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W NDOWS HAVI NG MULTI PLE POLYMER LAYERS FI ELD OF THE
| NVENTI ON The present invention is in the field of

woizomomss2havi ng nmul ti pl e polynmer |ayers di sposedT/us2006/001922

thereon, and nore specifically, the present invention
is in the fRiDOWE HANINGMETTIPEE PODLYOER NAYERS

mul tiple polyner |ayers di sposed on one or nore panes.
BACKGROUND Pol yvi nyl butyral) (PVB) is commonly used

in the manufacture pﬁnmpbngmzﬁh@§¢ﬁ(mhat can be used
as interlayers in light-trapsmttin amn uch .as
S5 ot Jhaaeat Brenon b el At e hasie SRy pagner E5ers
'iiiéBbs%@ keYeoh Efn@mSorb SpeBifichIB ﬁﬁ%? At ihvpliciads & 6O fBkiio$ tidGiple
a poly vinyl butyral) shéet i sposed between two panes

opnegyindeys @am@twm@wlagglmﬁlt layprs %lswtéfhoq PP SRAFGRANGS-
transparent barrier in architectural and autonotive
openings. Its main function is to absorb energy, such
as that caused by a bl oRAGKGRIAENGbj ect, wit hout

al | owpggRg S{nﬁ)‘ ®VB m?] t@rc@mntme&maﬁe ﬁﬁnuihdiﬁﬂel b giner

glass UnItS are comuonl

Sheek tbfé@@lub%vseépﬁ@&ﬁmyerwﬁlgébmﬂ%féng W%ﬁé&fﬂw sgfietyglass

%‘F @l bR afYna883. gﬁﬁ{yog?%gtyiﬁﬁﬁﬁrefe-@% Loslspe6f 1:5RARE comprising
can be sealed™and filled with an_ins Iat%g% %%@Js

mlyégnrld’urm}) theet dlwesqdé’aweﬂl Srapaes of gissr pafely
Wis Q08 Wrovidyl Q%ﬁedt gatedif afcﬁﬁé&ﬁ@l%ﬁ Qﬁﬂbﬁﬁhv@é}feﬁﬂ@iﬁ&(}ﬁam

of the w ndow. rformance fil s, such _as

Srastio do absorb snsTay( Bich ot BAicansed By iy Spm)yan Oglﬁﬁt without
fa}l&mg:peﬁ&aﬁ&g%gggﬁg%eﬁﬁg bot h panes of glass in an

i nsul a Fegass unit to i rove the optical

| hor misulgick e pat AFUS e 1 GoIDAS e Barpisgiyal windows,
Lbﬁh Eénltﬁﬁg P8 zﬁﬁg 6f gl‘asrs Regafasaiit dnQ@BAbscAS ﬁey THE @&fosed space,

| am nat es |n  ace one_or. nore Sln panes. These

cvneh @aﬂvaﬁseaéﬁﬁsandrﬁéiwéw@ an pgelating gjrmse{vss mélpmp the heat transfer
HRE of 8 wwﬁcﬁml Wh?ch%sn les@R m? ved fldihil @eﬁbmﬁa&a)f@ﬁe

he Wi ndow fra

gl ass. Further, e desi
Jendqval P@fmwet%éuﬁn asgbﬂé%l pltﬂéu%éaﬁmﬁ%ﬁéﬂﬁlﬁéﬂephthﬂm)a
Shi) ﬁhfhbﬁ@é‘z{ddé&‘for o‘i@ Ebth phdes of ALGKAES s@hte® Eﬁ?s%m@{rﬁ)rove

of the panes. the insulation value o he unit

ﬁh«yon?@alr?@ééhem@l pyoneﬁtwaef@a wigdothe i ncl usi on of
addi t 'Il%ﬂ?d'ted@&@ ?m%fcaﬂ bagade dfh @th@ﬁﬁo%ﬁf’s@?e‘t)y Bads aminates in

conventi onal ety g ass, Insul ated % ass units, can
ahlagg of gne or more smgle panes. These configurations, however, add weight to the unit

because they require at least one additional pane of glass. Further, the design of the
window frame will generally have to be altered to accommodate the significant increase
in the thickness of one or more of the panes. Also, the insulation value of the unit may be
negatively impacted by the inclusion of additional panes of glass.

As an alternative to conventional safety glass, insulated glass units can also be
fitted with window films. These window films, which can comprise poly(ethylene
terephthalate), for example, can be applied to the glass surface of the unit that is exposed



fitted with window filns. These wi ndow filnms, which
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exanpl e, can be applied to the glass surface of the
unit that is exposedto the living space side of the
Wh ﬂﬁ%ng"@@ée%ﬂeﬂ@ﬂm&%ﬁdcw Qﬁkf&ﬁe}l &n‘fﬁw’u@ﬂ f Mpﬁ‘mﬂe ARAfdpact

resi st ance, I g ht transm ssi on, her mal
pedyeice; bt sansprwsiognind/og ﬂ@rraalﬂo&pezjwe of '@P upiglqffer greater

%h&&%ﬁ%c%hh@n&%ce@%ﬁﬁﬁmi%g%gﬁﬂ%l ﬁllaj Hfled RRENBImS,
properties. Such filns, hHowever, do not =cessarlly

prosprereda lmé nekessaribuprpyigethe desitedl smpark resisapes, andargpigheto
gﬂltyﬁbé{ Yhbde HBTRIL BEHE A8 dSEHGHEH OB 188 osure 1o cleaning

erioration due to exposure to cleaning chemcals.

Hhemicalat Hardgpate twhigheare smetimen spnlisg prasdilaagd oy pyiga megsige of
ARrafohlrb st AREH: By kinR el Bbse 5P fo%r%ﬁ@scré?éﬁng%@ SurfdcBBefects.

even these fail to prevent scratching and surface

def ectAscordingb, firthgt yopreved cormpositings enbuetbodnd siappiefyre for
SR dTRY Q@&ﬁuﬂfm@?f{&%@%&ﬁ%ﬁ of Bfferif B NG GmPhdd HRWAHEY 408 thermal

that are capabl e of fering greater i|nmpact resistance
amepriins Wﬁﬁlouﬁcﬂﬂ%@ﬂﬂﬂlé @.ddmath cherweighyer tedeeing thy instigtionyvalep are
theqei ght or reducing the insulation value are
needed SUMVARYOF THE | NVENTI ON Now, according to the
present invention, nultlple pane w ndows i ncorporating
mul tiple pol ymeri colna) ey oF BREnPTERPIGy | nteri or
surfaces of gl ass are provided. Further provided are
met hod¥ove facepading tectheipiesryt innertiond mdEinls pamewindewssigparporating

| DB Ple B miae '14{5@&%11%115% bRl e AL gpé%ss %@Hﬂ&h&édﬂ Farther
a first pane of glass having an inside surface;
sevde pamsthofs o manyfashing guchrvipdmiisde surf ace, vvher ei n

sai d sgg %Pégerﬁmnﬁ’(gn HEAeS a'nﬁllﬁiﬁlé ?n%%n&% %Bfn%ﬁﬁsutxé’ aFidt Pane
first pane of glass so as to ace ween sa
f ofradass mmegdesefagmd secan@pam@é gbsqdm@g@fl inidgsurfacg,
S RSl DR oI El BLARDI G B P8 fhssso a0

sharral 2 spricy hetvegenid fitstiaoe oﬁgisss and prid mes«b,pa@fs ot')glzssc @p@mer
r@hL:J:t'laWéf &Eﬁbs@@gl &Pﬁﬂr (}h 111@5%%0«9&‘%&&%?%%@5 nﬁ%@ﬁ; wherein
spos

In contact wt

W@ I’%@F layeiyhas 2 thitkaegsiof 8@rie 3 i0rmillimstern andhesimptiees 24 least
"E?Ha tooRlufer BRRE il %g)gliyg:g?g{ﬁ)?fs dsB@in c%n{aE{ %%gﬁ) o}?‘ﬁ sheet Iayer

Ss “havi ng an | a secon
h avi ngrbgmpraserdiienender inelodss awhémdc parsaviddeys @omumpw e fmst pane

0 9PRs havis a?Hﬁsci&éjsxfrﬁL@% sé/c%n& s A 1a$§ Ha¥inghf %1 S fsuﬁ+c%3 S

so as to forma space et vvee sal rst pa ass
avlerrein said seconh Hatpawﬁ elassfis dispassd relatiye boysaik ﬁrst pane of glass so as to

form a space between said first pane of glass and said second pane of glass; a polymer
sheet layer disposed in contact with said inside surface of said first pane of glass, wherein
said polymer sheet layer comprises at least one polymer sheet; and, a polymer ﬁlm
disposed in contact with said polymer sheet, wherein the impact strength of said first
pane of glass with said polymer sheet layer and said‘ polymer film is at least three meters.
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pol ymer sheet |ayer conprises at |east one pol ynmer
sheet; and, a polyner filmdisposed in contact with

sai d pol yner ShBRIEFMia@mPrn@N@FmB@lGSREsngth of
said first pane of glass w.th said émsr sheet Iayer

and s Higgrepolsywehenatic ﬁsOF%Seateoqab%)gftrﬁﬂﬁp T g
DESCVRELEdY 5 stidmdiit QbR clib il Bstiatiof ofla Sifidle PRdel of glass having

cross-sectional illustration of two panes of gl ass.
pitgiltie polymeplayentispaseddhessss- sect i onal illustration

of a F{g&&! PisRaEentfic oS Sectiondl Mstatioh bf blRdsPan@laydrBiultiple
| ayer di sposed thereon. Flg;re 3 is . a schematic

epbyssr lnyersidgrag propaseiag ankhebre bie igpgdadoFanes and

mul tiple polymer |ayers during processing and before
use in a wi ndow. DETAI LED DESCRI PTI ON The present

i nvention is direct cBETAILEN PEFCBIEARN wi ndows havi ng

mul ti ghe k@éﬁ% hﬁreﬂtfonﬁ?&lﬁ‘é&?eﬁ% ﬁaflfﬂpl%eﬁné R RWe hdin@hultiple layers
i nterior sur ace of one or nore of the panes of gl ass

oA Pelymerp Atiitad) thergia 98 ainierionsurige Al Qusor g *a?%l??éle%%frglass in
REOMb 1%%@%6@%&?@3@@5&0& eal l%eiras 3otﬁmstréamlﬁl\p§&
thermal properties. As uséd herein, tiple pane
viPiRe apdinggravaddhesmgl RRPREESY f or use in archl t ect ural

appl i o@bisMRerdiRal¢ aﬁ\ﬁépné Yihe HindBR"GeRANS Sy HyindlbR ISt use in
di sposed within a frane or are that are otherw se

farshilgetigl anpligatiops thables twaer, mots panes oF elagsgligpopsgvigin ¢ fame or

RANES: L oBLAAS B8 iPRRAVAPRHiRYWRerS Qﬁ&%t th’éfQﬁb ;?eﬁ@s &Qlass
filled with any appropria

nirprated iy a spaas, which eﬁ;tsbeé”ﬂlﬁg mfh@%; gpng%gfgﬁﬁaﬁ» ipgluding der

Vi el 91\4/ HPMRYEI&S eBfbollitheRt tﬁe'lﬁt‘tlhﬁl% @Ok RESw U&h%ns%g‘&tls an
has two panes of glass organized in a parall] | anar

fra%qlﬂtqﬁglaﬁwn@ dshhasttwe paps af glpw caganizd i mrﬂlfbwgmé dashiga and
%aigmb@b§§§ﬁg@ntlal and commerci al applications in

pllace of” stiandard single pane wi ndows. In addition to

two pdiese wingows @y bg peeddn residential and eonpnesciplapplicatiprpgnglace of
OJtanHS}ﬁ sRIERSRAE Wik RA! IndRARbR B twWdGlaHIBs g QM|§s dn'i‘cs”‘tmulnple

have nore than two panes of glass. For exanple

GERT e RS Pbthe Preser yRntioRralse eissvipdove tb@élamm@mg@ two
| Binds GTRRAS. aﬁ&@xiﬁﬁé 3 Jo&éiglﬂétﬁ;?{% wﬂcﬁ%@ Bl oﬁ{?éék gxﬁanged ina

conpri se mul tlp pol ymeric |ayers accor |ng
peesaad. tarallelnlimgparrngementbodld pemptise gtultiMe pylymerigiayers

| dAY S Bink 8 hle Prebbilt $Vefltion. For embodiments of the present invention in which a

two pane insulated glass unit is used, any conventional unit can be used that can

accommodate the polymer layers of the present invention on at least one interior surface.
As shown in the schematic cross-section in Figure 1 generally at 10, fora

conventional two pane integrated glass unit, a first pane of glass 12 is disposed in an

approximately parallel planar orientation to a second pane of glass 14 so as to create a

space 16 between the two panes. The two panes of glass 12, 14 will generally be
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pol ynmer |ayers of the present invention on at |east
one interior surface. As shown in the schematic

SHRSEARSOH B U b ATl 0 s o

ona I Nt egr at lass
pasleotbér. gh ather grbodimaits prosednira panes apgasscamhe kdlgat a fixed
Rk Ronf R B RN BRI, 4 b ReILGRRE B0 Pl e
Thiadewwthap cands inderied mpsan@propriateliy|sized) epamingl [Tpe two panes of glass

PE1FERTRG e B 4L RGN 1h s B0 AU TRedel B cobiftoant
erebuatn tldpsce tovend enviroomentareithersidegif slsswindow b Ehdwphet 1§tcan

Sl AP/ AT IES b SBRSRES o8l 1y 4o
deeranfy ¢hait arsersedsid therprom anltipopane wisdwtsyinshiding la¥plypé pages, solar
T ]

e RS e AR el R il o
cherwaiowant s bet ween the space 16 and envi ronment on

ei t heryp sl . . W '

oy ooty Sleit (it DEUE ot oo REEES5HD B SR bl o gl
THecaghahas apfintgliaserfd? 18.14s osed hereima ay “intvaivr surfaceisdd phue of

t 0. i nk ' . [ [

835 P B o Ly B BB B or
spiadow andhdtyo the sigide.dInt aiviompnowandbivecach baygeritl Gaveeome dnterior

o) e W Ref.err.i in to Fiqgur.e the,firs
a8 Sldel M AR Bl M g uerdcDSrhd o be
Hanteriarsuifadeel’i or surface 18. As used herein, an

o el R iontoAd RGOl Ak pefle bt bladiing to the
listeriegiuofacaodf o lestwhephawyofigldssraohultipletphlyneulagérceuctine that offers,
LN T
Hbe Bresentinvamtionpimes thapolymerticlapers bi thednsiderof undtdepant

T ' Nt | r.ovi.d .mproved .mul ti pl ane . .
BB SEE R e RS, SIS L gt Qo pEGEfotine
ah® cpaneuovhet ts polgmanibydrpire eppdsydrierthd autdde Giviromhent i which
that ?1: e ng ot her inprovenents, inproved i npact
rtgésll S gﬁcléaisg%?%her , because the design of the present
i nventAssshoph aicehertdtie cpsh-yevtion in Figyre 25the first hanei off glaskel 20 for

[ wi ndow, e pol ri.c._l.ayer e not
ol SRSt dr st b R S Bl S TR g 2 potymer
tfifent 26cdisposedoarr thepeipmertsheqd 04y Megethenythe solpmner shoep 04 el the
t&w&tﬁi&% &4 &%%‘golﬁer \{\e{grleg 53 As will be discussed in detail below,

the polymer sheet 24 can be any suitable polymer that has suitable optical, adhesive, and

impact absorbing qualities. As will also be discussed in detail below, the polymer film
26 can be any polymer that has suitable optical and physical properties.



the wi ndow i s di sposed. As shown in schematic
cross-section in Figure 2, the first pane of glass 12,

woaooemrsarpl e, can have a pol yner sheet 24 di spee&aSzm6/001922
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the interior surface 18, and a polyner film 26

di SIOOS%Q' W&hﬁ%&ﬁF@%hﬂ% la§di€can be

pol ymer m 26 form a

numqrmr@tecbmwthemulm@oimemmm pecprding] tg hepsesgntipvention. For

d t I
oo nble gt YersR pH il SREan 69 o871 pBEcBthe Bkl Al Biymer
i r@a?c tOthttr@mbdemgntq umludpucessﬁuﬁs hoyihg tha Fodlowing layesivgs s ed

b
o 5 Bsingh ool b 5By ekt Mo Pl embodiments
p rmﬁedet dl@@smm tvedeti ngro tayers of héneernmd@ﬁuprenlc/msh@m biepween the glass
s%bstf wa{nrd%e] ﬂo@éﬁér}iéﬁa% ﬁh@ é%b%m ! R ekd}ﬁéﬁ e ioP8wo
rru t| e po ymer according to € pres
i mpésnmr sheet Fobodénentyshepol pieti sheaihiern have diffsrent coprpogitiens, which

I fil
R N S hlle BLOPBARAORS The
foI | owilm @mhalmandgnengﬂ assigmu}vﬁtmte @Iné)etan}omnymmnal plastic or

%fgs ?fﬁh% 05N g%%h%?@ :%l% g caE Hé {eB@ereﬁ @%ggbmgtttfbated
t r@esvipe a@tdwhpblmk}adgmer b@@ngéetn atiedggt.ass or rigid

fS ngéig}‘ng e I'n gﬁ?&@ ¥JI§ICOLM1@1&§% dr 54}%?%3 gth?gd {Eﬁﬁ%e Or more

pdamineted gheepapels afithh ave@erd ifvierticnn tSotao plasssiat ibe agy, comméntional

g f%aés %‘? mtc&’pgxi%tcé's Jgrq:mﬁ% 98 3&%52«2?}?}%‘?&%@% gﬁf&élle%xaﬁt%s%? the glass,

pression
s uvdisperifisalin rsolbreglaaswﬂ typicaily be fainuted3¢ reducrorglimémie the
aqgang Ly Hnd

Fark 8 bt bR E TG Gpod Rou OB Be SRl Brea nd
Wdlltr@fld@ld Sglaealta@rcas else hgtifed, ovlaclwemﬂtsm, fdrrs;omb lpplications, a

S

Rl iof OF @lnshRRibh St R, Mol Blor By et rat are
p russiuhin thmemt mmentxsm berbroyiza ghss amykglasarhgﬁ glassyaxitsolanglhass

angs WAL A SEPHANT 1 SRR Bos PRERSAIS Yokl 8737150 and
spfe@ot87@al ly, sol ar glass will typically be fornul at ed
to red SS f updesirabl
waver ende psaf v EeibdlS aby AOAHle e Wiyt BARRL 7§ 21 e
uI multiple pblyner Emd:radesghbs;ishemndlalbc&eﬂ dreattiéast e mtenﬁnrcshrface In

n a.d

bSokifain i, 38 BB e Plibrind 3 BSyind s poving

oft‘womamorgihﬂ&s&temhhaamg dirpaded Ithelremntahmﬂpple @Qllytner Iayer construct of

' nt}ﬂg P}ekﬁ%[]m%n%ogr %gse%m%%aﬂneg{s e gluﬁi‘c'p%d pol&Eer.Qayers can BL gle

same or dJﬁ'erent on each pane of glass. Further embodiments include three or more

multiple polymer layers on three or more interior surfaces.
For any of the embodiments of the present invention, it is desirable for a inultiple

layer glass panel, such as a glass/polymer sheet/polymer film construct, to have



panel s as are known in the art, including those
di sclosed in U. S. Patents 6,737,159 and 6, 620,872. The

wonrema$s2d nventi on i ncl udes any nultiple pane RCTAS®6/001922
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heERLRndES ng:&% ?tgengﬂﬂ,s’aats dﬁﬁﬁatels%}ﬁerb ALl @ prSidd AdeBirabldllevel of

varl ous e odi me resent | nventl on corrprl Ses
nedfetiyp Iﬁevmneemqucms ¢fath¢ Prgseninvention, apane of glass baving

A4 Ean ha
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S mmmmesgthtolﬁet lmst 3 matets, pideash mefezs, airleast hmetses, aijgast 6
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i nc u #hree or nore e pol
| agnbo@m@nts tihwhigh morernbareonemam plcglasg baa‘ saele% conlswct dmingged

t
S REbERLS Gl RS LEE Bl YEBb a oppuiy or
g lezamplech ymbmettﬂtpwhymo IaWﬁpﬁgimsw en:msme-ted glass unit each

USRIl B B4 500k o e 0 e

vammaewbwmglb@ﬁﬂthme@mnt i nvention, a pane
of glass having | am nated thereon any of the nmultiple
pol ynmer | ayer constructs described herein can have an
i POHMMERMEhYt h of at |least 3 neters, at |east 4

t
Tt et e 881 S B B R 0SS e
| dlaed funtGomsets erpsr:fommn@:ﬂnbmcmias@rl HolmeCﬁinuﬂlféer filmpodyeer
t
T
arpynmttbm reaistanee, anﬁtglassewmpmepmpmmo ewbmlﬂbmr glazing structure,

e acﬁgﬁ}av rokrf?%ng) 01’81 i El§5§ovexﬂe shabsadl; gdéﬂs ﬁoﬁ‘gﬂa}acter.

dayer on elrr t erior
S Lﬂobddhylemnp}yhads)’ 6 msplslt qopin@nﬂwllsydres a palymoer ﬁimn have
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t hufﬁcmndy rigiyitd pmidy mdathw%eﬂatl sﬂaihie sfum'a,m, fayesarmaple §1ose polymer
P ORI Forglly 806 0 pl Afce cRhatlRl el bt By S8

d pangs. Thegrobaher ddm by mvﬂemblytdpacaibfmmapt @encdmcai adiagent one

r esfd[ %’?Ig:]‘?yeg Qa(:jn ‘%I Bidortab eggéﬂ r the 5339% pI Hléap oferver laokmg

ayer glazing struc I provi
p ehfooghréue wer fnqun theariten side), sndcisually hian fa lgaaa&d i bsoy grobagiments

¢ 2s§r ncl.ta%ﬁ)ﬁ g exy &%&J&V Aty e({l)lﬁng rg%a?cﬁgsts %?Lo%p%)smog IR Mat of the adjacent

polymer sheet.

In various embodiments, the polymer film comprises a thermoplastic material.
Among thermoplastic materials having suitable properties are nylons, polyurethanes,
acrylics, polycarbonates, polyolefins such as polypropylene, cellulose acetates and
triacetates, vinyl chloride polymers and copolymers and the like. In various
embodiments, the polymer film comprises materials such as re-stretched thermoplastic



The polynmer film 26 shown in figure 2 can be any

suitable filmthat is sufficiently rigid to provide a
woebmiorseeby flat, stable surface, for exanpl e PODAS2006/001922

pol ymer filnms conventionally used as a performance
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30 Specifically excluded from the definition of “polymer sheet” are layers of
poly(vinyl butyral) and similar type materials that are applied in very thin layers for the
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are given specifically for poly(vinyl butyral) (for example, and without limitation, for
plasticizers, component percentages, thicknesses, and characteristic-enhancing additives),
30  those ranges also apply, where applicable, to the other polymers and polymer blends

disclosed herein as useful as components in polymer sheets.
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in a final product. Such additives include, but are not limited to, the following agents:

30  antiblocking agents, plasticizers, dyes, pigments, stabilizers (e.g., ultraviolet stabilizers),



but yr al dehyde acetal, but optionally including other

acetal groups in a mnor anount, e.g., a 2-ethyl
woenmass2gr oup (see, for exanple, U S. Patent PCT/US2006/001922

5,137,954). In various enbodi nents, the polynmer sheet

COMIEEP, PO B i L e Bt

6 JFpRe0ing 644ihaS8, and thed ke, as Prokmoo®, in #B@ID00, or at | east

00,5, Ay P g

adﬁsﬂs churdomgrise 29 ta 681231t 56,1200 88tz 0 ta7Q prsts plasidcizer per one

5 caRit e R ohd, BFs) G350t il (808 el b soprippye o

4 ,18&5ngrticigyr applicatied heomeé embadiments tim plasticigentiasna hydspepiton
m&%%ﬁ e3P s EQ%\ 26w %nrﬁgl %Wél' % “[\flog er%@fx 18 Egtb?n atoms.
a a’gen

Ston: cont can use ol'yner “shee
of t he Theamemit of plasmizenmn beradjusied mgafﬁotjﬁhen ghassdsinsitien temperature

DS AR AT oy AL I SE AT S S e i

10 prtedesrtask theeht E’olm(vmml buldED ﬁomma smetumf thei présemtdovention can have a
t hlc)sg48$é Cll Ig:fssre gess Ies& §5°222 ess ép"é of:llg‘ss and 15°C or

sirum’'s M hico nmaghesi um
dIle:{sZ am nobenzoat e), rmgne5| um
-(3-h pthoat nesiumbi s et hyl
bt yr & AR LGS Ep b AR TR P B ess i rfent

V aifiveation Bﬂd?rdﬁ'l tﬂﬁﬂh&h@;ﬁol}tﬂ’i\ﬁ' shéefss eftdstitiaste niadamthie Ipelymer sheets of
nesiumsalt is esi um but

15 pF PO Eylonst REHRE SIS hep RS At sEt ok alepho

t Cangobigiiees. I&ﬁalﬂépl&ﬁfcmﬂﬁﬁﬂudb ﬁ)r%xamqﬂe, RficEidete. glypardi-(2-

F g gardSe oL el hesagbie S iMool ibepancate

dyte@aeﬂmlﬂﬁ%mc& didpeinbate, Btfesyl(aRipgte, dlubtt_i/r alipacd, ﬁéxyl

st abj ant.i oxi dant s ret nt S,

> S Blohef i TiteG G Lo A et GRBoay ipate, heptylnonyl
20 f (qugiml aibustistibhdare §olyﬁélﬁ’c plbticlzelsSuctas tiay 1-HBed sabadib alkyds,

art n. vari o

e nts of S t
o e RS e e B S T SN 2 6890 and
t Oadﬁﬁntes 2bch B dﬁeloseﬂGnECS Pek. é\l@r 4,104, ZMCVf £l pRErss and comlé}naﬁons of .
i cizer ne .hundre arts of re
P o bastiie, Slicrafiehe o barn e bird aff iy ety Hodte fipm Ca o G
f oalh k}tlllaR:ob@lE hndnybﬁ@a«pgim aqx@hme,rats) diselos<alrin Im’rbaf fl 2@&5;053 ,779. and
t st cl zer a ca n segnent o e
25 ¢ 1B 55 Sl Eriers i S nrie; R ook cegodfrssy e pigsticizer
1mse@fsblﬂibx§lt adifate ahtVor aiamyrehe gfyc@daatet}@ll%ﬁinoﬁféﬂ be
adj ust egs used b l‘glg,c Iresm erefgllrsailt e po yrgfelntc I(too? e:Ea?np e po )tf(ynrnyl butyral))
component that is removed from the mixture that results from the acid catalysis and
subsequent neutralization of the polymeric precursors. Resin will generally have other

30  components in addition to the polymer, for example poly(vinyl butyral), such as acetates,
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30 The present invention also includes methods of manufacturing a pane of glass

having disposed thereon any of the multiple polymer layers of the present invention
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the one or more further layers include, but are not limited to: polymer sheet; polymer
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a nip roll non-autoclave process enbodi nent descri bed
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either a nip roll non autoclave process, a vacuum bag non autoclave process, or a
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(30)//polymer sheet (32)//polymer film (34)//rolynmer
film(34')//polynmer sheet (32')//glass (30")- After

woamieragszen, the two multiple [ayer construct SPCaUSE®6/001922
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easily separated at the interface between the two
P %ﬂ('@ﬁionfal Alﬂ&cllaﬁrlé BfcRes3tIn égﬁ!ip rolYo6dds, [18SdKatplel M viMbus

separate gl ass panes such as the schemati ¢ sho S%/
Fp@b@@mgntﬁ,éb? Watercontspiofiche rohvraqr sheek(shis keptaple éﬂga%ﬁ’ o by
OlyefhD ANE nidfe ﬁleﬁ%lﬂ@s@ 11 RBGH 094 & FFnslD SPR Y6 0.294) phidiQo final
polymer sheet”. In these enbodinents, the corres ondlng

| dapaipafiop; which Pﬂbthm\kﬁ qemicgont wiih high dea and @WO@BW%GSSW@
t Q@teﬁﬂff?el? eh&hinbisiteddhtent o ﬂYeeﬁol}%é? QhecRTPQE bEBRLRT thANE.2% by

or nore layers of release filmare incorporated into

t Iesighbgs frpm& 4% oMA%6 by ngmra@d fngldemimation ¢q opet yhidsh

F itdfBekANE rvﬁth%ﬁe stg’ﬁg ﬁfui:tﬁi'n drQaddH di‘ﬁtvh%ut A h&H for autoclaving.

l am natl on ayers can be separated at the

j unct | She Bresanbiswention inch of therglasn ganelshavipgdispesed fhereon

| 2y focess of th

r B Pty lr 1 frd L DA AR R A SRR R s of e

s @paeH invgntien, phwell yivindors d9d loseprrelaprodapeseiiem thopgglass panels,
ek dbditagy, &M&@@asﬂﬁl& ﬂa@ﬁ? nfiliplé ?(l)l?ﬁ&elafréri (B'Fthec'presen’c

used.  One or two of the resulting bi ayers W Il have

ditajspieronat leatcons dnsfdgsurtase. t he pol yner filmlayer (34

or 34’ r Qﬁlﬁﬁ'&ﬁe b Ar?‘of AR éiaﬁeslfﬁgl’g@s With kG é)?er polymer layers

rel ease ns are use gaotect t he underl yi ng

| slgsstibest aboay epsvehtiony meamam ised smiggasporgig one gismore of the

t f
f%é@s{t;{‘n lﬁgo a%&ﬂ&e re ecgglrge?.? m | Sn éor nmul a%@géd%fw]?&b& the
rehags/aane fhavm nptindeendymdr|layetsshas aregirodrordbiviie doueibitayer
b?nm'dﬁ bEdseid %Eatghsc‘%ﬂiéﬁhé}lg E‘Plelﬁggfﬂnﬁb@%% lﬁ)ﬁ%ﬁ m

In various enbod

n |V|dn¢1tﬁuph conshucizare vsedy dfopeaowlsinsirgle rane wﬁ@gﬁs for Whlch extra
QQ§3%H%@ US 2003/01481 14 Al or a vacuum bag, non

auto | ave ocess such as that disclosed in U S.

Pat ent hs%&@mm Thejembgdiggnis (gmea Abavs: ethertembedinlenis somprise a rigid

I v,
o Ate 0% S YIRS 2o SReP DRI O, SR Dl 6, s o
b eolyi ersRiven abowg; e egldwubm@ chrawmlgmlaeryhan?éexmaﬁ@;
| t
g ?‘%@;‘ ﬁ%thfﬁpﬁlgs‘%&!s ﬁ%?&ﬁ@&tfoﬁal el bd & \%\?‘t?%e am nat e

e po yner ms I n contact each

ot her ffbe present inveisilabso fidludpemuliipkagane pfindews havingdany of the
qBSlif B R6ter 0 by HREHTidneltin AV dtichritpht ienklE

The present invention also includes plasma dlsplay panels having any of the

glass//multiple polymer layer constructs described herein.

The present invention also includes methods of manufacturing multiple pane
windows, comprising forming any of the glass//multiple polymer layer constructs of the
present invention and then disposing those constructs in a frame to form a multiple pane

window,

14



| am nation and separation. In either case, the entire
stack can then be lam nated using either a nip roll

woameaasnel ave process, a vacuum bag non aut ocPayais2006/001922
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process, or aconventional autoclave process. In a nip

roll process, for exanple, in various enbodi nents, the
wat er content of the polynmer sheet(s) is kept to |ess

tkMﬁASMRENMﬁEWTﬁkmiﬂﬂzUESnd nore preferably less than

?g?n'mna gi‘r%%% ?/10/ na%dé%?ss BlatQferikes ah@ﬁleasuﬂng

rri e out wt
hesaliniques wéll naw hmdqmbebadcfoxpxsesmhm prédenidnyentipyel v, t he

noi stuge content of th oI
gr eat :fhetc‘ﬁw %pazﬁ?? wg cel ww‘f‘@%ﬁé ’é‘ﬁ%f"@gb‘%ﬁﬁ) S%eet can be
wegteHitineddiydndaburilg thalmze aﬁlue:) mvhua‘ms agentifigatiohjofhight not tranSmltted
tu h the, steady, reductio

WGt e et Theip gt B S0 o R el Ao g T RuB0he
i wmﬂﬁueg Ad apphrathe foramasmfngtthemgiua‘ssf haam elFazerastem Yylodel D25,

se on .hu el

Bl oL e s ABfeiafh s Sy VA Haf b 18k i endance with
t tA@TM Bscmgs li (Rgea]?pnooed 1%‘/§)-lec¢dueesAyusn¢dMBmmad Glaharsobserver

an oduc [om a

P Bite o5 RgR 3f RS et B ke BRUGY Frveh porcent haze i lss
p‘ﬂia;m%” _ldgashaﬁS;/oQéndlhstMH%nt |fnvent| on on at I east
one i ngi de ace. After nuf a
panes T H™ F'tef’sblfng %9 r&ﬁ%?’o %"é’r%s }Inn;o
akhbdee, “pmﬁmwni efiel toBaes tcqantiy adh@d)ntaf aupnlymepdreaitte glass,
c g:mio@? teeglgraﬂt hig Hé: 60 éét%nqucgr}se tl)ul;”[n?I go Fyi}ﬁé\fass%ramate samples
t hfe Iepasal Vﬁ&f\iﬂlﬂaﬂd&!ﬂt&@vﬂhﬁnapbm cqmdﬁt;amr’rlie danainates draitooled to

- aba s OB, Bla bSO PRt %er R RS RO B1ald™ Ol

a ;bﬁikleﬁ glasma is ﬁbt \abheﬁdsd 8 mlmfpotymay]rhmtrai) slreet is geh pdmovedrand the

?ét%a ﬁ &:?cftp ng:WoBQY W@ bélﬁzﬁ%}m?g EF §1‘)§t | c%x%&)%‘éé/ with a

alenus sta@ddﬂ@t ”Blidmdidaiﬁn t@arespoiiinoé s ecale inivgiich x&qshm d@t@s of glass
ot her, t

di . ich c
t FEmag Fﬁﬂg‘? aﬁpé’lyrs X y%ﬂg ?ts %@%@%ﬂgﬁ%{;&m%@ sthRB4R of
izgiofinc4lhs ¥ RRadRAR] RUpeingidhuyyialy shelt o aghumsd st)mdard of
exa , ng ot her. S S con
o SRETtEd o B PaRatmnRadiBion 5w pRyCRIT SR RISHN o tptiaatea -
Mylldss parelsdte préseatdibsention ivadpua meodm:hiﬂs harel & pupingel of at least 3,
P RIS S0, GEIET Grc 9 D BB EmP Ry B i otSben 8 and

| rm[mdmgval asma di spl ay panel s having any of the

The “yellowness index” of a polymer sheet can be measured according to the
following: Transparent molded disks of polymer sheet 1 cm thick, having smooth
polymeric surfaces which are essentially plane and parallel, are formed. The index is
measured according to ASTM method D 1925, "Standard Test Method for Yellowness
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gl ass//multiple polymer |ayer constructs described
herein. The present invention also includes nethods of

wourosfoager i ng nmul ti pl e pane wi ndows, conpri si RGT/US2006/001922
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form ng any of the glass//nultiple polyner |ayer

C n

s e S A T S
wi YidlBes axesreriEt N ey E@rkmp@mgmasmphsppampnﬁuc@met

and/ or t

t echni q:!l}g? Wi | f&e %gggﬁllgl:l) oé &Sds@%dlaﬁ “the bt he
priFeERt Inyeplieh eanche. detﬁnmned ageotdingyb tle folhdwing techiiget , and
parti cuyl sl I 2

det er mlén%g nﬁﬁﬁgg%s(}{%]ﬂ& lﬁﬁﬂzaz e tgd? gleéhe ESP ?‘gmgn )is kept at
quHBTpeREE oA Gto 35°G1KT0°F de 83 hfis m kased hbims omgbdistely preceding
S htﬁ@ Eest terlgﬁsupeedf hnﬁ '?é'%ﬁx? & elgﬁlr d a%&g%#gﬁ%e% in a steel

he followng tec |que ap ara us
tt@%@dﬁmmcom@m&m&m &r, Model D25 which is

e e T

197234 1©r2382 AL pounds t/s D pubtd) smbothydiecCsphate iadropiaiafores
a %ﬁ%né}g' st%.rt ?Bﬁﬁ(ﬁl a&d%ﬂX@r%& %%ee%gpg ? nt R e%fhgg%lﬂg @E@dg.tch point

pr esent | nventi on ercen aze | s
t Hhhspbote skikgs meslsecummm 2P| ingh) bﬁthle oenterauf tﬁeepemmen The

AL AL AR i e B
ad P@gﬁeghngjfle Gopuioyated tos:heet!tmtle)ofghawmdowmnf Obstoinivwigeh a

t

e oy LB PRSP o s e B e

| deiiure Tosts i whishtherpecim@h eniansiintattos pevents ded sphert Grom passing
ahphen, y@g,n(eg;aggﬁd manual |y punmmel ed with a hanmer

to break the broken glass that is not
adher edhe¢ ‘c‘imph‘é S@@igylf \if lﬂ;el spbmwm Blejuistlestio i nidv@ium starting

e R R SR At oSBTt B o

set of st andards The standards correspond to a scale
ExdNishpYaryi ng degrees of glass remain adhered to

the poly(vinyl butyral) sheet, hi particular, at a

p unmel Sktranddsard tesfed farimpaat (str@igﬂs STHegabl® fbblo@dihﬂfc@!és the

d
SO PAn S e UG ol B BT BORELY  a
p @ply(wyi gputyt;@tsyc@s I)avsigea’emdlﬁd) poly@uivyb alt-6lbl). cogleaSst about 18.7%
p @ﬁkf—‘ﬁb%u?j 9 rﬁs‘re Gf ﬂj’;e&ngéﬂ% fa/n%/lengst (Z-thyl) g}Ea{nga 2 ﬁ&byglgxl s are formed

have a
from poly(ethylene terephthalate). Layer thickness are given in parentheses.

Specimen Construction Drop Height | Result
Glass (3.175 mm (0.1257) 3 '?170”335‘;’3 Fail
Glass (3.175 mm (0.125")) 3'?160”335‘;’” Fail
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at least 5, at least 8, at least 9, or 10. Olier
enbodi nents have a pummel between 8 and 10, inclusive.

woheo/oygd2hd owness i ndex" of a pol ymer sheet canPO®US2006/001922
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20

measured according to the follow ng: Transparent

| ded Wmﬁ, TavqT 110 I
;mrmo?h o|<%1#é/r’1?°éw%fmskesg@ew arle ssadterksalll g,agsl e

and par §l | eX22%me OOOWRE: 767 MM ndax ig0.0asuUre
accor di §g_t dO-A30FNVPAE8 man(O907aN s st andard Tdst Method

for Yel ljovdlesgpaiyhacr shdet/Rlobymer fidm fir B9 meters
spect r ophot @29 miro(0109GHI0. 62 amm i ttanég]sbﬁv thg Hassi pf e
spect r ufh (&304 178 williroeters €0.607))0 |1 cnit ?ckress usl ng

nmeasur eq SReGY/FEVndrRhéRbener ik | t strgngth" pf
arty of Jt he (b aoimaddo®oryl.162rhe Iayepg? ? Yudt Pasf | he
present {i nvqops@1)/0a88 e (0dBRt7ey)m ned & ing to the

fol |l owi g 2y . BBl Rmsdonm (127N X 1Zin)
| ani nat 4d Gbl%” by %2%1%6 cl ngn"6-19 melRispt| at, .
t enper afjure g 51"791131?&) G#J0F tlo 88RY2Dor lat | eapt
4 hours & 3 A : St tea
uniformtesting tenperature. The test specinmen is
supported in a steel frame nmade in accordance with

ANSI 726, 1. The frame with the speci i S positioned
" 8 Sobihe g Re S BRrAPoE TIPS g csed
( PashnRRPRA Strebloth T allefiiB@RtersnOOt h, steel sphere is
dropped froma statiopary.starti %(gglﬁ%ti on

nd .

al | onelly Fi5tup phibe prpsqnt VERtoRett &5 1 it‘éﬂrto,“%gfm\mlec%ane
PQRiittowks iRidSPRe@IIF Wl Peas idstiated RRES WEE, Mhtihavdexealantinphct
inchs%ainof t he center of thg@fgeci men. _The spe_ci nmen i s
pErsistangs, ey propsttiep.aad SPUeR] POBHETS: will strike the
A T

e oytside o e W ndow unit. . Tes in ich a
sﬁ%‘EPﬂE’ﬁmﬁr‘ﬁW’c‘{h"é@d@ﬂP‘F‘? oy g %}ﬂllegﬂa 8tk ek garonp ehagegsgnay
P88 Salib L@ Rivalts hRG BF S@ftidtedFol déhéttCthert@Sibithoundephiiial from
t he speci men remains intact, or p%%ents tg’ergaﬁh%red "
f thsreopecatithegnygapen ol adgigon. geagy dradiiifatiops paybe mgqg to adapt a
B e v L]0 o

Xi S [ | speci men w ..
pﬂeexﬁéfﬂnﬁﬁlr?é%eawg?@ BROFa L] W&n@ﬁfgﬁg}ﬁ%m pgt bp limited to
Sithe RANAIS cAbSIitERE Goc1bRA at R BESt nflde eoEENplati for cablify out this
bel ow, indicates the coppositi

) > on of each el .and, t he
¢ argtion Pt thearsnter PURgEHOS dlembodt 05 0l Sope of
the appended claims.
Tt will further be understood that any of the ranges, values, or characteristics given

for any single component of the present invention can be used interchangeable with any
ranges, values, or characteristics given for any of the other components of the invention,
where compatible, to form an embodiment having defined values for each of the
components, as given herein throughout. For example, a polymer sheet can be formed

comprising poly(vinyl butyral) having any of the listed residual poly(vinyl alcohol) in
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pol y(vinyl butyral) sheets having a residua

wo 2&04s¥onyl al cohol ) content of about 18. 7% gq &B&l001922
39 phr of triethylene glycol bis-(2-ethyl)hexanoate.
Pol yner filns are forned fron1po|y(ethy|ene

LZ{ :ﬁf{} eh galggésgveln dn g%%wqp ek nﬁﬁﬁ? %%geg gor anstlclzer, to form
9hﬂ$§bﬁﬁmmymnsﬂmMEGWﬂmpdwwmmbdﬁmapﬁmxmﬁwmmmntested

has any, act stren ter
ot neTIEPREais RSB PR of fraE B ol pileks ppep oherhidd®
provi dEadhnrbferqnbe nﬁﬂmhzg\abmﬂai\amcmmtam appilicatidnk,yant books,
pa i SS units have. excel | ent i npact
5 P RFdIR e RinTnbe Rep it py ittt piay:
properties. Wile the invention has been descri bed
wth reference to exenplary enbodi nents, it wll be
understood by those skilled in the art that various
changes may be made and equi val ents may be substituted
for elenments thereof w thout departing fromthe scope
of the invention. In addition, many nodifications may
be made to adapt a particular situation or material to
the teachings of the invention wi thout departing from
t he essential scope thereof. Therefore, it is intended
that the invention not be [imted to the particul ar
enbodi ments di scl osed as the best node contenpl at ed
for carrying out this invention, but that the
invention will include all enbodinments falling within
the scope of the appended clains. It will further be
understood that any of the ranges, values, or
characteristics given for any single conponent of the
present invention can be used interchangeable with any
ranges, val ues, or characteristics given for any of
t he other conmponents of the invention, where
conpati ble, to form an enbodi nent havi ng defi ned
val ues for each of the conponents, as given herein
t hr oughout. For exanple, a polynmer sheet can be forned
conprising poly(vinyl butyral) having any of the
i sted residual polyvinyl alcohol) inany of the ranges
given in addition to any of the ranges given for
pl asticizer, to formmany pernutations that are within
the scope of the present invention. Figures are
understood to not be drawn to scal e unless indicated
ot herwi se. Each reference, including journal articles,
patents, applications, and books, referred to herein
is hereby incorporated by reference in its entirety. W
claim 1. A multiple pane "w ndow, conpri sing:
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a first pane of glass having an inside surface; a
second pane of glass having an inside surface, wherein

woeaim/sgeond pane of glass is disposed rel ati vecTwss@sdo1922
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first pane of glass so as to forma space between said

f] S}aRane of glass and said second pane of glass; a
€ C . . . . .

pol'ymer” sheet |ayer disposed in contact with said

i nside surface of said first pane of glass, wherein

sai . I -.1as a thickness of 0.2 to 3.0
n?lgfﬁg%%gg §§§&%%ﬁ6§¥§égmgt | east one pol yner sheet;

and, aa fixsi paneof dlass edis poweside puifageint act with sai d

pol ymer_sheet | . The Wi Clof MdlsecMASRAI 6 glass
sai d 5%eym-p@§H§%§k§8§%?§§g§ p?%gﬁ@%ﬁgﬁﬁﬁ%%}y(Siny[ s
bistdjspade)i rel@ive Tnmidvirstipane of glessasons B, fowh e sesca betaieen Said first pane
pol yner sheet further ri ses an agent selected from
tﬂ%ﬁﬁ?gﬁiﬁ%gﬁgvﬁIﬁﬁgogégggti-blocking agent s, )

pl ast i cpatpne sheky Byer disppaeiin sontadt atith|skid dpside surface of said first

ant i oxi dant il tar o
Bl AT T L S0 e s RARLRSE 14 B s
Waitkmpaibesat kastofe palmaershretsaidd pol yner fil m conpri ses

| y(et hyl ene.t er epht hal ' | ai
e whet B eRdi G ERIR ot vl d PR R e 81

reflecting layer. 6. The wi ndow of claim1, wherein

sai ol vner .shee as .a t.hj f : :
31 TE R o BREF], WHeif b OSREN el rolpits placifha goly(vinyl
pbliyradr sheet has a thickness of 0.25 to 0.5
mllinmters.8. The wi ndow of claim1, wherein said

first pane of glass and said second pane of glass are
di3s s aihdow of clainm 2 palneeih vaid polymer sheetSarthen comprises Jihagent

wi_nd f claim1, further c .1 S] r
e e S
s eabiliderg antoxidantyl Aimse refzddantshy Viwbeatbers,dR abscaibars, @nd combinations
fu%hpgr conprising a polynmer filmdisposed in contact

wi’t BSYPRP" 5ol ymer sheet di sposed in contact with said

i nside surface of said second pane of

4. The window of claim 1, wherein said polymer film comprises poly(ethylene

terephthalate).

5. The window of claim 4, wherein said polymer film comprises an infrared reflecting

layer.

6. The window of claim 1, wherein said polymer sheet has a thickness of 0.25 to 1.0

millimeters.

7. The window of claim 1, wherein said polymer sheet has a thickness of 0.25 10 0.5

millimeters.
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glass. 11. The wi ndow of claim1, wherein said first
pane of glass is tenpered gl ass, heat treated gl ass,

wonomore gl ass. 12. The wi ndow of claim 11, wWReTAISE06/001922
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said second pane of glass is tenpered gl ass, heat

treated glass, or solar glass. 13. A nmultiple pane

W ndow, conprising: a first pane of glass having an

i risildhe vapdavaefclain lswhereint swéﬁgstwammmm malsaiigeennd pane of glass

[ cond pane of glass is

d?iép(ggpgé%%%gﬁf) gﬁé%ﬁéag?ogé uﬁl(t:f pane of glass so as to

forma space between said first pane of glass and said

S s .

o o YRR el 3> Rk IR 200l YRR Sl v

ofsaig|ingide supfheerafisaid sexpad pask phielss heet Iayer conpri ses

at | east one polyner sheet; and, a polyner film

di sposed in contact with said poI ymer sheet, wherein

t H8. The aéndowtaf sl A, ﬁuﬁhq&ompmmga pqdama mfn cgismsal inicdrtact with

S B’Mé?g{ [

I zeéglgtpgt hree eelsdl%%ged ’ﬁlﬁ&{tﬁﬁ?e Nhd gnvvsp %fs cl g O%saiéqsecon‘?pane of
®in said inpact strength is at |east five

neters. 15. The w ndow of claim 13, wherein said inpact

strength is at |east seven neters. 16. The w ndow of

cl& q_wmdam)f elaim & avhtrgin bajdrfirst piveef ghaniptdngesed glass, heat

plhggtga% gse\%n faXé nyl butyral). 17. The wi ndow of

clalm § ere n said pol yner sheet further conprises

an agent selected fromthe group conS| sting of

anbi ThL Q& er i gnent

st abi | 4|:zer smg’%‘%@gﬁ%n{eﬂf&ﬁ%ﬁe r%aP g%?ff‘g Wrefglass, heat
alfsgedeless, oy Rlaalbsx ber s, and conbi nations of the
foregoing. 18. The w ndow of claim 13, wherein said

pol ymer film conprises poly(ethylene terephthal ate).
193. Areuliplagene whday.abmpdsng:wher ei n said pol ymer film

conmpri 3@y Pahe! R Efa?sr tﬁgmg &b} %Cdtelsﬂlgacle? yer.

a second pane of glass having an inside surface, wherein said second pane of glass

is disposed relative to said first pane of glass so as to form a space between said first pane
of glass and said second pane of glass;

a polymer sheet layer disposed in contact with said inside surface of said first
pane of glass, wherein said polymer sheet layer comprises at least one polymer sheet;
and,

a polymer film disposed in contact with said polymer sheet, wherein the impact

strength of said first pane of glass with said polymer sheet layer and said polymer film is
at least three meters.

14. The window of claim 13, wherein said impact strength is at least five meters.
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20. The wi ndow of claim 13, wherein said first pane of
gl ass and sai d second pane of glass are disposed in a

wowrwemass29 i nsul at ed gl ass unit 21. The w ndow BETISA061001922
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13, further conprising a polyner sheet |ayer disposed
E A fba$ 86RA Sheters.
oo 10} ok dr s § ke Qi HirpB ot Sk Rpd SR hoters
conprising a pol yrrer filmdisposed in contact with

sagd TRel tos Walilizad
i?]llsﬁl gggsur ngoZIEO?ﬁ sal Eel%%a?]cgp%g‘g%ﬂsg?&g%@ %g* Thzg
wipalyévingfutykadl. m 13, wherein said first pane ofglass is
tenpered gl ass, heat treated glass, or solar glass.

24. The wi ndow of claim 23, wherein said second pane
ofl7gThe windewtod ejaém ¢6, WHeemds saihpalymensbet datthgt epsuprisesran agent

S QLRLtefBRShe group consisting of anti-blocking agents, plasticizers, dyes, pigments,

stabilizers, antioxidants, flame retardants, UV absorbers, IR absorbers, and combinations

of the foregoing.

18. The window of claim 13, wherein said polymer film comprises poly(ethylene
terephthalate).

19. The window of claim 18, wherein said polymer film comprises an infrared reflecting

layer.

20. The window of claim 13, wherein said first pane of glass and said second pane of

glass are disposed in a two pane insulated glass unit.

21. The window of claim 13, further comprising a polymer sheet layer disposed in

contact with said inside surface of said second pane of glass.
22. The window of claim 21, further comprising a polymer film disposed in contact with
said polymer sheet layer disposed in contact with said inside surface of said second pane

of glass.

23. The window of claim 13, wherein said first pane of glass is tempered glass, heat

treated glass, or solar glass.

24. The window of claim 23, wherein said second pane of glass is tempered glass, heat

treated glass, or solar glass.
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