a
cl ear soda-| iwiRsSidn caheigkasscoiohheoRtANGL Worngte Myt hha tduadness of 3

take an bRamSiL . PHE “SAGR OFYRERA I ayers 20 is formed by at least two
electrically conducting functional |ayers, of the Ag type. These netal
layers are i nRRIdref At drdf de tfrd, NithP AR 114 HaBER on &i3N, or
Sn0O, and Si0O; layers. It has been found in fact that
this type of combination of 1layers is particularly
20 abrasion resistant and 1s so for relatively large

areas, that is to say well in excess of 10 cm?.

Preferably, the stack comprises:

i}

- a high-index first layer {cl) having

25 refractive index n; between 1.8 and 2.2 and
geometrical thickness e; between 5 and 50 nm;

- a low-index  second layer (c2) having
refractive index n, between 1.35 and 1.65 and
geometrical thickness e; between 5 and 50 nm;

30 —> a high-index third layer (c3) having
refractive index n; between 1.8 and 2.2 and
geometrical thickness e; between 70 and 120 nm; and

— a low-index fourth layer (cd) having
refractive index n, between 1.35 and 1.65 and

35 geometrical thickness e4 of at least 80 nm.

The inventors thus had the not obvious idea of using
the antireflection multilayer stack as abrasion-

resistant antiscratch coating for substrates that are



20 preferred sequence of which is as follows: glass / Si3Nd / ZnO / Ag / Ti
/1 Si3Nd / zZznO/ Ag/ Ti / ZznO/ Si3NA . The Ti layer constitutes a netal
| ayer for protecting the silver, especially by preventing the silver from

25 oxi di zi ngwoApd i GFahayer My be inserged between thecqi 3Y390@7420 | ayers

close to the glass so as to "wash" the color of the substrate in
reflection. 30 All the Iaé/er,s of .the stack are deposjted b a, wn

kn
sputtering tBLheANe IS t HE i FiéFnal SPGB BF tFPBUEt 1t e AHAEYi nt ended
to face the sereen. filladrayershack hithkrteasesedepdsisttad dfiewes| yson t he

gl ass 35 sub on tic_fislm Is_somet]| rrhed out
in the pri orgééﬁ%ggiﬁgté?g}és vmc??g%géseeﬁhgy tﬁ%ﬁr esu%ts (%’fanE%grrp te | at er,
a fil msuppopropgrthese netal |ayers generates nore haze. WO 03/ 074440 -
9 - PCT/RR03/00702 The first netal |ayer, of Ag, placed closest to the

substrate has a thickness el approximately equivalent to the thickness ez
of the secon@opgearenty¥r, the AgvesdicRataksre ¥lakeestor SLPE1BE/ &F is

between 0.8 gné;iftbrl, apd-dyaharAd yibetnaen i@ % ancodpoddasoft hed i ght
transm ssion, ,greater than 67~, is ver%%és |tabl.% The tot a| tEICkn s el +e2
of the metal SEAGLPs | SURSIRESR 27 RV m Y&tBbt aith goBEEFEfI e@li on of

the infraredanhafiretieotionaldyelre sar esre dhatts sfaoesagnthati thheehk0

radi at i passes,t hrough.t ubst r at jt1l si_bl it wmill be
pr ef errglg) to%ﬂ%té%%ngyt gtlg%h%f]%i’c%tﬁgg?%o?%%ﬁe %rpﬁg?_g}g%r selasglte\s\lleter?g 8 and
29.5 nm t hetheapumrposior fofeldrtremiignetoir t flusehdingxcerdiitg P¥heiror a

wavel ength 0,820 Whe lapihechabbs hel ousghuesi gy xamRlROf sbhe g ckness
val ues for the various t?n n | ayers of the stack, with thicknesses el and ez

equal to 14 RAPUERGEYTR| Ahedfdlters for display screens, such as

(nm Si 3NA20THD2648020A8d441 1. 5Si 3N473Zn010Ag14Ti 1. 5Zn010Si 3N422.5 20 O
cour se, her variations of netal elenents for el ectromagnetic shiel ding
are con vabl e) such as netal grids or a conbination of grids and | ayers.
Thus, refereffhe nayabéinadéemenicntensasicenalfopakesamp2®, apll iacatliesrs t\WO

01/81262. Fu er he f o] e t vidi r netic
shielding i SBL?V&%#&H% MQ%!L %&%Fm@?o&%‘%fgégp%gi %gdggfggécﬁ?;gon t he
gl ass, but nijias davarsaninetudip@sidied PRYR dofesiSid astliay s -m bonded

tlo the interpalaheg ﬁ@ﬁ_swl,e Wg@d?&éldﬁct@r@e hea el 4pet Nak edabevesn two
plastic i&seggivgraaﬁﬁyfg% (] ég}gao Oatmﬁltilayer stack having the
following sequence:

Si3Ng / ZnO / Ag / Ti / Si3Ng / ZnO / Ag / Ti / ZnO / SiaNg.

As a variant, the functional element may consist of a
25 network of wires in the form of a grid, or else of a
combination of a stack of silver-based thin layers and

a network of wires in the form of a grid.

The functional element may be deposited directly on the
30 substrate or deposited on a plastic film bonded to the
substrate, or else it may be laminated between two
plastic films, one of which is bonded to the substrate

whereas the other is bonded to another substrate.

35 In the case of display screens, the functional element
is preferably combined with an antireflection coating,
which may either be an antireflection multi-layer stack

or an adhesive antireflection film.



5 substrates, such as the substrate 10 and a gl ass substrate 10a facing the
screen, the substrate 10 being provided with the internal coating 21
(figure 4). According to a first enbodinent, the internal 10 antireflection
coating 21 cgue mul til ayer stack 20 may beaw i C

ant i reflectlgéé {)5?975€§°or a multilayer Iﬁstack 21b of the stgcilzwf?%{zlype The
mul tilayer stack 21b of the 11 type nakes it 15 possible, conpared with the
film which Fagabdyfradgi velk dpet Reedpryed It&yé%%eoifl EHESEFatR M8A% be

very SU|tablgfprohggbgghgﬁ@alcogngggon Q@QaUSthheydagglggvereﬂnﬁgnslIlca
or silicon n|trh wever , Hﬁg vant age of a, f||€1 % the functi ona
el enent 21, 3BR %C?FbﬁPalflPﬁg JRS SR TR s PE-HPTRt ¥Fhed 9B i shoul d
t he mﬁndOMIbmeﬁb |ﬁmddtﬂbmd1rngaémamtmn aﬁﬁecmﬂmhtrmheonStask ofoft he
screen. T ere us_t d I t Ilght 25
transni ssi on> 9 SPIngzroésﬁhynh?%nﬁzgeaﬁgﬁpggﬁgg?ﬁg ngh
transn155|onl@fgsoargglaﬂg/&aﬁkiﬁ<Qntet@etbﬁedhﬁﬁpﬁgoasl@Weﬂ%ﬁﬁ%ﬁm155|on
to inprove t t gt Ol t 9:1?&&@99 syghyas,@ £htmeah

transn155|onggg gﬁ SOS ﬁwa rodu%¥ name AR. A2-70) gOFlnaIIy, t he
ant|reflectléﬁbﬁﬁFﬁF?a?é?aB%aék 11 according to the |nvent|on is a stack of
at least two | ayers based on Si3N4 or Sn02 and Si 02, which are particularly
sui t abl e because of their hardness ert se,layers were . all
deposi t et coRFERE] Y?%ﬁﬁ%e%aﬁﬁgt gﬁ?gﬁr ﬁh‘%% ggféaﬁ?Yg E%%%tf@ﬁﬁhg in an
oxi di zi ng at pespher e a,t_gjamgam Sont argeidiog a tohee al dtaar:geptttonrrakhshatme Si 02
or netal oxi ayers r al r 035074440 - 11
- PCT/FROS/O%?&E %Sfrl nDsp %?ewggh 1&9 Qﬁée &e& drganég nlxed

oxi di zi ng/ ni whiidhng atnnsphere to make the oxynltrldes The Si targets may

contai n another netal g{,pea lsnﬂlaa@&h@nat%%peéécﬂildha@f @rawingi Bpar ticul ar
so as to 5 nmake thenlnnre conductlngh? preferred antlrefl ctlo stack i's
/

the fol b ngil§PassaFcqrB2ngor tQj 3 1Ry fBL ¥ Oy 0Pt $ 02. 10
The tabl e bebawsgkvesrela;i ndex ni and the geonetrlcal thICkneSS ei in
nanoneters of each

gl ass. LAYER (Cl) LA$E§5?%2|) ﬁ%@i“f%ﬂiﬁ yer(%’}lﬁﬁﬁzggi‘bggéngga‘}% 1‘%1 nn80

nm70 nmB0 nmabEifledlpatposecohttihps;exanple is to mnimze as far as
possible the value ghghbe |3 dilode! LG6! ifAcRs fr thecBhasagl 0B fithe

observer's side) I nci dence. e tabl e | ow gives results in |ight
reflectidh orflé@ t héwﬁser@@? s af de"/élﬁd oﬂuéﬁtlllémarhaz%t%?kt heE¥Re 1 er
screen produglespec@idieny;t anthe exanpl e (exanple 1) of the invention and
according to two conparative, confi guration exar Ies (exa | es and 3). For
the conparative exafpP¥se the fiSH¥S bbth %%ﬁ b5 Tt i ofAl éferment 21
and antiref| edttieanatdate g 1ter amgqnﬂﬂngnUQntHeIrnwentxpniuﬂomhxnﬁdﬁ t he
substrate) b h t 52 g layers is, in the case of one of them
deposi ted d,§é§%|% %%%%ﬁ gCgfggé(exarrple 2) and in the case of the other
one depodbted on a plastic 30 film (exanple 3): Exanple 1. adhesive

antireflectian fkhauzda fissack Obe AQ)deMﬁdS loug! agBak ntl]hél | vaeiowd ack 11,
Exanpl e 2: adhesive antlreflecthp f'hlcﬁnStaCk of % Ia er / é%ass /

adhesi ve ant iF'@@NSeCORSn fg§RACLAL esses,

the invention in the drawings are not to scale so that

they are easier to examine.

30
Figure 1 illustrates a transparent window 1 intended to
be joined to the front face of a plasma screen E. This
window constitutes a filter providing electromagnetic
shielding protection and antireflection protection.

35

The transparent window 1 is formed f£from a single
substrate, such as a glass sheet 10, on which is
deposited, on the one hand against the internal face,

that facing the screen, a first functional element 20



WO 03/074440 - 12 - PCT/FR03/00702 Exanple 3: adhesive antireflection film
/| stack of Ag layers on plastic film/ glass / adhesive antireflection
film Exanple 1Exanple 2Exanple 3Light reflection,3.35.32. 7observer's side

(~) Optical hggeq ?/39 g4o30bserver's sidg 5 Exanple 1 ot Akd3VeR¥d0ON iS
clearly the one opt) as the multilayer antireflection coating 11 has
t he advantage of reducing the |ight reflectl on on the external, face of the

wi ndow, on t ReTBBLerve¥ s & de,StaFKhi | 8F pr oBIBERAG a lP¥ELShaz Pt
after manuf agiéteromigneeduct |S@1rie|l@.l|ﬂl@‘29 ;ﬁﬁcﬁ%ﬁtﬁf@ | dgit ) ai nemesi t he

uality of t ma nd the observ alit -|n articular,
'?he col>/ors aEBngFFgﬁag fgeﬂge rd| 23 to ﬁ’tyl onynt he Ant1 16 ecti on
mul til ayer shackrelﬁiectmnnt cbatesganoabrasugom%memuémﬂay@tn isgerckt AP
9. $% BRaor Y Lie 2 fRATpRNALY SababhEr Mihe MARLLEGR dak0, Pl e 2. @

conpar ati've graph, he exa he 7 nvention (exanple 1) with
20 exanpl e 2theebappﬁgteosuﬁe cierpalblthet paresn and facdng & QP SEGiHS t est

and to the agh@é%’@@rt est  mb BSPE éryelsiacﬁs 1&69@59&%%@%%9%& wdest, the
change in light 25 transmssion TL and in haze were rreasured after the

wi ndow spent ©88F Hur 3NFATEEYCREAPMARPATNhoBRE it SRt 2PRePTHICH at

80C900 RH; 6@Esih2Ank~ZhOiBaratan(corEThg(~)~ ha z aExanple 1< 0.2< 0.2<
0.3< 0. 2Exanple 2< 0.5< 0.4< 1< 0.2 WD 03/074440 - 13 - PCT/ FR0O3/ 00702
The two products behave identically in the accelerated aging test. 5 As
regards the gheasubsttrese, ttheshsade oA ahelleaze %Dfdaerliatﬁ asli larratss

reasured he gLl Kowprueestneo" Lpdengasheel s o ckhgsTatr dbraser. CS

10 F type w ans on ow of exarrpeland on a w ndow
of exanple 26 1, th@rgr%iﬂmnhe 4 gite Phihonsodnat fReSRilAdEN slaitHe
invention ex@Bhts Gughshetter abrasion behavior in the Taber test than the
w ndow of the prior art. After 500 revolutions, the coating with the

nul tilaye? stack 15 is hardly scratched, wher eas t he coating with the
plastic fil mnos €| ahelexdn@le, rekal tdtagk nod mmpllet]ea;}@rss oh is

antirefl ecti ﬁ‘ g&ﬁgertl es nd JL}ausié(rjlg tswuobSth% %Egﬁ The .61 qg,[%elphs in

figure 3, Wt gn|¥|c§t|on o) times e a pearance 0 he 20
t wo productsfemr:@nonhé tlesterst.heofyi hbowAd ttyede Hhesel apsplstladens nuch

cl eaner. are inserted into a stack of thin protective layers, a
20 preferred sequence of which is as follows:
glass /Si3Ny /ZnO/Ag/Ti/ Si3Na/ ZnO/Ag/ Ti / Zn0O / Si3Ng.

The Ti layer constitutes a metal layer for protecting
the silver, especially by preventing the silver from
25 oxidizing.

A TiO; layer may be inserted between the Si3;N; and ZnO
layers close to the glass so as to "wash" the color of
the substrate in reflection.
30
All the layers of the stack are deposited by a known
sputtering technique onto the internal face of the
substrate, that intended to face the screen. The layers
are in all cases deposited directly on the glass
35 substrate and not on a plastic film, as is sometimes
carried out in the prior art, since, as will be seen by
the results of Example 3 later, a film supporting these
metal layers generates more hacze.



Furthernore, the neasurenents made regarding the scratch resistance shows
that the resistance with a 25 nultilayer stack is nmuch greater than that
with the film It is only 2 to 3Hin the case of the film whereas it is
nmore t han 3Hg kN of the nmultilawyer. stack. It w i3 AfFidLd that
His the cl Ia_ti"svgi P?Zggiggﬁsused in the fi e?éd of surface \?oéélt/i ngs 30 aénd
organi c substrates; it involves a scratch test _using a 2H or 3H penci

| ead. The wi RBEw ek nBELALt hLaYSH asfa AF eeR1AEEAt HIAPERE ahCexXdi®l e, but
th he iHVﬁnti oguﬁlalaklaeé, IQafsf Caurtssi clrtesib éﬂYab}b@@x@fr\?EuQ?t rmd i ddladntpossi bl y
as to have at ast_.on uncti ona ement on, one_face_and an
abrasion-resF?téﬁFaaﬁ?*%%?%ﬁ%heboa%iEbeoﬁﬁQ%PﬁxﬁﬁEﬁfef? g8 Wi A9 coati ng
may optional bp hawet t hheadhwitlagsof rdeing ecaner r ekl dottivepn 40.8 \aBd
03/074440; - 14.,- B F]'B(&{ M- oA tragspar ent.s esigeiglde gl ass,
substratgs(lé)'lha\?igr%.at egtg%%%’one uncti onal el enent (ZSQ) on oneéS face
and an antir érRESIL6R1EDat IFNPALEY) BRARNET8ppdst t ¥eFUcEUIsaPd ecodtlihg bei ng
made froma ghagk hildinesd &,86lrbe LA¥emsthaviagesist aisnadtigdi gfv and | ow
refractive indices, characterized in that the antiref ecg on, c atlegﬂ is
used as 10 aBPgsi Hh-Mesi TPamPta#n sgPatcFefdaStien Lt Th etth%ﬁIr t
substrate asrghdabieén Ntdraddn theCharaeher i Zegk | Ast hat &&¢ that the

abrasi on: fesi stant .anti scratch coati rmed by, the antiref tian 15
coati ng %él) rRQdakiPgs; RASHRR ra?tuqq’gaggem—?%%tﬁh?% &% ag%ggif%n as

resi stance sypostibde,t héthawéldf bhe pubSermed that slgode causeeralenains
Less than 1 95;celeds e shOSkERRS A%yl Blldek! 2bMaha SIRIAGKE! T zed in

that the mul ayer antireflection coating is deposited on the supstrate
before the fhe: i ormseiesion P depRsreedatons thhe 306st9%ELULE ai ned
in one of claizgs £byrt @ Favehanhadehebirz@doi amt.hat the nmultilayer stack is
based on, Si 3Nd or Sn02, and Si02. 5. The substrate as clained in one of
clainms 11?0 4, 30 characterized in that the stack conprises, in succession:
-~ a high-index fiablel agelogclgiveyi rm aexaipdet | vé | vdex tiidletewen 1.8
and 2.2 and a _geonetyical. thicknes L. .bet d 5 ~

| ow i ndex seé’gg&elsayéorr (c}i? Hé\l;f"ﬁ‘dga%rhé?lr alllz%e}:;é\}feéi ﬁge§g%zr§bry§tcv§\%enwa‘—f}é5 and
1. 65 and a gédvwkniesslest leh cindse: euselt weenl 46 rand 50 nm -~ a hi gh-i ndex
third layer (c3) having a refractive index n3 between 1.8 and 2.2 and a

Glass Thickness (nm)
Si3Ng 20
TiO; 5
Zno 10
Ag 14
Ti 1.5
Si3Nyg 73
Zn0 10
Ag 14
Ti 1.5
Zno0 10
Si3Ny 22.5

20
Of course, other variations of metal elements for
electromagnetic shielding are conceivable, such as
metal grids or a combination of grids and layers. Thus,
reference may be made to international patent
25 application WO 01/81262. Furthermore, the functional

element 20 providing electromagnetic shielding is



WO 03/074440 - 15 - PCT/FRO3/00702 geonetrical thickness e3 between 70 and
120 nm. and -~ a lowindex fourth layer (c4) having a refractive index n9
between 1.35 and 1.65 and a 5 geonetrical thickness e4 of at |east 80 nm

6. The subst rg ey 7dadged in claimy, jgharacterized pprhpabayhe7edack is
as follows : @3!@6(} 84?402 /[ SI3Ng / 5102. 10 7. The substrate Zts clainmed in

claim1, characterjzed in that the functional elenent (20) is a netallic
el ect r omagnetdPEHI Ui Ay efeenP? 593 RS <ULt r IA¥ @ aVfEY43Th claim

7, characterimediéposéitédt e atinathesak ettt o A1t Beiddds ©5 8hel east
one conducti n.g%rj[_zet al Ig er. % he s.ub$trate aslcl ai_ned .in gl ai maZed

char act eri zed PEIH Y haFCT h8% TRt i"GHETO eRBnfLE507 " S0rRT st 857528t ack of
thin |layers iveiwsbmgtetd bdastitwinsekver I adresivily Hmdrbste ateoas
clainmed ip claj ra | Z 254N muhtyi | r sta s the
foll ow nggseqsﬁleé\gc%a%%l'w%flnp%% A%hlle T:én%tséltr (I%IE /IlgnogyleAg% %‘Fé?QZnO /
Si3N4. 11. THabtitatasiasnaed e nisereein 7thenaragtert9ed03beingt hat

the functi onglr&}eEntyi(@0)tHOnsitdmmal ddtanerk off \ures 4)n the formof a
grid. 12. The substrate as clainmed in claim?7, characterized in that the

functional elenment (20) consists of 35 the conbination of a stack of
si |l ver-based Adudrdiayer s tand a nefiwsk oferddadisnent t he ther m dhtargaid. WO

03/07444Q .- 16 -. P FR03/.00702 .13. e_substr at s_cl ai i.n im?7,
char act egiozeaarftr%’f%e ?’eorf u%%‘?zt%lonr?al ZTQI %%%f“@o?h?sm%%g%g??%d 8?%“?& ly on
the substrat q Yy e 14. sTamdaudsplaseiasant arabtecpicehafnim, 21a or

characterized, i lt{@it?;g_e dungt @r}gl%@l#{?&@ta{)@p)ﬂ q._yq)%oosi ted on a plastic
10). 15. e subst

filmbonded to the substrate ( rate"as claimed in claim 7,
characterized 10 in that the functional elenent (20) is | am nated between

two plastic fihds.mAng 16fyathi ghaick bongedoto the substhglee maRkswheteas the
other iS1 On%%%éi fgvnég%p§¥g)t&f%ﬁeéﬁga%ilm, which may be fragile,
for the silver 1layers of the stack 20 to be very
suitably protected from corrosion because they are

covered by silica or silicon nitride.

20 However, the advantage of a film for the functional
element 21, apart from all the glass splinters being
retained by it should the window break, is that it may
have an effect on the contrast of the screen. There are
various types of film, these depending on their 1light

25 transmission. Thus, it will be possible to use a film
having a light transmission of 80% sold by Calsak or
else one having a lower transmission, to improve the
contrast of the screen, such as a film of 70% 1light

transmission sold by Southwall (product name ARA2-70).

30
Finally, the antireflection multilayer stack 11
according to the invention is a stack of at least two
layers based on Si3Ngy or SnO; and SiO;, which are
particularly suitable because of their Thardness
35 property. These layers were all deposited

conventionally by magnetically enhanced reactive
sputtering in an oxidizing atmosphere using an Si
target or a metal target to make the Si0O, or metal

oxide layers, wusing an Si or metal target in a



15 16. The substrate as clainmed in claim?7, characterized in that the
functional elenent (20) is conbined with a second functional elenent (21)
made of an antireflection coating. 20 17. The substrate as clainmed in claim
16, characte i t the second fupgtional elene

antireflecti yr?zﬁglltor}l gagr stack (21b) T%S 18. The su%?éﬁo%?ﬁbazl med in
claim 16, characterized in that the second functional elenent (21)_is an
adhesi ve ant PL&FLEARE0R TSRS Rt BRke oni fhadefhs Pt dTad dMSRd in any
one of the poedediziggyhditrd digkaatiospheed o e tHiee sotbatiat Bdes. made of
unt oughened ap Ilcatl Qn .9 .Of the substra L§ as,clai n any

35 one of th re%]ed%ﬁégel%z?l MY o e Sréind ure o gI azl ng orém?dljfl lters
for display sooests. @dpedhel Hppldrcac¥ oRlas Ullamdtllcml@hfalWZan oto pl asma

screens. g AF% AL AL AGYL- Ao Al otA& ALY AIL . Asul . ALT. ALI. Al . AL. AL. A9Y#~!'s
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The table below gives results in light reflection on
20 the observer's side and of optical haze of the filter-
screen product according to the example (example 1) of
the invention and according to two comparative
configuration examples (examples 2 and 3). For the
comparative examples, the filters Dboth had, as
25 functional element 21 and antireflection coating 11,
antireflection films on either side of the substrate,
but the stack 20 of Ag layers is, in the case of one of
them, deposited directly on the glass (example 2) and
in the case of the other one deposited on a plastic

30 film (example 3):

Example 1: adhesive antireflection film 2la /
stack of Ag layers / glass / multilayer stack 11;
Example 2: adhesive antireflection film / stack of

35 Ag layers / glass / adhesive antireflection film;
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Example 1 of the invention is clearly the one to adopt,
as the multilayer antireflection coating 11 has the
of the 1light the

external face of the window, on the observer's side,

advantage reducing reflection on
while producing a less hazy product after manufacture.
(scattered 1light)

quality of the image and the observer's viewing quality

The reduction in haze improves the

- in particular,

the colors are stronger.

the the

multilayer stack also constitutes an abrasion-resistant

According to invention, antireflection

antiscratch coating. Given below is a comparative table

and, with regard to Figure 2, a comparative graph,

comparing the example of the invention with
2, to the

accelerated aging test,

(example 1)

example durability test,

the

relating or

and to abrasion test,

respectively.

As regards the durability test, the change in 1light
transmission T;, and in haze were measured after the
window spent 500 hours in dry heat and 120 hours in wet

heat.

500 h at 80°C 90% RH; 60°C; 120 h

AT A haze AT, A haze

(%) (%) (%) (%)
Example 1 < 0.2 < 0.2 < 0.3 < 0.2
Example 2 < 0.5 < 0.4 <1 < 0.2
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As regards the abrasion test, the change in the haze
after abrasion was measured the well-known way using
grinding wheels of the Taber Abraser® €S 10 F type with
a load of 250 grams on a window of example 1 and on a

window of example 2.

The graph in figure 2 shows that the window of the
invention exhibits much better abrasion behavior in the
Taber test than the window of the prior art. After
500 revolutions, the coating with the multilayer stack
is hardly scratched, whereas the coating with the
plastic £film 1is completely torn, resulting in a
complete loss of antireflection properties and causing
substantial haze. The micrographs in figure 3, with a
magnification of 80 times, show the appearance of the
two products after the test; the window with the

multilayer stack is much cleaner.

Furthermore, the measurements made regarding the
scratch resistance shows that the resistance with a
multilayer stack is much greater than that with the
film. It is only 2 to 3H in the casé of the film,
whereas it is more than 3H in the case of the
multilayer stack. It will be recalled that H is the
classification used in the field of surface coatings
and organic substrates; it involves a scratch test

using a 2H or 3H pencil lead.

The window combined with a plasma screen was taken as
an example, but the invention applies, of course, to
any type of substrate that possibly has to have at
least one functional element on one face and an
abrasion-resistant antiscratch coating on its opposite
face, which coating may optionally have the advantage

of being antireflecting.
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stack of thin dielectric layers having alternating
high and low refractive indices, characterized in
that the antireflection coating is used as

10 abrasion-resistant antiscratch coating.

2. The transparent substrate as claimed in claim 1,
characterized in that the abrasion-resistant
antiscratch coating formed by the antireflection

15 coating (l11) has a resistance of at least 3H and
with an abrasion resistance such that the haze of
the substrate that may be caused remains less than
1.5%.

20 3. The substrate as claimed in claim 1, characterized
in that the multilayer antireflection coating is
deposited on the substrate before the functional

element is deposited.

25 5. The substrate as claimed in one of claims 1 to 3,
characterized in that the multilayer stack is

based on SiiNg or Sn0O;, and SiO;.

5. The substrate as claimed in one of claims 1 to 4,

30 characterized in that the stack comprises, in
succession:

— a high-index first layer (cl) having a

refractive index n; between 1.8 and 2.2 and a
geometrical thickness e; between 5 and 50 nm;

35 — a low-index second 1layer (c2) having

)

refractive index n; between 1.35 and 1.65 and a
geometrical thickness e; between 5 and 50 nm;

— a high-index third layer (c3) having

V)

refractive index ni; between 1.8 and 2.2 and a
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10. The substrate as claimed in claim 8, characterized

25 in that the multilayer stack has the following
sequence:

Si3Ng / ZnO / Ag / Ti / SisNg / ZnO / Ag / Ti / Zn0O / Si3Ng.

11. The substrate as claimed in claim 7, characterized
30 in that the functional element (20) consists of a
network of wires in the form of a grid.

12. The substrate as claimed in claim 7, characterized

in that the functional element (20) consists of

35 the combination of a stack of silver-based thin
layers and a network of wires in the form of a

grid.
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15. The substrate as claimed in claim 7, characterized
10 in that the functional element (20) is laminated
between two plastic films, one of which is bonded
to the substrate (10) whereas the other is bonded

to another substrate (10a).

15 16. The substrate as claimed in claim 7, characterized
in that the functional element (20) is combined
with a second functional element (21) made of an

antireflection coating.

20 17. The substrate as claimed in claim 16,
characterized in that the second functional

element (21) is an antireflection multilayer stack
(21b) .

25 18. The substrate as claimed in claim 16,
characterized in that the second functional
element (21) is an adhesive antireflection film
(21la) .

30 19. The substrate as <claimed in any one of the
preceding claims, characterized 1in that the
substrate is made of untoughened glass.

20. The application of the substrate as claimed in any
35 one of the preceding claims to the manufacture of

glazing or of filters for display screens.

21. The application as claimed in claim 20 for plasma

screens.



